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Abstract

Background: Adequate thyroid hormone production is critical for fertility and the successful maintenance of pregnancy. Thyroid au-
toimmunity (TAI), characterized by the presence of thyroid peroxidase antibodies (TPOAD) and anti-thyroglobulin antibodies (TgAb),
is the most common cause of thyroid dysfunction in women of reproductive age. The association between TAI and adverse reproductive
outcomes, including infertility and pregnancy complications, has garnered significant attention, particularly in the context of assisted
reproductive technology (ART). Methods: This study is a systematic review and meta-analysis designed to examine the relationship be-
tween TAI and outcomes of ART. A comprehensive literature search was conducted in PubMed, Scopus, and Web of Science databases
to identify relevant studies published up to May 1, 2022. In addition, articles published between May 2022 and May 2025 were included,
along with earlier studies that were part of previous meta-analyses or provided novel and relevant findings. Studies were eligible for
inclusion if they compared ART outcomes between women with TAI (defined by the presence of TPOAD and/or TgAb) and euthyroid
women without thyroid autoantibodies. Evaluated outcomes included clinical pregnancy, miscarriage, live birth, implantation, and fer-
tilization rates (FR). Statistical analysis was conducted using STATA version 18, with pooled odds ratios (ORs) and 95% confidence
intervals (CIs), calculated using a random-effects model. Study heterogeneity was assessed using the I statistic. Results: A total of 30
studies were included in the meta-analysis to assess the association between TAI and ART outcomes. TAI was not significantly associated
with clinical pregnancy rate (CPR) (OR: 0.91; 95% CI: 0.76—1.08), miscarriage rate (MR) (OR: 1.13; 95% CI: 0.93—1.38), or live birth
rate (LBR) (OR: 0.97; 95% CI: 0.78-1.22). However, significant negative associations were found between TAI and both implantation
rate (IR) (OR: 0.82; 95% CI: 0.72—0.93) and FR (OR: 0.87; 95% CI: 0.83—0.90). Subgroup analysis revealed a more pronounced adverse
effect of TAI on CPR among women undergoing in vitro fertilization (IVF) compared to intracytoplasmic sperm injection (ICSI). These
findings suggest TAI may impair specific ART outcomes, particularly embryo implantation and fertilization. Conclusions: Autoimmune
thyroid disease may affect certain ART outcomes, such as a reducing FR; however, no significant difference was observed in LBRs, sug-
gesting that it may not significantly impact the overall success of ART in terms of live births. Monitoring thyroid function in women with
TAI undergoing ART is recommended by multiple endocrinology society guidelines and may offer significant clinical beneficial. This
includes assessing thyroid-stimulating hormone (TSH) levels at the time of the second positive human chorionic gonadotropin (hCG)
result, which confirms pregnancy. Registration: The study has been registered on https://www.crd.york.ac.uk/prospero/ (registration
number: CRD42023488835; registration link: https://www.crd.york.ac.uk/PROSPERO/view/CRD42023488835).
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1. Introduction orders increases due to its association with elevated pro-
lactin levels. Therefore, primary hypothyroidism is a risk

Thyroid dysfunction disrupts the menstrual cycle, im-  factor for reproductive failure, with the prevalence of au-

pairs women’s fertility, and affects pregnancy outcomes,
and is classified as the second most common endocrine
disorder in women of reproductive age [1]. Thyroid-
stimulating hormone (TSH) has been recognized as an im-
portant factor in reproductive health conditions for several
decades. The risk of infertility in patients with thyroid dis-

toimmune thyroid disorders in women of reproductive age
ranging from 5% to 20% [2].

These adverse pregnancy outcomes can encompass a
wide range of effects, including increased incidences of in-
fertility, miscarriage, and unfavorable obstetric and fetal
complications [3]. Thyroid autoimmunity (TAI) is the pri-
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mary cause of primary hypothyroidism. When the thyroid
tissue is damaged by autoantibodies, it may eventually be
destroyed, resulting in the loss of normal function [4]. TAI
is the most common autoimmune condition and the leading
cause of thyroid dysfunction in women of reproductive age
[5]-

Autoimmune thyroid disorders are characterized by
the presence of anti-thyroglobulin antibodies (TgAb) and
anti-thyroid peroxidase antibodies (TPOAb). TPOAD are
not used as a screening test for hypothyroidism, as TSH re-
mains the primary marker of thyroid function. However,
the presence of TPOAD can indicate an increased risk of de-
veloping hypothyroidism during early pregnancy and post-
partum thyroid dysfunction in women at higher risk for thy-
roid disorders [6]. TAI can lead to immune dysfunction and
suppression of immune tolerance at the systemic maternal-
fetal interface. Additionally, inflammatory cytokines such
as interleukin (IL)-2, IL-17, and interferon-gamma (IFN-y)
have been implicated as contributing factors to implanta-
tion failure and pregnancy loss in women with TAI [7,8].
Assisted reproductive technology (ART) are used to help in-
dividuals who have difficulty achieving pregnancy through
natural conception [9].

According to a report by the World Health Organiza-
tion, infertility affects 15% of couples of reproductive age
worldwide, driving the increased use and expansion of as-
sisted reproductive methods globally [10]. The increase in
infertility rates (8.5%) in developed countries is partly at-
tributed to the growing demand for ART [11].

Most infertile couples undergo ART, including in vitro
fertilization (IVF) and intracytoplasmic sperm injection
(ICSI). IVF and embryo transfer (IVF-ET) is one of the
most commonly used assisted reproductive techniques and
has shown increasing success rates since it was first intro-
duced in 1978 [12]. IVF treatment has helped couples strug-
gling with infertility to give birth to over 8 million babies
worldwide. Despite improvements in stimulation protocols
and laboratory techniques, the live birth rate (LBR) per cy-
cle has remained between 19% and 22%. This highlights
the continued influence of various factors that may affect
treatment success and the overall ART process [12].

The impact of TAI on the outcomes of ART has been
extensively studied; however, significant heterogeneity ex-
ists among studies due to variations in study design, causes
of infertility, ovarian stimulation protocols, definitions of
euthyroidism, fertility methods (e.g., IVF, ICSI, or in-
trauterine insemination [IUI]), and outcome measures [13].

Autoimmune disorders may play a role in reproduc-
tive failures, as studies have shown that both in sponta-
neous pregnancies and those achieved through ART, euthy-
roid women with TAI and women with thyroid dysfunction
(subclinical) experience miscarriage in 20 to 30 percent of
cases [14-16]. TAI is more prevalent in women of child-
bearing age and is independently associated with fertility
and pregnancy complications, both in cases of spontaneous

pregnancies or after treatment with ART [15]. Several stud-
ies have reported unfavorable outcomes in the treatment of
IVF/ICSI among TAI-positive women, such as higher mis-
carriage rates (MRs), lower embryo quality, and reduced
chances of live birth, even in the presence of normal thy-
roid function [17-19]. However, other studies have found
no significant association between TAI and pregnancy out-
comes [20-22].

2. Methods

This systematic review and meta-analysis evaluated
the association between TAI and ART outcomes. The pro-
tocol was registered in PROSPERO (CRD42023488835)
and adhered to PRISMA (The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines for
reporting systematic reviews and meta-analyses.

2.1 Eligibility Criteria (Based on Population, Exposure,
Comparison, Outcomes, and Type of studies [PECOT]
Framework)

Studies were included if they involved women under-
going ART procedures, such as IVF, ICSI, or IUI, with
clearly defined TAI status based on the presence of TPOAb
and/or TgAb. The exposure group consisted of women
with TAI (TPOADb and/or TgAb positive), while the com-
parison group included TAI-negative women (TPOAb and
TgAb negative). Eligible studies were required to report at
least one of the following outcomes: LBR, fertilization rate
(FR), implantation rate (IR), clinical pregnancy rate (CPR),
or MR. Only prospective or retrospective cohort and case-
control studies reporting odds ratios (ORs) with 95% Cls
were included. Studies were excluded if they were case se-
ries, reviews, editorials, or lacked sufficient data for quan-
titative analysis (Table 1).

2.2 Search Terms and Search Strategy

The first stage of this study involved implementing
a comprehensive search strategy using relevant keywords
aligned with the research question. A well-defined search
protocol was designed and executed across three major
international databases: PubMed (Medline), Scopus, and
Web of Science (Table 1). The search targeted studies that
explored the relationship between TAI and ART outcomes,
including in IVF, ICSI, IUI, or ovulation induction.

The search was limited to studies published in En-
glish, and only prospective or retrospective cohort and case-
control studies were eligible for inclusion. Eligible studies
were those comparing IVF/ICSI outcomes between women
positive for TAI (TAl-positive) and those negative for thy-
roid autoantibodies (TAl-negative). The titles and abstracts
of articles identified in the initial search were reviewed by
two independent reviewers (JA and HG) to exclude stud-
ies that did not meet the predetermined eligibility criteria
or address the research question. Full-text articles of the
remaining studies were then assessed for relevance and eli-
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Table 1. Inclusion and exclusion criteria.

Category Inclusion criteria Exclusion criteria
Population Women undergoing ART (IVF, ICSI, or IUI). Studies without ART participants or non-human subjects.
Exposure TAI status determined by TPOAb or TgAb positivity. Studies not assessing TAI or using unclear or incomplete TAI criteria.
Comparison ~ Women without TAI (TPOAb and TgAb negative). Studies lacking a comparison group of TAl-negative women.
Outcomes LBR, FR, IR, CPR, MR as defined by ART clinical standards. Studies not reporting at least one predefined outcome.
Study design  Cohort or case-control studies (prospective or retrospective) reporting [OR or risk ratio (RR) with  Case series, reviews, editorials, or studies with incomplete data.
95% CI].
Language Articles published in English. Studies published in languages other than English.
Timeframe Studies published from May 2022 to May 2025 onward were included in this meta-analysis. Studies -

published before May 2022 were also considered if they had been included in prior meta-analyses or

if they provided new, relevant data for the current analysis.

Search terms

” .

Thyroid autoantigen-related terms: “thyroglobulin antibodies”, “thyroid gland”, “graves’ disease”,

” CLITS 2 G

“graves hyperthyroidism”, “thyroid peroxidase antibody”, “thyroid autoantibody”, “thyroid autoim-

LEINTS ” CERNTS CERYS

munity”, “autoantibodies”, “autoimmune thyroiditis”, “thyroiditis”, “anti-thyroglobulin”, “antithy-

9 9 ¢ CLIY3

roglobulin”, “antithyroglobulin antibody”, “hyperthyroidism”, “thyroid stimulating hormone”.

LEINTS 9,

ART-related terms: “Intracytoplasmic sperm injection”, “in vitro fertilization”, “assisted reproduc-

2,

tion”, “assisted conception”, “assisted reproductive technology”, “ICSI”, “IVF”, “sperm injections”,

LI

“ART”, “intracytoplasmic”, “assisted reproductive techniques”.

2 LLINT3 LIS

Outcome-related terms: “fertility”, “pregnancy”, “miscarriage”, “delivery”, “live birth rate”, “im-

(LI

plantation rate”, “clinical pregnancy rate”, “fertilization rate”.

Databases

PubMed (Medline)
Scopus
Web of Science

ART, assisted reproductive technology; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; TPOAD, thyroid peroxidase antibodies; TAI, thyroid autoim-
munity; TgAb, anti-thyroglobulin antibodies; LBR, live birth rate; FR, fertilization rate; IR, implantation rate; CPR, clinical pregnancy rate; MR, miscarriage rate; OR, odds ratio; CI, confidence

interval.
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Table 2. Characteristics of the studies included in the analysis of the impact of thyroid function on ART outcomes.

Total sample Number Number

Authors Year Country Design . IVF & ICSI ~ TSH range in cases Thyroid function tests Outcome NOS score
size of TAI+ of TAI-
low-normal group, <2.5
464 225 239 D14 TSH CPR, MR, LBR 9
. . mlIU/L (RF)
Zhang Y et al. [25] 2023 China  Prospective cohort study IVF or ICSI .
high-normal group,
2542
low-normal group, <2.5
374 135 239 TSH levels CPR, MR, LBR 7
mIU/L(RF)
high group, >4.2 mIU/L
Herman T et al. [26] 2023 Hungary Prospective cohort study 231 161 70 IVF TSH had to be below 2.5 TPOADb or TGAb CPR 7
mlIU/L
LiuY etal. [27] 2023 China  Prospective cohort study 1279 518 779  IVF or ICSI 2.15 mIU/L NR CPR, MR 5
Liu Y et al. [28] 2022 China  Prospective cohort study 206 103 103 IVF or ICSI NR NR CPR, FR 7
Yang X et al. [29] 2023 China Retrospective cohort study 2987 533 2454  1VF or ICSI NR TPOADb; TgAb CPR, MR, LBR, FR 7
Medenica S et al. 2023 Serbia  Prospective cohort study 52 26 26 IVForICSI  0.40-4.00 mIU/mL TPOADb; TgAb CPR 9
[30]
Cevher  Akdulum 2022 Turkey Prospective cohort study 918 363 555 IVForICSI 235+ 1.70 mIU/mL TPOADb; TgAb CPR, MR 9
MF et al. [31]
Moon KY et al. [32] 2023 Korea  Prospective cohort study 215 29 188 IVF TSH 0.27-4.20 TPOADb; TgAb CPR, MR 9
Subclinical
hypothyroidism was
defined as serum TSH
>4.2
Zhang R et al. [33] 2022 China Cohort study 180 120 60 IVF or ICSI TSH >2.5 plU/mL TPOADb; TgAb CPR, LBR, IR 7
Zhong YP et al. [18] 2012 China Case-control 766 90 676  IVForICSI  2.35 + 1.70 mIU/mL NR CPR, IR, FR 5
Karacan M et al. 2013 Turkey Prospective cohort study 253 34 219 ICSI NR NR CPR, MR, IR 7
[34]
Litwicka K et al. 2015 Italy Prospective study 164 30 134 ICSI TSH 0.27-4.20 NR CPR, MR, LBR 7
[35]
Lukaszuk K et al. 2015 Poland Retrospective cohort study 665 114 551 ICSI NR TPOADb; TgAb CPR, LBR, FR 6
[36]
Gungor and 2021 Turkey Retrospective cohort study 85 39 46 ICSI TSH >2.5 plU/mL NR CPR, MR, LBR, FR 6
Dokuzeylul Gungor
[37]
Liu Y et al. [38] 2020 China Case-control study 112 49 63 IVF or ICSI NR NR CPR, MR, LBR, IR 6
Chen X etal. [39] 2017 China  Prospective cohort study 1293 449 844  IVF or ICSI NR NR CPR, MR, LBR, IR 7
Devi AB et al. [40] 2019 India  Prospective cohort study 81 17 64 IVF 1.89-1.18 mIU/L TSH- fT4; TPOAb; TgAb  CPR, IR, FR, IR 6
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Table 2. Continued.

Total sample Number Number

Authors Year  Country Design . IVF & ICSI ~ TSHrange incases  Thyroid function tests Outcome NOS score
size of TAI+ of TAI-

Kutteh WH et al. 1999 USA Retrospective cohort study 873 143 730 ICSI NR NR CPR, MR, FR 7
[41]

Huang N et al. [42] 2021 China Retrospective cohort study 1556 778 778  IVF or ICSI NR NR CPR, LBR 5
Muller AF et al. [43] 1999 Netherlands  Nested case control study 173 25 143 IVF NR NR CPR, MR 7
Tan S et al. [44] 2014 Germany  Retrospective cohort study 835 110 725 ICSI 1.8-0.6 mIU/L TSH; TPOAb; TgAb CPR, MR 7
Sakar MN et al. [45] 2016  Turkey  Prospective case control study 152 31 121 IVF 1.89-1.18 mIU/L NR CPR, MR 7
Poppe K et al. [46] 2003  Belgium Prospective cohort study 234 32 202 IVFor ICSI NR NR CPR, MR, LBR 6
Negro R et al. [47] 2005 Italy Prospective cohort study 662 86 576  IVF or ICSI NR NR CPR, MR 5
Negro R et al. [48] 2007 Italy Prospective cohort study 416 42 374  1VF or ICSI 0.5-2.5 mIU/L TSH; TPOADb CPR, MR, LBR 7
Mintziori G et al. 2014  Greece Retrospective cohort study 85 17 68 IVF 1.8-0.6 mIU/L NR CPR, LBR 6
[49]

Chai J et al. [22] 2014 China Retrospective cohort study 508 89 419  IVF or ICSI NR NR CPR, MR, LBR 5
Tokgoz VY et al. 2020  Turkey Retrospective cohort study 315 65 250 ICSI NR NR CPR, MR 5
[50]

Ke H et al. [20] 2020  Turkey Case-control study 4101 709 3392 IVF or ICSI 2.1-0.3 mIU/L TSH; TPOAb; TgAb CPR, MR, LBR, IR 9
Unuane D et al. [51] 2017 Belgium Retrospective cohort study 3143 187 2956 TUI 0.5-2.5 mIU/L NR CPR, MR, LBR 7

NOS, Newcastle-Ottawa Scale; NR, not reported; TSH, thyroid-stimulating hormone; TAI+, TAl-positive; TAI-, TAl-negative; RF, reference range.
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gibility. In addition to the database search, reference lists of
the included studies were systematically reviewed to iden-
tify other potentially eligible studies for inclusion in the
meta-analysis. This current analysis builds upon the find-
ings of the previous meta-analysis by Busnelli ez al. [23],
which also explored the relationship between TAI and ART
outcomes. This meta-analysis included studies published
from May 2022 to May 2025. Studies published before May
2022 were also considered if they had been included in pre-
vious meta-analyses or provided new, relevant data for the
current analysis.

2.3 Screening and Selection

Exclusion criteria from the study included: duplicate
studies, studies published in languages other than English,
studies lacking a control or non-patient group, studies in-
volving concomitant drug treatments that could affect the
outcomes, studies with incomplete data, and reviews or
meta-analyses.

2.4 Risk-of-Bias

The methodological quality of the included studies
was independently assessed by two reviewers (JA and HG)
using the Newcastle-Ottawa Scale (NOS) for observational
studies. The NOS evaluates study quality based on three do-
mains: Selection (maximum 4 stars), Comparability (max-
imum 2 stars), and Outcome (maximum 3 stars). Each
study could receive a maximum of 9 stars. Studies scor-
ing 6 or more stars were considered to be of moderate to
high quality. Disagreements between reviewers were re-
solved through discussion or consultation with a third re-
viewer [24].

2.5 Statistical Analysis

All statistical analyses were performed using Stata
version 18 (StataCorp LLC, College Station, TX, USA).
Dichotomous outcomes (including CPR, MR, LBR, IR, and
FR) were analyzed using ORs with corresponding 95% Cls.
Meta-analyses were conducted using the DerSimonian and
Laird random-effects model to account for between-study
variability. Heterogeneity among studies was assessed us-
ing the Cochran’s Q test and quantified with the I statistic.
Thresholds of 25%, 50%, and 75% were used to indicate
low, moderate, and high heterogeneity, respectively. Sub-
group analyses were conducted to evaluate the influence
of different ART methods (IVF vs. ICSI) on outcomes.
Q statistics were used to assess differences between sub-
groups. Publication bias was statistically tested using Eg-
ger’s regression test.

3. Results
3.1 Search Results and Study Characteristics

Fig. | illustrates the process of study identification and
selection. The search yielded a total of 338 studies from
the PubMed (91 articles), Scopus (187 articles), and Web

of Science (60 articles) databases, of which 98 duplicates
were subsequently removed. After removing duplicates us-
ing EndNote software, 240 articles were screened by the
authors. Of these, 210 were excluded based on their titles
and abstracts for not meeting the predefined selection crite-
ria. Initially, 30 studies were deemed eligible for inclusion.
However, upon full-text thorough review, 7 studies were
excluded because they were systematic reviews or meta-
analyses, and 5 studies were excluded for being published
prior to the most recent update (May 2022). Additionally,
7 articles were excluded due to differing study types, and 5
studies were excluded because their objectives did not align
with the focus of our study. Studies involving treatments
or interventions that did not meet the predefined criteria
were also excluded. Consequently, 8 studies were selected
for inclusion in the analysis. When combined with 22 ar-
ticles from the previous update, a total of 30 studies were
reviewed to extract relevant outcomes (Fig. | and Table 2,
Ref. [18,20,22,25-51]).

The NOS scores for the 30 studies ranged from 4 to 9,
with most studies scoring 5—7, indicating moderate to good
quality. Studies providing detailed TSH ranges and thyroid
function tests (e.g., Zhang et al., 2023 [25]; Ke H et al,,
2020 [20]) scored highest (8-9), whereas those with miss-
ing data or small sample sizes scored lower (4—6) (Fig. 2).

3.2 Association Between TAI and ART
3.2.1 CPR

Of'the studies included in the analysis, 29 studies com-
pared CPR between patients with and without TAI, exclud-
ing two studies. The meta-analysis revealed no significant
association between the presence of thyroid autoantibod-
ies and clinical pregnancy. In fact, women without TAI
showed CPRs similar to those with TAI. The pregnancy rate
among women without autoimmune thyroid disease under-
going ART was only 9% lower than that of women with
the condition. Both groups had nearly identical pregnancy
rates following ART. The 95% CI: 0.76—1.08 includes 1,
suggesting that the results were not statistically significant
and that there is no meaningful difference between the two
groups (random-effects model OR =0.91) (Fig. 3). Egger’s
test for publication bias in the meta-analysis of 29 studies
comparing CPRs in women with and without TAI indicated
no significant bias (b =0.362, SE =0.192, p = 0.623).

3.22MR

The meta-analysis of 22 studies (23 effect sizes) ex-
amining MR in women with TPOAb and/or TgAb under-
going IVF/ICSI revealed a 13% increase in MR among
TAI-positive women compared to TAl-negative women.
Although some individual studies reported significantly
higher MR in the TAl-positive group, the overall meta-
analysis did not show a statistically significant association
between TAI and MRs (OR =1.13, 95% CI: 0.93—-1.38, p =
0.21). These findings suggest insufficient evidence to sup-
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Eligibility of studies for inclusion in meta-analysis

[ Previous studies ] [ Identification of new studies via databases and registers ]
() . . .
Studies included in ' .
¢ | | previous version meta- Records identified from all_ Records removed before
o analysis (n = 416) international databases (n =338) SereRnin:
3 : FubMed OL) Duplicate records removed (n
= Reports of studies Scopus (187) —98)
& included in previous Web of Science (60)
= version of meta-analysis
(n=22)
!
_ Studies excluded after screening
Records screened (n =240) > | titles and/or abstracts (n =210)
Full-text articles assessed for _ . _
o] eligibility (n =30) » | Reports not retrieved (n =2)
3
<
° !
(7]
Reports excluded:
o Different aim (n =3)
Reports assessed for eligibility »| Review/meta (n=7)
(n=28) previous update (n =5)
Patients on treatment (n =3)
—

Studies included (n =10)
o
(7]
: '
=]
©
=

» | Total studies included
(n=30)

Fig. 1. Eligibility of studies for inclusion in meta-analysis.

port a meaningful difference in MR between the two groups
(Fig. 4). Additionally, Egger’s test for publication bias in-
dicated no significant bias in this meta-analysis (b =0.701,
SE =0.213, p = 0.290).

323 LBR

14 studies investigated the LBR among women with
TPOAD and/or TgAb undergoing IVF or ICSI. The differ-
ence in LBR between the healthy cohort and those with au-

&% IMR Press

toimmune thyroid disease was minimal, only just 2%, and
not statistically significant. The meta-analysis revealed no
significant association in LBRs between the TAI-positive
(TAI+) and TAl-negative (TAI-) groups (p = 0.82). The
random-effects model produced an OR of 0.97 (95% CI:
0.78-1.22), with a high degree of heterogeneity observed
(12 = 77.24%) (Fig. 5).
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Risk of Bias Results (NOS score)

m Percent (%) ™ Number

80
Moderate/Low-Quality Studies F
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High-Quality Studies F

0 10
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Fig. 2. Risk of bias assessment of studies on TAI and ART outcomes using the NOS. ART, assisted reproductive technology; TAI,

thyroid autoimmunity.

3241R

The IR is defined as the percentage of transferred em-
bryos that progress to at least the stage of fetal heart ac-
tivity, as confirmed by pregnancy ultrasound. This meta-
analysis included 8 studies involving women with TPOAbs
or TgAbs undergoing IVF/ICSI. The results indicated that
women with TAI had a significantly lower likelihood of
achieving implantation compared to those without TAIL. An
OR of 0.82, with a CI that does not include 1, suggests a
statistically significant protective effect in favor of the non-
affected group. This indicates that the presence of TAI is
associated with a reduced likelihood of implantation, and
this difference was statistically significant (OR: 0.82, 95%
CI: 0.72-0.93, 12 = 41.14%, p < 0.001) (Fig. 6).

325FR

Out of the 31 studies reviewed, 7 studies reported FR
in women with TPOAD or TgAb undergoing IVF/ICSI, as
well as in TAl-negative controls. The results of the meta-
analysis indicated that the FR achieved through ART was
significantly higher in the TAI-negative group compared to
the TAI-positive group. Specifically, the OR was 0.87, indi-
cating that the likelihood of fertilization in the TAI-positive
group was 13% lower than in the healthy (TAI-negative)
group undergoing ART. This suggests that TAI negatively
impacts the chances of fertilization in women undergoing
ART. The difference was statistically significant (OR: 0.87,
95% CI: 0.83-0.90, I? = 67.24%, p < 0.001) (Fig. 7).

3.3 Subgroup Analysis
33.1CPR
The meta-analysis revealed differences in CPRs

among women with TAI undergoing different types of ART.
Specifically, women undergoing IVF had a 28% lower CPR

compared to healthy women undergoing IVF (OR: 0.72,
95% CI: 0.51-1.02). In contrast, among women undergo-
ing ICSI, the CPR was only 8% lower compared to healthy
women undergoing ICSI (OR: 0.92, 95% CI: 0.75-1.12).
Importantly, the difference in CPRs between women with
TAI undergoing IVF versus ICSI was statistically signifi-
cant (Q = 8.91, p = 0.010). This indicates that the impact
of TAI on CPRs varies depending on the type of ART, with
a more pronounced reduction observed in IVF treatments
(Table 3).

3.32MR

The meta-analysis results revealed variations in mis-
carriage risk among women with TAI based on the type
of assisted reproductive method. Specifically, women un-
dergoing IVF had a 35% higher risk of miscarriage com-
pared to healthy women undergoing IVF (OR: 1.35, 95%
CI: 0.56-3.23). In contrast, women undergoing ICSI had a
21% higher risk of miscarriage compared to healthy women
undergoing ICSI (OR: 1.21, 95% CI: 0.83—1.76). However,
the difference in miscarriage risk between TAI patients un-
dergoing IVF and those undergoing ICSI was not statisti-
cally significant (Q = 1.09, p = 0.580). These findings indi-
cate that while TAI may influence miscarriage risk in ART,
the type of ART method does not significantly alter this ef-
fect (Table 3).

333 LBR

The meta-analysis revealed differences in LBR among
women with TAI based on the type of assisted reproductive
method. Specifically, women undergoing IVF had a 65%
lower chance of live birth compared to healthy women un-
dergoing IVF (OR: 0.35, 95% CI: 0.03—4.43). In contrast,
women undergoing ICSI exhibited a 5% higher chance of
live birth compared to healthy women undergoing ICSI
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OR Weight

Study with 95% ClI (%)
Zhang Y et al. , 2023 | 1.57[1.32, 1.86] 5.00
Zhang Y etal., 2023 | 1.96[ 1.66, 2.31] 5.01

Herman T et al. , 2023 —i— 0.32[0.18, 0.57] 3.25
Liu Y et al., 2023 —— 1.20[0.67, 2.16] 3.24
Yang X et al., 2023 » 0.87[0.71, 1.06] 4.91
Medenica S et al., 2023 —_—a.— 0.27[0.08, 0.89] 1.47
Cevher Akdulum MF et al., 2022 - 0.65[0.49, 0.86] 4.60
Moon KY et al., 2023 —u— 0.87[0.39, 1.93] 2.46
Zhang R et al., 2022 I 0.70[0.55, 0.89] 4.78
Zhong YP et al., 2022 - 0.57[0.40, 0.81] 4.30
Karacan M et al,, 2013 —a— 079[0.37, 1.69] 258
Litwicka K et al., 2015 —— 0.44[0.18, 1.06] 2.19
Lukaszuk K et al., 2015 —— 0.86[0.57, 1.30] 4.03
Liu Y et al., 2020 el 0.43[0.20, 0.93] 255
Chen X et al., 2017 - 1.37[0.96, 1.96] 4.28
Devi AB et al., 2019 —_— . 0.65[0.20, 2.09] 1.52
Kutteh WH et al., 1999 —— 0.95[0.65, 1.38] 4.19

Huang N et al., 2021
Muller AF et al., 1999

s 0.96[0.78, 1.18] 4.90
—W—233[098, 5.53] 224

Tan S et al., 2014 —— 0.98[0.65, 1.47] 4.05
Sakar MN et al., 2016 N e 1.07[042, 271] 205
Poppe K et al., 2003 —— 1.50[0.71, 3.17] 2.62
Negro R et al., 2005 —— 0.77[0.42, 1.43] 3.12
Negro R et al., 2007 —i— 0.60[0.32, 1.13] 3.06
Mintziori G et al., 2014 B 0.84[0.26, 2.70] 1.52
Chai J et al., 2014 —— 0.97 [0.61, 1.54] 3.81
Tokgoz VY etal., 2020 —— 1.23[071, 212] 3.43
Ke H et al., 2020 B 1.18[1.00, 1.39] 5.02
Unuane D et al., 2017 — 0.98 [0.62, 1.55] 3.82
Overall 2 2 0.91[0.76, 1.08]
Heterogeneity: 1° = 0.14, I = 82.37%, H® = 5.67
Test of 8 = 6;: Q(28) = 158.79, p = 0.00
Testof8=0:2=-112,p=0.26
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Random-effects DerSimonian-Laird model

Fig. 3. Forest plot of the association between thyroid autoantibody and CPRs. CPR, clinical pregnancy rate; OR, odds ratio; CI,

confidence interval.

(OR: 1.05, 95% CI: 0.75-1.47). However, the difference in
LBRs between TAI patients undergoing IVF and those un-
dergoing ICSI was not statistically significant (Q = 1.91, p
=0.380). These findings suggest that while the type of ART
may influence outcomes, the observed variations were not
statistically meaningful in this analysis (Table 3).

3341IR

The meta-analysis examined the IR among women
with TAI based on the type of assisted reproductive method.
In women undergoing IVF, the IR was 41% lower com-

&% IMR Press

pared to healthy women undergoing IVF (OR: 0.59, 95%
CI: 0.15-2.32). In women undergoing ICSI, the IR was 1%
lower compared to healthy women undergoing ICSI (OR:
0.99, 95% CI: 0.76-1.28). However, the difference in IRs
between TAI patients undergoing IVF and those undergo-
ing ICSI was not statistically significant (Q = 2.77, p =
0.250). These findings indicate no meaningful differences
in implantation outcomes based on the type of ART among
women with TAI (Table 3).
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OR Weight

Study with 95% CI (%)
Zhang Y et al. , 2023 —— 1.15[0.62, 2.13] 595
Zhang Y et al. , 2023 —i— 0.96[047, 1.95] 499
Liu Y et al., 2023 —_—l— 0.74[0.21, 2.60] 2.09
Yang X et al., 2023 = = 090062, 1.31] 9.38
Cevher Akdulum MF et al., 2022 - 0.74[049, 1.12] B8.72
Moon KY et al., 2023 0.67[0.13, 3.36] 1.35
Karacan M et al., 2013 0.92[0.10, 8.27] 0.76
Litwicka K et al., 2015 —— 1.37[0.35, 5.35 1.82
Lukaszuk K et al., 2015 . 045[0.13, 1.55] 214
Gungor and Dokuzeylul Gungor, 2021 —a— 250[0.99, 6.34) 3.40
Liu Y et al., 2020 —i— 240[1.22, 472] 5.30
Chen X et al., 2017 — . 0.56[0.25 1.25] 4.24
Kutteh WH et al., 1999 —— 087[047, 1861 594
Huang N et al., 2021 - 1.02[0.67, 1.56] 8.58
Muller AF et al., 1999 —_— 2.13[0.51, 8.87] 168
Tan S et al., 2014 —— 2.09[0.73, 5.08] 282
Sakar MN et al., 2016 —_— 1.08[0.17, 6.90] 1.05
Poppe K et al., 2003 e 3.77[1.29, 11.00] 273
Negro R et al., 2005 —f— 347[1.30, 7.73] 3.63
Negro R et al., 2007 —— 2.40[0.81, 7.09) 268
Mintziori G et al., 2014 2.88[0.21, 39.59] 0.54
Chai J et al., 2014 —ll— 1.05[045 245 3.90
Tokgoz VY et al., 2020 —a— 142[0.53, 377 316
Ke H et al., 2020 L 0.87[0.65 1.17] 10.77
Unuane D et al., 2017 il 0.74[0.23, 239 2.36
Overall & 1.13[0.83, 1.38)
Heterogeneity: 1° = 0.07, I* = 35.06%, H* = 1.54
Test of 8 = 6, Q(24) = 36.96, p = 0.04
Testof 8=0:z=1.25p=0.21

18 12 2 8 32

Fixed-effects inverse-variance model

Fig. 4. Forest plot of the association between thyroid autoantibody and MRs. MR, miscarriage rate.

335FR

The meta-analysis assessed FR in women with TAI
based on the type of assisted reproductive method. Among
women undergoing IVF, the FR was 26% lower compared
to healthy women undergoing IVF (OR: 0.74, 95% CI:
0.54-1.00). Conversely, in women undergoing ICSI, the
FR was 9% higher compared to healthy women undergo-
ing ICSI (OR: 1.09, 95% CI: 0.94-1.26). The difference
in FRs between TAI patients undergoing IVF and those un-
dergoing ICSI was statistically significant (Q = 10.82, p =
0.001). These results highlight a notable variation in fertil-
ization outcomes based on the type of ART in women with
TAI (Table 3).

4. Discussion

This meta-analysis aimed to clarify the association be-
tween TAI and ART outcomes. While TAI is often linked
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to subclinical hypothyroidism and broader immune dysreg-
ulation that may impair fertility, our findings indicate a
more nuanced picture. Specifically, our analysis revealed
statistically significant reductions in implantation and FRs
among TAl-positive women, suggesting a potential early
impact on reproductive success. However, no significant
associations were observed for CPR, LBR, or MR, under-
scoring the complexity of interpreting TAI’s overall clini-
cal influence. TAI, driven by genetic and epigenetic fac-
tors, is primarily seen in women of reproductive age and is
characterized by the presence of TPOAb and/or TgAb [52].
Previous studies have extensively examined the impact of
TAI on ART outcomes, with some reporting lower CPRs,
higher MRs, and reduced LBRs in women with TAI under-
going ART [53,54]. However, several meta-analyses and
comprehensive reviews have found no significant adverse
effects of TAI on ART outcomes [55-57]. One possible
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OR Weight

Study with 95% CI (%)
Zhang Y etal. , 2023 ] 156[1.27, 1.92] 9.99
Zhang Y etal. , 2023 B 2.04 [1.67, 2.49] 10.05
Yang X et al., 2023 i\ 0.93[0.76, 1.14] 10.02
Zhang R et al., 2022 —u— 1.18[0.55, 2.54] 4.85
Litwicka K et al., 2015 0.39[0.07, 2.24] 146
Lukaszuk K et al., 2015 —— 0.91[0.47, 1.77] 562
Chen X etal., 2017 —— 0.67[0.40, 1.13] 6.89
Kutteh WH et al., 1999 —— = 229[053, 9.93] 1.96
Huang N et al., 2021 - 097063, 1.49] 7.83
Tan S etal., 2014 - 1.10[0.72, 1.67] 7.96
Poppe K et al., 2003 . a— 0.27[0.09, 0.79] 3.14
Negro R et al., 2006 —a— 0.32[0.13, 0.78] 4.07
Megro R et al., 2007 s e 042[0.14, 1.24] 3.1
Mintziori G et al., 2014 0.35[0.03, 4.43] 0.74
Chai J et al., 2014 —— 0.72[0.33, 1.56) 4.81
Ke H et al., 2020 | 1.19[1.01, 1.40] 10.31
Unuane D et al., 2017 - 1.04[0.63, 1.70] 7.19
Overall & 0.97[0.78, 1.22]

Heterogeneity: 1° = 0.12, I? = 77.24%, H® = 4.39
Test of 8, = 6;: Q(16) = 70.31, p = 0.00
Testof8=0:2=-0.22,p=0.82

1/32

Random-effects DerSimonian-Laird model
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Fig. 5. Forest plot of the association between thyroid autoantibody and LBRs. LBR, live birth rate.

OR Weight

Study with 95% CI (%)
Zhang R et al., 2022 - 0.88 [0.70, 1.11] 29.66
Zhong YP et al., 2022 - 0.65[0.52, 0.82] 30.39
Karacan M et al,, 2013 —=——  095[051, 1.77] 4.07
Lukaszuk K et al., 2015 —a— 0.99[0.71, 1.39] 13.68
Liu ¥ et al., 2020 — 0.53[0.32, 0.88] 6.16
Chen X et al., 2017 —a— 1.13[0.76, 1.68] 10.02
Devi AB et al., 2019 0.59[0.15, 2.32] 0.84
Tokgoz VY et al., 2020 —a—— 101[058, 1.75] 5.17
Overall & 0.82[0.72, 0.93]
Heterogeneity: I = 41.14%, H* = 1.70
Testof 8 = 8;: Q(7) = 11.89, p = 0.10
Testof8=0:2z=-3.17,p=0.00

14 12 ] 2

Fixed-effects inverse-variance model

Fig. 6. Forest plot of the association between thyroid autoantibody and IRs. IR, implantation rate.

explanation for these conflicting findings is the increased
use of ICSI in ART. ICSI involves the direct injection of
sperm into the egg, bypassing barriers such as the zona pel-
lucida that may otherwise be affected by thyroid antibodies
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[51]. This technique may reduce the potential negative im-
pact of thyroid autoantibodies on fertilization, which could
explain why certain studies have failed to show significant
associations between TAI and adverse ART outcomes. De-
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OR Weight

Study with 95% CI (%)
Liu ¥ et al., 2022 0.82[0.45, 1.50] 0.40
Yang X et al., 2023 —_— 0.61[0.47, 0.80] 2.07
Zhong YP et al., 2022 | 0.86[0.83, 0.90] 89.14
Karacan M et al., 2013 0.94 [0.66, 1.33] 1.19
Lukaszuk K et al., 2015 —=— 1.12[0.95, 1.32] 5.66
Devi AB et al., 2019 0.51[0.18, 1.63] 0.11
Sakar MN et al., 2016 0.76 [0.55, 1.05] 1.44
Qverall [ ] 0.87 [ 0.83, 0.90]
Heterogeneity: I° = 67.24%, H* = 3.05
Testof 8, =8;:Q(6)=18.31, p=0.01
Testof8=0:z=-7.41, p=0.00

1/4 12 1

Fixed-effects inverse-variance model

Fig. 7. Forest plot of the association between thyroid autoantibody and FRs. FR, fertilization rate.

Table 3. Impact of thyroid function on ART outcomes.

Heterogeneity assessment

Outcomes  Subgroups OR (95% CI) Between groups Within groups
12 % Q p-value Q p-value
IVF 0.72 [0.51-1.02] 67.71 15.48 0.01
CPR ICSI 0.92[0.75-1.12]  0.00 4.16 0.53 8.91 0.010
IVF & ICSI  1.12[1.05-1.20] 88.47 130.07 0.00
IVF 1.35[0.56-3.23]  0.00 1.49 0.68
MR ICSI 1.21 [0.83-1.76] 15.74 7.12 0.31 1.09 0.580
IVF & ICSI  1.01 [0.87-1.18] 5543  26.92 0.10
IVF 0.35[0.034.43]  0.00 0.00 0.00
LBR ICSI 1.05[0.75-1.47]  0.00 2.54 0.47 1.91 0.380
IVF & ICSI  1.25[1.14-1.36] 84.71  69.87 0.00
IVF 0.59 [0.15-2.32] 100 0.00 0.00
IR ICSI 0.99[0.76-1.28]  0.00 0.02 0.99 2.77 0.250
IVF & ICSI  0.77 [0.67-0.89]  67.03 9.10 0.03
IVF 0.74 [0.54-1.00]  0.00 0.42 0.52
FR ICSI 1.09 [0.94-1.26]  0.00 0.79 0.37 10.82  0.001
IVF & ICSI  0.85[0.82-0.89] 68.15 6.28 0.04

spite the lack of statistically significant findings in our anal-
ysis regarding CPR, LBR, and MRs, our results suggest
that TAI might still influence earlier stages of reproduction,
such as implantation and fertilization. Given the complex-
ity of the relationship between TAI and ART outcomes, fur-
ther research is necessary to clarify the underlying mech-
anisms and to determine whether TAI monitoring or tar-
geted treatment strategies may benefit women undergoing
ART. Currently, most infertile couples undergo ART, in-
cluding IVF and ICSI. Spontaneous pregnancies and preg-
nancies achieved after ART are complicated by miscarriage
in 20%-30% of the women. Different risk factors of mis-
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carriage such as genetic, infectious, hormonal, anatomic,
and environmental factors have been previously identified
[16,58]. In one study, euthyroid women with TAI charac-
teristics and women with thyroid dysfunction (subclinical)
have been identified as having an increased risk of miscar-
riage [59]. However, other studies have investigated this
association in pregnancies following ART and have yielded
conflicting data [60—63].

The present meta-analysis aimed to update the assess-
ment of the impact of the euthyroid phenomenon on preg-
nancy outcomes in euthyroid women and to compare it
with healthy women undergoing ART. Observations have
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reported contradictory results regarding the impact of TAI
on various outcomes. Some studies indicated that the pres-
ence of TPOAD is not associated with increased miscarriage
or lower birth rates [35,51,64]. Conversely, one study has
suggested that the presence of elevated TPOAD titers, in-
dependent of other organ-specific antibodies, increases the
risk of miscarriage following IVF [65]. Additionally, pa-
tients with recurrent IVF failure have a higher incidence of
TAI, even in the presence of euthyroidism [66,67].

The meta-analysis by Venables et al. (2020) [68] on
TAI and IVF/ICSI outcomes in euthyroid women, as well
as the findings by Zhang et al. (2023) [52] regarding high
levels of TPOAD as a potential risk factor for adverse preg-
nancy outcomes, indicate that TAI itself does not signifi-
cantly affect pregnancy processes in euthyroid women un-
dergoing ART. These results align with our own findings,
as our meta-analysis also did not show a significant differ-
ence between euthyroid and non-euthyroid groups undergo-
ing ART. However, the meta-analyses conducted in 2016
and the updated 2022 review did reveal significant asso-
ciations between TAI and an increased risk of miscarriage
among euthyroid women undergoing ART [5,23]. These
discrepancies highlight the complexity of the relationship
between TAI and ART outcomes, suggesting that factors
beyond thyroid function may be at play, such as immune
system dysregulation. Further research is needed to explore
these nuances and provide more clarity on the specific roles
of thyroid antibodies in reproductive health and ART suc-
cess.

One potential explanation for the inconsistencies in
findings regarding the impact of TAI on ART outcomes
could be the differences in the classification or grouping of
positive and negative TAI cases. The definition of TAI often
varies, including the presence of TPOADb alone (in combina-
tion with TgAb), or with differing thresholds for what con-
stitutes a positive result. As shown in Fig. 2, no significant
difference was observed in the CPR between euthyroid and
non-euthyroid women undergoing ART. This result is con-
sistent with previous updates of the same study from 2016
and 2022. Additionally, these findings align with the 2022
meta-analysis by d’Assunc¢do et al. [69], titled “Effect of
thyroid function on assisted reproduction outcomes in eu-
thyroid infertile women: A single center retrospective data
analysis and a systematic review and meta-analysis”. How-
ever, they contrast with the findings of Teixeira et al. [70],
who reported a decrease in pregnancy rates among euthy-
roid women with TAI undergoing ART.

According to the guidelines of the American Associa-
tion of Clinical Endocrinologists (AACE) and the American
Thyroid Association (ATA), the upper limit of TSH should
ideally be 2.5 mIU/L during the preconception period and
during the first trimester, for the diagnosis and treatment of
subclinical hypothyroidism in women planning pregnancy.
This recommendation reflects the physiological interaction
between human chorionic gonadotropin (hCG) and TSH re-
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ceptors, which naturally lowers TSH levels during early
pregnancy [71].

Moreover, no significant difference was observed in
the comparison of LBRs between the two groups under in-
vestigation. Review studies suggest that for women intend-
ing to conceive, serum TSH concentrations should be be-
low 2.5 mIU/L, and this level should be maintained during
the first and second trimesters of pregnancy. The detrimen-
tal effects of elevated TSH levels above the normal range
(>4.5 mIU/L) have been confirmed in one study, which,
through multivariate analyses, identified a positive correla-
tion between high TSH levels and reduced CPR [72].

Nevertheless, evidence suggests that variations in
TSH levels within the normal range do not, by themselves,
significantly impact pregnancy outcomes [73]. TAI, even in
a euthyroid state, may negatively affect fertility and preg-
nancy outcomes by creating a cytotoxic environment that
damages mature oocytes, thereby reducing their quality and
fertilization potential, and by causing subtle disruptions in
the early stages of pregnancy [74]. The present systematic
review and meta-analysis demonstrated that women with
positive TAI undergoing ART cycles have lower implanta-
tion and FRs. This finding has also been consistently re-
ported in other studies. For instance, in a study conducted
by Teixeira et al. [70], which systematically reviewed the
impact of thyroid disorders on ART clinical outcomes over
the past 10 years, demonstrated that thyroid disorders can
reduced FRs and the number of viable embryos in both IVF
and ICSI procedures.

Other studies have also shown an association between
TAI and reduced fertility. In a review of women with var-
ious causes of infertility, Poppe and Glinoer [59] found a
significantly higher incidence of TAI [RR: 2.1, p < 0.0001]
[75]. In previous updates of this study between 2016
and 2022, FRs among the TAl-positive groups and TAI-
negative groups undergoing assisted reproductive methods
did not show a significant difference [5,23].

Since all the components necessary for thyroid hor-
mones synthesis, including sodium/iodide symporter, pen-
drin, TPO, and Tg, are present in the endometrium, syncy-
tiotrophoblast, and invasive trophoblast, local synthesis of
thyroid hormones is plausible. Under such circumstances,
TAI could lead to thyroid hormone deficiency at the tissue
level, disrupting the process of embryo implantation and
placentation processes, with consequent infertility or ob-
stetrical complications [76].

While a random-effects model was employed to ac-
count for heterogeneity across studies, several key out-
comes, including CPR, MR, and LBR, did not reach statisti-
cal significance. Therefore, although trends were observed
favoring the TAI-negative group, these findings should be
interpreted with caution. The lack of significance under-
scores the need for further high-quality, prospective stud-
ies to confirm potential associations between TAI and ART
outcomes.
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The subgroup analyses in the present meta-analysis
demonstrated that in women who underwent ICSI or IVF
exclusively, there was a significant association in CPRs be-
tween women with autoimmune thyroid disease and healthy
women undergoing I[VF compared to women with autoim-
mune thyroid disease and healthy women undergoing ICSI
(Q =891, p = 0.010). In other words, ARTs were a
source of heterogeneity in the desired outcome. Addition-
ally, regarding FRs, a statistically significant difference
was observed between women with autoimmune thyroid
disease and healthy women undergoing IVF compared to
those undergoing ICSI (Q = 10.82, p = 0.001), indicating a
source of heterogeneity. However, for the other outcomes
examined—MR, IR, and LBR—no significant differences
were observed between women with autoimmune thyroid
disease and healthy women across IVF and ICSI groups. In
these outcomes, ART was not a source of heterogeneity.

Advantages and Limitations

This study has several strengths. First, by establish-
ing strict inclusion and exclusion criteria, we controlled for
potential confounding factors, such as other autoantibodies
and severe detrimental elements. This minimization of con-
founders ensured that the focus remained solely on compar-
ing the outcomes of ART in women with TAI and healthy
women. Second, only first-time ART users were included
in the analysis. This approach allowed us to examine a ho-
mogeneous population with a favorable prognosis, thereby
providing relevant recommendations for the target popula-
tion.

While this meta-analysis provides valuable insights
into the relationship between TAI and ART outcomes, there
are several limitations to consider. First, publication bias
may affect the results, as studies with null findings are less
likely to be published. This could lead to an overestimation
of the true effect size. Funnel plot analyses and Egger’s test
were conducted to assess for publication bias, but it remains
a potential limitation, especially given the observational na-
ture of the included studies. Future research should prior-
itize publishing studies regardless of outcome to mitigate
this bias. Second, confounding factors such as age, under-
lying health conditions (e.g., polycystic ovary syndrome,
endometriosis), and variations in ART protocols could in-
fluence ART outcomes. While some studies adjusted for
these factors, not all studies controlled for potential con-
founders in their analyses. Future studies should rigorously
control for these variables to better isolate the impact of
TAI on ART outcomes. Finally, the validity of the included
studies may be affected by methodological differences in
how TAI was defined. Some studies included only TPOADb
positivity, while others required positivity for both TPOAb
and TgADb, or applied varying thresholds for antibody lev-
els. These discrepancies may have led to inconsistencies
in the results. Additionally, different ART protocols and
outcome measures across studies further complicate the in-
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terpretation of the findings. Standardizing these definitions
in future research would enhance the comparability and va-
lidity of the findings. It is important to differentiate be-
tween TAI in euthyroid women (normal free thyroid hor-
mone and TSH levels) and TAI accompanied by abnormal
thyroid function. This analysis did not consistently strat-
ify results based on thyroid function status beyond TAI an-
tibody positivity; therefore, future studies should explore
this distinction to better clarify the reproductive impact of
thyroid function versus antibody status alone. Moreover,
given the lack of effective treatment options for TAI in eu-
thyroid women undergoing ART, future research should fo-
cus on identifying the specific immunological mechanisms
by which TAI may affect fertility, even in the absence of
overt thyroid dysfunction. Prospective, large-scale studies
are also needed to determine whether targeted immunomod-
ulatory therapies can improve ART outcomes in this popu-
lation.

5. Conclusions

TAI is frequently associated with subtle immune dys-
functions that may impact reproductive processes, though
the exact clinical significance remains unclear. While this
meta-analysis observed lower IRs and FRs in women with
TAI undergoing ART, no statistically significant differ-
ences were found for LBR, CPR, or MR. These findings
suggest that TAI may affect early reproductive outcomes,
but its overall impact on successful pregnancy remains in-
conclusive. Variability in study design, patient populations,
and diagnostic assays across the included studies likely con-
tributed to the observed heterogeneity in the results. A
deeper understanding of the immunological mechanisms
underlying TAI and well-designed prospective studies are
essential to clarify its role in ART outcomes and guide fu-
ture clinical management.
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