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AbStr ACt

This	article	aims	to	explore	associated	immune	indicators	of	au-
toimmune	thyroid	disease	(AITD)	through	a	meta-analysis	of	
published	case-control	studies	on	newly	diagnosed	AITD	pa-
tients,	intending	to	provide	some	suggestions	for	research	on	
the	mechanisms	of	AITD.	Six	electronic	databases	were	searched	
for	case-control	studies	on	newly	diagnosed	AITD	patients	from	
inception	to	August	15,	2022.	A	random-effects	model	was	used	
to	calculate	the	standardized	mean	difference	(SMD),	odds	ratio	
(OR),	and	95	%	confidence	interval	(95	%	CI).	A	total	of	26	articles	
were	included	in	this	meta-analysis.	Patients	with	newly	diag-
nosed	AITD	had	higher	levels	of	helper	T	cell	17	(Th17)	(Hashi-
moto’s	disease	(HT):	SMD	=	2.35,	95	%	CI:	1.98,	2.72;	Graves’	
disease	(GD):	SMD	=	1.61,	95	%	CI:	1.23,	1.98),	lower	levels	of	
regulatory	T	cell	(Treg)	(HT:	SMD	=	–2.04,	95	%	CI:	–2.67,	–1.42;	
GD:	SMD	=	–1.35,	95	%	CI:	–2.11,	–0.58),	and	lower	levels	of	fork-
head	box	P3	(FoxP3)	mRNA	(HT:	SMD	=	–2.58,	95	%	CI:	–3.12,	
–2.05;	GD:	SMD	=	–2.13,	95	%	CI:	–2.56,	–1.70),	compared	to	the	
healthy	population.	In	addition,	the	single	nucleotide	polymor-
phism	rs3761548	and	rs3761549	in	the	promoter	region	of	
FoxP3	showed	a	higher	frequency	in	the	comparison	of	genotype	
“CT” only in HT patients than in the healthy population 
(OR	=	1.66,	95	%CI:	1.18,	2.34).	In	patients	with	newly	diagnosed	
AITD,	the	Th17/Treg	ratio	imbalance	may	develop	AITD.	Moni-
toring	Th17	and	Treg	levels	may	become	an	essential	tool	to	
assess	the	organism’s	immune	homeostasis	and	hopefully	guide	
clinical	diagnosis	and	treatment.

  
AbbreviAtionS
AITD:	 Autoimmune	thyroid	disease
GD:	 Graves’	disease
HT:	 Hashimoto’s	disease
Th17:	 Helper	T	cell	17

Treg: Regulatory T cells
FoxP3:	 Forkhead	box	P3
TPOAb:	 Thyroid	peroxidase	antibodies
TGAb:	 Thyroglobulin	antibodies
NOS:	 Newcastle-Ottawa	scale
SMD:	 Standardized	mean	difference
CI:	 Confidence	interval
OR:	 Odds	ratio

*	 These	authors	contributed	equally
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Introduction
Autoimmune	thyroid	disease	(AITD)	including	Graves’	disease	(GD)	
and	Hashimoto’s	disease	(HT)	[1,	2]	is	a	classic	organ-specific	auto-
immune	thyroiditis.	Its	pathogenesis	is	complex	and	unclear	and	
may	be	related	to	the	living	environment,	genetic	background,	and	
imbalance	of	immune	homeostasis	[3].	It	is	clinically	characterized	
by	infiltration	of	thyroid	tissue	via	different	lymphocytes	and	reac-
tivity	to	thyroid-associated	autoantigens	[4].	The	lymphocytes	that	
infiltrate	the	thyroid	are	T	and	B	lymphocytes.	B	lymphocytes	pri-
marily	produce	antibodies	and	cytokines	that	promote	the	devel-
opment	of	inflammation,	and	T	lymphocytes	induce	other	immune	
cells’	activity	by	releasing	cytokines.	These	cytokines	help	to	sup-
press	or	modulate	the	immune	response	[1].

Recent	studies	have	found	that	helper	T	cell	17	(Th17)	or	regu-
latory	T	cells	(Treg)	play	an	essential	role	in	developing	autoimmune	
diseases	[1].	Th17	cells	are	members	of	the	CD4 + T	cell	lineage.	It	
is	generally	believed	that	Th17	cells	are	developmentally	and	func-
tionally	distinct	from	Th1	and	Th2	cells	in	that	they	produce	and	
secrete	cytokines	such	as	IL-17	that	promote	progressive	inflam-
mation	[5].	Studies	have	shown	that	IL-17	and	its	receptor	(IL-17R)	
can	participate	in	the	activation	of	the	NF-κB	signaling	pathway,	
which	is	an	important	pathway	in	the	human	body	and	is	involved	
in	the	transmission	of	tissue	damage,	stress,	cell	differentiation,	
and	apoptosis	[6].	Esfahanian	et	al.	found	elevated	serum	IL-17	lev-
els	in	HT	patients,	which	suggested	a	potential	role	in	the	patho-
genesis	of	the	disease	[7].	Safdari	et	al.	revealed	that	the	expres-
sions	of	T-bet	and	GATA3,	which	were	specific	transcription	factors	
for	Th1	and	Th2,	respectively,	were	significantly	higher	than	those	
in	the	control	group.	In	addition,	elevated	RORα	and	declined	fork-
head	box	P3	(FoxP3),	which	reflect	the	expression	of	Th17	and	Treg,	
respectively,	were	observed,	with	significant	difference	[8].	Among	
severe	graves	ophthalmopathy	patients,	moderate	graves	ophthal-
mopathy	patients,	and	GD	patients,	the	proportion	of	IFN-γ	pro-
ducing	Th1	cells	and	IL-17A	producing	Th17	cells	were	significant-
ly	increased.	After	steroid	pulse	therapy,	Th1	and	Th17	cell	were	
reduced	in	severe	graves	ophthalmopathy	patients,	which	indicat-
ed	that	the	status	of	Th1	and	Th17	cells	were	associated	with	the	
severity	of	the	disease	[9].

Tregs	could	inhibit	autoimmune	response	and	regulate	the	im-
mune	system	by	secreting	cytokines	such	as	IL-10	and	TGF-β	[10].	
And	the	expression	of	FoxP3	is	essential	for	the	development	of	
Tregs	and	its	role	in	maintaining	autoimmune	response	and	self-tol-
erance	[11].	FoxP3	gene	mutation	and/or	deletion	could	lead	to	the	
loss	of	regulatory	function	of	Treg,	which	results	in	the	overactiva-
tion	of	T	cells	and	the	occurrence	of	autoimmune	response	[12].	
Among the FoxP3 polymorphisms, the presence of the FoxP3 
rs3761549	“T”	allele	appears	to	increase	in	HT	and	GD	patients.	
And	an	increase	in	CT	heterozygous	carrier	rates	has	been	report-
ed	in	female	GD	patients	in	the	Polish	population.	The	association	
of	CT	heterozygotes	with	the	pathogenesis	of	HT	and	GD	can	be	
predicted	based	on	the	decrease	in	FoxP3	transcriptional	efficien-
cy,	which	is	likely	to	impair	the	regulatory	function	of	Tregs,	lead-
ing	to	uncontrolled	clonal	and	amplification	of	activated	T	cells	in	
the	thyroid	environment	[13].

The	mechanism	of	Treg	dysfunction	in	AITD	and	other	autoim-
mune	diseases	remains	to	be	determined.	However,	Treg	lympho-
cytes	have	the	potential	to	transform	into	pro-inflammatory	cells	

(mainly	Th17	and	Th1	lymphocytes),	which	may	further	the	con-
tinuation	of	autoimmune	processes.	Studies	have	also	shown	that	
the	frequency	of	transformation	of	FoxP3	to	IL-17	or	FoxP3	to	IFN-γ	
lymphocytes	was	increased	in	psoriasis	and	type	1	diabetes	pa-
tients,	respectively,	and	the	differentiation	of	Treg	cells	into	Th17	
or	Th1	lymphocytes	is	enhanced	[14].	Considering	that	Th17	cells	
share	a	differentiation	pathway	with	FoxP3	Treg,	dysregulation	of	
Th17/Treg	homeostasis	and	changes	in	its	associated	factors	may	
contribute	to	autoimmune	diseases.	Therefore,	this	review	aims	to	
investigate	the	changes	in	immune	indicators	associated	with	AITD	
via	a	meta-analysis	of	published	case-control	studies	on	newly	di-
agnosed	AITD.	Hopefully,	it	will	provide	new	directions	for	study-
ing	the	mechanisms	of	AITD.

Materials	and	Methods
This	systematic	review	and	meta-analysis	is	registered	at	the	Inter-
national	Prospective	Register	of	Systematic	Reviews	(Number	
CRD42022353625).

Search strategy
Information	retrieval	conducted	through	Pubmed,	Web	of	Science,	
Cochrane	Library,	Scopus,	China	National	Knowledge	Infrastruc-
ture,	and	Wanfang	data.	The	data	were	searched	on	case-control	
studies	of	patients	with	newly	diagnosed	AITD	to	compare	Th17	
and	Treg	 levels	 and	 alterations	 in	 FoxP3mRNA	and	 FoxP3	
(rs3761548, rs3761549)	in	peripheral	blood	of	patients	with	newly	
diagnosed	HT,	GD,	and	healthy	subjects,	to	provide	clinical	evi-
dence	for	inferring	the	etiology	of	these	patients	from	inception	to	
August	15,	2022.	The	search	keywords	were	“Autoimmune	thyroid	
disease”,	“Thyroiditis”,	“Th17”,	“Type	17	Helper	cell”,	“Treg”,	“T	
lymphocytes,	regulatory”,	and	“FoxP3”.	In	addition,	we	meticu-
lously	searched	the	references	of	the	articles	initially	included	in	
the	systematic	search	in	order	not	to	leave	any	relevant	article	be-
hind	and	to	provide	comprehensive	coverage	of	Th17,	Treg	levels,	
and	alterations	in	FoxP3mRNA	and	FoxP3	(rs3761548, rs3761549)	
in	peripheral	blood	of	patients	with	newly	diagnosed	AITD.

Inclusion and exclusion criteria
Two	researchers	evaluated	the	titles	and	abstracts	of	the	studies	
from	the	initial	search	as	per	the	inclusion	and	exclusion	criteria,	
respectively.	If	two	researchers	disagreed	about	inclusion	in	the	
study,	a	third	researcher	would	make	determinations	on	whether	
to	include	the	disputed	study	on	the	basis	of	the	opinions	of	the	
first	two.	The	inclusion	criteria	were	(1)	only	a	retrospective	
case-control	study	was	investigated;	(2)	the	research	group	was	pa-
tients	with	newly	diagnosed	AITD	(including	HT	and	GD	patients)	
without	any	drug	intervention,	and	the	healthy	population	served	
as	the	control	group;	and	(3)	Th17,	Treg,	FoxP3mRNA,	and	FoxP3	
(rs3761548, rs3761549)	were	recorded	in	the	study	in	patients	and	
healthy	populations.	Exclusion	criteria	(the	study	would	be	exclud-
ed	if	any	of	the	following	conditions	existed):	(1)	AITD	patients	of	
research	included	those	who	had	performed	any	pharmacological	
intervention;	(2)	the	full	text	of	the	study	was	not	available,	or	the	
required	data	could	not	be	extracted	from	the	full	text;	(3)	the	same	
trial	was	repeatedly	published;	(4)	the	reported	data	were	incom-
plete	and	not	available	through	any	credible	source;	and	(5)	the	
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study	design	was	significantly	flawed,	or	the	results	were	reported	
with	significant	bias.

Data extraction and quality assessment
Data	extraction	was	implemented	by	two	researchers	using	a	
pre-designed	data	extraction	table,	respectively.	A	third	research-
er	checked	and	solved	the	problem	of	the	discordance	of	extract-
ed	data.	The	pre-designed	data	extraction	table	included	study	
title,	first	author	of	the	article,	year	of	publication	and	journal	of	
publication,	type	and	number	of	newly	diagnosed	AITD	patients	
included	in	the	study,	subgroup	status,	age,	thyroid	peroxidase	an-
tibodies	(TPOAb),	thyroglobulin	antibodies	(TGAb),	outcome	indi-
cators	[levels	of	Th17,	Treg,	FoxP3mRNA	and	FoxP3	(rs3761548, 
rs3761549)],	inclusion	and	exclusion	criteria,	outcome	indicators	
of	measurements	(methods	of	measurements,	markers	of	Tregs	
and	type	of	cells	for	measurement),	study	design-related	indica-
tors.

The	Newcastle-Ottawa	Scale	(NOS)	for	observational	case-con-
trol	studies	was	used	for	quality	assessment	by	two	independent	
researchers	[15].	If	there	was	no	consensus	between	the	two	re-
searchers,	a	third	researcher	would	join	in	the	discussion	forum	fo-
cusing	on	the	quality	score	of	the	disputed	study	and	make	a	final	
determination.	The	assessment	items	were	[1]	the	appropriateness	
of	the	selection	of	newly	diagnosed	AITD	patients	and	controls:	(1);	
for	example,	the	strongly	positive	immunological	test	of	newly	di-
agnosed	AITD	patients	and	healthy	population	and	the	source	of	
study	object	selection;	(2)	the	comparability	of	cases	and	controls;	
and	(3)	the	appropriateness	of	exposure	determination.	Observa-
tional	studies	were	rated	as	high	quality	if	they	scored	6–9,	mod-
erate-quality	if	they	scored	4	or	5,	and	poor	quality	if	they	scored	
3	or	lower.

Statistical analysis
We	used	Stata	15.1	software	to	process	the	extracted	literature	
data	[16,	17].	Because	the	gender	composition,	the	age,	TPOAb	
levels,	and	TGAb	levels	of	patients	with	newly	diagnosed	AITD	in-
cluded	in	studies	were	very	far	apart,	it	did	not	have	good	clinical	
consistency.	Therefore,	we	could	combine	the	results	using	a	ran-
dom-effects	model	to	compare	the	differences	in	Th17,	Treg,	Fox-
P3mRNA,	and	FoxP3	(rs3761548, rs3761549)	in	peripheral	blood	
between	patients	with	newly	diagnosed	AITD	and	the	healthy	pop-
ulation.	In	this	study,	the	Q-test	(chi-square	test)	and	I2 statistics 
were	combined	to	evaluate	the	heterogeneity	or	homogeneity	of	
the	studies.	A	p-value	of	the	Q-test	greater	than	0.05	was	consid-
ered	homogeneity.	Otherwise,	heterogeneity	was	considered.	The	
I2-values	of	less	than	50	%	and	more	than	50	%	suggested	a	low	and	
high	heterogeneity	among	studies,	respectively	[18].	The	stand-
ardized	mean	difference	(SMD)	and	odds	ratios	(OR),	and	their	95	%	
confidence	interval	(95	%CI)	were	calculated	for	continuous	varia-
bles	and	dichotomous	variables,	respectively	to	compare	whether	
the	factor	is	associated	with	the	etiology	of	AITD.	If	the	number	of	
studies	was	≥	5,	Egger’s	test	and	funnel	plot	were	used	to	assess	the	
publication	bias	of	the	results.	Duval	and	Tweedie’s	trim	and	fill	test	
was	used	to	evaluate	the	sensitivity	of	the	results	[19,	20].	Exact	
p-values	are	presented,	unless	p	<	0.001.	The	size	of	the	test	was	
α	=	0.05.

Results

Literature search, study characteristics, and quality 
assessment
A	search	of	six	database	systems	yielded	4018	articles,	and	four	ar-
ticles	were	obtained	after	a	manual	search	of	references	for	initial	
inclusion	in	the	literature.	After	1466	duplicate	retrieved	articles	
were	removed,	the	titles	and	abstracts	of	the	accepted	articles	were	
screened	again,	and	2524	articles	were	excluded	for	not	meeting	
the	inclusion	criteria	(not	related	to	autoimmune	thyroid	disease	
n	=	823;	review	or	in	vitro/animal	studies	or	letter	or	editorial	or	
conference	paper	n	=	436;	not	related	to	case-control	study	focus-
ing	on	the	comparison	between	newly	diagnosed	AITD	patients	
and	healthy	population	n	=	1203;	not	related	to	adopted	indicators	
n	=	62).	Six	out	of	the	32	articles	subsequently	participating	in	the	
full-text	assessment	were	excluded	due	to	repeated	population,	no	
data	available	or	could	not	be	translated	into	valuable	data.	At	last,	
26	studies	were	included	for	quantitative	analysis	in	this	systemat-
ic	review	(▶Fig. 1).	A	total	of	1242	newly	diagnosed	HT	patients	
and	1,302	newly	diagnosed	GD	patients,	and	1815	healthy	individ-
uals	were	included	for	quantitative	analysis.	The	primary	charac-
teristics	of	the	included	26	case-control	studies	are	shown	in	
▶table 1	[10,	12,	13,	21–43].

The	NOS	quality	assessment	scale	scored	22	included	studies	
between	5	and	9,	with	appropriate	selection	of	cases	and	controls,	
and	reliable	study	metric	measures.	So,	the	overall	quality	of	stud-
ies	was	considered	to	be	medium	to	high.	The	scoring	results	are	
displayed	in	▶table 2.	Notably,	before	study	initiation,	most	stud-
ies	excluded	patients	with	conditions	such	as	(1)	comorbid	cardio-
vascular	and	cerebrovascular	systemic	disease;	(2)	medication	be-
fore	examination	and	a	history	of	related	illness;	and	(3)	pregnant	
and	lactating	women.	The	studies	thus	did	not	have	significant	
missing	data	that	would	have	seriously	compromised	test	efficacy	
but	a	limited	extrapolation	of	the	findings.	In	summary,	the	overall	
quality	of	the	studies	included	in	this	meta-analysis	was	assessed	
as	good	quality,	and	the	research	results	were	reliable.

Indicators
Comparison	between	newly	diagnosed	AITD	patients	and	
healthy people
Th17	 Eight	studies	compared	the	differences	in	Th17	levels	of	pe-
ripheral	blood	mononuclear	cells	(PBMC)	between	newly	diagnosed	
HT	patients	and	the	healthy	population.	Five	studies	reported	dif-
ferences	in	Th17	levels	of	PBMC	between	newly	diagnosed	GD	pa-
tients	and	the	healthy	population.	The	meta-analysis	results	
showed	that	Th17	levels	in	PBMC	were	higher	in	both	HT	patients	
and	GD	patients	than	in	the	healthy	population,	and	the	differenc-
es	were	statistically	significant	(HT:	SMD	=	2.35,	95	%	CI:	1.98,	2.72;	
GD:	SMD	=	1.61,	95	%	CI:	1.23,	1.98;	▶Fig. 2a).	Obviously,	the	re-
sults	of	the	index	of	Th17	levels	in	PBMC	suggested	high	heteroge-
neity	in	HT	and	medium	heterogeneity	in	GD	(HT:	I2	=	60.3	%,	
p	=	0.014;	GD:	I2	=	37.7	%,	p	=	0.170;	▶Fig. 2a).	However,	the	sig-
nificance	of	this	result	needs	to	be	further	discussed.
Treg	 The	meta-analysis	results	reported	in	ten	studies	showed	
that	Treg	levels	marked	by	CD4 + CD25 + FoxP3 + and	measured	by	
flow	cytometric	were	lower	in	patients	with	newly	diagnosed	HT	
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than	in	the	healthy	population	(Supplemental	Table	1S).	The	differ-
ence	was	statistically	significant	(HT:	SMD	=	–2.04,	95	%	CI:	–2.67,	
–1.42; ▶Fig. 2b).	Moreover,	the	same	phenomenon	was	observed	
in	newly	diagnosed	GD	patients	(GD:	SMD	=	–1.35,	95	%	CI:	–2.11,	
–0.58;	▶Fig. 2b).	It	was	also	noteworthy	that	the	between-study	
heterogeneity	statistic	I2	both	suggested	that	high	heterogeneity	
was	observed	for	this	indicator	on	HT	disease	and	GD	disease.
FoxP3	mRNA	 Eleven	studies	reported	FoxP3	mRNA	levels	in	PBMC	
of	newly	diagnosed	HT	patients,	and	six	studies	reported	FoxP3	
mRNA	levels	in	PBMC	of	newly	diagnosed	GD	patients	(Supplemen-
tal	Table	1S).	The	meta-analysis	results	showed	that	FoxP3	mRNA	
levels	in	PBMC	of	both	HT	and	GD	patients	were	lower	than	those	
in	the	healthy	population,	with	statistically	significant	differences	
(HT:	SMD	=	–2.58,	95	%	CI:	–3.12,	–2.05;	GD:	SMD	=	–2.13,	95	%	CI:	
–2.56,	–1.70;	▶Fig. 3).

The	single	nucleotide	polymorphisms	in	the	FoxP3	promoter	re-
gion	would	likely	affect	FoxP3	expression,	of	which	rs3761548	and	
rs3761549	were	analyzed	for	comparison.	The	results	are	shown	in	
▶Fig. 4.	When	the	genomes	of	newly	diagnosed	HT	patients	and	
newly	diagnosed	GD	patients	were	compared	with	the	control	
group	by	PCR	amplification,	the	genotypes	“CC,”	“CA,”	and	“AA”	
of rs3761548	were	not	significantly	different	from	those	of	the	con-
trol	group	(p	>	0.05).	However,	when	rs3761549	of	HT	and	GD	pa-
tients	were	compared	with	the	controls,	the	results	showed	a	sta-
tistically	significant	difference	between	HT	patients	and	the	con-
trols	in	comparing	genotype	“CT”	(OR	=	1.66,	95	%	CI:	1.18,	2.34;	
▶Fig. 4c).	While	comparing	the	remaining	two	genotypes,	the	re-
sults	showed	no	statistically	significant	differences.	In	addition,	in	
the	comparison	between	GD	patients	and	the	controls,	there	were	

▶Fig. 1	 Study	selection	flowchart	of	Th17	and	Treg	levels	in	peripheral	blood	of	newly	diagnosed	patients	with	autoimmune	thyroid	disease:	a	
systematic	review	and	meta-analysis.
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no	statistically	significant	differences	in	the	levels	of	genotypes	
“CC,”	“CT,”	and	“TT”	(p	>	0.05).
Publication bias assessment and sensitivity analysis	 Egger’s	
test	was	used	to	detect	publication	bias	for	each	indicator,	and	the	
results	showed	no	significant	publication	bias	for	all	indexes	
(p	>	0.05)	(▶table 3).	The	funnel	plot	also	reflected	the	symmetry	
of	indicators	Th17,	Treg,	and	FoxP3,	and	high	heterogeneity	among	
studies	Supplemental	(▶Fig. 1S).	The	results	of	Duval	and	Tweed-
ie’s	trim	and	fill	test	showed	that	the	effect	sizes	of	all	quantitative	
analysis	were	stable	and	did	not	generate	significant	change	before	
and	after	trim	and	fill,	with	clear	guidance	(▶table 3).

Discussion
AITD	is	an	autoimmune	disease	that	manifests	primarily	as	HT	and	
GD.	HT	is	characterized	by	infiltration	of	lymphocytes	in	thyroid	tis-
sue	and	destruction	of	thyroid	follicles,	leading	to	hypothyroidism.	
On	the	other	hand,	GD	is	characterized	by	hyperthyroidism	due	to	
excessive	thyrotropin	receptor-specific	stimulating	autoantibodies	
(TSAb).	GD	and	HT	exhibit	different	clinical	features,	but	they	show	
similarities	in	tissue	damage,	such	as	lymphocyte	infiltration	and	
abnormal	cytokine	secretion	in	vivo	[44].	Previous	studies	suggest-
ed	that	the	imbalance	between	Th1/Th2	contributed	to	the	devel-
opment	of	AITD.	However,	recent	studies	have	shown	that	newly	
identified	subsets	of	T	lymphocytes,	such	as	Th17	and	Treg,	and	
their	associated	cytokines	may	be	associated	with	autoimmune	dis-
eases.

It	was	evident	from	the	results	of	the	meta-analysis	that	both	
newly	diagnosed	HT	and	newly	diagnosed	GD	patients	had	statis-
tically	significant	elevated	levels	of	Th17	in	their	peripheral	blood	
compared	to	healthy	controls.	Even	though	there	was	high	heter-
ogeneity	in	the	meta-analysis	results	for	the	indicator	Th17,	it	was	
believed	to	be	related	to	the	included	patients’	essential	character-
istics,	such	as	gender	differences	and	mean	age.	However,	the	high	
heterogeneity	of	the	results	did	not	affect	our	assertion	that	HT	pa-
tients	and	GD	patients	had	significantly	higher	levels	of	Th17	in	
their	peripheral	blood	than	healthy	controls	under	them.	It	was	ob-
served	from	the	forest	plot	(▶Fig. 2a)	that	the	newly	diagnosed	
AITD	patients	in	each	study	exhibited	higher	Th17	levels	than	the	
healthy	control	population,	and	the	differences	were	all	statistical-
ly	significant.	Moreover,	we	did	not	observe	substantial	publication	
bias	in	the	indicator	Th17	from	Egger’s	test	and	instability	in	Duval	
and	Tweedie’s	trim	and	fill	test.	Therefore,	there	was	no	doubt	
about	the	assertion	that	peripheral	blood	levels	of	Th17	were	sig-
nificantly	higher	in	newly	diagnosed	AITD	patients	than	in	healthy	
controls.	Th17	lymphocytes	are	essentially	pro-inflammatory	and	
mainly	produce	cytokines	such	as	IL-17A/F,	and	IL-21	which	could	
act	as	a	causative	agent	in	many	chronic	inflammatory	and	auto-
immune	diseases	such	as	various	asthma,	allergies,	and	many	other	
diseases	[1].	Zake	et	al.	found	that	IL-17	immunopositivity	is	ob-
served	in	thyroid	cells	and	inflammatory	infiltrates	in	patients	with	
HT	and	that	IL-17-positive	thyroid	follicles	frequently	showed	im-
paired	integrity	and	destruction	of	follicular	cells	[45].	In	summa-
ry,	the	meta-analysis	results	provide	clinical	evidence	that	Th17	
plays	a	possible	key	role	in	developing	AITD.

Likewise,	after	considering	both	forest	plots,	publication	bias,	
and	outcome	stability	tests	for	FoxP3	mRNA	and	Treg	indicators	in	
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the	meta-analysis	results,	we	could	confirm	that	FoxP3	mRNA	and	
Treg	results	in	newly	diagnosed	AITD	patients	were	consistent,	and	
the	patients’	peripheral	blood	levels	were	lower	than	the	healthy	
control	populations.	The	differences	were	statistically	significant.	
The	high	heterogeneity	of	the	results	for	both	metrics	may	guide	
more	profound	studies	but	will	not	impact	the	conclusions	of	this	
meta-analysis.	Th17	cells	share	a	differentiation	pathway	with	
FoxP3	and	Treg	and	transforming	growth	factor	β	is	involved	in	the	
development	of	Th17	and	Treg	and	plays	a	crucial	role	in	maintain-
ing	the	subpopulation	of	T	cells	involved	in	the	pathogenesis	of	
AITD.	Immune	tolerance	is	generated	by	stimulating	Treg	and	sup-
pressing	cells	[1].	Regulatory	T	cells	(Treg)	are	characterized	by	the	
expression	of	the	transcription	factor	FoxP3,	a	Treg-specific	mark-
er	[46].	Loss-of-function	mutations	in	the	FoxP3	gene	are	associat-
ed	with	immune	dysregulation,	multiple	endocrine	disorders,	in-
flammatory	bowel	disease,	and	severe	allergies	[47].	This	study	

showed	that	Treg	levels	and	FoxP3	mRNA	levels	were	reduced	in	
peripheral	blood	of	newly	diagnosed	AITD	patients,	indicating	a	
regulatory	role	of	FoxP3	for	Treg.	In	other	words,	its	expression	was	
not	lost	in	either	physiological	or	inflammatory	responses,	provid-
ing a theoretical basis for its role in the pathogenesis of autoim-
mune	thyroid.

In	the	experiments	of	Cao	et	al.	rat	model,	the	measurement	of	
Th17	and	Treg	levels	after	successful	induction	of	HT	model	and	
bone	marrow	mesenchymal	cell	intervention	in	vitro	showed	that	
the	percentage	of	Th17	decreases	and	Treg	levels	increase	signifi-
cantly	after	the	intervention,	further	confirming	the	possible	rele-
vance	of	Th17/Treg	to	the	development	of	AITD	disorders	[48].	
Zhang	et	al.	suggested	that	the	Th17/Treg	ratio	imbalance	may	
positively	correlate	with	TGAb	and	TPOAb	[49].	Thus,	the	Th17/
Treg	ratio	imbalance	may	be	involved	in	the	development	of	AITD.

▶table 2	 Quality	assessment	of	Newcastle-Ottawa	Scale	for	case-control	studies.

Study [ref]

Selection

Compara
bility of 
cases and 
controls

exposure

ScoresAdequate 
definition 
of cases

representa
tiveness of 
the cases

Selec
tion of 
Controls

Defini
tion of 
Controls

Ascertain
ment of 
exposure

Same method 
of ascertain
ment for cases 
and controls

non 
response 
rate

Song	JZ,	2009	[21] 1 1 1 1 1 1 1 1 8

Jin	X,	2018	[22] 1 1 1 1 1 1 1 1 8

Li	XJ,	2016	[23] 1 1 0 1 1 1 1 0 6

Gao	ST,	2011	[24] 1 1 0 1 1 1 1 1 7

Xue	HB,	2012	[25] 1 1 1 1 2 1 1 1 9

Zheng	LT,	2012	[26] 1 1 0 1 0 1 1 0 5

Chen	Q,	2012	[27] 1 1 0 1 1 1 1 0 6

Zhao	JY,	2012	[28] 1 1 0 1 0 1 1 0 5

Huang	GY,	2017	[29] 1 1 0 1 0 1 1 0 5

Hu	Y,	2019	[30] 1 1 0 1 1 1 1 1 7

Mao	C,	2011	[31] 1 1 0 1 0 1 1 0 5

Qin	J,	2017	[32] 1 1 1 1 1 1 1 1 8

Xue	H,	2015	[33] 1 1 0 1 1 1 1 0 7

Şıklar	Z,	2016	[34] 1 1 1 1 1 1 1 1 8

Yang	X,	2018	[35] 1 1 1 1 2 1 1 1 9

Klatka	M,	2014	[36] 1 1 0 1 1 1 1 0 6

Rydzewska	M,	2018	[37] 1 1 1 1 1 1 1 1 8

Fathima	N,	2019	[13] 1 1 1 1 1 1 1 1 8

Kalantar	K,	2019	[12] 1 1 0 1 0 1 1 0 5

Inoue	N,	2010	[38] 1 1 1 1 2 1 1 1 9

Zheng	L,	2015	[39] 1 1 1 1 1 1 1 1 8

Safdari	V,	2017	[40] 1 1 0 1 1 1 1 0 6

Li	C,	2016	[10] 1 1 1 1 1 1 1 1 8

Xue	HB,	2015	[41] 1 1 1 1 1 1 1 1 8

Tan	Y,	2019	[42] 1 1 0 1 1 1 1 0 6

Ren	X,	2022	[43] 1 1 1 1 1 1 1 1 8
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FoxP3	promoter	region	polymorphism	can	affect	the	expression	
of	this	transcription	factor.	Moreover,	in	this	meta-analysis,	the	as-
sociation of FoxP3 rs3761548	with	rs37615489 gene single nucle-
otide	polymorphism	in	newly	diagnosed	GD	patients	was	evaluat-
ed,	revealing	no	significant	difference	in	genotype	frequency	with	

this	single	patient	nucleotide	polymorphism,	suggesting	that	this	
polymorphism	is	not	associated	with	GD	susceptibility.	Kalantar	et	
al.	reported	that	FoxP3	rs3761548	“CC”	is	significantly	correlated	
with	the	TPOAb	level	of	HT	and	is	associated	with	the	disease’s	ac-
tivity	[12].	However,	it	requires	further	clarification	by	a	large	num-

▶Fig. 2	 Comparison	of	newly	diagnosed	AITD	patients	and	healthy	people:	A:	Th17;	b: Treg.
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▶Fig. 3	 Comparison	of	newly	diagnosed	AITD	patients	and	healthy	people.	Foxp3	mRNA.

▶Fig. 4	 Comparison	of	newly	diagnosed	AITD	patients	and	healthy	people:	a:	the	genotypes	“CC,”	“CA,”	and	“AA”	of	rs3761548 in Hashimoto’s 
disease;	b:	the	genotypes	“CC,”	“CA,”	and	“AA”	of	rs3761548	in	Graves’	disease;	c:	the	genotypes	“CC,”	“CT,”	and	“TT”	of	rs3761549 in Hashimoto’s 
disease;	d:	the	genotypes	“CC,”	“CT,”	and	“TT”	of	rs3761549	in	Graves’	disease.
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ber	of	experimental	studies.	For	the	present	results,	the	“CT”	of	
rs37615489	was	different	in	HT	patients	compared	to	the	controls,	
suggesting	that	this	change	in	genotype	frequency	may	predispose	
to	HT.	However,	due	to	the	lack	of	relevant	literature,	it	is	still	nec-
essary	to	find	more	relationships	between	FoxP3	gene	polymor-
phism	and	AITD	to	understand	better	the	immune	regulation	
mechanism,	pathogenesis,	and	prognosis	of	the	disease.

The	main	limitations	of	this	meta-analysis	are	as	follows:	1.	
Some	of	the	literature	did	not	provide	data	on	relevant	indicators,	
or	the	data	provided	were	not	extractable,	and	these	non-includ-
ed	studies	might	have	a	slight	impact	on	the	results;	and	2.	The	 
literature	on	some	indicators	was	small,	and	the	sample	size	was	
insufficient.	So,	the	results	were	unstable.	Therefore,	the	current	
results	still	need	a	large	sample	of	studies	to	elucidate	further.

Conclusion
In	conclusion,	the	Th17/Treg	ratio	imbalance	in	AITD	patients	may	
develop	AITD.	The	monitoring	of	Th17	and	Treg	levels	may	become	
a	critical	tool	to	evaluate	the	immune	homeostasis	of	the	body	to	
guide	clinical	diagnosis	and	treatment,	contributing	to	the	disease	
assessment.	However,	more	studies	are	required	to	explore	the	
specific	pathogenesis	of	AITD.
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erratum
In	the	above-mentioned	article	the	authors	Aizhi	Chen	and	
Liang	Huang	contributed	equally.
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