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Abstract 

Background Thyroid autoimmunity and polycystic ovary syndrome (PCOS) are the most common endocrinopa-
thies and have close relationships based on common etiology and pathogenesis, including genetic susceptibility, 
metabolic disorders, hormonal dysregulation, immune response, and inflammatory activation. The co-occurrence 
of both diseases is associated with adverse reproductive outcomes, but its effect on neonatal outcomes remains 
largely unknown. We aim to explore the effect of thyroid autoimmunity on neonatal birth weight in PCOS women 
undergoing IVF/ICSI.

Methods This is a retrospective analysis of 486 PCOS women who underwent the first IVF/ICSI cycles and gave birth 
to 361 singletons and 125 twins during 2018 – 2020 at a reproductive center. The associations between maternal pre-
conception serum thyroid function and autoimmunity indicators and birth weights of the singleton and twin groups 
were evaluated using generalized linear models (GLMs) and generalized estimate equations (GEEs), respectively. 
Analyses were further stratified by neonatal sex, maternal age, and maternal preconception BMI to assess the possible 
interaction effects.

Results Maternal preconception serum TPOAb had a significant negative association with singleton birth weight 
(P for trends = 0.03). Compared with women in the first tertile of TPOAb, women in the third tertile had a change 
in singleton birth weight of − 119.72 g (95% CI: − 222.68 g, − 16.70 g). Maternal preconception serum TPOAb had 
a significant positive association with twin birth weight (P for trends = 0.01). Compared with women in the first tertile 
of TPOAb, women in the third tertile had a change in twin birth weight of 138.62 g (95% CI: 33.96 g, 243.30 g). Besides, 
maternal preconception serum TPOAb had a specific association with increased twin birth weight for female neo-
nates, a specific association with decreased singleton birth weight for PCOS women under 35 years, and a specific 
association with decreased twin birth weight for overweight PCOS women (all P for interactions < 0.05).
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Conclusions Maternal preconception thyroid autoimmunity may affect the birth weights of both singleton and twin 
neonates. Further large cohorts and experimental studies are required to confirm these findings and explore 
the underlying mechanisms.

Keywords Thyroid autoimmunity, PCOS, Birth weight, Preconception, In vitro fertilization

Background
Polycystic ovary syndrome (PCOS) and autoimmune 
thyroid disease (AITD), are both commonly occurring 
endocrinopathies in women of reproductive age since 
the close correlation between the hypothalamic-pitui-
tary-ovarian (HPO) axis and hypothalamic-pituitary-
thyroid (HPT) axis [1–3]. The prevalence of AITD in 
PCOS women is 18 – 40% according to different eth-
nicity and PCOS diagnostic criteria, and approximately 
three-fold compared with those without PCOS [3–6]. 
Increasing evidence has suggested that Hashimoto’s 
thyroiditis (HT), as the principal AITD, interacts with 
PCOS due to genetic- and autoimmunity-related fac-
tors, including the role of polymorphisms in suscepti-
bility genes, transforming growth factor beta (TGFβ), 
regulatory T cells (Tregs), vitamin D deficiency, and sex 
hormone dysregulation [1, 2].

Both AITD and PCOS can result in a wide range of 
metabolic syndrome features, including impaired glu-
cose tolerance, insulin resistance, and dyslipidemia, 
which can result in diabetes, obesity, and cardiovascular 
disease over a lifetime [7–12]. It has been demonstrated 
that these two diseases can lead to subfecundity, infertil-
ity, pregnancy complications, and even intergenerational 
risks to children [13, 14]. Moreover, the combined occur-
rence of AITD and PCOS is associated with a higher 
risk of metabolic and reproductive complications than 
either AITD or PCOS alone [15, 16]. Moreover, AITD is 
related to poor treatment response among infertile PCOS 
women [17]. Some studies have explored the effect of thy-
roid dysfunction on pregnancy and neonatal outcomes 
in PCOS women. A study from Austrian reported that 
neonates of PCOS women with hypothyroidism had sig-
nificantly higher thyroid stimulating hormone (TSH) lev-
els than neonates of those without hypothyroidism [18]. 
A post hoc analysis of two randomized controlled trials 
from Sweden found that a slighter decrease of serum-free 
thyroxin (FT4) in PCOS women is associated with lower 
gestational weight gain and lower risk for gestational dia-
betes (GDM) [19]. However, there are few studies on the 
effect of thyroid autoimmunity on neonatal outcomes 
in PCOS women, and the previous studies mainly con-
centrated on thyroid function and/or thyroid autoim-
munity during pregnancy. The preconception period is 
critical for the growth and maturation of oocytes. Pre-
conception thyroid dysfunction is likely to cause impaired 

oocytogenesis, thus leading to subsequent abnormal 
embryogenesis and adverse neonatal outcomes. A Pol-
ish study observed a negative association between serum 
thyroid peroxidase antibodies (TPOAb) and serum anti-
mullerian hormone (AMH) in PCOS women, suggest-
ing an adverse effect of thyroid autoimmunity on ovarian 
reserve [16]. Another two studies from China focused 
on PCOS women undergoing in vitro fertilization/intra-
cytoplasmic sperm injection (IVF/ICSI). They found the 
impact of TSH on oocyte maturation, fertilization, and 
embryo quality [20, 21]. However, no study has assessed 
the effect of thyroid function or autoimmunity indica-
tors on neonatal outcomes in PCOS women undergoing 
assisted reproduction technology (ART) treatment.

This study aims to clarify the effects of maternal pre-
conception serum thyroid function and autoimmunity 
indicators on the birth weight of neonates conceived by 
PCOS women undergoing IVF/ICSI treatment.

Material and methods
Ethics approval
The study was approved by the institutional ethics board 
of Peking University Third Hospital (No. 2021SZ – 011), 
and all participants signed written consent forms.

Study population
We retrospectively involved participants from the Repro-
ductive Center of Peking University Third Hospital from 
January 1, 2018, to December 30, 2020. PCOS women 
aged between 20 – 45  years who underwent their first 
fresh IVF/ICSI cycles with autologous oocytes were 
informed of the purpose of our study. According to the 
Rotterdam criteria, PCOS is diagnosed by at least two of 
the three symptoms: hyperandrogenism (clinical or bio-
chemical), oligo- or anovulation, and/or polycystic ovary 
morphology [22]. The exclusion criteria were as follows: 
1) history of thyroid disease, thyroid hormone/antithy-
roid medication, or thyroid surgery (n = 15), 2) history 
of autoimmune disease or recurrent spontaneous abor-
tion (n = 1), 3) history of iatrogenic ovarian injury (n = 1); 
4) chromosomal abnormalities in either of the spouses 
(n = 19); 5) receiving in  vitro maturation (IVM) or pre-
implantation genetic testing (PGT) (n = 27); (6) missing 
information (n = 202). Finally, a total of 1550 participants 
were involved in this study.
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After cases of pregnancy failure and triplets were 
excluded (n = 1064), 486 women who successfully gave 
birth to a total of 361 singletons and 125 twins were 
included in the current analysis. The baseline reproduc-
tive characteristics, cycle characteristics, and birth out-
comes (i.e., birth weight, gestational age, neonatal sex, 
and delivery mode) were extracted from electronic medi-
cal records. According to the American College of Obste-
tricians and Gynecologists (ACOG) guidelines for IVF/
ICSI-based conception, the gestational age was calcu-
lated as (outcome date – date of transfer) + 14 + develop-
ment days of the transferred embryo [23].

Ovarian stimulation and IVF procedures
Patients in this study received a standardized individu-
alized controlled ovarian stimulation (COS) protocol 
according to ovarian reserve and other characteristics. 
All enrolled patients received GnRH agonist, GnRH 
antagonist, or minimal stimulation with clomiphene 
or letrozole [24]. When at least two dominant follicles 
reached ≥ 18 mm in diameter, ovulation was induced by 
injection of 5000 – 10,000  IU hCG (Livzon). Oocytes 
retrieval was performed transvaginally 36 ± 2  h after 
hCG administration. According to sperm quality, fertili-
zation was performed by either conventional insemina-
tion or ICSI at 4 to 6 h after oocyte retrieval. Up to two 
day 3 embryos or day 5 – 6 blastocysts were transferred 
according to the Code of Practice for Assisted Reproduc-
tive Technology developed by the Ministry of Health of 
the People’s Republic of China by specified gynecologists 
with the same standard protocol.

Luteal-phase support was initiated on the day of oocyte 
retrieval with oral dydrogesterone (Duphaston, Abbott) 
at a daily dose of 40 mg or vaginal progesterone (Crinone, 
Merck Serono) at a daily dose of 90  mg until 10  weeks 
after conception.

Pregnancy and neonatal follow‑up
The reproductive outcome was measured 14  days after 
embryo transfer as a positive serum hCG, then confirmed 
by transvaginal ultrasound 3 – 4  weeks after embryo 
transfer. Clinical pregnancy was confirmed if gestational 
sacs with fetal cardiac activity could be observed. Live 
birth is defined as the delivery of a living fetus beyond 
28  weeks of gestation. Experienced follow-up staff 
recorded information regarding clinical pregnancy, live 
birth, gestational age, delivery mode, neonatal sex, and 
neonatal birth weight separately from telephone inter-
views after delivery.

Biochemical measures
Serum total thyroxin (T4), FT4, TSH, TPOAbs, and thy-
roglobulin antibodies (TGAbs) levels were determined by 

automatic chemiluminescence immunoassays (ADVIA 
Centaur XP, Siemens Healthcare Diagnostics) within six 
months before the initiation of COS. According to the 
manufacturer’s instructions, the clinical reference lines of 
positive TGAb and TPOAb were > 60 U/mL in concentra-
tion. Technicians in the laboratory were blinded to other 
information about the study population.

Statistical analysis
Statistical analyses were performed with R (R version 
4.0.3). Descriptive statistics were conducted to analyze the 
clinical characteristics and represented as median (inter-
quartile range [IQR]) or n (%) when appropriate. The dif-
ferences in clinical characteristics between the singleton 
and twin groups were analyzed by chi-square or Fisher’s 
exact test for categorical variables and Kruskal–Wallis 
tests for continuous variables. Generalized linear models 
(GLMs) were performed to investigate the associations 
between maternal preconception serum thyroid func-
tion and autoimmunity indicators and birth weight in the 
singleton group. Generalized estimate equations (GEEs) 
were performed to investigate the associations between 
maternal preconception serum thyroid function and auto-
immunity indicators and birth weight in the twin group. 
The normal distribution and identity link were applied for 
neonatal birth weight. The linear trend tests across tertiles 
were conducted using an ordinal number (1, 2, and 3).

The potential covariates were chosen if their associa-
tions with either birth outcomes or thyroid function were 
reported [25, 26], or when the effect estimate led to a > 10% 
change in models to evaluate the effects of thyroid function 
and autoimmunity indicators on neonatal birth weight [27]. 
Finally, we retained the following covariates in the mod-
els: maternal age and maternal preconception BMI were 
examined as continuous variables; gestational age (< 37 and 
37 – 42 weeks), delivery mode (vaginal delivery and cesar-
ean), and neonatal sex (male and female) were examined as 
dichotomous variables. All the models were adjusted for 
the same set of covariates for consistency.

To better interpret the results, the total study popu-
lation’s results were also presented as marginal means 
adjusted for covariates using the R package “emmeans” 
(version 1.6.2 – 1). Analyses were further stratified 
by neonatal sex (male vs. female), maternal age (< 35 
vs. ≥ 35  years), and maternal preconception BMI (< 25 
vs. ≥ 25  kg/m2) to evaluate the possible modification 
effect. To test the robustness of our results, three sensitiv-
ity analyses were conducted as follows: 1) restricting the 
analyses to women with BMI ≥ 18.5  kg/m2; 2) restricting 
the analyses to women diagnosed with primary infertility; 
3) only analyzing women with normal testosterone; 4) only 
analyzing women who had Day 3 embryo transfer. P-val-
ues < 0.05 was considered to be statistically significant.
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Results
Characteristics of the study population
The clinical characteristics of 361 mothers with single-
tons and 125 mothers with twins are presented in Table 1. 
Among mothers with singletons and twins, the median 
maternal ages were 31.0 and 30.0 years, respectively; and 

the median maternal preconception BMIs were 23.9 and 
24.0  kg/m2, respectively. Women with singletons had a 
median preconception serum T4, FT4, TSH, TGAb, and 
TPOAb with 7.9 μg/dL, 1.3 ng/dL, 2.1 μIU/mL, 15.6 U/
mL, and 30.0 U/mL, respectively. While women with 
twins had a median preconception serum T4, FT4, TSH, 

Table 1 Clinical characteristics of the PCOS women with singleton and twin births (Median ± IQR (range) or n (%))

Abbreviations: PCOS polycystic ovary syndrome, IQR interquartile range, BMI body mass index, AFC antral follicle count, AMH anti-Müllerian hormone, T4 thyroxine, FT4 
free thyroxine, TSH thyroid-stimulating hormone, TGAb thyroglobulin antibody, TPOAb thyroid peroxidase antibody, GnRH gonadotropin-releasing hormone, GnRHa 
gonadotropin-releasing hormone agonist, IVF in vitro fertilization, ICSI intracytoplasmic sperm injection
a P-values comparing the differences between the singleton group and the twin group
b Clinical reference lines of positive TGAb and TPOAb were > 60 U/mL in concentration
c Other protocols include the short GnRHa protocol, ultrashort GnRH antagonist protocol, and minimal stimulation protocol clomiphene or letrozole

Characteristics Singletons
N = 361

Twins
N = 125

Pa

Maternal age, years 31.0 (28.0, 33.0) 30.0 (28.0, 32.0) 0.06

Preconception BMI, kg/m2 23.9 (21.3, 27.0) 24.0 (21.5, 27.3) 0.59

AFC, n 16.0 (11.0, 21.0) 16.0 (12.0, 22.0) 0.24

Testosterone, nmol/L 0.7 (0.7, 1.1) 0.7 (0.7, 1.0) 0.90

AMH, ng/mL 4.9 (2.9, 7.4) 5.2 (3.5, 8.2) 0.07

Duration of infertility, years 3.0 (2.0, 4.0) 3.0 (2.0, 5.0) 0.81

T4, μg/dL 7.9 (7.0, 9.0) 8.2 (7.2, 9.2) 0.11

FT4, ng/dL 1.3 (1.2, 1.4) 1.3 (1.2, 1.4) 0.18

TSH, μIU/mL 2.1 (1.6, 2.9) 2.1 (1.6, 3.0) 0.74

TGAb, U/mL 15.6 (15.0, 24.6) 16.0 (15.0, 27.5) 0.54

TPOAb, U/mL 30.0 (28.0, 40.7) 29.4 (28.0, 43.5) 0.98

Positive  TGAbb No 308 (85.3) 105 (84.0) 0.72

Yes 53 (14.7) 20 (16.0)

Positive  TPOAbb No 319 (88.4) 110 (88.0) 0.91

Yes 42 (11.6) 15 (12.0)

Infertility type Primary 263 (72.9) 102 (81.6) 0.05

Secondary 98 (27.1) 23 (18.4)

Ovarian stimulation regimen GnRH antagonist 274 (75.9) 90 (72.0) 0.55

Long GnRHa 80 (22.2) 31 (24.8)

Othersbc 7 (1.9) 4 (3.2)

Insemination technique IVF 265 (73.4) 86 (68.8) 0.35

ICSI 96 (26.6) 39 (31.2)

Timing of embryo transfer Day 3 344 (95.3) 124 (99.2) 0.16

Day 5 12 (3.3) 1 (0.8)

Day 6 5 (1.4) 0 (0.0)

Transferred embryos number, n 1 49 (13.6) 1 (0.8)  < 0.001

2 312 (86.4) 124 (99.2)

Gestational age, weeks  < 37 330 (91.4) 63 (50.4)  < 0.001

37 − 42 31 (8.6) 62 (49.6)

Delivery mode Vaginal delivery 165 (45.7) 13 (10.4)  < 0.001

Caesarean 196 (54.3) 112 (89.6)

Neonatal sex Male 177 (49.0) 128 (51.2) 0.62

Female 184 (51.0) 122 (48.8)

Birth weight, g  < 2500 17 (4.7) 130 (52.0)  < 0.001

2500 − 4000 320 (88.6) 120 (48.0)

 ≥ 4000 24 (6.6) 0 (0.0)
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TGAb, and TPOAb with 8.2  μg/dL, 1.3  ng/dL, 2.1 μIU/
mL, 16.0 U/mL, and 29.4 U/mL, respectively. 14.7% and 
16.0% of the PCOS women had positive TGAb in the sin-
gleton and twin groups, respectively. 11.6% and 12.0% of 
the PCOS women had positive TPOAb in the singleton 
and twin groups, respectively. Most of the participants 
diagnosed with primary infertility (72.9% of the singleton 
group, 81.6% of the twin group), applied GnRH antago-
nist protocol for COS (75.9% of the singleton group, 
72.0% of the twin group), and underwent conventional 
insemination (73.4% of the singleton group, 68.8% of 
the twin group). Almost all of them had embryo trans-
fers three days after oocyte retrieval (95.3% of the single-
ton group, 99.2% of the twin group) with two embryos 
(86.4% of the singleton group, 99.2% of the twin group). 
Significant differences were observed in transferred 
embryos number, gestational age, delivery mode, and 
birth weight between the singleton and twin groups (all 
P—values < 0.001).

Thyroid function and autoimmunity indicators 
and neonatal birth weight
Table  2 and Table S1 show the associations between 
maternal preconception thyroid function and autoim-
munity indicators and neonatal birth weights of the sin-
gleton and twin groups. We observed a nonmonotonic 
negative relationship between maternal preconception 
TPOAb and neonatal birth weight in the singleton group 
(P for trends = 0.03); the estimated mean difference in 
birth weight when the extreme tertiles were compared 
was − 119.72  g (95% CI: − 222.68  g, − 16.70  g). However, 
we observed an association between maternal precon-
ception TPOAb and increased neonatal birth weight in 
the twin group (P for trends = 0.01); the estimated mean 
difference in birth weight when the extreme tertiles were 
compared was 138.62 g (95% CI: 33.96 g, 243.30 g). We 
further assessed the associations between maternal pre-
conception thyroid autoimmunity positivity and neonatal 
birth weights of the singleton and twin groups. However, 
no significant association was observed between mater-
nal preconception positive TGAb or TPOAb and neona-
tal birth weight (Table S2).

Stratified analyses
The associations between maternal preconception thy-
roid function and autoimmunity indicators and neonatal 
birth weights of the singleton and twin groups strati-
fied by neonatal sex are presented in Fig. 1. We found a 
female-specific association between maternal precon-
ception TPOAb and increased twin birth weight (P for 
interactions = 0.03). The associations between maternal 
preconception thyroid function and autoimmunity indi-
cators and neonatal birth weights of the singleton and 

twin groups stratified by maternal age are presented 
in Fig.  2. We found a significant association between 
maternal preconception TPOAb and decreased single-
ton birth weight in PCOS women within 35 years (P for 
interactions = 0.02). The associations between maternal 
preconception thyroid function and autoimmunity indi-
cators and neonatal birth weights of the singleton and 
twin groups stratified by maternal preconception BMI 
are presented in Fig. 3. We found a significant association 
between maternal preconception TPOAb and decreased 
twin birth weight in PCOS women with BMI ≥ 25 kg/m2 
(P for interactions = 0.03).

Sensitivity analyses
Although some significant effects were attenuated, the 
aforementioned significant associations between mater-
nal preconception TPOAb and offspring birth weights 
of the singleton and twin groups remained largely 
unchanged after the analysis was restricted to women 
with BMI ≥ 18.5 kg/m2 (Table S3), women diagnosed with 
primary infertility (Table S4), women with normal tes-
tosterone (Table S5), or women who had Day 3 embryo 
transfer (Table S6).

Discussion
Among the PCOS women undergoing the first fresh IVF/
ICSI cycles, we found a negative association between 
maternal preconception TPOAb and singleton birth 
weight and a positive association between maternal pre-
conception TPOAb and twin birth weight. We found 
a female-specific positive association between mater-
nal preconception TPOAb and twin birth weight. We 
also found an age-specific negative association between 
maternal preconception TPOAb and singleton birth 
weight among PCOS women within 35 years and a BMI-
specific negative association between maternal precon-
ception TPOAb and twin birth weight among PCOS 
women beyond 25 kg/m2.

Thyroid autoimmunity has been proven to be cor-
related with adverse outcomes during all trimesters of 
pregnancy [28–30]. It is the leading cause of hypothy-
roidism among women of reproductive age [31], which 
itself can negatively affect the whole course of preg-
nancy [31, 32]. Available evidence shows the association 
between thyroid autoimmunity, particularly the presence 
of TPOAb, and poor obstetric and fetal outcomes (i.e., 
preterm birth, fetal distress, abnormal birth weight, and 
neurodevelopmental sequelae in children) [30, 33–38]. A 
meta-analysis of 19 prospective studies included a total 
of 47  045 women and found that positive TPOAb, sub-
clinical hypothyroidism, and isolated hypothyroxinemia 
were each associated with a higher risk of preterm birth 
[36]. Studies found that maternal thyroid autoimmunity 
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during pregnancy was associated with increased NICU 
admission [39], increased risk for adverse non-verbal 
cognitive development from infancy to childhood [30], 
decreased offspring perceptual performance and motor 
ability [30], and lower Child IQ [40]. A prospective 
cohort study from Finland reported an adverse effect of 
maternal TPOAb on intrauterine growth restriction [41]. 
Nevertheless, this has not been proved via meta-analysis 
[42]. Birth weight is a simple but important indicator of 
fetal development and health. A Chinese prospective 
cohort study found that singletons of clinical hypothy-
roidism mothers were at a higher risk of low birth weight, 
whereas it did not specify the levels of thyroid autoanti-
bodies [38]. A Greek prospective cohort study observed 

a three-fold increased risk for low neonatal birth weight 
in singletons among women with high TSH and thy-
roid autoimmunity [43]. However, data are less consist-
ent considering some studies that found no association 
between hypothyroidism and birthweight with no speci-
fication of thyroid autoantibody levels [44–46]. There-
fore, more studies are required to confirm the effect of 
maternal thyroid autoantibody on neonatal outcomes. 
Interestingly, studies exhibited interactions between thy-
roid autoimmunity and neonatal sex, suggesting that the 
correlations between thyroid autoimmunity and neonatal 
outcomes were adjusted by neonatal sex [35].

Of concern is that maternal preconception thyroid 
autoimmunity may affect oocytogenesis and subsequent 

Table 2 Associations between maternal preconception serum thyroid function and autoimmunity indicators and neonatal birth 
weight among PCOS women undergoing their first IVF/ICSI  cyclesa

a Adjusted for maternal age (continuous), preconception BMI (continuous), gestational age, delivery mode, and neonatal sex
b For singleton pregnancy, the tertiles of T4 are 7.30 and 8.60 μg/dL; the tertiles of FT4 are 1.22 and 1.33 μg/dL; the tertiles of FSH are 1.69 and 2.62 μIU/mL; the tertiles 
of TGAb are 15.00 and 20.70 U/mL; the tertiles of TPOAb are 28.00 and 37.20 U/mL. For twin pregnancy, the tertiles of T4 are 7.80 and 8.70 μg/dL; the tertiles of FT4 are 
1.24 and 1.35 μg/dL; the tertiles of FSH are 1.74 and 2.64 μIU/mL; the tertiles of TGAb are 15.00 and 22.70 U/mL; the tertiles of TPOAb are 28.00 and 38.20 U/mL
c Based on the generalized linear model
d Based on the generalized estimating equation

Thyroid function and autoimmunity  indicatorsb Change in birth weight (95% CI), g

Singletonsc

N = 361
Twinsd

N = 125

T4

 T1 Ref Ref

 T2  − 4.50 (− 113.47, 104.50) 60.15 (− 62.10, 182.40)

 T3  − 71.94 (− 184.56, 40.70) 54.47 (− 69.59, 178.50)

 P for trend 0.22 0.38

FT4

 T1 Ref Ref

 T2  − 29.07 (− 139.00, 80.80)  − 45.32 (− 163.11, 72.50)

 T3  − 29.24 (− 139.00, 80.90)  − 80.30 (− 201.55, 41.00)

 P for trend 0.59 0.19

TSH

 T1 Ref Ref

 T2  − 19.22 (− 130.00, 91.90) 1.59 (− 119.50, 122.70)

 T3  − 23.46 (− 135.00, 88.20) 17.77 (− 94.40, 130.00)

 P for trend 0.68 0.76

TGAb

 T1 Ref Ref

 T2  − 83.39 (− 206.63, 39.80) 126.25 (− 14.25, 266.80)

 T3  − 32.44 (− 134.75, 69.90) 81.49 (− 22.79, 185.80)

 P for trend 0.48 0.10

TPOAb

 T1 Ref Ref

 T2 4.47 (− 111.15, 120.10) 8.88 (− 133.30, 151.10)

 T3  − 119.72 (− 222.68, − 16.70) 138.62 (33.96, 243.30)

 P for trend 0.03 0.01
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Fig. 1 Associations between maternal preconception serum thyroid function and autoimmunity indicators and neonatal birth weight 
among PCOS women undergoing their first IVF/ICSI cycles stratified by neonatal sex (male vs. female). Adjusted for maternal age (continuous), 
preconception BMI (continuous), gestational age, and delivery mode. Analyses of singletons and twins were based on the generalized linear model 
and generalized estimating equation, respectively

Fig. 2 Associations between maternal preconception serum thyroid function and autoimmunity indicators and neonatal birth weight 
among PCOS women undergoing their first IVF/ICSI cycles stratified by age (< 35 vs. ≥ 35 years). Adjusted for preconception BMI (continuous), 
gestational age, delivery mode, and neonatal sex. Analyses of singletons and twins were based on the generalized linear model and generalized 
estimating equation, respectively
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embryogenesis due to the autoimmune activity and cyto-
toxic reactions [31, 47]. Besides, maternal preconcep-
tion thyroid autoimmunity may aggravate the imbalance 
of thyroid function during COS in ART treatment by 
elevated estradiol level and increased strain on the HPT 
axis [48]. Thyroid dysfunction may be further aggravated 
during pregnancy due to the thyroid response medi-
ated by elevated human chorionic gonadotropin (hCG), 
increased demand for placental transfer of maternal thy-
roid hormones, the ability of TPOAb to diffuse through 
the placental barrier, inflammatory reaction, and immune 
activation [14, 31, 32, 49, 50]. Hence, the preconception 
period is a potential critical window to assess the effect 
of thyroid function and/or thyroid autoimmunity on 
the offspring. Up to now, two studies have explored the 
associations between preconception thyroid autoimmun-
ity and neonatal birth weight. In a retrospective cohort, 
the investigators observed increased twin birth weight 
among diminished ovarian reserve (DOR) women fol-
lowing IVF/ICSI with positive thyroid autoimmunity, 
whereas the study had a small sample size with only 12 
women diagnosed as DOR [51]. Another retrospective 
study on 778 women undergoing IVF/ICSI with posi-
tive thyroid autoimmunity and 778 age-matched control 
found that thyroid autoimmunity positivity was associ-
ated with lower twin birth weight but had no associa-
tion with singleton birth weight [33]. We focused on the 

relationship between preconception thyroid autoim-
munity and neonatal birth weight in both singleton and 
twin pregnancies among PCOS women undergoing IVF/
ICSI. Specifically, neonatal birth weight from our study 
had a negative association with maternal preconception 
TPOAb in the singleton group and a positive association 
with maternal preconception TPOAb in the twin group. 
The discrepancies in assays and cutoffs may contribute to 
the inconsistent results among these studies. Differences 
in the study populations may also be a possible reason, as 
the ovaries of women with ovarian dysfunction, such as 
DOR and PCOS, may be more sensitive to thyroid auto-
immunity via complicated pathogenic mechanisms.

The possible cross-mechanisms and potential com-
mon genetic backgrounds underlying the close asso-
ciation between AITD and PCOS have been explored in 
some studies [1, 2]. The joint occurrence of AITD and 
PCOS was found to increase the risk of dyslipidemia 
[12], which might further aggravate hypothyroidism via 
increased insulin resistance and secretion of proinflam-
matory mediators [52]. Vitamin D deficiency is another 
possible link between thyroid autoimmunity and PCOS. 
The decreased vitamin D levels caused by the VDR gene 
polymorphisms are associated with HT and several fea-
tures of metabolic syndrome in PCOS women [1]. More-
over, studies suggest that sex hormone dysregulation 
in PCOS may promote the change of fetus thymus and 

Fig. 3 Associations between maternal preconception serum thyroid function and autoimmunity indicators and neonatal birth weight 
among PCOS women undergoing their first IVF/ICSI cycles stratified by preconception BMI (< 25 vs. ≥ 25 kg/m2). Adjusted for maternal age 
(continuous), gestational age, delivery mode, and neonatal sex. Analyses of singletons and twins were based on the generalized linear model 
and generalized estimating equation, respectively
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predispose excessive inflammatory response, thus further 
leading to autoimmune disorders such as dysregulation 
of Treg cells [2]. Some evidence has shown abnormally 
elevated serum anti-histone and anti-double stranded 
DNA (anti-dsDNA) in PCOS women, which are consid-
ered classic markers of autoimmune disease, suggesting 
an autoimmune background of PCOS [53]. Considering 
the possible common genetic background, several can-
didate gene polymorphisms have been proposed to be 
causally associated with the joint occurrence of HT and 
PCOS, including polymorphisms in CYP1B1, a gene 
involved in estradiol metabolism; GNRHR, a gene related 
to functions of GnRH; and FBN3, a gene linked to TGF-β 
activity and Treg cell levels [2]. Besides, epigenetic regu-
lation represented as non-coding RNA (ncRNA) may 
be involved in the joint occurrence of HT and PCOS by 
modulating the TGF-β signaling pathway [2]. In brief, the 
association between AITD and PCOS may be ascribed 
to the potential interaction among genetic susceptibility, 
metabolic imbalance, hormonal dysregulation, immune 
response, and inflammatory activation. Although these 
findings require confirmation in further studies, the close 
multidirectional mechanistic correlations between AITD 
and PCOS will help to interpret our results better.

In our study, preconception TPOAb in PCOS women 
was associated with increased twin birth weight, suggest-
ing that TPOAb may induce abnormal lipid accumula-
tion in twin neonates. Thyroid autoimmunity has been 
proven to increase the risk of dyslipidemia and subse-
quent activation of the inflammatory response in PCOS 
women [12]. This could be aggravated in twin pregnancy, 
which is under a higher risk of thyroid dysfunction due to 
increased thyroid hormone demand and stronger thyroid 
response mediated via higher hCG level as compared 
with singleton pregnancy [54]. Evidence showed more 
active esters synthesis on the fetal side of the placenta of 
twins than singletons, indicating a more significant trans-
fer of lipids to the fetal circulation in twin pregnancy 
[55]. Moreover, preconception TPOAb in PCOS women 
was hypothesized to cause adverse singleton birth weight 
via oocyte and embryo toxicity caused by autoimmune 
activity and cytotoxic responses in our study [31]. Thy-
roid hormone transporters, thyroid hormone receptors, 
and deiodinases can express in the ovarian follicle and 
pre-implantation embryo [31, 47, 56]. And thyroid auto-
immunity has been elucidated to have adverse effects on 
the number of oocytes retrieved and embryo develop-
ment outcomes among women undergoing ART [31, 33]. 
Besides, the clinical baseline characteristics of our study 
population indicated that twin neonates had significantly 
lower birth weights than singleton neonates. Thus, the 
difference in the impact of thyroid autoimmunity on the 
birth weights of the singleton and twin groups may be 

related to the difference in the weight ranges of the two 
groups, suggesting the possibility of a potential nonlin-
ear relationship between thyroid autoimmunity and birth 
weight. Of note is that we found no effect of positive 
TGAb or TPOAb on singleton and twin birth weights. 
This may be due to the bias caused by the low proportion 
of PCOS women with positive thyroid autoimmunity in 
the total study population of this study.

Studies have exhibited interactions between thyroid 
autoimmunity and neonatal sex [35]. In this study, we 
found that maternal preconception TPOAb is associ-
ated with increased birth weight in female twins. Female 
neonates may have higher risks of abnormal immune and 
metabolic functions due to the close relationship between 
HPO and HPT axes [57], thus leading to abnormal lipid 
accumulation. We also found maternal preconception 
TPOAb is associated with adverse singleton birth weight 
in PCOS women within 35 years and adverse twin birth 
weight in PCOS women beyond 25 kg/m2. The relatively 
high estrogen levels of young women and abnormal lipid 
metabolism in overweight women may further aggravate 
thyroid autoimmune abnormalities [2], damage oocytes 
and embryos, and result in adverse neonatal outcomes. 
Besides, our results suggest that age is more important 
than thyroid autoimmunity in predicting neonatal birth 
weight in advanced-aged PCOS women.

To our knowledge, this is the first study on the effect 
of maternal preconception thyroid autoimmunity on 
neonatal birth weight among PCOS women undergoing 
IVF/ICSI. However, some limitations of our study must 
be considered. First, it is a retrospective and observa-
tional cohort study, and bias in data collection may cause 
erroneous data interpretation. However, thyroid function 
and autoimmunity indicators, neonatal birth weight, and 
covariates were all objective indicators, thus can elimi-
nate the bias to some extent. Second, we did not consider 
the thyroid function and autoimmunity indicators during 
pregnancy, a period of dramatic change in thyroid func-
tion and/or thyroid autoimmunity [32, 50]. Thus, further 
studies focused on preconception and all trimesters of 
pregnancy will provide more solid evidence. Third, while 
many confounders have been adjusted in our model, 
other potential confounders cannot be ignored. However, 
we have appropriately screened covariates based on pre-
vious literature and appropriate principles [27]. Fourth, 
we did not consider PCOS women undergoing frozen-
thawed embryo transfer (FET). However, due to the long 
treatment period, the thyroid function, thyroid autoim-
munity, and birth outcomes of PCOS women undergo-
ing FET may be affected by more complex confounding 
factors, which may add to the bias of this study. Finally, 
we did not consider the use of levothyroxine due to the 
retrospective design, whereas our previous randomized 
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clinical trial reported no effect of levothyroxine on preg-
nancy outcomes [24]. More studies are further required 
to focus on levothyroxine’s influence on neonatal 
outcomes.

Conclusion
In conclusion, we found that maternal preconception 
TPOAb was negatively associated with singleton birth 
weight and positively associated with twin birth weight 
among PCOS women undergoing IVF/ICSI. Abnor-
mal maternal thyroid autoimmunity may lead to neo-
natal lipid accumulation in PCOS women with twin 
pregnancies. It may also cause adverse neonatal outcomes 
through oocyte and embryo toxicity. While the results of 
the present study need to be further confirmed since the 
lack of well-established relevant research, our findings 
suggest that the preconception thyroid autoimmunity 
may be crucial for offspring growth and development.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13048- 023- 01208-z.

Additional file 1: Table S1. Adjusted mean (95% CI) for neonatal birth 
weight by maternal preconception serum thyroid function and autoim-
munity indicators among PCOS women undergoing their first IVF/ICSI 
 cyclesa.

Additional file 2: Table S2. Associations between maternal preconcep-
tion thyroid autoimmunity positivity and neonatal birth weight among 
PCOS women undergoing their first IVF/ICSI  cyclesa.

Additional file 3: Table S3. Associations between maternal preconcep-
tion serum thyroid function and autoimmunity indicators and neonatal 
birth weight among PCOS women with preconception BMI ≥18.5kg/m2 
undergoing their first IVF/ICSI  cyclesa.

Additional file 4: Table S4. Associations between maternal preconcep-
tion serum thyroid function and autoimmunity indicators and neonatal 
birth weight among PCOS women with primary infertility undergoing 
their first IVF/ICSI  cyclesa.

Additional file 5: Table S5. Associations between t maternal preconcep-
tion serum thyroid function and autoimmunity indicators and neonatal 
birth weight among PCOS women with normal testosterone undergoing 
their first IVF/ICSI  cyclesa.

Additional file 6: Table S6. Associations between maternal preconcep-
tion serum thyroid function and autoimmunity indicators and neonatal 
birth weight among PCOS women undergoing their first IVF/ICSI cycles 
with Day 3 embryos  transferreda.

Acknowledgements
We sincerely thank all the doctors and nurses in the Reproductive Center of 
Peking University Third Hospital.

Authors’ contributions
H.J.: conceptualization, investigation, data curation, formal analysis, meth-
odology, visualization, writing-original draft, writing-review & editing. L.C.: 
investigation, data curation, and validation. N.H.: data curation, methodology, 
writing-review & editing. H.S.: formal analysis, methodology, writing-review & 
editing. H.C.: conceptualization, methodology, writing-review & editing. R.Y.: 
conceptualization, supervision, writing-review & editing. X.L. was involved 
in conceptualization, supervision, investigation, formal analysis, resources, 

writing-review & editing. J.Q. was involved in conceptualization, supervision, 
project administration, investigation, resources, funding acquisition, writing-
review & editing.

Funding
This work was supported by the National Key Research and Development Pro-
gram of China (No. 2021YFC2700605, 2022YFC2702901), the National Natural 
Science Foundation of China (No. 82171626, 82171632, and 82201839), and 
the Beijing Science and Technology Planning Project (No. Z191100006619085).

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Center for Reproductive Medicine, Department of Obstetrics and Gynecol-
ogy, Peking University Third Hospital, Beijing 100191, China. 2 National Clinical 
Research Center for Obstetrics and Gynecology, Peking University Third Hospi-
tal, Beijing, China. 3 Key Laboratory of Assisted Reproduction, Peking University, 
Ministry of Education, Beijing, China. 4 Beijing Key Laboratory of Reproductive 
Endocrinology and Assisted Reproductive Technology, Beijing, China. 5 Depart-
ment of Obstetrics and Gynecology, Peking University Third Hospital, Beijing, 
China. 6 National Centre for Healthcare Quality Management in Obstetrics, 
Beijing, China. 7 Beijing Advanced Innovation Center for Genomics, Peking 
University, Beijing, China. 8 Peking-Tsinghua Center for Life Sciences, Peking 
University, Beijing, China. 

Received: 20 January 2023   Accepted: 16 June 2023

References
 1. Gaberšček S, Zaletel K, Schwetz V, Pieber T, Obermayer-Pietsch B, Ler-

chbaum E. Mechanisms in endocrinology: thyroid and polycystic ovary 
syndrome. Eur J Endocrinol. 2015;172(1):R9-21. https:// doi. org/ 10. 1530/ 
eje- 14- 0295.

 2. Zeber-Lubecka N, Hennig EE. Genetic Susceptibility to Joint Occurrence 
of Polycystic Ovary Syndrome and Hashimoto’s Thyroiditis: How Far Is Our 
Understanding? Front Immunol. 2021;12:606620. https:// doi. org/ 10. 3389/ 
fimmu. 2021. 606620.

 3. Romitti M, Fabris VC, Ziegelmann PK, Maia AL, Spritzer PM. Association 
between PCOS and autoimmune thyroid disease: a systematic review 
and meta-analysis. Endocr Connect. 2018;7(11):1158–67. https:// doi. org/ 
10. 1530/ ec- 18- 0309.

 4. Garelli S, Masiero S, Plebani M, et al. High prevalence of chronic thyroiditis 
in patients with polycystic ovary syndrome. Eur J Obstet Gynecol Reprod 
Biol. 2013;169(2):248–51. https:// doi. org/ 10. 1016/j. ejogrb. 2013. 03. 003.

 5. Janssen OE, Mehlmauer N, Hahn S, Offner AH, Gärtner R. High prevalence 
of autoimmune thyroiditis in patients with polycystic ovary syndrome. Eur J 
Endocrinol. 2004;150(3):363–9. https:// doi. org/ 10. 1530/ eje.0. 15003 63.

 6. Petríková J, Lazúrová I, Yehuda S. Polycystic ovary syndrome and autoim-
munity. Eur J Intern Med. 2010;21(5):369–71. https:// doi. org/ 10. 1016/j. 
ejim. 2010. 06. 008.

 7. Zhu T, Cui J, Goodarzi MO. Polycystic Ovary Syndrome and Risk of Type 2 
Diabetes, Coronary Heart Disease, and Stroke. Diabetes. 2021;70(2):627–
37. https:// doi. org/ 10. 2337/ db20- 0800.

 8. Xu Y, Zhu H, Li W, et al. Targeting adipokines in polycystic ovary syndrome 
and related metabolic disorders: from experimental insights to clinical 
studies. Pharmacol Ther. 2022;240:108284. https:// doi. org/ 10. 1016/j. 
pharm thera. 2022. 108284.

 9. Zhang F, Teng D, Tong N, et al. Gender-Specific Associations Between 
Metabolic Disorders and Thyroid Nodules: A Cross-Sectional Population-
Based Study from China. Thyroid. 2022;32(5):571–80. https:// doi. org/ 10. 
1089/ thy. 2021. 0686.

 10. Kim HJ, Park SJ, Park HK, Byun DW, Suh K, Yoo MH. Thyroid autoimmunity 
and metabolic syndrome: a nationwide population-based study. Eur J 
Endocrinol. 2021;185(5):707–15. https:// doi. org/ 10. 1530/ eje- 21- 0634.

https://doi.org/10.1186/s13048-023-01208-z
https://doi.org/10.1186/s13048-023-01208-z
https://doi.org/10.1530/eje-14-0295
https://doi.org/10.1530/eje-14-0295
https://doi.org/10.3389/fimmu.2021.606620
https://doi.org/10.3389/fimmu.2021.606620
https://doi.org/10.1530/ec-18-0309
https://doi.org/10.1530/ec-18-0309
https://doi.org/10.1016/j.ejogrb.2013.03.003
https://doi.org/10.1530/eje.0.1500363
https://doi.org/10.1016/j.ejim.2010.06.008
https://doi.org/10.1016/j.ejim.2010.06.008
https://doi.org/10.2337/db20-0800
https://doi.org/10.1016/j.pharmthera.2022.108284
https://doi.org/10.1016/j.pharmthera.2022.108284
https://doi.org/10.1089/thy.2021.0686
https://doi.org/10.1089/thy.2021.0686
https://doi.org/10.1530/eje-21-0634


Page 11 of 12Jiang et al. Journal of Ovarian Research          (2023) 16:140  

 11. Kahles H, Fain PR, Baker P, Eisenbarth G, Badenhoop K. Genetics of 
Autoimmune Thyroiditis in Type 1 Diabetes Reveals a Novel Association 
With DPB1*0201: Data From the Type 1 Diabetes Genetics Consortium. 
Diabetes Care. 2015;38 Suppl 2(Suppl 2):S21–8. https:// doi. org/ 10. 2337/ 
dcs15- 2005.

 12. Yu Q, Wang J-B. Subclinical Hypothyroidism in PCOS: Impact on Pres-
entation, Insulin Resistance, and Cardiovascular Risk. Biomed Res Int. 
2016;2016:20162067087. https:// doi. org/ 10. 1155/ 2016/ 20670 87.

 13. Subramanian A, Lee SI, Phillips K, et al. Polycystic ovary syndrome and 
risk of adverse obstetric outcomes: a retrospective population-based 
matched cohort study in England. BMC Med. 2022;20(1):298. https:// doi. 
org/ 10. 1186/ s12916- 022- 02473-3.

 14. Korevaar TIM, Medici M, Visser TJ, Peeters RP. Thyroid disease in preg-
nancy: new insights in diagnosis and clinical management. Nat Rev 
Endocrinol. 2017;13(10):610–22. https:// doi. org/ 10. 1038/ nrendo. 2017. 93.

 15. Skrzyńska KJ, Zachurzok A, Gawlik AM. Metabolic and Hormonal Profile 
of Adolescent Girls With Polycystic Ovary Syndrome With Concomitant 
Autoimmune Thyroiditis. Front Endocrinol (Lausanne). 2021;12:708910. 
https:// doi. org/ 10. 3389/ fendo. 2021. 708910.

 16. Adamska A, Łebkowska A, Krentowska A, et al. Ovarian Reserve and 
Serum Concentration of Thyroid Peroxidase Antibodies in Euthyroid 
Women With Different Polycystic Ovary Syndrome Phenotypes. Front 
Endocrinol (Lausanne). 2020;11:440. https:// doi. org/ 10. 3389/ fendo. 2020. 
00440.

 17. Ott J, Aust S, Kurz C, et al. Elevated antithyroid peroxidase antibodies 
indicating Hashimoto’s thyroiditis are associated with the treatment 
response in infertile women with polycystic ovary syndrome. Fertil Steril. 
2010;94(7):2895–7. https:// doi. org/ 10. 1016/j. fertn stert. 2010. 05. 063.

 18. Feigl S, Obermayer-Pietsch B, Klaritsch P, et al. Impact of Thyroid Function 
on Pregnancy and Neonatal Outcome in Women with and without PCOS. 
Biomedicines. 2022;10(4). https:// doi. org/ 10. 3390/ biome dicin es100 
40750.

 19. Trouva A, Alvarsson M, Calissendorff J, Åsvold BO, Vanky E, Hirschberg 
AL. Thyroid Status During Pregnancy in Women With Polycystic Ovary 
Syndrome and the Effect of Metformin. Front Endocrinol (Lausanne). 
2022;13:772801. https:// doi. org/ 10. 3389/ fendo. 2022. 772801.

 20. Xu S, Zhang Y, Qiang C, Zhang C. Effect of TSH on oocyte maturation of 
PCOS patients with normal thyroid function in IVF. Reprod Biol Endo-
crinol. 2022;20(1):133. https:// doi. org/ 10. 1186/ s12958- 022- 01005-1.

 21. Gao H, Lu X, Huang H, Ji H, Zhang L, Su Z. Thyroid-stimulating hormone 
level is negatively associated with fertilization rate in patients with 
polycystic ovary syndrome undergoing in vitro fertilization. Int J Gynaecol 
Obstet. 2021;155(1):138–45. https:// doi. org/ 10. 1002/ ijgo. 13581.

 22. Revised 2003 consensus on diagnostic criteria and long-term health 
risks related to polycystic ovary syndrome. Fertil Steril. 2004;81(1):19–25. 
https:// doi. org/ 10. 1016/j. fertn stert. 2003. 10. 004.

 23. Committee Opinion No 700: Methods for Estimating the Due Date. 
Obstet Gynecol. 2017;129(5):e150-e154. https:// doi. org/ 10. 1097/ aog. 
00000 00000 002046.

 24. Wang H, Gao H, Chi H, et al. Effect of Levothyroxine on Miscarriage 
Among Women With Normal Thyroid Function and Thyroid Autoimmun-
ity Undergoing In Vitro Fertilization and Embryo Transfer: A Randomized 
Clinical Trial. JAMA. 2017;318(22):2190–8. https:// doi. org/ 10. 1001/ jama. 
2017. 18249.

 25. Zong X, Wang H, Yang L, et al. Maternal Pre-pregnancy Body Mass Index 
Categories and Infant Birth Outcomes: A Population-Based Study of 9 
Million Mother-Infant Pairs. Front Nutr. 2022;9:789833. https:// doi. org/ 10. 
3389/ fnut. 2022. 789833.

 26. Farland LV, Stern JE, Liu CL, et al. Polycystic ovary syndrome and risk of 
adverse pregnancy outcomes: a registry linkage study from Massachu-
setts. Hum Reprod. 2022. https:// doi. org/ 10. 1093/ humrep/ deac2 10.

 27. Greenland S. Modeling and variable selection in epidemiologic analy-
sis. Am J Public Health. 1989;79(3):340–9. https:// doi. org/ 10. 2105/ ajph. 
79.3. 340.

 28. van den Boogaard E, Vissenberg R, Land JA, et al. Significance of (sub) 
clinical thyroid dysfunction and thyroid autoimmunity before concep-
tion and in early pregnancy: a systematic review. Hum Reprod Update. 
2011;17(5):605–19. https:// doi. org/ 10. 1093/ humupd/ dmr024.

 29. van den Boogaard E, Vissenberg R, Land JA, et al. Significance of 
(sub) clinical thyroid dysfunction and thyroid autoimmunity before 

conception and in early pregnancy: a systematic review. Hum Reprod 
Update. 2016;22(4):532–3. https:// doi. org/ 10. 1093/ humupd/ dmw003.

 30. Kampouri M, Margetaki K, Koutra K, et al. Maternal mild thyroid dys-
function and offspring cognitive and motor development from infancy 
to childhood: the Rhea mother-child cohort study in Crete. Greece J 
Epidemiol Community Health. 2021;75(1):29–35. https:// doi. org/ 10. 
1136/ jech- 2019- 213309.

 31. Vissenberg R, Manders VD, Mastenbroek S, et al. Pathophysiological 
aspects of thyroid hormone disorders/thyroid peroxidase autoantibod-
ies and reproduction. Hum Reprod Update. 2015;21(3):378–87. https:// 
doi. org/ 10. 1093/ humupd/ dmv004.

 32. Geno KA, Nerenz RD. Evaluating thyroid function in pregnant women. 
Crit Rev Clin Lab Sci. 2022:1–20. https:// doi. org/ 10. 1080/ 10408 363. 
2022. 20501 82.

 33. Huang N, Chen L, Lian Y, et al. Impact of Thyroid Autoimmunity on 
In Vitro Fertilization/Intracytoplasmic Sperm Injection Outcomes and 
Fetal Weight. Front Endocrinol (Lausanne). 2021;12:698579. https:// doi. 
org/ 10. 3389/ fendo. 2021. 698579.

 34. Li Y, Shan Z, Teng W, et al. Abnormalities of maternal thyroid function 
during pregnancy affect neuropsychological development of their 
children at 25–30 months. Clin Endocrinol (Oxf ). 2010;72(6):825–9. 
https:// doi. org/ 10. 1111/j. 1365- 2265. 2009. 03743.x.

 35. Yuan N, Sun J, Li Z, Chai S, Zhang X, Ji L. Relationship between anti-
thyroid peroxidase antibody positivity and pregnancy-related and 
fetal outcomes in Euthyroid women: a single-center cohort study. 
BMC Pregnancy Childbirth. 2020;20(1):491. https:// doi. org/ 10. 1186/ 
s12884- 020- 03176-4.

 36. Korevaar TIM, Derakhshan A, Taylor PN, et al. Association of Thyroid 
Function Test Abnormalities and Thyroid Autoimmunity With Preterm 
Birth: A Systematic Review and Meta-analysis. JAMA. 2019;322(7):632–
41. https:// doi. org/ 10. 1001/ jama. 2019. 10931.

 37. De Leo S, Pearce EN. Autoimmune thyroid disease during pregnancy. 
Lancet Diabetes Endocrinol. 2018;6(7):575–86. https:// doi. org/ 10. 1016/ 
s2213- 8587(17) 30402-3.

 38. Su PY, Huang K, Hao JH, et al. Maternal thyroid function in the first 
twenty weeks of pregnancy and subsequent fetal and infant develop-
ment: a prospective population-based cohort study in China. J Clin 
Endocrinol Metab. 2011;96(10):3234–41. https:// doi. org/ 10. 1210/ jc. 
2011- 0274.

 39. Sitoris G, Veltri F, Kleynen P, et al. The Impact of Thyroid Disorders on 
Clinical Pregnancy Outcomes in a Real-World Study Setting. Thyroid. 
2020;30(1):106–15. https:// doi. org/ 10. 1089/ thy. 2019. 0199.

 40. Derakhshan A, Korevaar TIM, Taylor PN, et al. The Association of 
Maternal Thyroid Autoimmunity During Pregnancy With Child IQ. J Clin 
Endocrinol Metab. 2018;103(10):3729–36. https:// doi. org/ 10. 1210/ jc. 
2018- 00743.

 41. Männistö T, Vääräsmäki M, Pouta A, et al. Perinatal outcome of children 
born to mothers with thyroid dysfunction or antibodies: a prospective 
population-based cohort study. J Clin Endocrinol Metab. 2009;94(3):772–
9. https:// doi. org/ 10. 1210/ jc. 2008- 1520.

 42. Tong Z, Xiaowen Z, Baomin C, et al. The Effect of Subclinical Maternal 
Thyroid Dysfunction and Autoimmunity on Intrauterine Growth Restric-
tion: A Systematic Review and Meta-Analysis. Medicine (Baltimore). 
2016;95(19):e3677. https:// doi. org/ 10. 1097/ md. 00000 00000 003677.

 43. Karakosta P, Alegakis D, Georgiou V, et al. Thyroid dysfunction and 
autoantibodies in early pregnancy are associated with increased risk 
of gestational diabetes and adverse birth outcomes. J Clin Endocrinol 
Metab. 2012;97(12):4464–72. https:// doi. org/ 10. 1210/ jc. 2012- 2540.

 44. Casey BM, Dashe JS, Spong CY, McIntire DD, Leveno KJ, Cunningham GF. 
Perinatal significance of isolated maternal hypothyroxinemia identified in 
the first half of pregnancy. Obstet Gynecol. 2007;109(5):1129–35. https:// 
doi. org/ 10. 1097/ 01. Aog. 00002 62054. 03531. 24.

 45. Cleary-Goldman J, Malone FD, Lambert-Messerlian G, et al. Mater-
nal thyroid hypofunction and pregnancy outcome. Obstet Gynecol. 
2008;112(1):85–92. https:// doi. org/ 10. 1097/ AOG. 0b013 e3181 788dd7.

 46. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, Stagnaro-Green 
A. Universal screening versus case finding for detection and treatment 
of thyroid hormonal dysfunction during pregnancy. J Clin Endocrinol 
Metab. 2010;95(4):1699–707. https:// doi. org/ 10. 1210/ jc. 2009- 2009.

 47. Monteleone P, Faviana P, Artini PG. Thyroid peroxidase identified in 
human granulosa cells: another piece to the thyroid-ovary puzzle? 

https://doi.org/10.2337/dcs15-2005
https://doi.org/10.2337/dcs15-2005
https://doi.org/10.1155/2016/2067087
https://doi.org/10.1186/s12916-022-02473-3
https://doi.org/10.1186/s12916-022-02473-3
https://doi.org/10.1038/nrendo.2017.93
https://doi.org/10.3389/fendo.2021.708910
https://doi.org/10.3389/fendo.2020.00440
https://doi.org/10.3389/fendo.2020.00440
https://doi.org/10.1016/j.fertnstert.2010.05.063
https://doi.org/10.3390/biomedicines10040750
https://doi.org/10.3390/biomedicines10040750
https://doi.org/10.3389/fendo.2022.772801
https://doi.org/10.1186/s12958-022-01005-1
https://doi.org/10.1002/ijgo.13581
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1097/aog.0000000000002046
https://doi.org/10.1097/aog.0000000000002046
https://doi.org/10.1001/jama.2017.18249
https://doi.org/10.1001/jama.2017.18249
https://doi.org/10.3389/fnut.2022.789833
https://doi.org/10.3389/fnut.2022.789833
https://doi.org/10.1093/humrep/deac210
https://doi.org/10.2105/ajph.79.3.340
https://doi.org/10.2105/ajph.79.3.340
https://doi.org/10.1093/humupd/dmr024
https://doi.org/10.1093/humupd/dmw003
https://doi.org/10.1136/jech-2019-213309
https://doi.org/10.1136/jech-2019-213309
https://doi.org/10.1093/humupd/dmv004
https://doi.org/10.1093/humupd/dmv004
https://doi.org/10.1080/10408363.2022.2050182
https://doi.org/10.1080/10408363.2022.2050182
https://doi.org/10.3389/fendo.2021.698579
https://doi.org/10.3389/fendo.2021.698579
https://doi.org/10.1111/j.1365-2265.2009.03743.x
https://doi.org/10.1186/s12884-020-03176-4
https://doi.org/10.1186/s12884-020-03176-4
https://doi.org/10.1001/jama.2019.10931
https://doi.org/10.1016/s2213-8587(17)30402-3
https://doi.org/10.1016/s2213-8587(17)30402-3
https://doi.org/10.1210/jc.2011-0274
https://doi.org/10.1210/jc.2011-0274
https://doi.org/10.1089/thy.2019.0199
https://doi.org/10.1210/jc.2018-00743
https://doi.org/10.1210/jc.2018-00743
https://doi.org/10.1210/jc.2008-1520
https://doi.org/10.1097/md.0000000000003677
https://doi.org/10.1210/jc.2012-2540
https://doi.org/10.1097/01.Aog.0000262054.03531.24
https://doi.org/10.1097/01.Aog.0000262054.03531.24
https://doi.org/10.1097/AOG.0b013e3181788dd7
https://doi.org/10.1210/jc.2009-2009


Page 12 of 12Jiang et al. Journal of Ovarian Research          (2023) 16:140 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Gynecol Endocrinol. 2017;33(7):574–6. https:// doi. org/ 10. 1080/ 09513 590. 
2017. 12964 24.

 48. Mintziori G, Goulis DG. In vitro fertilization/intracytoplasmic insemination 
and thyroid function: reviewing the evidence. Metabolism. 2018;86:44–8. 
https:// doi. org/ 10. 1016/j. metab ol. 2018. 03. 021.

 49. Weetman AP. Thyroid disease in pregnancy in 2011: Thyroid function–
effects on mother and baby unraveled. Nat Rev Endocrinol. 2011;8(2):69–
70. https:// doi. org/ 10. 1038/ nrendo. 2011. 217.

 50. Weetman AP. Immunity, thyroid function and pregnancy: molecular 
mechanisms. Nat Rev Endocrinol. 2010;6(6):311–8. https:// doi. org/ 10. 
1038/ nrendo. 2010. 46.

 51. Ke H, Hu J, Zhao L, Ding L, Jiao X, Qin Y. Impact of Thyroid Autoimmun-
ity on Ovarian Reserve, Pregnancy Outcomes, and Offspring Health in 
Euthyroid Women Following In Vitro Fertilization/Intracytoplasmic Sperm 
Injection. Thyroid. 2020;30(4):588–97. https:// doi. org/ 10. 1089/ thy. 2018. 
0657.

 52. Muscogiuri G, Sorice GP, Mezza T, et al. High-normal TSH values in obesity: 
is it insulin resistance or adipose tissue’s guilt? Obesity (Silver Spring). 
2013;21(1):101–6. https:// doi. org/ 10. 1002/ oby. 20240.

 53. Hefler-Frischmuth K, Walch K, Huebl W, Baumuehlner K, Tempfer C, Hefler 
L. Serologic markers of autoimmunity in women with polycystic ovary 
syndrome. Fertil Steril. 2010;93(7):2291–4. https:// doi. org/ 10. 1016/j. fertn 
stert. 2009. 01. 056.

 54. Chen Z, Yang X, Zhang C, et al. Thyroid Function Test Abnormalities in 
Twin Pregnancies. Thyroid. 2021;31(4):572–9. https:// doi. org/ 10. 1089/ thy. 
2020. 0348.

 55. Abascal-Saiz A, Fuente-Luelmo E, Haro M, et al. Placental Compart-
mentalization of Lipid Metabolism: Implications for Singleton and Twin 
Pregnancies. Reprod Sci. 2021;28(4):1150–60. https:// doi. org/ 10. 1007/ 
s43032- 020- 00385-2.

 56. Aghajanova L, Lindeberg M, Carlsson IB, et al. Receptors for thyroid-
stimulating hormone and thyroid hormones in human ovarian tissue. 
Reprod Biomed Online. 2009;18(3):337–47. https:// doi. org/ 10. 1016/ 
s1472- 6483(10) 60091-0.

 57. Doufas AG, Mastorakos G. The hypothalamic-pituitary-thyroid axis and 
the female reproductive system. Ann N Y Acad Sci. 2000;900:65–76. 
https:// doi. org/ 10. 1111/j. 1749- 6632. 2000. tb062 17.x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/09513590.2017.1296424
https://doi.org/10.1080/09513590.2017.1296424
https://doi.org/10.1016/j.metabol.2018.03.021
https://doi.org/10.1038/nrendo.2011.217
https://doi.org/10.1038/nrendo.2010.46
https://doi.org/10.1038/nrendo.2010.46
https://doi.org/10.1089/thy.2018.0657
https://doi.org/10.1089/thy.2018.0657
https://doi.org/10.1002/oby.20240
https://doi.org/10.1016/j.fertnstert.2009.01.056
https://doi.org/10.1016/j.fertnstert.2009.01.056
https://doi.org/10.1089/thy.2020.0348
https://doi.org/10.1089/thy.2020.0348
https://doi.org/10.1007/s43032-020-00385-2
https://doi.org/10.1007/s43032-020-00385-2
https://doi.org/10.1016/s1472-6483(10)60091-0
https://doi.org/10.1016/s1472-6483(10)60091-0
https://doi.org/10.1111/j.1749-6632.2000.tb06217.x

	Maternal preconception thyroid autoimmunity is associated with neonatal birth weight conceived by PCOS women undergoing their first in vitro fertilizationintracytoplasmic sperm injection
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Material and methods
	Ethics approval
	Study population
	Ovarian stimulation and IVF procedures
	Pregnancy and neonatal follow-up
	Biochemical measures
	Statistical analysis

	Results
	Characteristics of the study population
	Thyroid function and autoimmunity indicators and neonatal birth weight
	Stratified analyses
	Sensitivity analyses

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


