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Abstract

Studies analyzing the relationship between
microbiota composition and the thyroid have
been increasing rapidly in recent years, and
evidence has recently come to light about the
involvement of the gut microbiota in various
aspects of thyroid pathology. Recently, besides
studies analyzing the microbiota composition of
different biological niches (salivary microbiota
or thyroid tumor microenvironment) in patients
with thyroid disorders, some studies have been
carried out in peculiar subcategories of patients
(pregnant women or obese). Other studies added
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a metabolomic insight into the characterization
of fecal microflora in an attempt to enlighten
specific metabolic pathways that could be
involved in thyroid disorder pathogenesis.
Lastly, some studies described the use of
probiotics or symbiotic supplementation aimed
at modulating gut microbiota composition for
therapeutic purposes. The aim of this systematic
review is to analyze the last advancements in
the relationship between gut microbiota com-
position and thyroid autoimmunity, extending
the analysis also to nonautoimmune thyroid
disorders as well as to the characterization of
the microbiota belonging to different biological
niches in these patients. The overall results of
the present review article strengthen the exis-
tence of a bidirectional relationship between the
intestine, with its microbial set, and thyroid
homeostasis, thus supporting the newly
recognized entity known as the gut-thyroid axis.
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named Harries (1923), most of the studies
concerning the analysis of gut microbiota compo-
sition in humans with thyroid disorders have been
published in the last 10 years. In fact, current
technological know-how allows the identification
of bacterial species, which could not be made
until a few years ago (Kohling et al. 2017).

Studies analyzing the relationship between
microbiota composition and the thyroid have
been increasing rapidly in recent years; in this
regard, several comprehensive reviews have
been published in the last couple of years
summarizing evidence on the involvement of the
gut microbiota in various aspects of thyroid
pathology, including the effects of microbial
metabolites on thyroid function or its role on
immune system activation (Frohlich and Wahl
2019; Docimo et al. 2020; Bargiel et al. 2021;
Fernandez-Garcia et al. 2021; Virili et al. 2021).
In particular, peculiar fecal microbial signatures
have been described in patients with thyroid auto-
immune disorders (Su et al. 2020a, b; Liu et al.
2020), and dysbiotic states have been observed
in patients with different thyroid functional
conditions (Zhou et al. 2014; Lauritano et al.
2007). Furthermore, the presence of bacterial
sulfatase and beta-glucuronidase enzymatic
activities has been demonstrated in some gut bac-
teria, leading to the hypothesis of their involve-
ment in thyroid hormone enterohepatic recycling
(Hazenberg et al. 1988; Virili and Centanni
2017).

If previous studies were mostly based on the
composition of fecal microbiota in patients
suffering from different thyroid disorders, the
spectrum of research has been significantly
expanded today in relation to different topics. In
fact, besides studies analyzing the microbiota
composition of different biological niches (sali-
vary microbiota or thyroid tumor microenviron-
ment) in patients with thyroid disorders, some
studies have been carried out in peculiar sub-
categories of thyroid patients (pregnant women
or obese). Other studies added a metabolomic
insight into the characterization of fecal micro-
flora to enlighten specific metabolic pathways
involved in the pathogenesis of thyroid disorders.
Even more recently, some studies described the
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use of probiotic or synbiotic (prebiotic and probi-
otic mix) supplementation in an effort to modu-
late gut microbiota composition for therapeutic
purposes.

The exponential increase in the number of
these studies and the existence of only one sys-
tematic review, also limited to fecal microbial
analysis in patients with thyroid autoimmunity
(Gong et al. 2021), prompted us to systematically
review this topic by updating our previous review
on gut microbiota and thyroid autoimmunity
(Virili et al. 2021). For this purpose, we extended
the analysis to nonautoimmune thyroid diseases
and to microbiota composition at the level of
extraintestinal biological niches in patients with
thyroid disorders.

2 Methods and Material

2.1 Review Conduction

The present systematic review was performed
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Page et al. 2021).

2.2 Search Strategy and Inclusion

Criteria

The literature was examined independently by
three authors (I.S., S.C., C.V.).

Studies have been sought on PubMed and
Web of Science using multiple combinations of
the following keywords: thyroid carcinoma,
goiter, goitre, Hashimoto’s thyroiditis, Graves’
disease (GD), Graves’ orbitopathy, gut micro-
biota, microbiota, and microbiome. Original
articles potentially eligible for the present analy-
sis were identified; original articles on the rela-
tionship between thyroid autoimmune disorders
(Hashimoto’s thyroiditis, Graves’ disease, and
Graves’ orbitopathy), thyroid function alterations
(hypothyroidism and hypothyroidism), thyroid
cancer, goiter, and microbiota composition from
different biological niches were included in the
present study. The beginning date limit was
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January 1, 2020, and the search was updated until
April 30, 2022. The research was not language
restricted. We also examined the reference list of
the selected articles to find further studies and
extend the search (Fig. 1).

23 Data Extraction

For each article included in this review, the above
three authors independently extracted the follow-
ing information: (a) author details, country, date
of publication, journal name, and number of
patients enrolled; (b) the number of subjects
included in the control groups; (c) the type of
thyroid disorder examined; (d) the biological

niche in which microbiota was examined; and
(e) the main findings on alpha e beta diversity
and the abundance of bacteria at phylum and
genus/species levels.

24 Study Quality Assessment

The three authors (I.S., S.C., C.V.) independently
carried out a quality assessment by using the
Jadad modified scale for randomized controlled
trial (RCT) studies and the National Heart, Lung,
and Blood Institute Quality Assessment Tool for
non-RCT studies (Shen et al. 2015). The scores
ranged from O to 12 for RCT and O to 8 for
non-RCT (a higher score indicates a higher

367 Records identified through database searching
(190 from PubMed and 177 from Web of Science)

Identification

Removal of 130
duplicates

237 records screened

Screening

Excluded: reviews, case
reports, letters, editorials, view
points, animal or in vitro
studies, papers off-topic

35 full-text articles assessed for eligibility

Eligibility

9 articles excluded due to the
inclusion in the review Virili C
etal 2021

Inclusion

26 studies included in the
systematic review

Fig. 1 Search strategy and studies’ selection process
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Table 1 Main characteristics of the 26 studies included in the systematic review, subdivided based on the disorders

analyzed
Quality

First author Country | Date Journal assessment
Graves’ disease

Chang SC Taiwan | 2021.05.05 | Frontiers in Cellular and Infection Microbiology 7/12
Jiang W China 2021.05.03 | Thyroid 7/12
Zhu Q China 2021.06.02 | The ISME Journal 6/12
Chen J China 2021.01.09 | Journal of Endocrinological Investigation 6/12
Yang M China 2022.03.25 | Frontiers in Cellular and Infection Microbiology 6/12
Yang M China 2021.09.20 | International Archives of Allergy and Immunology 6/12
Huo D China 2021.09.07 | Communications Biology 7/12
Han Z China 2022.01.10 | Frontiers in Immunology 7/12
Benign or malignant thyroid nodules

Li A China 2021.03.12 | Frontiers in Cellular and Infection Microbiology 8/12
Ishag HM China 2022.03.28 | Journal of Cancer 6/12
Yu X China 2021.04.08 | Journal of Advanced Research 8/12
Liu CJ China 2021.10.06 | Journal of Microbiology 3/12
Gnanasekar A USA 2021.04.09 | Computational and Structural Biotechnology Journal 6/12
Dai D China 2021.11.30 | Journal of Translational Medicine 6/12
Lin B China 2022.03.08 | Frontiers in Endocrinology 6/8*
Hashimoto’s thyroiditis and hypothyroidism

Talebi S Iran 2020.05.03 | The International Journal of Clinical Practice 6/8*
Su X China 2020.06.25 | Clinical Science 7/12
Wang B China 2020.10.05 | America Journal of Physiology in Endocrinology and 6/12

Metabolism

Tabasi M Iran 2020.11.05 | Metabolic Syndrome and Related Disorders 6/12
El-Zawawy HT® | Egypt 2021.02.04 | The International Journal of Clinical Practice 5/12
Dong T China 2021.02.26 | Frontiers in Cellular and Infection Microbiology 6/12
Cayres LC Brazil 2021.03.05 | Frontiers in Immunology 6/12
Wang B China 2021.05.24 | Frontiers in Endocrinology 6/12
DeClercq V Canada | 2021.12.09 | PLOS ONE 6/12
LilJ China 2022.01.07 | Frontiers in Cellular and Infection Microbiology 6/12
CaiY China 2022.01.19 | Frontiers in Endocrinology 6/12

Jadad modified scale for RCT
®This paper contains also patients with Graves’ disease

quality of assessment) (Table 1). In the case of
poor agreement among the three authors, a con-
sensus discussion with the fourth author (M.C.)
has been made.

3 Results

3.1 Articles Retrieved

Using the search strategy, we recruited a total
of 367 records, 190 from PubMed and 177
from Web of Science. Once 130 duplicates were

excluded, we analyzed 237 papers; 26 of them
have been included in the present analysis. In
Fig. 1 is depicted the flow chart summing up the
search strategy and the steps in study selection.
The articles included in our analysis were
published from 2020 to 2022; furthermore, to
exclude overlaps and to make an update on the
more recent evidence on the topic, we excluded
the articles published in 2020 that are included
in our previous narrative review, which was
published in 2021 (Virili et al. 2021). Table 1
summarizes the main features of the articles
included in the present systematic review.
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3.2 Findings of the Articles Included
Among the 26 papers included in the present
review, seven articles dealt with patients showing
goiter and thyroid cancer, nine focused on those
with Graves’ disease and orbitopathy, while 11
analyzed hypothyroid patients with Hashimoto’s
thyroiditis, treated or not with oral levothyroxine.
To note, one included paper encompassed both
patients with Graves’ disease and Hashimoto’s
thyroiditis.

In the following sections, we will analyze and
discuss the main findings of the 26 papers
included in this systematic review, subdividing
them on the basis of the thyroid disorders they
have.

3.2.1 Thyroid Nodules and Cancer
Although different studies have shown the corre-
lation between microbiota composition and neo-
plastic diseases (Sepich-Poore et al. 2021), only a
few papers have characterized microbiota compo-
sition in patients with thyroid nodules and thyroid
cancer (TC).

An overview of microbiota composition in
seven studies involving patients with benign or
malignant thyroid nodules is shown in Table 2.

Li et al. (2021) compared gut microbial com-
position in 196 patients with thyroid nodules
and 283 controls using whole-genome shotgun
sequencing of stool samples. They described a
reduced microbial richness in patients with thy-
roid nodules, in contrast to previous findings
(Zhang et al. 2019). Microbial composition was
more similar between controls and patients with
low sonographic risk-featured nodules (identified
by Thyroid Imaging Reporting and Data System
(TI-RADS) score 2), while patients with high
sonographic risk nodules (TI-RADS scores
3 and 4) presented a reduction of the typical
butyrate-producing gut microbiota (Butyrivibrio
unclassified, Coprococcus comes, Coprococcus
catus, Roseburia hominis, Eubacterium eligens,
and Faecalibacterium prausnitzii). Butyrate acts
as a histone deacetylase inhibitor, inducing
growth arrest in various cell types and increasing
iodine uptake in thyroid follicular cells by restor-
ing the human sodium-iodide symporter function

(NIS) (Provenzano et al. 2007). Thus, authors
have postulated that its deficiency could be
associated with the development of thyroid
cancer.

Two papers analyzed gut microbiota from
stool samples of patients diagnosed with TC and
healthy controls (HC) (Yu et al. 2021; Ishaq et al.
2022). Yu et al. studied 90 TC patients and
90 HC. Patients with TC exhibited decreased
microbial richness and diversity as compared
to HC, in contrast to previous findings (Zhang
et al. 2019; Feng et al. 2019). The authors
speculated that diet habits and environmental
variables might justify these contradictory results
since these studies were carried out in different
areas of China. Noticeably, in the study of Yu
et al, 62% of patients showed metastatic
lymphadenopathy at presentation, a percentage
significantly higher than in the previous two stud-
ies (Zhang et al. 2019; Feng et al. 2019).
Firmicutes, Bacteroidetes, Actinobacteria, and
Proteobacteria were the four dominant phyla: no
significant difference emerged in the Firmicutes/
Bacteroidetes ratio between the two groups. How-
ever, TC patients showed a higher abundance of
Proteobacteria, considered a microbial signature
of dysbiosis (Shin et al. 2015). At the genus level,
patients with metastatic lymphadenopathy were
characterized by a microbial signature consisting
of increased levels of g__ Fusobacterium and
g__ Alistipes, as well as decreased levels of
g__Hungatella and g__Phascolarctobacterium.
Fusobacterium has already been reported to be
associated with distant metastases in human colo-
rectal cancer (Bullman et al. 2017), suggesting
its potential role as a noninvasive biomarker of
metastatic disease.

A smaller sample, 16 euthyroid TC patients
and 10 HC, was studied by Ishaq et al. (2022).
Richness and alfa diversity were increased in TC
patients as compared with healthy subjects,
depicting significant gut bacterial overgrowth in
the study group. This result was in keeping with
previous findings (Zhang et al. 2019; Feng et al.
2019). At the level of phyla, Firmicutes and
Verrucomicrobia were significantly increased,
while Bacteroidetes were reduced in TC patients.
At the genus level, patients with thyroid cancer



I. Stramazzo et al.

S[onuod Ayjfeay D ‘190ued proiky) D,

dnoi3 onoiqoid ayy ut vidoanoy

pue ‘wuniiajonqosn,y ‘snjydowavy ‘6 p]j210aa.4d eAI[RS
dnoig onorqoid ay) ul vjjaLPNSDADY PUR ¢ [ SNII020UIUNY
‘dnoIS T umyUPUIUNTWNLIZIODGNT “WINLI2IIDGOSN,] ([00)S
:padNpay

dnoa3 onorqoid ayy

dnoi3 onorqoxd
Y} UT SOUAISJJIP
ou ‘dno13 ogooerd

ul [003S Ul 7~ §122020.4d02) PUR ‘SNID020.42)UT ‘D]JaUDUIP]OL] ur MH.L Suunp oqaoerd DI 91 BAI[ES
‘pRudwISNY paonpal uouurys onorqoxd DT, € [001S qury
9NSSQ JOWN) Ul POOMUOOS PUE “DINSLIA0LIIN
£1210DGOJUIDY ‘SPUOWDUIO))
:paonpay
anssn Jown) ur spuoutoSuryds
pAyudmISny anssn proIky
onssn proIAy} ur ur juepunqe anssn Jownjuad
juepunqe Jsow spUouoSUIYdS PUe ‘DOOMUO0S ‘DINSIIAOLIIN JSOU SOINOTULIL] puE Jown) Uoam}oq anssy Jownrad
SDUOUIOPNIS ] ‘sajoproraloeg QOURIQHIP JUBOYIUSIS 01 paredwod Jowny anssn
“UWNLL2]ODQOISLLY?) “42]ODGOJPUIDY ‘SDUOWDUIO)) ‘e119)08q0)0IJ V0Dd pue snn)-Aerg Ul paonpal uouueys sid DI, 0g | proIAy], aredq
so[dwes
DL Axeqnided [[99 [[e3 ur “ds wniqoziyipo.ag pup snaimy ‘W U99M19q AUSTJIP anssn
:pRudwSnyY - JuedYIuSIs YoDd s1d DI €96 | ProIfy], | v Jeyoseueun
[003S UT $27MD1ULIT,] [001s
‘anssn proIAy) sordwes p1o1Ay) 0) paredwod pue
ur JuBpuNqe SO U9M)9q JUAIPIP [003s Ul pajuowsne s1d (a[npou onssn
- BLI3}ORQOIJ0I] jueoyIusis yo)d | uosdwi§ pue uouueys pro1Ay) NI S¢ | ProIAyg, D ry
WNI2]ODGOIIUD]0ISDYJ PUR ‘DJjIDSUNE] ‘D]]2I0ALJ
:padnpay {H pue
sadysijy pue wna1opqosn.y BLIO)ORO)0I] DL U99MIdq IOUILJIP DH 06
:pRudwISNY :parmwsny JueoyIusIs YoDd Ppaonpar uouueys sid DL 06 [001S X nx
6 D]]21042.1d pUR ‘D]]21SqI]Y ‘SIP104210DG sajoprolaoeyg
:paonpay :paonpay
Z7snooos0utuny pue ‘wnnup.i8yopgng BIOIOTWOINII A dH pue
‘Soua810unyso.1dod™ [wniia1ongny | ‘v)ja81yS-v1yo11YoST SOINOTULIT] DL U99MI9q SOUIILIIP pajuowSne uosduig DH 01
:pudwSNY :payuowSny JuedyIudis VINOIN pue uouueys sid DL 91 [001S NH beyst
SIUNUOYIUISIIUT D]]2ISIUIDG PUR ‘U12j1usnpid
WNLI21ODQIINIAD,] “PIYISSDIOUN SNIUNLIOLIDUY ‘SUIT1]D
WNLIIODGNT ‘STUIULOY DIINGISOY ‘SNIDI $1220204d0)) ‘Soutod dH pue DH €8T
§1220004d0o)) ‘sn1aqayd sap10.423100g ‘paifissppoun orqiaLIing NLL U99M19q 0UIJJIP s1d (a[npou
$PIINPIY - JuedyIusIs YD - pro1fm) NI, 961 [001§ \AS!
[9A9] saroads/snuan [9A9] B[Ayg KJISIQAIP K)ISIQAID spolqng | opdweg JoyIne ISILy

d reajoeg

0 [eLIR)ORY

so[npou proiAy) jueudiew pue usidg g dqeL



Microbiota and Thyroid Disease: An Updated Systematic Review

showed a significant increase in Escherichia-
Shigella, [Eubacterium]_coprostanoligenes,
Subdoligranulum, and Ruminococcus_2 and a
reduction in Bacteroides, Klebsiella, and
Prevotella_9 (Ishaq et al. 2022). The authors
concluded that the higher taxa diversity between
the control and the study patients supports the
existence of dysbiosis and bacterial overgrowth,
which would characterize the patients with thyroid
cancer.

Stool samples of TC patients were collected
prior to surgery in both studies, and abnormal
thyroid function tests or autoantibodies positivity
was an exclusion criterion. So far, besides
patients with autoimmune thyroid disease
(AITD) or altered thyroid function, even those
with thyroid cancer appear to be characterized
by specific gut microbiota changes.

3.2.2 Tumoral Microenvironment
in Patients with Thyroid
Carcinoma

Three papers focused on intratumor microbiome
composition in patients with thyroid cancer (Liu
et al. 2021; Gnanasekar et al. 2021; Dai et al.
2021). Indeed, recent studies found that in all
types of tumor tissues, from cerebral to breast
cancer, bacterial communities do exist: these bac-
teria are mostly intracellular and are present both
in cancer and immune cells (Nejman et al. 2020).
The intratumor microbiome may have a role in
affecting tumor progression and in the response to
antitumor treatments (An et al. 2021). Its charac-
terization in various cancer types would be a
promising therapeutic target (Nejman et al
2020). Liu et al. (2021) analyzed the gut
microbiome in 25 patients with benign (n = 6)
and malignant (n = 19) thyroid nodules in tumor,
paratumor, and normal tissues, showing that the
bacterial microenvironment in thyroid tissues is
different from the gut one. In fact, at the phylum
level, Proteobacteria was the most abundant in
thyroid tissues, while Firmicutes was dominant
in stools. Gnanasekar et al. (2021) correlated thy-
roid sample microbial abundance to clinical
variables and cancer-associated gene expression
in 563 patients with TC. More specifically, the
authors compared samples obtained from men

and women, previously classified as follicular or
tall cell variants of papillary thyroid carcinoma
(PTC), being the last ones characterized by more
aggressive behavior. The authors described that
tumor tissue contained lower microbe abundance
compared to adjacent normal tissue as their first
finding. The main result was that Micrococcus
luteus and Bradyrhizobium sp. were abundant
in tall cell papillary TC (TCPTC) and were
positively correlated to MACIS (distant metasta-
sis, patient age, completeness of resection, local
invasion, and tumor size) score and oncogenic
pathways (i.e., p5S3 instability). These findings
might contribute in the more aggressive TCPTC
phenotype. Dai et al. (2021) characterized thyroid
microbiota from 30 patients with TC, showing
that microbial diversity and composition were
again significantly different between peritumor
and tumor tissues. In particular, tumor tissues
had lower thyroid microbiota richness and diver-
sity than matched peritumor tissues. At the genus
level, the combination of Comamonas and
Sphingomonas could discriminate tumor from
peritumor samples with an area under the curve
(AUC) of 0981 (95% CI): the former was
enriched with tumor tissues, while the latter was
enriched with peritumor tissues. Moreover, the
abundance of Sphingomonas was significantly
higher in the N1 stage than in the NO stage,
potentially representing a prognostic value for
TC patients at an early stage. Comamonas has
already been associated with more metastasized
lymph nodes in pancreatic cancer (Jeong et al.
2020), while Sphingomonas was found to be
increased in patients suffering from colitis-
associated cancer (Richard et al. 2018).

3.2.3 Probiotics Used in Complications
of Thyroid Hormone Withdrawal
An RCT study assessed the oral-gut microbiota
in postoperative thyroid cancer patients who
underwent thyroid hormone withdrawal (THW)
before radioiodine therapy (Lin et al. 2022).
The authors enrolled 50 TC patients and ran-
domly assigned them to receive probiotics
(Bifidobacterium tetravaccine tablets containing
>10° CFU/ablet B. infantis, >10° CFU/tablet
Lactobacillus  acidophilus, >10° CFU/tablet



Enterococcus faecalis, >10° CFU/tablet Bacillus
cereus, and >10° CFU/tablet total bacteria) for
4 weeks or placebo during THW. The authors
investigated whether probiotics could alleviate
THW-related complications and whether these
therapeutic effects were associated with oral-gut
microbiota composition. The presence of THW
complications was assessed by the thyroid symp-
tom questionnaire (TSQ) (focusing on the items
of fatigue, constipation, edema, weight gain,
dry mouth) and by the plasmatic sampling of
lipopolysaccharides (LPSs), lipids, glucose, and
the liver and renal functions. The probiotic group
showed a significantly lower occurrence of
THW symptoms (lack of energy, constipation,
weight gain, and dry mouth) as well as lower
levels of serum LPS and lipid values (total cho-
lesterol, triglycerides, low-density lipoprotein,
and apolipoprotein A) as compared to the
untreated group. Gut and oral microbial diversity
was significantly decreased after THW. Probiotic
treatment differently restored the gut and oral
microbial diversity. Increased Holdemanella,
Enterococcus, and  Coprococcus_2  while
decreased  Fusobacterium, Ruminococcus_1,
Eubacterium_ruminantium_group, and Parasut-
terella were found in the gut after probiotics
intervention. Lack of energy, constipation, weight
gain, and dyslipidemia were seen to be related
to the above microbiota. In addition, probiotics
reduced oral Prevotella_9, Haemophilus,
Fusobacterium, and Lautropia, which were posi-
tively correlated with the occurrence of dry
mouth.

It has been hypothesized that microbiota
could regulate plasma lipid metabolism through
the short-chain fatty acid (SCFA) pathway
(Nogal et al. 2021). Probiotics may reduce
serum LPS levels by regulating the intestinal bar-
rier, increasing tight junction protein expression,
and reducing inflammatory markers. Therefore,
the reduction in symptoms like fatigue in the
probiotics group could be associated with
improvement in microbiota diversity, intestinal
inflammation, and barrier function and a reduc-
tion in inflammatory bacterial abundance.

I. Stramazzo et al.

3.2.4 Graves’ Disease

Multiple studies have evaluated the relationship
between Graves’ disease, Graves’ orbitopathy,
and gut microbiota in both an experimental and
a clinical ground in the last 2 years.

The overview of microbiota characteristics in
the nine studies encompassing patients with
Graves’ disease is depicted in Table 3.

Chang et al. analyzed fecal microbiota in
55 GD patients and 48 healthy controls (Chang
et al. 2021); patients had an average follow-up
of 45.33 months and had all been treated with
antithyroid drugs. No difference was observed
regarding bacterial richness and alpha diversity
between GD patients and controls. In keeping
with previous findings, Bacteroidetes and Actino-
bacteria increased, while Firmicutes decreased
in the GD group at the phyla level (Shi et al.
2019; Jiang et al. 2021). At the genus level,
the abundance of Bacteroides, Collinsella, and
Prevotella_9 was significantly higher, while
Faecalibacterium and the Lachnospiraceae_
NK4A136_group were slightly lower in the GD
group as compared to healthy controls. Although
Prevotella and Bacteroides are known to produce
SCFAs, major actors in the maintenance of gut
and immune homeostasis, their increase has been
associated with GD, rheumatoid arthritis, and
systemic lupus erythematosus (SLE) (Ishaq et al.
2018; Su et al. 2020a, b; Yan et al. 2020; De
Aquino et al. 2014; Sun et al. 2019; Mendonca
et al. 2019). The genus Collinsella has also been
characterized in patients with rheumatoid arthri-
tis, where a strong correlation to the production of
the proinflammatory cytokine IL-17A has been
shown (Chen et al. 2016). Similarly, the reduction
of Faecalibacterium has been described in vari-
ous autoimmune disorders; in GD patients, its
abundance has been negatively correlated with
thyroid-stimulating antibodies (Cornejo-Pareja
et al. 2020). Jiang et al. analyzed microbiota
from the fecal samples of 45 newly diagnosed
and untreated GD patients and 59 controls
(Jiang et al. 2021). GD patients had reduced rich-
ness and alpha diversity and, at the phylum level,
a significant reduction in Firmicutes, and an
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increase in Bacteroidetes has been observed, as
compared with the controls, in agreement with
what was reported by Chang SC et al. At the
genus level, GD patients had greater numbers of
Bacteroides and Lactobacillus and fewer Blautia
and Collinsella than control patients. Although
Lactobacillus is considered a beneficial probiotic,
some strains of this genus may be involved
in triggering AITD through molecular mimicry
because they share the same amino acid
sequences of thyroid peroxidase (TPO) and thy-
roglobulin (Tg) (Kiseleva et al. 2011). Blautia,
instead, is a butyrate producer, an SCFA that
promotes the differentiation of Treg in the intes-
tine. Finally, the authors examined the relation-
ship between microbiota and thyroid function
tests, including triiodothyronine (T3), thyroxine
(T4), thyroid-stimulating hormone (TSH), thyro-
tropin receptor antibody (TRAB), thyroglobulin
antibody (TGAB), thyroid peroxidase antibody
(TPOAB), and thyroid microsomal antibody
(TMAB). Blautia levels positively correlated with
TPOAB and TMAB levels, while Bacteroides
negatively correlated with TPOAB and TMAB
levels. El-Zawawy et al. (2021) analyzed fecal
microbiota in 13 GD patients and 30 healthy
controls; most of the patients were newly
diagnosed cases and only three of them were on
antithyroid treatment. Dietary habits between
patients and controls were markedly different.
The patients did not show any significant differ-
ence in terms of richness and alpha and beta diver-
sity. At the genus level they described an increase
in Prevotella. Moreover, TRAb showed a signifi-
cant positive correlation with Bacteroidetes and
Firmicutes. Furthermore, Zhu et al. (2021)
analyzed fecal microbiota from 62 healthy donors
and 100 GD patients, divided on the basis of
biochemical and clinical thyroid parameters in
patients with mild (n = 36) and severe disease
(n = 64). Interestingly, the authors found that
patients with mild GD presented microbiome
features more similar to HD, and that patients
with severe GD presented a specific gut micro-
biome signature in terms of taxonomic and
metagenomic analysis that could represent a useful
noninvasive diagnostic tool.

3.2.5 Effect of Antithyroid Drugs

Two manuscripts analyzed gut microbiota com-
position in GD patients and its changes during
antithyroid drug treatment (Chen et al. 2021a, b;
Yang et al. 2022a, b). Chen et al. (2021a, b)
showed that the abundance and diversity of gut
microbiota were significantly reduced in GD
patients (15 pts), while they were increased after
antithyroid treatment; thus, the author speculated
that the alteration of microbiota composition
found in GD patients might be an effect of hyper-
thyroidism and might not necessarily be involved
in the pathogenesis. At the phyla level, the ratio of
Firmicutes/Bacteroidetes was not different between
patients and healthy donors. It was documented
as a reduction in Proteobacteria and Synergistetes
in GD patients and a significant increase in
Proteobacteria after treatment. At the genus
level, increased relative abundance in Streptococ-
cus, Blautia, Lactobacillus, and Veillonella has
been observed, while Phascolarctobacterium
decreased significantly. After treatment, relative
abundance in Ruminococcus, Streptococcus, and
Blautia decreased significantly, while abundance
in  Phascolarctobacterium increased signifi-
cantly. Moreover, the authors correlated different
bacterial abundances with clinical thyroid-
related parameters. They stressed the finding
that TRAb levels were negatively correlated
with Synergistetes and Phascolarctobacterium
and were positively correlated with Lactobacillus
before treatment and Ruminococcus after treat-
ment. They concluded that Synergistetes and
Phascolarctobacterium probably have a protec-
tive role in the pathogenesis of GD, while
Ruminococcus and Lactobacillus possibly repre-
sent a trigger in the immune mechanism of
GD. According to studies in SLE patients,
Synergistetes may be involved in regulating the
synthesis and secretion of autoantibodies by
modulating the balance of Thl17/Treg (Chen
et al. 2017; Lopez et al. 2016). Conversely,
Yang et al. (2022a, b) did not show a significant
difference in terms of richness and alpha diversity
in their study population, consisting of 18 newly
diagnosed GD patients, ten methimazole-treated
patients, and 11 healthy controls. The most



represented bacterial phyla in the stool samples
of the three groups were Firmicutes (64.7%),
Bacteroidetes (23.5%), Actinobacteria (7.0%),
and Proteobacteria (4.5%). The newly diagnosed
group presented an increase in Actinobacteria and
a reduction in Firmicutes as compared to HC,
while treated patients showed an increase in
Proteobacteria. At the genus level, they showed
an increase in Prevotella abundance in newly
diagnosed GD patients compared to healthy peo-
ple, in agreement with previous studies (Ishaq
et al. 2018; Su et al. 2020a, b). An increase in
Collinsella abundance has also been observed in
untreated GD patients, which change was
reverted with methimazole treatment; this bacte-
rial genus has been related to the production of
the proinflammatory IL-17 (Chen et al. 2016).
A reduction in the SCFA-producing Roseburia
and an increase in Bifidobacterium in untreated
GD patients as compared to healthy people were
similarly observed, in line with the results
reported in the literature (Song et al. 2019; Sun
et al. 2020); this change was reverted with
methimazole therapy. The relative abundance
of this bacterium was positively correlated
with the levels of TRAb, TgAb, and TPOAbD.
As already mentioned for Lactobacillus, also
Bifidobacterium may be involved in triggering
AITD through molecular mimicry (Kiseleva
et al. 2011).

These results are similar to those described by
the same group on a larger study sample where
the dosage of vitamin D and serum IL17 was also
included; vitamin D levels negatively correlated
with serum IL17 and TRAb values, although
no significant correlation with gut microbiota
emerged (Yang et al. 2022a, b).

3.2.6 Leaky Gut in Patients with Graves’
Disease
Most autoimmune diseases are associated with a
gut barrier dysfunction (leaky gut), which allows
bacterial and/or antigen translocation into the sys-
temic circulation. Several biomarkers have been
validated for the assessment of intestinal barrier
integrity and bacterial translocation: (a) intestinal
fatty-acid-binding protein (I-FABP) and diamine
oxidase (DAO) are cytosolic proteins in intestinal
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epithelial cells, which are immediately released
into the circulation when the intestinal epithelium
is disrupted; (b) zonulin, a physiological regulator
of intestinal permeability, reversibly opens tight
junctions between intestinal epithelial cells; and
(c) lipopolysaccharide (LPS) and D-lactate,
which are components of bacterial membranes,
act as indicators of the translocation of parts of
gut-resident bacteria in the systemic circulation
(Zheng et al. 2021). Indeed, Zheng et al. (2021)
investigated correlations between a leaky gut
and GD by measuring LPS, I-FABP, zonulin,
D-lactate, and DAO in 91 patients with GD and
44 healthy controls. The serum levels of LPS,
I-FABP, zonulin, and D-lactate were significantly
higher in the patient group. Moreover, higher
circulating LPS levels were associated with
more severe hyperthyroidism, higher TRAb
concentrations, and a worse course of both hyper-
thyroidism and orbitopathy. These results make
clear the association between the development of
GD and a leaky gut. They speculate that bacterial
translocation may trigger thyroid autoimmunity
via molecular mimicry and that circulating LPS
may cause a pro-inflammatory status by activat-
ing Toll-like receptor 4 (TLR4) and initiating
NF-kB signaling pathways (Benvenga and
Guarneri 2016; Chow et al. 1999).

3.2.7 Microbiome Modulation in Graves’
Disease Patients
Two articles analyzed the role of probiotic and
prebiotic compounds in improving the therapeu-
tic effect of methimazole in patients with Graves’
disease. Both these studies were carried out in the
same laboratory in Haikou, China. The first trial
(Chen et al. 2021a, b) compared the effect of
these compounds on 25 patients with Graves’
disease, subdivided into three arms of treatment:
eight patients treated with methimazole alone,
nine with methimazole and 100 g of black beans
per day, and nine with methimazole and probiotic
Bifidobacterium longum (2 x 10’ CFU) per day.
Black beans were chosen because, in Chinese
medicine, they are used as a dietary prescription
in hyperthyroid patients to alleviate their
symptoms; Bifidobacterium longum is known
for its anti-inflammatory and immune-regulating
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properties (Chen et al. 2021a, b). To note, the
authors underlined the effect of methimazole in
improving thyroid function and in changing sig-
nificantly the abundance of bacterial species. The
concomitant administration of black beans lim-
ited these microbial variations, while in the third
group, it was observed the increase of several
species of Bifidobacteria and a lower amount of
Blautia hansenii and Klebsiella pneumoniae.
These variations were linked to increased produc-
tion of propionic and butyric acids, which are
beneficial microbial metabolites. In the group
supplemented with Bifidobacterium longum,
besides thyroid function improvement, it has
been recorded a dramatic drop in TRAD levels
to normal levels. The second study (Han et al.
2022) was carried out to evaluate the effect of
berberine added to methimazole in ten patients
(as compared to methimazole alone in eight
patients) in restoring thyroid function. Berberine
is a natural cationic alkaloid usually found
in the rhizomes of many medicinal plants
(Habtemariam 2020). Because of its prebiotic
activity, it was able to modulate gut microbiota
composition in Graves’ diseases patient, increas-
ing the abundance of the beneficial Lactococcus
lactis and decreasing the pathogen Enterobacter
hormachei. However, its coadministration with
methimazole showed a small adjuvant effect
than the one exerted by methimazole alone (Han
et al. 2022).

3.2.8 Hashimoto’s Thyroiditis
and Hypothyroid Patients

Hypothyroidism often recognizes inflammatory
etiopathogenesis, both acute and chronic, and its
more common leading cause worldwide is HT
(Taylor et al. 2018; Ragusa et al. 2019). Previous
studies dealing with the role of human microbiota
in the pathogenesis and clinical outcomes of HT
were mostly carried out in China (Virili et al.
2021). The more recent studies provided novel
evidence about this topic by analyzing Brazilians,
Caucasians or Afro-descendants, and Egyptians,
thus widening the geographical distribution of
the population examined (Cayres et al. 2021;
El-Zawawy et al. 2021). The microbiota charac-
teristics of 8/11 studies encompassing patients

with Hashimoto’s thyroiditis/hypothyroidism are
depicted in Table 3. The remaining three papers,
taken into account in this review, have been not
included in the table, due to the different design of
the studies, since the analysis at phyla and genus/
species levels were not included (Talebi et al.
2020a, b; Wang et al. 2021; Li et al. 2022)
(Table 4).

Cayres et al. conducted their observations on
stool samples of 40 Brazilian patients with HT as
compared to 53 healthy controls (HC) (Cayres
et al. 2021). In contrast with a previous study,
they observed a reduction of Bacteroides and an
increase of Bifidobacterium in HT subjects as
compared to HC. However, the serum concen-
trations of TSH and FT4, as well as those of
antithyroid antibodies, were not available for all
subjects, thus rendering it hard to identify a pos-
sible role of thyroid dysfunction/autoimmunity
on microbiota composition. Despite that, the
authors found a positive correlation between
TSH levels and Clostridium coccoides and Clos-
tridium coccoides-Eubacteria rectale and an
inverse correlation between Roseburia and FT4
levels, but this correlation has not been studied in
all HT patients due to the unavailability of data in
some patients of the study group. Furthermore, it
was observed that Lactobacillus (belonging to the
Firmicutes phylum) were significantly higher in
levothyroxine (LT4)-replaced subjects (33/40 HT
were on LT4 therapy), but the authors did not
observe correlations between LT4 dose, TSH
level, and microbiota composition. Therefore,
these data confirm previous evidence describing
the presence of a possible imbalance in the com-
position of the gut microbiota in HT patients,
with or without hormone replacement therapy
(Lauritano et al. 2007; Patil 2014; Yao et al.
2020). More importantly, this study showed an
increase in gut permeability, measured as an
increase in serum zonulin levels, in HT patients.
The values of zonulin showed an inverse correla-
tion with interleukin 2 and a direct correlation
with interferon gamma. Furthermore, using a
food-frequency questionnaire (FFQ), the authors
tried to find a relationship between the com-
position of the gut microbiota in correlation with
the nutritional habits of the study group. There
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Table 4 Main results on microbiota composition in patients with Hashimoto’s thyroiditis/hypothyroidism

First Bacterial a Bacterial b
author Sample | Subjects diversity diversity Phyla level Genus/species level
Tabasi Stool 23 H obese, | No No differences / /
et al. 79 HC obese | differences
Su et al. Stool 50 H, 40 HC | Chao/Ace: Bray-Curtis: Augmented: | Augmented:
increased significant Firmicutes/ Veillonella and
richness difference Bacteroidetes | Paraprevotella
Shannon/ HvsHC ratio Reduced:
Simpson: Reduced: Neisseria and
reduced Bacteroidetes | Rheinheimera
diversity
Dong Salivary |20 SH, Chao: PLS-DA/PCoA |/ Augmented:
et al. 20 HC increased Genus level: Granulicatella
richness significant
Simpson: difference
reduced SHvsHC
diversity
El- Stool 7 HT, 30 HC | No No differences Augmented: | Augmented:
Zawawy differences Bacteroidetes | Prevotella
et al. Reduced:
Firmicutes
and
Firmicutes/
Bacteroidetes
ratio
Cayres Stool 40 HT, / / / Augmented:
et al. 53 HC Bacteroides
DeClercq | Salivary | 127 LT4, Shannon: No differences / Reduced:
et al. 44 HND increased Bacillus
diversity
Eveness:
increased
Caietal. |Stool 27 SH P, Shannon/ PCoA/Bray- / Augmented:
28 HC P Sobs: Curtis: no Prevotella and
reduced differences Haemophilus
richness and
diversity
Wang Stool 30HP, Chao/Ace: ANOSIM/ / Intestinal
et al. Salivary |31 HCP no PCoA: Augmented:
differences — Intestinal: ns Roseburia, Lachnospira,
Shannon/ — Oral: Prevotella, and
Simpson: no | significant Parabacteroides
differences difference H Oral
PvsHC Augmented:
Prevotella and Neisseria

HC healthy controls, HND healthy no-drug users, SH subclinical hypothyroid, H hypothyroid, HT Hashimoto’s
thyroiditis, ns not significant, P pregnant, LT4 levothyroxine replaced

are currently no studies investigating this aspect.
Notably, the FFQ revealed that there was a signifi-
cant difference between the two study groups in
daily protein consumption (20 HT versus 9 HC),
and Bacteroides species inversely correlated with
animal-derived protein consumption.

El-Zawawy et al. (2021) compared the fecal
microflora of 20 subjects affected by thyroid auto-
immune disease (AITD) and 30 healthy controls.
At the phylum level, they observed an increase
in Bacteroides and a decrease in Firmicutes in
AITD subjects. Notably, among the Bacteroides,
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the main genus was Prevotella. However, no
differences were observed in alpha and beta
diversity in the two groups. Nevertheless, the
following data are affected by many biases,
which may not allow definitive conclusions
about HT: (1) the study involves only seven
HT subjects, (2) the HT patients were both
affected by overt and subclinical hypothyroidism,
(3) three to seven of the HT patients were
smokers, and (4) AITD and HC groups signifi-
cantly differ in dietary habits (healthy diet in HC
and diet rich in fat and animal-derived food in
AITD). These environmental biases are able to
influence significantly microbiota composition
(Rothschild et al. 2018).

Su et al. (2020a, b) analyzed gut microbiota
composition in a group of 52 untreated
nonautoimmune hypothyroid subjects compared
with a group of 40 HC. The authors observed a
significant difference in alpha and beta diversity
between the two groups. Notably, the intestinal
bacterial communities of the study group (hypo-
thyroid) were characterized by greater richness
and lesser diversity. At the phylum level, the
Bacteroides genus and Firmicutes/Bacteroides
ratio were reduced and increased, respectively,
in this study group. Furthermore, at the genus
level, they observed that in hypothyroid subjects,
Veillonella and Paraprevotella were significantly
reduced, while Neisseria and Rheinheimera were
increased. These data suggest a condition of intes-
tinal dysbiosis in the hypothyroid group, which is
consistent with previous studies (Lauritano et al.
2007; Liu et al. 2020). By metagenomic analysis,
it was observed that the structural differences
between the two groups were also related to func-
tional differences in the gut microbiota. Notably,
these data revealed that the ability to produce
SCFA was significantly reduced in hypothyroid
subjects, and there was a significant increase in
the serum level of LPS. On this ground, Su et al.
(20204, b) transplanted the intestinal flora (FMT)
of 10 primary hypothyroid patients and 10 healthy
controls in 20 male pathogen-free mice, randomly
subdivided in two groups (10 vs. 10). The authors
observed a significant increase in serum LPS
and a decrease in SCFA synthesis as well as
in serum total thyroxine levels in mice

transplanted with fecal samples from hypothyroid
patients.

Dong et al. (2021) carried out the first study on
salivary samples collected from 20 HC and
20 subjects affected by subclinical hypothyroid-
ism (SH). Significant alpha and beta diversity
characterized the oral microbiota from these two
groups. The SH group showed greater richness
without the identification of a dominant species.
Analysis at the phylum level revealed a similar
composition between the two groups but a different
distribution of 45 taxa. In the SH group, the more
prevalent taxonomic species were Lactobacillales
at the order level; Porphyromonadaceae, Carno-
bacteriaceae, and Spirochaetae at the family level;
and Granulicatella, Treponema, and Streptobacil-
lus at the genus level. The Granulicatella genus in
oral cavity is normally associated with healthy
subjects, but some evidence supports the correla-
tion with clinical metabolic conditions (Si et al.
2017). Therefore, clinical and biochemical meta-
bolic aspects were analyzed, describing significant
differences in HOMA-IR, fasting serum insulin,
total cholesterol, and triglycerides between the
two groups; however, no differences were
observed in the expression of metagenomic bacte-
rial pathways.

3.2.9 Modulation of Gut Microbiota
in Hypothyroid Patients

A recent paper by Talebi et al. (2020a, b) studied
the effect of synbiotic (an association of pro- and
prebiotics) supplementation in hypothyroid
subjects. This double-blind placebo-controlled
study includes 56 Iranians with primary hypothy-
roidism (both autoimmune and nonautoimmune)
replaced with the same dose of LT4 for at least
1 year, taken regularly 30 min before breakfast.
The study sample was randomly divided into the
placebo group (n = 27) and the synbiotic group
(n = 29). All subjects were asked to maintain the
same nutritional habits and physical activity. The
symbiotic capsules contained Lactobacillus casei,
L. acidophilus, L. rhamnosus, L. bulgaricus,
Bifidobacterium breve, B. longum, and Strepto-
coccus thermophilus and were taken for 8§ weeks
after breakfast; the same was done with the pla-
cebo capsules. After 8 weeks, the only significant



difference observed was the improvement of
constipation in the supplemented group. The
same author (Talebi et al. 2020a, b) has also
carried out in the same population a comparative
study showing a lower TSH concentration and
levothyroxine requirement and a higher serum
FT3 in patients supplemented with symbiotic
and levothyroxine as compared to patients treated
with levothyroxine alone.

3.2.10 Microbiota Composition

in “Special Hypothyroid
Populations”

In the past, no studies have observed the different
composition of the microbiota in particular hypo-
thyroid populations (i.e., pregnant, obese), while
some evidence was provided on the relationship
between intestinal microbiota and pregnancy
outcomes or metabolic disorders, such as obesity
(Sekirov et al. 2010; Qi et al. 2021).

Recently, Tabasi et al. (2021) analyzed serum
metabolic biomarkers, cytokines, and the gut
microbiota in 23 (M/F:4/19) Iranian obese
subjects affected by hypothyroidism as compared
with 79 HC. Unfortunately, no significant dif-
ference was observed between the two groups.
To date, only four studies by a group from
Zhengzhou University (China) have focused
on the microbiota in pregnant women with thy-
roid dysfunction. The first study published
by Wang et al. (2021) focused on the incidence
of small intestinal bacterial overgrowth (SIBO)
in 224 pregnant women with SH and 196 HC
pregnant, both groups in the third trimester of
gestation. The diagnosis of SIBO was based on
a lactulose breath test. These authors observed a
significant increase in SIBO occurrence and
serum C-reactive protein (CRP) levels in the
study group, mainly associated with intestinal
constipation. Interestingly, in each group, SIBO
was directly correlated with TPO-Ab and TSH
levels while indirectly with body mass index
(BMI) and FT4 levels. A second study by Li
et al. (2022) analyzed blood samples and methane
hydrogen breath tests of 30 pregnant women with
SH and 30 pregnant HC, both groups in the third
trimester of gestation. As in the previous study,
the incidence of SIBO was significantly higher
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in the study group, and the presence of SIBO
positively correlated with total cholesterol and
TSH levels and negatively correlated with
glycocholic acid levels and maternal BMI. The
pregnancy outcome was also analyzed, which
showed that maternal serum lipid levels, hyper-
tensive disorders, and newborn body weight were
significantly different in the two groups, this
finding being possibly associated with hypothy-
roidism and not with microbiota composition.

A similar population (27 women with SH and
28 HC pregnant women in the third trimester of
gestation) from the previous study was analyzed
by Cai et al. (2022), who obtained the same
results on clinical pregnancy outcomes and bio-
chemical data. Despite a similar alpha and beta
diversity in intestinal microflora in the two groups,
it has been observed that the Prevotella and
Haemophilus genera were significantly higher in
the study group, while Blautia was significantly
lower than in HC. In SH women, glycero-
phospholipid (GP) metabolism was upregulated,
while sphingolipid (SL) metabolism was
downregulated. Furthermore, Blautia correlated
positively with SL and FT4 levels and negatively
with GP; Prevotella correlated positively with
TSH and CRP levels and negatively with GP;
GP negatively correlated with newborn body
weight and length. This study showed that the
gut microbiota composition and lipid profile of
pregnant women with SH differ significantly
from those of HC subjects; unfortunately, the
authors did not provide information on the etiol-
ogy of thyroid dysfunction. Subsequently, the
same group studied the composition of the fecal
and salivary microbiota in 30 hypothyroid
women compared with 31 HC women in the
third gestational trimester (Wang et al. 2020).
Hypothyroidism was not a pregestational condi-
tion, and L'T4 therapy was administered to hypo-
thyroid patients, though it is not specified whether
before or after specimen collection. The oral
and intestinal microbiota showed no significant
differences in alpha diversity. However, signi-
ficant differences appeared in the composition
of the oral microbiota: the oral cavity of women
with HC had relative abundance in Firmicutes,
Leptotrichiaceae, and Actinobacteria, while
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in the hypothyroid group, there was a higher
relative prevalence of Gammaproteobacteria,
Pasteurellaceae, Prevotella, and Neisseria.
Alpha and beta diversity was similar in the gut
microflora but was relatively increased in
Pasteurellales, Porphyromonadaceae, Roseburia,
Lachnospira, Prevotella, and Parabacteroides in
the study group, and Clostridium and Blautia were
observed in the control group. The gut microbiota
of hypothyroid pregnant women showed increased
metabolic pathways of structural molecules and
flagellar assembly. Furthermore, the authors
observed that oral Gammaproteobacteria and
Pasteurellaceae correlated positively with CRP
and negatively with FT4 and TSH and with weight
gain during pregnancy; oral Firmicutes correlated
negatively with CRP, while oral and intestinal
Pasteurellaceae showed a positive correlation.
Levothyroxine treatment did not change the sig-
nificantly higher CRP level and poor clinical
outcomes of pregnancy in hypothyroid women,
as has been observed in previous studies. Again,
it is unclear whether it is due to changes in
microbiota composition, altered thyroid function,
or both.

Since the subjects of these four studies
belonged to the same research structure, it is
possible that they are burdened by the over-
lapping of the different study groups and by
selection bias.

3.2.11 Microbiota and Levothyroxine
Treatment

A recent cross-sectional study by De Clercq et al.
(2021) examined the impact of drugs on the oral
microbiota of salivary samples from 1214 Cana-
dian subjects, divided into drug users and
nonusers. Alpha and beta diversity, richness,
and evenness were similar in the two groups.
Among the 127 patients taking thyroid hormones,
60 subjects declared to assume only LT4 (SD),
whereas 71 subjects assumed LT4 and other
medications (MD). Alpha diversity differed sig-
nificantly among no-drug users, SD and MD,
although no differences were observed in beta
diversity. Nevertheless, in subjects taking LT4
were identified several genera significantly enriched
as compared with no-drug users (Veillonellaceae,

Bacteroides, Prevotella 6, Tannerella, Bergeyella,
Bacillus, Mycoplasma); on the contrary, Bacillus
was significantly depleted.

4 Concluding Remarks

There are several differences in microbiota com-
position between patients with different thyroid
disorders and healthy subjects, often confirmed
in more than one study and sometimes between
the same category of thyroid patients. The overall
results of the present review article strengthen
the existence of a bidirectional relationship
between the intestine, with its microbial set, and
thyroid homeostasis, thus supporting the newly
recognized entity known as the gut-thyroid
axis. However, before definite conclusions could
be drawn about their clinical meaning, the accu-
racy of patients’ selection and their geographic
and ethnic roots is mandatory. In fact, since
microbiota composition may be shaped by
genetic and lifestyle features (i.e., variations in
dietary habits, drug use), further studies on
patients coming from other countries should be
carried out. These studies should be multicentric,
involving a large number of patients and possibly
including metabolomic analysis.
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