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Abstract

Objective To evaluate the pregnancy and perinatal outcomes of different phenotypes of polycystic ovary syndrome
(PCOS) patients during the frozen embryo transfer (FET) cycles. Additionally, to analyze the T cell balance in the
endometrium of PCOS patients and explore its relationship with various PCOS phenotypes.

Design Retrospective cohort study.

Setting A single academically affiliated reproductive medicine center.

Patients 21,074 FET cycles were included and divided into two groups based on the diagnosis of PCOS. Patients with
PCOS were further categorized into four phenotypic groups: PCOM +HA 4+ OA, PCOM +HA, PCOM+O0A, and HA+OA.
Endometrial biopsies from 21 PCOS patients and 26 controls were obtained to analyze T cell subsets.

Methods Pregnancy and perinatal outcomes, as well as T cell subset abundance were compared between women
with and without PCOS. Multiple logistic regression models were employed to adjust for confounding factors
impacting pregnancy-related outcomes. Flow cytometry was utilized to analyze the abundance of T cell subsets.
Main outcome measures Pregnancy and perinatal outcomes were assessed. T cell subsets including CD4*CD8™T
cells, CD4~CD8™T cells, Th1,Th2, Th17 and Treg cells in the endometrium were determined by flow cytometry.
Results There was a significantly increased incidence of miscarriage, hypertensive disorders of pregnancy (HDP),
preterm birth (PTB), and even fetal malformations across different phenotypes of PCOS women, especially those

with the hyperandrogenic phenotype. Th1 cells decreased while Th2 cells increased significantly in the PCOS
endometrium.

TYaxin Guo and Jingfei Yang should be considered similar in author
order.

*Fei Li, and Lei Jin should be considered similar in author order.

*Correspondence:

Fei Li
1151877287@qg.com
LeiJin
leijintongjih@gg.com

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13048-025-01638-x&domain=pdf&date_stamp=2025-3-10

Guo et al. Journal of Ovarian Research (2025) 18:52

Page 2 of 14

Conclusions The unfavorable pregnancy and perinatal outcomes in FET cycles and T cell imbalance both suggest
the endometrial dysfunction of PCOS patients, especially those with the hyperandrogenic phenotype.

Keywords Polycystic ovary syndrome, Miscarriage, Hypertensive disorders of pregnancy, Preterm birth, T cells

Introduction

Polycystic ovary syndrome (PCOS) is a prevalent endo-
crine disorder encountered in individuals of reproduc-
tive age. This syndrome encompasses reproductive,
metabolic, and psychological aspects that can impact
the entire lifespan [1]. The diagnosis primarily relies on
identifying at least two out of three key features: oligo-
or anovulation (OA), hyperandrogenism (clinical or
biochemical, HA), and polycystic ovarian morphology
(PCOM) detected via ultrasound, after excluding alterna-
tive causes [2—4]. According to the newly published 2023
PCOS guidelines, anti-Miillerian hormone (AMH) can
now be used as an alternative to ultrasound [4]. Conse-
quently, based on their phenotypes, PCOS patients can be
further categorized into four groups: PCOM + HA + OA,
PCOM +HA, PCOM + OA, and HA + OA. The infertility
linked to the syndrome predominantly stems from oligo-
or anovulation in guidelines [5]. Consequently, treatment
strategies are mainly directed towards enhancing ovu-
latory function [5, 6]. However, emerging clinical data
highlight endometrial factors contributing to the sub-
optimal reproductive outcomes in PCOS patients with
spontaneous ovulation such as increased risk of miscar-
riage and obstetric complications [7, 8].

Despite the widespread application of frozen embryo
transfer (FET) among PCOS patients worldwide, the
majority of adverse pregnancy outcomes associated
with PCOS in assisted reproductive technology (ART)
occurred in fresh cycles [9-11]. However, patients under-
going fresh embryo transfer may be influenced by ovar-
ian stimulation factors, with a higher risk of ovarian
hyperstimulation syndrome (OHSS) for PCOS patients
[12]. Therefore, conducting a large sample clinical study
to evaluate the association between pregnancy and peri-
natal outcomes and PCOS diagnosis during FET cycles
is of vital importance, especially when comparing dif-
ferent PCOS phenotypes [13]. Although many stud-
ies extensively discuss the relationship between PCOS
and adverse pregnancy outcomes, few studies take into
account the heterogeneity of PCOS phenotypes, focusing
on pathophysiological analysis specific to each phenotype
[9,11, 13].

Combining the elevated rates of adverse pregnancy
outcomes observed in PCOS patients in this study with
both indirect and direct evidence from previous research
[7, 8, 14], it is suggested that endometrial receptivity
in PCOS patients may be compromised. Endometrial
immune balance is a key factor affecting receptivity [15].
Although the association of the syndrome with systemic

and local low-grade inflammation is well known [16, 17],
information on the immune characteristics of the endo-
metrium in women affected by PCOS is relatively scarce.
Some data indicate altered levels of macrophages and
natural killer (NK) cells in the endometrium of PCOS
patients [18, 19]. Despite the critical role of T lympho-
cytes in all adaptive immune responses, few studies have
focused on T-cell subsets within the PCOS population.
Hence a comprehensive analysis of T cells in PCOS endo-
metrium was undertaken after finding poor pregnancy
and perinatal outcomes in the PCOS population.

Here, we evaluate pregnancy and perinatal outcomes
between different phenotypes of PCOS patients and non-
PCOS patients during FET cycles. Specifically, T cells in
the PCOS endometrium are analyzed to partially explain
the unfavorable pregnancy outcomes observed in women
with PCOS.

Materials and methods

Patients

In this retrospective cohort study, we analyzed 21,074
FET cycles undergoing oocyte aspiration from 2015
to 2020 and undergoing FET from 2016 to 2020 at the
Reproductive Medical Center of Tongji Hospital. Patients
were divided into two groups based on whether or not be
diagnosed with PCOS [2—4]. PCOS patients were further
categorized into four groups based on their phenotypes:
PCOM+HA+OA, PCOM+HA, PCOM+OA, and
HA + OA. None of the participants received a diagnosis
of congenital adrenal hyperplasia, Cushing’s syndrome,
or tumors that secrete androgens. Patients with diagno-
ses of thyroid dysfunction or chromosomal abnormali-
ties were ruled out. The FET cycles with embryos derived
from donated oocytes were also excluded (Fig. 1). Indi-
viduals who were subjected to preimplantation genetic
diagnosis (PGD) or preimplantation genetic screening
(PGS) were also not included in the study (Fig. 1).

6732 singleton live births were selected to analyze peri-
natal outcomes. Only singleton live births with one initial
gestational sac and one initial heart rate on ultrasound
were screened for analysis. Patients with diagnoses of
type 2 diabetes mellitus or hypertension were ruled out.
Only infants with a gestational age >28 weeks were used
for the final analysis (Fig. 1). The procedures for ovulation
induction, in vitro fertilization (IVF)/intracytoplasmic
sperm injection (ICSI), embryo culture, cryopreserva-
tion, thawing, and embryo transfer adhered to standard
protocols as outlined in previous literature [7—10].



Guo et al. Journal of Ovarian Research (2025) 18:52

22575 FET cycles

\ 4
21074 FET cycles

l

Control (n=19172)

|

5994 singleton live births

Fig. 1 Data selection process

This investigation received ethical approval from the
Institutional Review Board of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology (No. TJ-IRB20210831). The retrospective
data used in this study were anonymized, and therefore,
the requirement for informed consent was waived by the
Institutional Review Board of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology [20-22].

Outcome variables

The study encompassed both pregnancy and prenatal
outcomes, with live birth defined as the successful deliv-
ery of at least one viable infant. A clinical pregnancy was
confirmed by ultrasound evidence of one or more gesta-
tional sacs exhibiting fetal heart activity. A biochemical
pregnancy loss was characterized by a positive pregnancy
test that did not progress to a clinical pregnancy. Miscar-
riage was categorized as the spontaneous loss following
the sonographic detection of an intrauterine gestational
sac. An ectopic pregnancy was described as a gestation
occurring outside the uterine cavity.

The gestational age was determined by adding 17 days
for cleavage-stage embryo transfer and 19 days for blas-
tocyst transfer from the frozen-thawed embryo trans-
fer date. Preterm birth (PTB) is defined by the World
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118 cancelled cycles

423 PGD/PGS
133 Donor carrier

424 chromosomal abnormalities
336 diagnoses of thyroid dysfunction or congenital adrenal
hyperplasia
l PCOM + HA + OA (n=1166):

PCOM + HA (n=157):
PCOM + OA (n=499):
HA + OA (n=21):
Lost to follow-up (n=39)

PCOS (n=1902)

PCOM + HA + OA (n=452).
PCOM + HA (n=50);
PCOM + OA (n=206):
HA + OA (n=9);

Lost to follow-up (n=21)

738 singleton live births

Health Organization as delivery before 37 weeks of gesta-
tion, while a gestational age of less than 32 weeks is cat-
egorized as very preterm birth (VPTB). Low birth weight
(LBW) was considered as a birth weight under 2500 g,
while macrosomia was defined as exceeding 4000 g. Birth
weight of fewer than 1500 g was recognized as very low
birth weight (VLBW). Small for gestational age (SGA)
was defined as a birthweight below the 10th percentile,
whereas large for gestational age (LGA) was above the
90th percentile based on reference standards for Chinese
populations, adjusted for sex and gestational age [23].
Birth weight<3rd percentile of reference standard birth
weight for gestational age was recognized as very small
size for gestational age (VSGA). Information regarding
all abnormal perinatal outcomes was collected via tele-
phone follow-ups and subsequently entered into the elec-
tronic database. Furthermore, pregnancy complications
in the analysis also included gestational diabetes mellitus
(GDM), hypertensive disorders of pregnancy (HDP), and
fetal malformation.

Human tissue collection and flow cytometry

All procedures involving human endometrium were
conducted following the Institutional Review Board
(IRB) guidelines for Tongji Hospital, Tongji Medical Col-
lege, Huazhong University of Science and Technology.
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Endometrial biopsies were obtained from women
aged <40 years with regular menstrual cycles, normal
body mass index, normal karyotype, and negative sero-
logical tests for human immunodeficiency virus, hepa-
titis B virus, hepatitis C virus, and syphilis. Informed
written consent was obtained from each donor before
an endometrial biopsy was performed. The patient vis-
ited the reproductive center on the second day after her
menstrual period ended to have her vaginal discharge
tested. After receiving normal results on the same day,
she will schedule a hysteroscopy and undergo the pro-
cedure as soon as possible. As a result, the hysteroscopy
and endometrial biopsy were typically performed in the
proliferative phase of the menstrual cycle. The endome-
trial phase was confirmed by histopathological examina-
tion results. Women with the following conditions were
excluded from tissue collection: recent contraception
(hormonal contraceptives in the past 3 months), uterine
pathology (endometriosis, leiomyoma or adenomyosis;
bacterial, fungal, or viral infection). For the endometrial
biopsy, we used a small curette to carefully explore the
uterine cavity’s depth, gently scraping the anterior and
posterior walls, as well as the lateral walls and the cav-
ity’s base. Endometrial biopsies from 21 PCOS patients
and 25 controls were obtained and washed with cold
phosphate-buffered saline (PBS) after being collected.
After thoroughly rinsing the blood from the endometrial
biopsy tissue, collagenase type IV was used to digest the
tissue in a 37 °C water bath with gentle agitation. Fol-
lowing red blood cell lysis (Solarbio, China), we passed
the resulting solution through a 30 um filter to obtain a
single-cell suspension for flow cytometric analysis. The
cell surface of isolated immune cells was stained with
appropriate fluorescently labeled conjugated monoclo-
nal antibodies (mAb) for 20 min, away from light. T cell
subsets including CD4*CD8™ T cells, CD4 CD8* T cells,
Th1, Th2, Th17, and Treg cells in the endometrium were
determined by flow cytometry according to the manufac-
turer’s protocol. The panel comprised monoclonal anti-
bodies (mAbs) CD3-FITC, CD25-PE, CXCR3-PE-Cy7,
CCR6-BV650, CD45-PerCP, CD4-APC, CCR4-BV421,
CD127-BV510 for staining (Supplementary Table 5) and
8-color flow cytometric analysis. All antibodies used in
this study were sourced from BD Biosciences, and results
were obtained using the BD LSRFortessa. The data were
analyzed with Flow]Jo software (TreeStar, USA).

Statistical analysis

SPSS 23.0 software (SPSS Inc., Chicago, IL, USA) was
used for data analysis in this study. The normality of
distribution for all continuous variables was evaluated
using the Kolmogorov-Smirnov test and none of them
were found normally distributed, therefore continuous
variables were presented as the median and interquartile
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range. Categorical data were expressed as frequency and
percentage. Continuous variables, including baseline
data, pregnancy outcomes, and T cell subgroup propor-
tions, were analyzed using the Mann-Whitney U test.
Categorical variables were assessed using the chi-squared
test or Fisher’s exact test, as appropriate. To exclude the
influence of confounding variables, multiple logistic
regression was implemented. P<0.05 was considered sta-
tistically significant.

Results

Pregnancy outcomes between controls and the four
phenotypic groups of PCOS patients

Based on the diagnosis of PCOS, the 21,074 FET cycles
were divided into 19,172 patients in the control group
and 1,902 patients in the PCOS group. We first compared
the clinical pregnancy outcomes of the overall PCOS
group with those of the control group. General charac-
teristics and clinical pregnancy outcomes of patients
with and without PCOS were summarized in Supple-
mentary Table 1. Significant differences were found in
live birth rate (LBR), clinical pregnancy rate (CPR), and
miscarriage rate (MR) between patients with and without
PCOS. However, the biochemical pregnancy rate (BPR),
and ectopic pregnancy rate (EPR) were similar in the
two groups. To address potential confounders, binomial
logistic regression analysis used maternal age at FET, No.
and type of embryos transferred, duration and diagnosis
of infertility as independent variables were performed.
Supplementary Table 2 showed that LBR (aOR=1.221;
95%Cl, 1.104—1.349; P<0.001), CPR (aOR = 1.349; 95%CI,
1.214-1.498; P<0.001) and MR (aOR=1.189; 95%CI,
1.020-1.385; P=0.027) were associated with diagnosis of
PCOS after adjustment.

Next, we compared the four PCOS subgroups with the
control group. The general characteristics between con-
trols and the four phenotypic groups of PCOS patients
are detailed in Table 1. Imbalances in some factors were
to be expected, including body mass index (BMI), FSH,
AMH, AFC, ovarian stimulation protocols, duration of
stimulation, No. of oocytes retrieved, No. of MII oocytes,
and the number of 2PN. These are all reasonably pre-
dictable from the disease characteristics of PCOS. The
normal fertilization rate was significantly lower in the
PCOM +HA + OA and PCOM + OA groups, as compared
to the control group (Table 1). Additionally, the total
number of surviving embryos to the number of embryos
thawed ratio showed significant declines across the four
PCOS phenotype groups, reflecting impaired oocyte
and embryo quality in patients with PCOS (Table 1).In
addition, several factors contributing to the imbalance
between the two groups need to be considered, includ-
ing maternal age at oocyte retrieval and FET, duration of
infertility, infertility diagnosis, type of fertilization, type
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Table 1 General characteristics of control and four phenotypes of PCOS patients
Variable Control PCOS (n=1902)
(n=19172) pCOM+HA+OA P PCOM+HA(n=157) P PCOM+O0A(n=499) P HA+OA P
(n=1166) value value value (n=21) value
Maternal age atoo- 320 (290,  280(260,31.0) <001  280(27.0,300) <001 290(27.0,31.0) <001™ 290  0015"
cyte retrieval, years 36.0) (26.0,
33.0)
Body mass index, 214(197,  229(207,254) <001 225(200,25.1) <001" 22.1(202,243) <001™ 235  0003"
kg/m? 234) @11,
26.7)
Baseline FSH, mIU/  7.5(64,89) 64 (5.5,74) <001 62(54,7.0) <001 63(53,75) <001 7463, 0917
mL 9.1)
Antral follicle count ~ 11.0 (6.0, 240(23.0,27.0) 00007 24.0(220,25.5) <001 24.0(22.0,24.0) <001 130 0018”7
(AFQ) 16.0) (1.0,
17.0)
AMH level, ng/ml 3.5(1.7,60) 12.7(9.0,17.3) 0000""  10.7(8.1,15.0) <001 100 (656,143) <001 7335, <001
10.3)
Duration of infertility, 3.0(2.0,40) 3.0(20,5.0) <001 3.0(0,50 0084 3.0(20,40) 0015 30018, 0927
years 5.0)
Infertility diagnosis <001% 0.042” <0017 05117
Primary infertility, 11,132 831 (71.3%) 104 (66.2%) 369 (73.9%) 14
n (%) (58.2%) (66.7%)
Secondary infertility, 8004 335(28.7%) 53(33.8%) 130 (26.1%) 7 (33.3%)
n (%) (41.8%)
Ovarian stimulation <001%" <001%" <0012 0229
protocols, n (%)
Long GnRH-a 4088 249 (21.4%) 54 (34.4%) 77 (15.4%) 4(19.0%)
(21.3%)
GnRH-a ultra-long 5867 613 (52.6%) 76 (48.4%) 264 (52.9%) 11
(30.6%) (52.4%)
GnRH antagonist 4972 277 (23.8%) 25 (15.9%) 148 (29.7%) 3(14.3%)
(25.9%)
Other protocols 4245 27 (2.3%) 2 (1.3%) 10 (2.0%) 3(14.3%)
(22.1%)
Duration of stimula-  10.0 (9.0, 10.0 (9.0,12.0) <001 100(90,11.0) 0.003" 10.0(9.0,12.0) <001™ 110 0010"
tion, days 11.0) (10.0,
12.5)
No. of oocytes 12.0(70, 180(13.0,240) <001 21.0(145,260) <001 19.0(140,24.0) <001™ 130  0.46'
retrieved 18.0) (100,
18.5)
No. of MIl oocytes 10.0 (6.0, 160(12.0,21.0) <001 180(13.0,23.0) <001 16.0(12.0,21.0) <001 12095, 0071
15.0) 16.0)
Oocyte maturation  0.9(0.8,1.0)  0.9(0.8,1.0) 0006"  09(08,1.0) 0.126'  09(08,1.0) 0.112! 1.0(08, 0281
rate 1.0)
Fertilization, n (%) 0.007>" 0.028”" 0.147% 0315°
IVF 12,765 811 (69.6%) 120 (76.4%) 333 (66.7%) 12
(66.7%) (57.1%)
ICSI 5511 290 (24.9%) 30 (19.1%) 135 (27.1%) 7 (33.3%)
(28.8%)
Rescue ICS! 854 (45%) 64 (5.5%) 7 (4.5%) 31 (6.2%) 2 (9.5%)
The number of 2PN 7.0 (4.0, 11.0 (8.0, 15.0) <001 13.0(80,17.0) <001 11.0(7.0,15.0) <001 90(60, 0.176'
11.0) 11.0)
Normal fertilization 0.7 (0.5,0.8) 0.6 (0.5,0.8) 0.003"  0.7(05,0.8) 0831 06(05,08) 0016" 0705, 0937
rate 0.8)
Maternal age at FET, 320 (290, 29.0(27.0,320) <001 29.0(27.0,31.0) <001 29.0(27.0,320) <001™ 290  0016"
years 36.0) (26.5,
335)
Interval between FET 94.0 (61.0,  96.0 (64.0,201.0) 0.098'  106.0 (68.0, 233.0) 0.022" 960 (62.0, 194.0) 0726' 1200 0217
and IVF/ICSI, days 191.0) (71.0,

307.0)
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Table 1 (continued)
Variable Control PCOS (n=1902)

(n=19172) pCOM+HA+OA P PCOM+HA(n=157) P PCOM+OA(n=499) P HA+OA P

(n=1166) value value value (n=21) value

No. of embryos 0.002* <001% 0.142? 0.344°
thawed
1 11,153 645 (55.3%) 64 (40.8%) 278 (55.7%) 12

(58.2%) (57.1%)
2 7758 516 (44.3%) 93 (59.2%) 2118 (43.7%) 8 (38.1%)

(40.5%)
>3 261 (14%)  5(04%) 0 (0.0%) 3(0.6%) 1 (4.8%)
No. of surviving 0.025* <001* 01773 0.859°
embryos
1 11,257 650 (55.7%) 65 (41.4%) 283 (56.7%) 12

(58.7%) (57.1%)
2 7739 514 (44.1%) 92 (58.6%) 216 (43.3%) 9 (42.9%)

(40.4%)
3 161 (0.8%) 2 (0.2%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Total no. of surviving  36.2 (320,  32.1(29.0,36.6) <001 33.0(29.9,37.0) <001 325(295,37.1) <001" 340 0.023"
embryos/no. of 42.0) (27.5,
embryos thawed 36.7)
No. of embryos 0.248° 0.002%" 0.7513 1.000%
transferred, n (%)
1 11,836 691 (59.3%) 74 (47.1%) 304 (60.9%) 13

(61.7%) (61.9%)
2 7327 475 (40.7%) 83 (52.9%) 195 (39.1%) 8(38.1%)

(38.2%)
Type of embryos <0017 <0017 <001% 04707
transferred, n (%)
Cleavage embryo 5340 109 (9.4%) 19 (12.1%) 46 (9.2%) 4 (19.0%)

(27.9%)
Blastocyst 13,827 1055 (90.6%) 138 (87.9%) 452 (90.8%) 17

(72.1%) (81.0%)
Endometrial thick- 9.1 (84, 9.2(84,102) 0.089' 9.2(84,102) 0574 9.1(85,99) 0747"  86(78, 0.160
ness, mm 10.0) 9.9)
Luteal phase sup- 0021% <001% 0.1073 03113
port, n (%)
Intramuscular 2668 163 (14.0%) 43 (27.4%) 78 (15.6%) 6 (28.6%)
injection and oral (13.9%)
administration
Vaginal gel admin- 8220 512 (43.9%) 65 (41.4%) 198 (39.7%) 7 (33.3%)
istration and oral (42.9%)
administration
Vaginal suppository 8092 490 (42.0%) 49 (31.2%) 222 (44.5%) 8 (38.1%)
administration and (42.2%)
oral administration
Others 189 (1.0%) 1(0.1%) 0 (0.0%) 1(0.2%) 0 (0.0%)

'Mann-Whitney U tests; 2Chi-Square p-value; >Fisher Exact p-value. Continuous data are reported as the median (quartiles). Categorical data are reported as n (%).
PCOS = polycystic ovary syndrome. "P<0.05

of embryo transferred, and luteal phase support. These
factors were adjusted for as confounders in the subse-
quent multivariate logistic regression analysis. Due to
the small sample sizes of the PCOM + HA and HA + OA
groups, we only included the other two groups in the
multiple logistic regression analysis.

As shown in Table 2, both LBR and CPR increased
across all four PCOS subgroups. The increase in LBR in
the HA + OA group, however, did not reach statistical

significance, likely due to the small sample size. In con-
trast, significant increases in LBR and CPR were observed
in the other PCOS subgroups (P<0.05). After adjusting
for confounding factors via multivariate logistic regres-
sion, the increases in LBR and CPR remained signifi-
cant in the PCOM + HA + OA and PCOM + OA groups
(Table 3). Regarding MR, only the PCOM +HA group
showed rates similar to the control group, while the rates
increased in the other groups. Notably, the PCOM + OA
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Table 2 Clinical pregnancy outcomes of control and four phenotypes of PCOS patients
Variable Control PCOS (n=1902)

(n=19172) pCcOM+HA+OA P PCOM+HA(n=157) P PCOM+O0A(n=499) P HA+OA P

(n=1166) value value value (n=21) value

Live birth, n (%) 7636 636 (54.5%) <001" 83 (52.9%) 0.001" 299 (59.9%) <001 1 0251

(40.1%) (52.4%)
Clinical pregnancy, 9530 765 (65.6%) <001 97 (61.8%) 0.003" 363 (72.7%) <001" 15 0.047"
n (%) (49.7%) (71.4%)
Miscarriage, n (%) 1844 (9.6%) 129 (11.1%) 0.105" 14 (8.9%) 0.767" 64 (12.8%) 0017" 4(19.0%) 0.137%
Ectopic pregnancy, 107 (1.1%) 6 (1.5%) 0472"  0(0.0%) 1? 1(0.7%) 12 0(0.0%) 17
n (%)
Biochemical preg- 1235 (64%) 89 (7.6%) 0.109" 12 (7.6%) 0542 27 (5.4%) 0354"  0(0.0%) 0643°
nancy, n (%)
'Chi-Square p-value; 2Fisher Exact p-value. Categorical data are reported as n (%). PCOS = polycystic ovary syndrome. "P<0.05
Table 3 Odds ratios and adjusted odds ratios of pregnancy outcomes

Control vs. (PCOM +HA + OA) Control vs. (PCOM +OA)
OR (95% CI) aOR (95% Cl) P(a) value OR (95% Cl) aOR (95% Cl) P(a) value

Live Birth 1.793 (1.592, 2.020) 1.157(1.022,1.309)  0.021* 2.234(1.864, 2.678) 1509 (1.251,1.820)  <0.001*
Clinical pregnancy 1.930 (1.705, 2.185) 1246 (1.095,1418)  <0.001% 2.700 (2.213,3.295) 1.824(1486,2.239)  <0.001*
Miscarriage 1.169 (0.967, 1.412) 1.133(0.934,1.375)  0.205 1.383 (1.059, 1.805) 1328(1.013,1.740)  0.040*
Ectopic pregnancy 1354(0.591,3.100)  0.945 (0405,2202)  0.896 0660 (0.091,4.764)  0.512(0.070,3.744) 0510
Biochemical pregnancy  1.200 (0.960, 1.501) 1.094 (0.871,1.374) 0441 0.831(0.561,1.230)  0.740(0499,1.099)  0.135

Odds ratios (ORs) and 95% confidence intervals (Cls) are based on the univariate analysis. Adjusted odds ratios (aORs), 95% Cls and adjusted P value are based on the
multiple logistic regression model for each outcome in the two groups, adjusted for maternal age at FET, duration of infertility, type of embryos transferred, ovarian

stimulation protocols, fertilization. P(a) =adjusted P value. *P(a) < 0.05

group exhibited a statistically significant difference
(P<0.05) (Table 2). After adjusting for confounding fac-
tors, this statistical difference persisted (aOR =1.328; 95%
CI: 1.013-1.740) (Table 3). However, BPR and EPR were
similar between the control group and the four PCOS
phenotype groups (Tables 2 and 3).

Singleton perinatal outcomes between controls and the
four phenotypic groups of PCOS patients

A total of 6,732 FET cycles were screened for evaluation
of obstetric complications and adverse birth outcomes,
with 738 singleton live births from patients with PCOS
and 5,994 singleton live births from patients without
PCOS. Initially, the obstetric outcomes between the over-
all PCOS group and the control group were compared
(Supplementary Table 3). The results revealed that ges-
tational age, delivery mode, birth weight, and fetal gen-
der were consistent between the two groups (P>0.05).
No statistically significant differences were observed in
abnormal perinatal outcomes between the two groups,
except for hypertensive disorders in pregnancy (HDP),
where a significant difference was found (P<0.001). To
eliminate the influence of confounding factors, multivari-
ate logistic regression was performed for each outcome,
adjusting for maternal age at FET, duration of infertil-
ity, infertility diagnosis, type of fertilization, and num-
ber and type of embryos transferred. After adjusting for
these factors, only preterm birth (PTB) (aOR=1.358;
95% CI, 1.004-1.836) and HDP (aOR=1.684; 95% CI,

1.175-2.413) were found to be significantly associated
with PCOS (Supplementary Table 4).

Next, we further categorized PCOS patients into four
subgroups based on phenotypic characteristics to ana-
lyze the relationship between phenotypic heterogeneity
and obstetric as well as fetal outcomes. Interestingly, the
incidence of PTB and GDM was similar between the con-
trol group and the PCOM + OA group (P> 0.05) (Table 4).
However, in the other three subgroups, the incidence of
PTB and GDM increased. Despite having only 50 cycles,
the PCOM + HA group exhibited statistically significantly
higher incidence rates of PTB (P=0.034) and GDM
(P=0.024), along with significantly reduced gestational
age (P=0.005) (Table 4), prompting us to consider the
potential impact of elevated androgen levels. Regard-
ing HDP, the prevalence was elevated across all four
PCOS subgroups, but statistical significance (P<0.05)
was only observed in three of the groups, excluding the
PCOM +HA + OA group (Table 4). Additionally, the inci-
dence of fetal malformations was significantly higher in
the PCOM + HA + OA group (P=0.022) (Table 4).

After adjusting for confounding factors through mul-
tivariate logistic regression, we found that the inci-
dence of PTB (aOR=1.680; 95% CI, 1.127-2.504),
HDP (aOR=1.961; 95% CI, 1.175-3.273), and GDM
(aOR=1.720; 95% CI, 1.094-2.705) was associated
with the PCOM+HA +OA phenotype, whereas the
PCOM +OA phenotype was only associated with HDP
(aOR=2.583; 95% CI, 1.390-4.802) (Table 5). This
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Table 4 Perinatal outcomes of control and four phenotypes of PCOS patients giving birth to singletons after the frozen-thawed
embryo transfers

Variable Women Women with PCOS (n=717)
without
PCOS
(n=5994)
PCOM+HA+OA P PCOM+HA(n=50) P PCOM+OA(n=206) P HA+OA P
(n=452) value value value (n=9) value

Gestational age, 39.0 (38.1, 39.0(380,396)  0451' 386(37.4,39.0) 0.005" 39.0(383,39.7) 0.145" 387(380, 0.603'

weeks 39.6) 39.5)

Birth weight, g 3350.0 33500 (31000,  0.988' 3300.0 (3000.0, 0.594"  3440.0 (31000, 0063"  3600.0 0.500'

(31000, 3650.0) 3663.0) 3750.0) (2950.0,
3650.0) 3950.0)

Delivery mode 0.397° 0488’ 0.763? 13
Natural labor 800 (13.3%) 54 (11.9%) 5(10.0%) 29 (14.1%) 1(11.1%)
Cesarean delivery 5193 (86.7%) 398 (88.1%) 45 (90.0%) 177 (85.9%) 8 (88.9%)

Gender 03767 0.485? 0.346° 05273
Male 3292 (54.9%) 258 (57.1%) 25 (50.09%) 120 (58.3%) 6 (66.7%)

Female 2701 (45.1%) 194 (42.9%) 25 (50.0%) 86 (41.7%) 3(33.3%)

Abnormal perinatal

outcomes
VPTB 45 (0.8%) 4(0.9%) 0775 0(0.0%) 13 1(0.5%) 13 0 (0.0%) 13
PTB 497 (8.3%) 44 (9.7%) 0.288%  9(18.0%) 0.034% 14 (6.8%) 04427 1(11.1%) 05423
VLBW 27 (0.5%) 2 (0.4%) 13 0 (0.0%) 13 1(0.5%) 0611° 0(00%) 1°
LBW 260 (4.3%) 20 (4.4%) 0916 1 (2.0%) 0.724°  6(2.9%) 0326° 1(11.1%) 0.330°
Macrosomia 375 (6.3%) 35 (7.7%) 02032 1 (2.0%) 0371 18(8.7%) 01452 1(11.1%) 04423

(>4000 g)

VSGA 115 (1.9%) 9 (2.0%) 0.906% 1 (2.0%) 0622°  4(1.9%) 0.799°  0(0.0%) 13
SGA 207 (3.5%) 9 (4.2%) 0.395%  1(2.0%) 13 8 (3.9%) 0732 0(00%)  1°
LGA 951 (15.9%) 75 (16.6%) 0662°  8(16.0%) 09822 40 (19.4%) 0.164% 4 (444%) 0.041%
HDP 234 (3.9%) 25 (5.5%) 0.089° 8 (16.0%) <001%" 14 (6.8%) 00377 2(222%) 0.046>
GDM 343 (5.7%) 33 (7.3%) 01677 7 (14.0%) 0.024>  8(3.9%) 02617 1(11.1%) 04123
Fetal 62 (1.0%) 10 (2.2%) 00227 1 (2.0%) 0409° 1(0.5%) 0724> 1(11.1%) 00913

malformation

'Mann-Whitney U tests; 2Chi-Square p-value; >Fisher Exact p-value. Continuous data are reported as the median (quartiles). Categorical data are reported as n (%).
PCOS = polycystic ovary syndrome. "P<0.05

Table 5 Odds ratios and adjusted odds ratios of abnormal perinatal outcomes
Controls vs. (PCOM +HA + OA)

Controls vs. (PCOM + OA)

OR (95% Cl) aOR (95% Cl) P(a)value  OR(95% Cl) aOR (95% CI) P(a) value
VPTB 1.180 (0.422-3.295) 1.060 (0.280-4.023) 0.931 0.645 (0.088-4.699) 0.858 (0.110-6.727) 0.884
PTB 1.192 (0.862-1.649) 1.680 (1.127-2.504) 0.011* 0.806 (0.465-1.397) 1.057 (0.573-1.951) 0.859
VLBW 0.986 (0.234-4.160) 2.143 (0.403-11.409) 0371 1.083 (0.146-8.007) 1.994 (0.244-16.307) 0.520
LBW 1.025 (0.644-1.633) 1.145 (0.647-2.027) 0.641 0.665 (0.292-1.511) 4(0.391-2.137) 0.836
Macrosomia (=4000 g) 1.263(0.881-1.811) 1.047 (0.675-1.622) 0.839 1.442 (0.879-2.365) 1.301 (0.742-2.283) 0.358
VSGA 1.042 (0.525-2.068) 0.878 (0.386-1.998) 0.757 1.016 (0.371-2.781) 7(0.390-3.201) 0.837
SGA 1.231(0.762-1.989) 1.512(0.853-2.683) 0.157 1.134(0.552-2.330) 1.060 (0.450-2.495) 0.894
LGA 1.059 (0.819-1.370) 0.915 (0.675-1.239) 0.564 1.284 (0.903-1.826) 1.223 (0.827-1.808) 0314
HDP 1441 (0.943-2.202) 1.961 (1.175-3.273) 0.010* 1.795 (1.027-3.136) 2.583(1.390-4.802) 0.003*
GDM 1.298 (0.896-1.880) 1.720 (1.094-2.705) 0.019* 0.666 (0.326-1.361) 0.870(0.396-1.910) 0.728
Fetal malformation 2.165 (1.102-4.251) 1.327 (0.550-3.203) 0529 0467 (0.064-3.382) 0.391 (0.052-2.949) 0.362

Odds ratios (ORs) and 95% confidence intervals (Cls) are based on the univariate analysis. Adjusted odds ratios (@ORs), 95% Cls and adjusted P value are based on the
multiple logistic regression model for each outcome in the two groups, adjusted for maternal age at FET, duration of infertility, infertility diagnosis, fertilization, type
of embryos transferred, ovarian stimulation protocols, maternal age at oocyte retrieval, AMH level. P(a) =adjusted P value. *P(a) < 0.05
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Fig. 2 (See legend on next page.)

Endometrial T cell profiles of PCOS patients and controls

Considering that the diagnosis of PCOS was indepen-
dently associated with an increased risk of pregnancy
complications, the study went further to explore the

discrepancy may be due to differences in sample size or
androgen levels.
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Fig. 2 Comparison of T cell subsets in PCOS endometrium and normal endometrium by flow cytometry. (A) Pseudocolor plots showing the gating
strategy for CD4*CD8™ T cells, CD4™CD8* T cells, Th1,Th2, Th17, and Treg cells. Single cells were gated to eliminate debris and clumped cells. The exclusion
of CD45-negative cells was followed by the identification of lymphocytes. After CD3*T cells were identified, CD4*CD8™ T cells and CD4 CD8* T cells were
examined. CD4* CD8™ T cells were selected, and Treg, Th1, Th2, and Th17 cells were identified successively. Values inside the plots represent the percent-
ages from the parent gate. SSC-A: side scatter area, FSC-A: forward scatter area, FSC-H: forward scatter height. (B) Comparison of CD4*CD8™ T cells and
CD47CD8* T cells in PCOS endometrium and normal endometrium. (C) Comparison of Th1 and Th2 cells in PCOS endometrium and normal endometri-
um. (D) Comparison of Th17 and Treg cells in PCOS endometrium and normal endometrium. (E) Comparison of IFNG and TNF in PCOS endometrium and
normal endometrium (F) Comparison of CD4+CD8-T cells and CD4-CD8 +T cells in the endometrium of controls and the four phenotypic subgroups of
PCOS patients. (G) Comparison of Th1 and Th2 cells in the endometrium of controls and the four phenotypic subgroups of PCOS patients. (H) Comparison

of Th17 and Treg cells in the endometrium of controls and the four phenotypic subgroups of PCOS patients. (*¥) P <0.05 by Mann-Whitney U test

endometrial T-cell profiles of patients with and without
PCOS (Fig. 2A). Thl cells in PCOS endometrium were
significantly lower and Th2 cells were significantly higher
compared with controls by flow cytometry (P<0.05)
(Fig. 2C). However, CD4*CD8" T cells, CD4 CD8* T
cells, Th17, and Treg cells were not statistically differ-
ent between the two groups (P>0.05) (Fig. 2B, D). To
further validate the changes in T cell subsets, we down-
loaded RNA sequencing data from databases to analyze
the expression of TNF and IFNG [24]. Both of these Th1l
cytokines were found to be decreased in the pre-recep-
tive phase of PCOS endometrium (Fig. 2E).

To further investigate the relationship between PCOS
phenotypes and T-cell subsets, we categorized 21 PCOS
patients based on phenotypic heterogeneity into three
groups: PCOM + HA + OA (9 patients), PCOM + OA (10
patients), and PCOM + HA (2 patients). Due to the small
sample size of the PCOM+HA group, we compared
the T-cell subsets between the other two phenotypic
groups and controls, as shown in Fig. 2F, G, H. Both the
PCOM +HA + OA and PCOM +OA groups exhibited a
trend of reduced Thl cells and elevated Th2 cells, con-
sistent with the overall PCOS population. However, only
the PCOM + OA group showed a statistically significant
increase in Th2 cells (P<0.05) (Fig. 2G).

Discussion

This study highlights a significant increase in the inci-
dence of miscarriage, HDP, PTB, GDM, and even fetal
malformations across different phenotypes of PCOS
women, especially those with the hyperandrogenic phe-
notype. Moreover, we observed a trend toward dys-
regulated T-cell profiles in the endometrium of PCOS
patients, which may contribute to these unfavorable
pregnancy outcomes. Notably, this is the first study to
investigate differences in T-cell subsets between PCOS
patients and controls, offering new insights into the
potential immunological mechanisms underlying these
complications.

Some studies have reported an increased MR in women
with PCOS undergoing FET cycles A previous retrospec-
tive study showed that the PCOS group had an increased
risk of miscarriage (P<0.001) during the FET cycles but
only the women who conceived singleton were selected

[25]. A recent study believed that PCOS is an indepen-
dent risk factor for late miscarriage in patients who
conceived following a single-thawed blastocyst transfer
[26]. Our results align with these findings and further
explore the association between different PCOS pheno-
types and MR. Except for the PCOM + HA group, where
rates were similar to the control group due to the small
sample size, MR increased in the other PCOS subgroups.
This increased miscarriage risk in PCOS patients may be
attributed to factors such as insulin resistance, hyperan-
drogenism, obesity, impaired oocyte quality, and endo-
metrial abnormalities [26].

As reported in prior studies, miscarriage serves as an
early risk indicator for obstetric complications [27]. In
line with this, our study found poor perinatal outcomes in
PCOS patients. A recent study showed an elevated risk of
PTB among PCOS women [28]. However, another study
declared that PCOS women had a higher risk of some
pregnancy complications, such as gestational diabetes
mellitus (GDM) and pregnancy-induced hypertension
(PIH), but not included VPTB after FET cycles [29]. In
the current study, we observed the elevated odds of mis-
carriage, HDP, PTB, GDM, and even fetal malformations
in different subgroups of PCOS patients. Although PCOS
people can produce more eggs and thus more embryos
[30], it is vital to note that there is still an increased MR
and severe pregnancy complications after the transfer of
the best embryos from such a large number of embryos.

HDP is one of the leading causes of pregnancy-related
maternal and fetal morbidity and mortality worldwide
[31]. In addition to traditional cardiovascular disease
risks, affected women also experience increased car-
diovascular disease risk later in life [32]. Preterm birth
remains the leading cause of infant mortality and mor-
bidity [33]. Women with GDM are at higher risk for other
obstetric complications and may face long-term effects
on both maternal and infant health [34]. Fetal malforma-
tions are another serious complication, which can bring
lasting pain and challenges to both the child and the
entire family. Our study, through subgroup analysis of
PCOS phenotypes, suggests that the increased incidence
of these adverse obstetric outcomes in PCOS patients
may be related to hyperandrogenism, which remains
a topic of debate in the existing literature. While some
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studies suggest that obstetric complications are simi-
lar across different phenotypes [35], the majority of the
literature aligns with our findings [36, 37]. Additionally,
basic research also suggests that hyperandrogenism and
the associated metabolic disorders may influence various
aspects related to obstetric complications. The hyperan-
drogenic PCOS phenotype is associated with increased
insulin resistance and metabolic complications [38, 39].
Therefore, it is not difficult to explain its strong correla-
tion with the incidence of GDM, which is consistent with
previous studies [40].Additionally, hyperandrogenism
may affect endometrial receptivity [41, 42] and is intri-
cately linked to the onset and extent of early trophoblast
infiltration and microstructural changes in the placenta
[11, 43]. These factors could contribute to the increased
risk of PTB and adversely affect fetal development.
Therefore, we recommend increased clinical attention
to PCOS patients with high androgen levels, even after
successful conception, to monitor for adverse obstetric
outcomes.

The great obstetrical syndromes, which encompass
preeclampsia, PTB, and late spontaneous abortion, are
increasingly understood to be rooted in disorders of
placentation [44, 45]. Therefore, we reasonably suspect
abnormalities in placental development among women
with PCOS [13], with immune cells playing a signifi-
cant role [46, 47]. Both adverse obstetric outcomes and
increased abortion rates are closely linked to endome-
trial immune imbalance [48].Although numerous stud-
ies suggest that impaired endometrial receptivity may
play a key role in the reduced fertility observed in women
with PCOS, currently, there is no proven evidence for
any intervention to improve uterine factors in PCOS to
enhance endometrial receptivity [14].Therefore, investi-
gating the endometrial immune status in PCOS is crucial,
as it may aid in the development of targeted therapeutic
strategies. Previous studies have indicated that the PCOS
endometrium exhibits altered cytokine expression and
a distinctive immune cell chemo-attractant profile [49].
In the overall population, the role of T cells in the endo-
metrium is also ambiguous. Very few studies of Tregs in
the pre-implantation endometrium showed controversial
results, reporting both increased and decreased numbers
of Treg, respectively, in women suffering from infertility
[50]. There are some studies stating that CD8" cytotoxic
T lymphocytes are consistently present throughout the
menstrual cycle although their ability to induce cyto-
toxicity diminishes during the secretory phase to pre-
vent fetal rejection [51]. Th1l immunity, known for its
immune-inflammatory responses, contrasts with Th2
cells, which foster an anti-inflammatory environment.
Considerable studies reported Thl is dominant dur-
ing the peri-implantation period, and shifted to the Th2
anti-inflammatory immune responses after the placental

Page 11 of 14

implantation [52—-54]. Nevertheless, the latest high-qual-
ity review put forward that it is controversial whether
there is a bias towards Th2 cells away from Thl cells
throughout pregnancy [55].

Concurrent with the previous study [19], we found
the level of Treg was comparable in patients with versus
without PCOS. Whereas, no difference was observed in
CD8" T cells. Most importantly, there was a decrease
in Thl and an increase in Th2 in the endometrium of
PCOS in the current study. Additionally, RNA sequenc-
ing data from databases revealed a reduction in Thl
cytokine expression in the PCOS endometrium [24],
which are consistent with our data. Furthermore, when
we subcategorized the PCOS samples based on patient
phenotypes, similar trends were observed. Both the
PCOM +HA + OA and PCOM + OA subgroups showed a
tendency towards a decrease in Th1 cells and an increase
in Th2 cells. Achieving a successful pregnancy requires
a delicate and stringent equilibrium between immune
activation and embryonic antigen tolerance, which if dis-
rupted, may lead to adverse pregnancy outcomes [48].
A delicate equilibrium of pro-inflammatory and anti-
inflammatory factors is necessary for intrauterine tissue
remodeling, feto-placental development, and parturi-
tion throughout pregnancy [56]. It is worth noting that
the appropriate Thl immunity benefits the pregnancy
process rather than harm [52]. However, the results of
our study reported Th1/Th2 imbalance in PCOS endo-
metrium, which will have a series of adverse effects on
pregnancy process and may be the cause of obstetric
complications in PCOS population. Moreover, emerging
experimental findings have given rise to the notion that
the decidualized endometrium functions as a biosensor
of embryo quality. If the decidua function is abnormal,
it may result in the implantation of embryos destined to
miscarry [57]. Therefore, we speculate that an aberrant
immune environment in PCOS endometrium may bring
about the implantation of poor-quality embryos, which
could explain both the increase in CPR and MR. How-
ever, the precise role of Thl and Th2 balance in preg-
nancy is disputable [55], and the exact mechanism by
which T cell imbalance promotes miscarriage and obstet-
ric complications still needs to be further explored.

The study benefits from its substantial cohort size
and generally comprehensive baseline and cycle data.
And we classified PCOS patients into four subtypes and
analyzed their pregnancy and obstetric outcomes. This
type of detailed analysis is rarely seen in previous stud-
ies. Additionally, we tried to analyze the endometrial
immune environment of PCOS patients through some
basic experimental evidence. Nevertheless, given the ret-
rospective nature of our study design, we cannot rule out
the possibility of selection bias. And we overlooked the
possible influence of endometrial preparation protocols
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on outcomes [58]. Endometrial biopsy was performed a
few days after the end of menstruation, and histopatho-
logical examination confirmed that the tissue was in the
proliferative phase, which ensured as much consistency
as possible among the patients within the group. How-
ever, we cannot guarantee that endometrial biopsies were
performed on the same day of the proliferative phase for
all patients due to the heterogeneity of menstrual cycles
among different patients and the variability across differ-
ent menstrual cycles for the same patient. Although flow
cytometry has advantages in immunological and cell sub-
set analysis, we must acknowledge that this experimental
method has limitations. For instance, there is a possibil-
ity that blood immune cells may have been inadvertently
included, even though we made every effort to wash the
samples thoroughly. What’s more, the impact on infertil-
ity and pregnancy complications might also be related
to the quality of oocytes and embryos, rather than solely
to endometrial function. Although we made every effort
to transfer high-quality embryos, this confounding fac-
tor remains unavoidable. Further randomized control
trials, basic experiments, and bioinformatics analysis
are required to determine the impact of the PCOS diag-
nosis on the pregnancy process and explore possible
mechanisms.

Taken together, our findings indicate an elevated inci-
dence of miscarriage, HDP, PTB, GDM, and even fetal
malformations in different phenotypes of PCOS patients,
with hyperandrogenism further increasing these risks.
We also presented evidence of abnormal uterine endo-
metrial immune microenvironments in PCOS, particu-
larly the imbalance between Th1 and Th2 cells. Given the
high prevalence of PCOS and the adverse pregnancy and
perinatal outcomes, we propose that the PCOS popula-
tion should be classified as a high-risk group during the
FET cycles in clinical practice, especially for those with
the hyperandrogenic phenotype. Additionally, greater
attention should be paid to the endometrial health of
individuals with PCOS. Developing new strategies to
enhance endometrial immune function in PCOS patients
may prove beneficial.
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