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Background: Ovarian stimulation (OS) for in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) in women with PCOS often results in
multiple follicular development, yet some individuals experience poor or
suboptimal responses. Limited data exist regarding the impact of poor/
suboptimal ovarian response on pregnancy outcomes in women with PCOS.

Objectives: The aim of this study was to evaluate whether the live birth rate (LBR)
per fresh embryo transfer and cumulative live birth rate (CLBR) per aspiration
cycle differ in women with PCOS defined by the Patient-Oriented Strategy
Encompassing IndividualizeD Oocyte Number (POSEIDON) criteria.

Methods: A retrospective study involving 2,377 women with PCOS who
underwent their first IVF/ICSI cycle at Sun Yat-sen Memorial Hospital from
January 2011 to December 2020 was used. Patients were categorized into four
groups based on age, antral follicle count, and the number of oocytes retrieved,
according to the POSEIDON criteria. The LBR and CLBR were compared among
these groups. Logistic regression analysis was performed to assess whether the
POSEIDON criteria served as independent risk factors and identify factors
associated with POSEIDON.

Results: For patients <35 years old, there was no significant difference in the
clinical pregnancy rate between POSEIDON and non-POSEIDON patients,
whereas POSEIDON patients exhibited lower rates of implantation and live
birth. POSEIDON Group la displayed lower rates of implantation, clinical
pregnancy, and live birth. However, no significant differences were observed in
the rates of clinical pregnancy and live birth between POSEIDON Group 1b and
non-POSEIDON groups. For patients >35 years old, there were no significant
differences in the rates of implantation, clinical pregnancy, and live birth between
POSEIDON and non-POSEIDON patients. CLBRs were significantly lower in
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POSEIDON Groups 1 and 2, compared with the non-POSEIDON groups. The
levels of body mass index (BMI), follicle-stimulating hormone (FSH), and antral
follicle count (AFC) were associated with POSEIDON hypo-response. POSEIDON
was found to be associated with lower CLBR, but not LBR per fresh
embryo transfer.

Conclusions: In patients with PCOS, an unexpected suboptimal response can
achieve a fair LBR per fresh embryo transfer. However, CLBR per aspirated cycle
in POSEIDON patients was lower than that of normal responders. BMI, basal FSH
level, and AFC were independent factors associated with POSEIDON. Our study
provides data for decision-making in women with PCOS after an unexpected

poor/suboptimal response to OS.

KEYWORDS

polycystic ovarian syndrome, POSEIDON criteria, hypo-response, live birth rate,
cumulative live birth rate

Highlights

In patients with PCOS, an unexpected suboptimal response can
achieve a fair LBR per fresh embryo transfer. However, CLBR per
aspirated cycle in POSEIDON patients was lower than that of

normal responders.

Introduction

Polycystic ovarian syndrome (PCOS) is a heterogeneous endocrine
disorder, which is characterized by ovulatory dysfunction,
hyperandrogenism, and polycystic ovarian morphology (PCOM).
Various factors including genetic, epigenetic, and environmental
factors can influence PCOS (1-3). The prevalence of infertility in
women with PCOS varies between 70% and 80% (4). In vitro
fertilization (IVF) is the third-line treatment for infertility of women
with PCOS (5). Challenges to IVF treatment in patients with PCOS
include ovarian hyperstimulation syndrome (OHSS), impaired
endothelial tolerance (6), altered oocyte competence (7), and increased
risk of adverse pregnancy outcomes (8, 9). Adoption of an optimal
ovarian stimulation (OS) protocol to overcome OHSS challenges is
highly important (10-12). The starting dose of gonadotropins (Gn) is
often calculated individually based on the patient’s age, body mass index
(BMI), and ovarian reserve (13). Previous studies have shown that the
heterogeneity of PCOS disease affects ovarian response to Gn
stimulation. Hyperandrogenism or excessively high anti-Mullerian
hormone (AMH) require higher Gn doses (14, 15). These make it
difficult to standardize optimal OS regimens. Patients and physicians
encounter decision-making challenges when unexpected poor/
suboptimal ovarian response is detected. This decreases the patient’s
expectation of success and increases the risk of cancelled oocyte retrieval
and repeated IVF treatment.

Frontiers in Endocrinology

The Patient-Oriented Strategy Encompassing IndividualizeD
Oocyte Number (POSEIDON) criteria have refined the concept of
poor ovarian response (POR) and allowed for the identification of
infertile women with a low probability of pregnancy during IVF (16).
Using this classification system, patients are grouped into four
categories according to their age, ovarian reserve [antral follicle
count (AFC) and/or AMH], and the number of oocytes retrieved
from previous standard ovarian stimulation cycles: Group 1 includes
patients who are under 35 years of age with adequate ovarian reserve;
Group 2 comprises patients who are 35 years or older with adequate
ovarian reserve; Group 3 consists of patients under 35 years with poor
ovarian reserve; Group 4 includes patients who are 35 years or older
with poor ovarian reserve (16).

Not all women with PCOS are high or normal responders to OS.
Although not a high proportion, some women with PCOS fulfill the
POSEIDON group, particularly for Groups 1 and 2. However, there are
limited data available regarding the pregnancy outcomes of women with
PCOS classified as poor responders (17, 18). There is no study to address
LBR per fresh embryo transfer and CLBR per aspiration cycle for women
with PCOS categorized as poor responders in fertility treatments.

This study aimed to assess LBR per fresh embryo transfer and
CLBR per aspiration cycle, in women with PCOS categorized under
POSEIDON and non-POSEIDON groups. Additionally, we wanted
to investigate the potential variables associated with the occurrence
of POSEIDON.

Materials and methods
Study population

This is a single-center retrospective study, which analyzes the
records of women with PCOS who received IVF/intracytoplasmic
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sperm injection (ICSI) treatment at Sun Yat-sen Memorial
Hospital. The study included patients aged between 20 and 46
years old, who underwent first cycle from January 2011 to
December 2020. Inclusion criteria were (i) PCOS diagnosis
according to the Rotterdam criteria; (ii) treatment with a standard
ovarian stimulation protocol [GnRH antagonist (GnRH-ant)
protocol or long GnRH agonist (GnRH-a) protocol]; and (iii)
oocyte retrieval and delivery of a live birth after fresh or frozen-
thawed embryo transfer (ET/FET), or no live birth delivery after
transferring all embryos (19). Exclusion criteria were patients
undergoing preimplantation genetic testing, those having ovarian
operation history, or those who were lost to follow-up. The study
was approved by the Sun Yat-sen Memorial Hospital ethical review
board (SYSKY-2023-200-02). The anonymity of the data waived
the need for informed consent.

Clinical procedures

All participants received treatment with standard ovarian
stimulation protocol using either the GnRH-a or the GnRH-ant
protocol. Individualized doses of recombinant FSH or highly
purified FSH were used based on ovarian reserve, age, and body
weight, then doses were adjusted according to serum estradiol levels
and follicular development. Oocyte maturation was induced via the
administration of hCG, GnRH-a, or dual triggers. The retrieved
oocytes were subjected to IVF or ICSI, and cultured reaching either
Day 3 or the blastocyst stage. Embryo transfer was performed under
the guidance of ultrasound and the remaining embryos were
vitrified. Patients at risk of OHSS, with a premature progesterone
elevation (i.e. >1.5 ng/mL), with endometrial polyps, and with a thin
endometrium or intrauterine fluid used an embryo freezing
strategy. Frozen embryo transfer was conducted in a natural
cycle, an ovulation induction cycle, or a hormone replacement
treatment cycle. Clinical pregnancy was confirmed by ultrasound.
Luteal phase support was continued until 10-12 weeks of gestation
for pregnant patients. Live birth delivery data were obtained by
telephone interview.

Patient classification

Women with PCOS were classified into four groups,
retrospectively according to the POSEIDON criteria as described
below. AFC was used as the biomarker for classification since it was
available in all patients, whereas AMH levels were only available in
60.29% of cases (n = 1,433). In this study, AFC ranged from 12 to
80, hence, all women with PCOS exhibited either high or normal
ovarian reserve, implying that no POSEIDON Group 3 or
POSEIDON Group 4 patients were identified. Patients who did
not meet the POSEIDON criteria were categorized as a separate
group, termed “non-POSEIDON”. The classification criteria were
as follows:

I. POSEIDON Group 1 (Group 1): Comprising patients
aged <35 years with AFC >5. Subgroup la included
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patients with <4 oocytes retrieved, and Subgroup 1b
included patients with 4-9 oocytes retrieved.

II. POSEIDON Group 2 (Group 2): Comprising patients
aged 235 years with AFC >5. Subgroup 2a included
patients with <4 oocytes retrieved, and Subgroup 2b
included patients with 4-9 oocytes retrieved.

III. Non-POSEIDON (Groups 3 and Group 4): Comprising
patients with AFC =5 and >9 oocytes retrieved. Group 3
included patients aged <35 years old, and Group 4
included patients >35 years old.

Main outcome measures

The main aim of this study was to determine the LBR per fresh
embryo transfer. The CLBR per aspiration cycle with at least one
live birth was also calculated. The criteria for live birth were defined
according to the guidelines established by the International
Committee for Monitoring Assisted Reproductive Technologies
(ICMART) (19). A single or multiple delivery was recorded as
one delivery.

Statistical analysis

Continuous data were tested using the Shapiro-Wilk method.
All the continuous data were non-normally distribution and
presented as median and 25%-75% interquartile range, which
were analyzed using the Mann-Whitney U-test. Categorical data
were described by the percentages and were analyzed using Pearson
chi-square. A p-value of <0.05 was considered as a statistically
significant difference. Logistic regression analysis was performed to
identify clinically significant variables associated with POSEIDON,
and to assess whether the POSEIDON criteria served as independent
risk factors for affecting LBR and CLBR. The results were reported as
odds ratio (OR) with 95% confidence interval (CI). Patient covariates
did not include AMH due to a high frequency of missing values.
Data analysis was performed using IBM SPSS Statistics for Windows,
Version 24.0 (IBM Corp., Armonk, NY, USA).

Results

This study included a total of 2,377 patients with PCOS, of
whom 547 patients met the POSEIDON criteria. The POSEIDON
patients were stratified into one of the low-prognosis groups: Group
la (n =44), Group 1b (n = 430), Group 2a (n = 6), and Group 2b (n =
67). Non-POSEIDON patients were further divided into two groups
based on age: <35 years old (n = 1,618) and 235 years old (n = 212)
(Supplementary Figure 1). Supplementary Figure 2 displays the
distribution of patients in different groups across years. Patient
characteristics, treatment parameters, fertilization rate, embryo
development, and pregnancy outcomes were compared between
the POSEIDON and non-POSEIDON groups within the same
age stratum.
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Baseline information of patients

The baseline characteristics of women with PCOS included in
our study are displayed in Table 1. Among patients <35 years old,
no significant difference was found in age, infertility type, duration
of infertility duration, and basal LH level between POSEIDON
Group 1 and the non-POSEIDON groups. However, POSEIDON
Group 1 had a higher BMI and basal FSH level, as well as lower
AMH and AFC compared to the non-POSEIDON groups. Among
patients 235 years old, there were no significant differences in
baseline characteristics between POSEIDON Group 2 and the non-
POSEIDON groups.

Treatment characteristics

Table 2 presents the treatment characteristics. The initial Gn
dose was similar between POSEIDON and non-POSEIDON
groups. However, POSEIDON Group 1 had longer stimulation
duration and higher total Gn dose compared to the non-
POSEIDON groups. The proportion of ovarian stimulation
protocols, including GnRH-a and GnRH-ant, was similar between
the POSEIDON and non-POSEIDON groups.

Fertilization rate and embryo development

Fertilization rate and embryo development are presented in
Table 3. The POSEIDON patients had an over 2-fold lower number
of oocytes retrieved than their non-POSEIDON counterparts. The
number of usable embryo and top embryo was lower in the
POSEIDON groups than in the non-POSEIDON groups.

Pregnancy outcomes

Pregnancy outcomes are displayed in Table 4. The rate of fresh
embryo transfer cancellation was significantly higher and more
frozen embryo transfers were conducted in the non-POSEIDON
groups compared with their POSEIDON counterparts. For patients
<35 years old, the rates of implantation and live birth per fresh
transfer were significantly lower in POSEIDON patients, whereas
the clinical pregnancy rate had no significant difference.
Supplementary Table 1 displays the pregnancy outcomes for
Group la and Group 1b, which showed no significant differences
of clinical pregnancy rate and live birth rate between POSEIDON
Group 1b and the non-POSEIDON groups (60.1% vs. 63.2%, p =
0.276; 50.0% vs. 55.4%, p = 0.070). For patients =35 years old, there
were no significant differences in the rates of implantation, clinical
pregnancy, and live birth per fresh transfer between POSEIDON
and non-POSEIDON patients, as well as Group 2a and Group 2b
(Supplementary Table 2). For FET cycles, LBR per FET was
significantly lower in Group 1 compared with the non-
POSEIDON groups, but Group 2 did not reach statistical
difference. The CLBRs in both age groups were lower in the
POSEIDON groups compared to the non-POSEIDON groups
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(<35 years old: 56.5% vs. 81.0%, p < 0.001; =35 years old: 50.7%
vs. 74.1%, p < 0.001). POSEIDON suboptimal responders (Group
1b: 58.6%; Group 2b: 52.2%) had higher CLBR than poor
responders (Group la: 36.4%; Group 2a: 33.3%). Fresh embryo
transfer was the most common conception mode to achieve a live
birth delivery for POSEIDON patients in both age groups (75.7%
for Group 1, 91.9% for Group 2).

Logistic regression analysis

Tables 5-7 showed the OR and adjusted OR (aOR) with their
95% CI for POSEIDON hypo-response, LBR per fresh embryo
transfer, and CLBR per oocyte aspiration in patients with PCOS.
BMI, basal FSH level, and AFC were significantly associated with
POSEIDON hypo-response after adjusting for confounders (BMI:
aOR 1.085, p < 0.001; basal FSH: aOR 1.095, p = 0.001; and AFC: aOR
0.988, p = 0.033). As for LBR, POSEIDON Group la was associated
with a significantly lower LBR, even after adjusting for important
confounders such as age, BMI, and the type of infertility. However,
POSEIDON Group 1b, POSEIDON Group 2a, and POSEIDON
Group 2b had no significant association with LBR. As for CLBR,
both POSEIDON Group 1 and POSEIDON Group 2 were
significantly associated with lower CLBR even after adjusting for
important confounders (Group 1: OR 0.308, 95% CI 0.246-0.384,
P < 0.001; and Group 2: OR 0.337, 95% CI 0.188-0.606, p < 0.001).

Discussion

Ovarian stimulation is an important first step in IVF
treatments. OS aims to obtain a sufficient number of oocytes in
one cycle to maximize the patient’s pregnancy outcome. When
considering the fresh embryo transfer LBR, optimal outcomes are
achieved when retrieving between 6 and 15 oocytes (20, 21). When
considering the cumulative LBR, studies have generally reported a
positive trend where more oocytes result in a higher cumulative
LBR (22, 23). However, when more oocytes are retrieved, the
incidence of OHSS in the stimulation cycle increases
considerably. Optimal OS strategies balance efficacy and safety.
Following the ESHRE guidelines for OS, the Gn dose should not
exceed 150 IU for high responders and should be initiated at a lower
dose for those at risk (24). However, a low Gn dose leads to a risk of
increased cancellation rate and decreased oocyte yield (25). In our
study, starting doses below 150 U accounted for 56% of cycles, and
23% had a poor or suboptimal response to OS. Among them,
approximately 90% of patients exhibit a suboptimal response, with
less than 10% of patients exhibiting a poor response. The
mechanism why ovaries respond differently to Gn stimulation in
women with PCOS is unclear. The heterogeneity of PCOS disease
may be a possible explanation. The phenotype group (presence of
both hyperandrogenism and chronic anovulation) tended to have
higher doses of used Gn than the other PCOS phenotypes (14).
Insulin resistance, a critical aspect of pathophysiology in patients
with PCOS (26), may be associated with reduced ovarian sensitivity
to exogenous Gn (27). More Gn were needed to obtain adequate
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TABLE 1 Baseline characteristics of women with PCOS stratified according to the POSEIDON criteria and age.

<35 years old

>35 years old

POSEIDON Non-POSEIDON pl POSEIDON Non-POSEIDON
1b (n 1(n _ _ _ - -
- 430) = 474) 3 (n =1618) 2a(n=6) 2b(n=67) 2(n=73) 4 (n = 212)
Female age (years) 29 (26, 31) 30 (27, 31) 29 (27, 31) 29 (27, 31) 0.086 37 (36, 37) 36 (35, 38) 36 (35, 38) 36 (35, 37) 0.728
BMI (kg/m?) 23 (21, 26) 22 (20, 25) 22 (20, 25) 215 (19.5, 23.5) <0001 23 (22,26) 24(21,27) | 238 (215,267) 23.6 (211, 25.9) 0.223
Infertility type % (n)
Pri 65.9 (29/44) 61.2 616 60.3 (976/1,619) 333 (2/6) 47.8 (32/67) 46.6 (34/73) 387 (82/212)
rimary : (263/430) (292/474) : ’ : : i '
0.631 0.270
Second 34.1 (15/44) 388 384 39.7 (643/1,619) 66.7 (4/6) 5222 (35/67) 53.4 (39/73) 61.3 (130/212)
econdary : (167/430) (182/478) : ’ : : : :
Infertility duration (years) 1(2,6) 4(2,6) 4(26) 4(2,5) 0.064 5(2,9) 6(3,8) 6(3.9) 5(3,8) 0813
Basal FSH (U/L) 71(60,84)  7.1(6.1,82) | 7.1(6.1,8.1) 6.8 (5.8,9.1) <0001  67(54,74)  67(57,7.8) 68 (5.7,7.6) 6.7 (5.7, 7.5) 0.510
Basal LH (U/L) 70 (39,105) | 6.5 (45,10.0) 6.6 (44, 9.9) 6 (42,9.6) 0769 | 60 (45 138) 65 (40,9.0) 6.0 (3.8,9.8) 58 (4.1,9.2) 0.788
AFC (n) 28 (24, 35) 27 (24, 33) 28 (24, 33) 29 (24, 35) 0.008 25 (24, 45) 27 (24, 31) 26 (24, 30) 28 (24, 33) 0.157
AMH (ng/mL)* 75(49,94) | 80 (58 11.5) 7.8 (58 11) 9.2 (62, 12.7) 0001 | 114 (23,17.8) 6.1 (40,89) 6.1 (4.0,9.2) 7.2 (5.1, 10.0) 0.086

Values are median and interquartile range and percentage. BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; AFC, antral follicle count; AMH, anti-Miillerian hormone. p1, p-value between Group 1 (combined la+1b) and younger non-

POSEIDON; p2, p-value between Group 2 (combined 2a+2b) and older non-POSEIDON. * based on data of 1,312 patients.

e 12 buelp
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TABLE 2 Treatment characteristics of women with PCOS stratified according to the POSEIDON criteria and age.

<35 years old

>35 years old

Non- Non-
POSEIDON POSEID- pl POSEIDON POSEID-
ON
1b 2b 2 4
(R %10)] (n = 67) (h=73) (n=212)
1,706 1,588 1,600 1,350 1,781 1,800 1,800 1,700
Total Gn
(1,303, (1,200, (1,200, (1,100 <0.001 (1,462, (1,431, (1,463, (1,350, 0.291
dose (I1U)
2,381) 2,100) 2,100) 1,763) 2,475) 2,438) 2,400) 2,400)
Initial Gn | 113 113 1125 113 099 150 150 150 150 0642
dose (IU) | (112, 150) (100, 150) (100, 150) (100, 150) : (112, 175) (112, 150) (113, 150) (113, 150) :
Stimulation
duration 13 (10, 15) 11 (9, 13) 11 (9, 13) 10 (9, 12) <0.001 11 (9, 15) 11 (9, 14) 11 (9, 14) 11 (9, 12) 0.176
(days)
Fertilization
mode % (n)
74.9 75.5 698 70.3
IVF 1. 44 . ) 1,12 .7 (4 1.6 (4 1.2 (52 )
v 818 364 321430) (358/474) §6189/ 667 (46) | 716 (48/67)  TL2 (2T (4919
618) 0.021 0.865
116 122 13.1 10.8
1CSI 18.2 (8/44 33.3 (2/6 10.4 (7/67 123 (9/73
@D 50a30) (58/474) (212/1,618) @0 7167) (/73) (23/212)
135 122 17.1 18.9
HalfICSI | 0 0 17.9 (12/67) 164 (12/73
& (58/430) (58/474) (277/1,618) (12/67) (12/73) (40/212)
Protocol % (n)
444 443 49.1 59.0
GnRH- 432 (19/44 333 (2/6 50.7 (34/67) | 49.3 (36/73
R (9748 191/430) (210/474) (795/1,618) /0 (34/67) GO73) 1as12)
0.064 0.172
55.6 55.7 50.9 41.0
GnRH-ant | 56.8 (25/44 66.7 (4/6 493 (33/67)  50.7 (37/73
niH-an (25744 39/430) (264/474) (823/1,618) (#/6) (33/67) (37/73) (87/212)

Values are median and interquartile range and percentage. BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; AFC, antral follicle count; AMH, anti-Miillerian

hormone. p1, p-value between Group 1 (combined la+1b) and younger non-POSEIDON; p2, p-value between Group 2 (combined 2a+2b) and older non-POSEIDON.

oocytes in patients with PCOS with a higher BMI (28). High levels
of AMH are highly correlated with PCOM and are a high-risk factor
for developing OHSS. However, it has also been found that
excessive AMH causes the ovaries to be resistant to Gn
stimulation, requiring a higher Gn dose (15, 29). It was
hypothesized that high concentrations of AMH would inhibit the
action of FSH and thus be detrimental to the folliculogenesis
process. Genetic variants in Gn and receptors may be another
reason for differences in ovarian sensitivity. Polymorphisms of
FSHR, as well as the variant of the B subunit of LH, have been
associated with sensitivity to Gn (30, 31). In our study, we found
that BMI, basal FSH level, and AFC may be potential influencing
factors for POR in patients with PCOS. Further research is needed
on the causes, risk factors, and predictors of unintended POR after
OS in women with PCOS.

The POSEIDON classification system is anticipated to improve
counseling and management of low-prognosis patients undergoing
ART. Based on our limited search, this is the first study to focus on
pregnancy outcomes in women with PCOS who have a poor/
suboptimal response to OS. This study revealed that patients with
PCOS categorized under the POSEIDON suboptimal response
(Groups 1b and 2b) exhibited no statistically significant

Frontiers in Endocrinology

differences in the LBR per fresh embryo transfer compared to the
non-POSEIDON groups (50.0% vs. 55.4%, p = 0.079; 51.6% vs.
57.4%, p = 0.450). However, patients meeting the POSEIDON poor
response (Group 1a) had lower LBR per fresh embryo transfer when
compared with the non-POSEIDON groups (37.8% vs. 55.4%, p =
0.035). Given that Group 2a included only four cases for fresh
embryo transfer, the results of the statistical test comparing LBR to
the non-POSEIDON groups were less meaningful due to the large
standard error caused by the small sample size (25% vs. 57.4%, p =
0.198). This indicated that unexpected suboptimal response could
achieve fair LBR per fresh embryo transfer in women with PCOS.
However, all the POSEIDON groups (Groups la, 1b, 2a, and 2b)
had lower CLBRs per aspirated IVF/ICSI cycle than normal
responders. The CLBRs varied across different POSEIDON
subgroups, with rates of 36.4%, 58.6%, 33.3%, and 52.2% for
Group la, Group 1b, Group 2a, and Group 2b, respectively.

In our study, we found that in patients with PCOS, there were no
statistically significant differences in the LBR per fresh embryo transfer
between POSEIDON Group 1b and Group 2b compared with the
non-POSEIDON groups. This indicated that only the quantity of
oocytes was decreased, and not the quality, in unexpected suboptimal
responders in women with PCOS. Our findings were consistent with
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TABLE 3 Fertilization rate and embryo development of women with PCOS stratified according to the POSEIDON criteria and age.

<35 years old >35 years old
POSEIDON POSEIDON
1b 2b
(n = 430) (n = 474)
Oocytes 17 16
rerioned (| 25 7(6.9) 7(5,8) (3,22 | 0001 20753 7(6,9) 7(5,8) 120 | 0001
78.9 812
2PNzygote 883 76/ o) 1 (1 9422386y | 816 (2018/2472) (17,609 | 0.002 80.0 73.2 (262/358)* 734 (2,230/  0.001
rate % (1) 86)* (8/10) (270/368)
22,312) 2,747)
Useable 1.5
2(1,2 2, 2, 41 001 2,4 2,4 4, 001
embryo (1) .2 329 3(2,5) 7 (4,10) | <0.00 ©,225) 3(2,4) 3(2,4) 7 (4,9) <0.00
Useable 882 (67/ 59.5 85.9 67.4
embryo rate 816 (1,585/1,942)*  81.9 (1,652/2,018)  (12,699/ = <0.001 100 (8/8) = 85.5 (224/262)* 1,502/ <0.001
76)* (232/270)
% (n) 21,352) 2,230)
Top 0.5
1 10,2 10,2 200, 001 10,1 10,1 2(0,4 001
embryo () 0 *V Sl ©.2) 0.9 | <0001 T 0, 15) ©.1 0.4 <000
Top embryo 476 39.2 47.3
P embIVO |18 (28/67) | 427 (677/1,585)* | 427 (705/1,652) | (6,040/  <0.001 = 625 (5/8) = 38.4 (86/224)* : 71/ 0023
rate % (n) 12,696) (91/232) 1,502)

pl, p-value between Group 1 (combined la+1b) and younger non-POSEIDON; p2, p-value between Group 2 (combined 2a+2b) and older non-POSEIDON. *Compared with its non-
POSEIDON counterpart in same age stratum and p<0.05.

TABLE 4 Pregnancy outcomes of women with PCOS stratified according to the POSEIDON criteria.

<35 years old >35 years old
Non- Non-
POSEIDON POSEIDON POSEIDON POSEIDON
1
(S 3 4
n = 1618 n =212
= 430) ( ) ( )
la (n 1b (n 1(n B B 2b (n B _
_ 4 _ 130) —a74) 3 (n = 1618) 2a (n=6) Z &) 2 (n=73) 4 (n=212)
ET cancel rate 15.9 (7/ 12.1 (52/ 124 4.5 (3/
% () 4y 130y (501474) 38.1 (617/1,618) | <0.001 333 (2/6) P 6.7 (5/75) 35.8 (76/212) <0.001
Type of transfer
773 63.7 65.0 776 753
Fresh (34/44) (@741430) | (308/474) 37.5 (607/1,618) 50 (3/6) (52167) (55173) 42.0 (89/212)
FET 2.3 (1/44) 10.2 o5 39.5 (639/1,618) 0 3.0 (2/67) 2.7 (2/73) 34.9 (74/212)
’ (44/430) (45/474) ’ ’ : : :
<0.001 <0.001
242 22.6 17.9 17.8
Fresh + FET 6.8 (3/44) (lo41430) | (107/474) 22.4 (362/1,618) 16.7 (1/6) (12567) (13173) 22.2 (47/212)
13.6 1.9 3.0
No transfer (6/44) (8/430) (141474) 0.6 (10/1,618) 333(2/6)  15(1/67) 4.1 (3/73) 0.9 (2/212)
Fresh cycles n=37 n=378 | n=415 = 1001 n=4 =64 "= 68 n =136
(n = 1,620)
Embryo 2 (12)* 2 (2.2 2(22) 2(02) 0.682 10,13 2(23)* 2(22) 2(02) 0.242
transferred (n)
Blastocyte . 2.1 (8/ 1.9 6.3 (4/
ransferred (%) 0 78 (8/415) 10.5 (105/1,001) <0.001 0 P 5.9 (4/68) 15.4 (21/136) 0.068

(Continued)

Frontiers in Endocrinology 07 frontiersin.org


https://doi.org/10.3389/fendo.2024.1348771
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jiang et al.

TABLE 4 Continued

<35 years old

10.3389/fendo.2024.1348771

>35 years old

Non- Non-
POSEIDON POSEIDON POSEIDON POSEIDON
1b 3 2b 4
(n (n = 1618) n h=73) (n=212)
= 430) = 67)
Type of transfer
Implantation rate | 339 (21/ | 42.8 (307/ 421 37.3 36.7
% () 62 7 @sory | Y76 (879/1,847) 0.01 20.0 (1/5) sy | e | B (124/284) 0.181
Clinical 432 (16/ 60.1 58.6 625 60.3
pregr;ar(lcy)l rate 37y (227/378) (243/415) 63.2 (633/1,001) 0.105 25.0 (1/4) (40/64) 1/68) 67.6 (92/136) 0.35
0 (N
LBR per transfer | 37.8 (14/ 200 489 55.4 (555/1,001) 0.026 25.0 (1/4) 516 400 57.4 (78/136) 0371
fresh % (n) 37)* (189/378) | (203/415) ' ’ : ' (33/64) (34/68) ’ i
FET cycles n=4 n=188 | n=192 1 = 1490 n=1 n=15 n=16 1 =200
(n =1,898)
LBR per transfer 33.5 (63/ 339 100.0 13.3 (2/ 20.0
FET % (n) 50.0 (2/4) o ©snoy | 07 (755/1,490)  <0.001 am - 3115) 39.5 (79/200) 0.115
36.4 (16/ | 58.6 (252/ 56.5 81.0 522 (35/ 50.7
0y
CLBR % (n) o 130 (268/474) (L310/1618) <0.001 33.3 (2/6) i 37173) 74.1 (157/212) <0.001
Conception mode % (n)
IVEF/ICSI fresh 875 (14/ | 75.0 (189/ 75.7 94.3 (33/ 91.9
% () 6 252y cosss) | 24 (555/1,310) 50 (1/2) i~ (34/57) 49.7 (78/157)
<0.001 <0.001
IVE/ICSI FET 125 25.0 243
% () @16) 5 | e | 7O (755/1,310) 50 (1/2)  5.7(2/35)  8.1(3/37)  50.3 (79/157)

CLBR, cumulative live birth rate: cumulative delivery rate from one aspiration IVF/ICSI cycle. p1, p-value between Group 1 (combined 1a+1b) and younger non-POSEIDON; p2, p-value between
Group 2 (combined 2a+2b) and older non-POSEIDON. *Compared with its non-POSEIDON counterpart in same age stratum and p<0.05.

other studies. Chinta et al. reported no significant differences in the
LBR per fresh embryo transfer between POSEIDON Groups 1 and 2
and the non-POSEIDON groups (32). A study of 2,455 cycles found
that the LBR after fresh transfer was highest in patients with 6-15
oocytes retrieved and reduced in patients with 0-5 or >15 oocytes
retrieved (20). For women with PCOS <35 years old, it was found that
the proportion of live births per fresh embryo transfer was similar for
those who had less than 6 oocytes retrieved, and those who had 7-16

TABLE 5 Odds ratio for POSEIDON hypo-response of women with PCOS.

oocytes retrieved (33). These findings suggested that fair LBR per fresh
embryo transfer can still be achieved in unexpected suboptimal
responders. Moreover, the lower embryo transfer cancellation rate
in POSEIDON groups may result in a shorter time to live birth,
providing valuable information for counseling patients with
unexpected suboptimal ovarian response in PCOS.

Here, we also found that LBR per FET in POSEIDON Group 1
was significantly lower than the non-POSEIDON groups paired with

Indicators OR (95% Cl) p-value Adjusted OR (95% CI)  Adjusted p-value
Age (years) 1.023 (0.998, 1.050) 0.076 1.009 (0.983, 1.035) 0518
BMI (kg/m?) 1.079 (1.049, 1.111) <0.001 1.085 (1.053, 1.118) <0.001
Infertility type
Primary 1.076 (0.886, 1.307) 0.458 - -
Secondary 1.000
Basal FSH (U/L) 1.078 (1.025, 1.134) 0.004 1.095 (1.039, 1.153) 0.001
Basal LH (U/L) 0.994 (0.977, 1.011) 0601 - -
AFC (n) 0.985 (0.974, 0.996) 0.009 0.988 (0.976, 0.999) 0.033

OR, odds ratio.
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TABLE 6 Odds ratio for LBR from one aspiration IVF/ICSI cycle according to POSEIDON groups.

10.3389/fendo.2024.1348771

<35 years old

235 years old

Patient category Unadjusted OR p-value Adjusted OR p-value
(95% Cl) (95% Cl)

Non-POSEIDON Reference - - -
POSEIDON Group la 0.494 (0.249, 0.981) 0.044 0.491 (0.246, 0.977) 0.043
POSEIDON Group 1b 0.834 (0.659, 1.057) 0.133 0.829 (0.654, 1.050) 0.120
POSEIDON Group 1 0.798 (0.635, 1.003) 0.053 0.793 (0.630, 0.998) 0.048

(a + b combined)

Non-POSEIDON Reference - - -
POSEIDON Group 2a 0.296 (0.030, 2.920) 0.297 0.278 (0.028, 2.815) 0.279
POSEIDON Group 2b 0.616 (0.339, 1.116) 0.110 0.581 (0.310, 1.089) 0.090
POSEIDON Group 2 0.593 (0.330, 1.064) 0.080 0.558 (0.301, 1.035) 0.064

(a + b combined)

Age, BMI, and infertility type were adjusted in the multivariate analysis. OR, odds ratio.

age (33.9% vs. 50.8%, p < 0.001). LBR per FET in POSEIDON Group
2 was also lower than its counterparts, though there was no statistical
difference (20.0% vs. 39.5%, p = 0.115). This observation is expected,
given that fewer oocytes were picked up and fewer good embryos
were obtained in POSEIDON patients. In the FET cycle, available
embryos were transferred after being selected for fresh embryo
transfer. Therefore, the optimal number of oocytes is a critical
factor in maximum CLBR for women with PCOS. The CLBR was
significantly lower in POSEIDON Groups 1 and 2 compared with the
non-POSEIDON groups paired with age (56.5% vs. 81.0%, p < 0.001;
50.7% vs. 74.1%, p < 0.001), according to our study. A retrospective
study that included 18,455 cycles also showed lower CLBR in
POSEIDON Groups 1 and 2 compared to the non-POSEIDON
patients, which is consistent with our finding in women with PCOS
(34). A real-world study of 9,073 patients, including 212 patients
from Group la, 1,785 patients from Group 1b, 293 patients from
Group 2a, 1,275 patients from Group 2b, and 4,640 non-POSEIDON
patients, revealed that CLBR differed across the POSEIDON groups
(Group 1la: 27.8%, Group 1b: 47.8%, Group 2a:14%, and Group 2b:
30.5%) and was lower than the non-POSEIDON groups (50.6%) (35).
In our study, the CLBRs were 36.4%, 58.6%, 33.3%, and 52.2% in

Group 1la, Group 1b, Group 2a, and Group 2b, respectively. These
rates seemed higher compared to other studies and could be
explained by the high ovarian reserve of women with PCOS. The
CLBR after including frozen embryo transfer cycles increased with
oocyte number (20). Similarly, in women with PCOS, high CLBR can
be obtained with 15 or more oocytes retrieved (33). However, a
higher number of oocytes retrieved does not necessarily lead to a
better prognosis for patients with PCOS, but a higher surplus embryo
rate. A retrospective study in women with PCOS found that CLBR
could reach up to 81.91% when 10-15 oocytes were retrieved, but
when the number of oocytes were 216, a higher risk of OHSS was
achieved but not a higher CLBR (36).

The management of POR in women with PCOS is varied:
cancellation of the cycle, switching to intrauterine insemination (if
the tubal obstruction is not present), dual stimulation, switching from
IVF to IVM as a salvage strategy (37), or transvaginal ovarian drilling
followed by controlled ovarian stimulation from the next day
onwards (38). Our study provides new data that when the expected
number of oocytes is more than four, the live birth rate of a fresh
transfer is not affected. When fewer than four oocytes are obtained,
the live birth rate decreases but is still cost-effective considering the

TABLE 7 Odds ratio for CLBR from one aspiration IVF/ICSI cycle according to POSEIDON groups.

<35 years old

235 years old

Age, BMI, and infertility type were adjusted in the multivariate analysis. OR, odds ratio.
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Patient category Unadjusted OR p-value Adjusted OR
(95% Cl) (95% Cl)

Non-POSEIDON Reference - - -
POSEIDON Group la 0.134 (0.072, 0.251) <0.001 0.136 (0.072, 0.256) <0.001
POSEIDON Group 1b 0.333 (0.265, 0.418) <0.001 0.333 (0.264, 0.420) <0.001
POSEIDON Group 1 0.306 (0.245, 0.381) <0.001 0.308 (0.246, 0.384) <0.001

(a + b combined)

Non-POSEIDON Reference - - -
POSEIDON Group 2a 0.175 (0.031, 0.983) 0.048 0.155 (0.027, 0.896) 0.035
POSEIDON Group 2b 0.383 (0.217, 0.677) 0.001 0.365 (0.199, 0.669) <0.001
POSEIDON Group 2 0.360 (0.207, 0.625) <0.001 0.337 (0.188, 0.606) <0.001

(a + b combined)
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time and economic costs of retrieving the oocytes again. Our study
can be useful for the counseling decision-making process.

Our study was the first to investigate LBR per fresh embryo
transfer and CLBR per aspiration IVF/ICSI cycle in women with
PCOS under the POSEIDON classification. However, a limitation
of our study was the small number of cases in POSEIDON Group
2a, an issue that happened for observational data, which were too
low to draw any definitive conclusions. Additionally, we were
unable to calculate CLBR after all frozen embryos were
transplanted, because preserved embryos were common in most
women with PCOS. Therefore, we calculated the CLBR per
aspiration cycle with at least one live birth after embryo transfer
or did not get a live birth delivery after transferring all embryos.
Further studies are needed to compare CLBR of women with PCOS
and women without PCOS who were identified with POSEIDON.
Another limitation was the high frequency of missing values of
AMH for analysis. We have not analyzed PCOS phenotypes,
although only specific PCOS phenotypes may fall into
POSEIDON criteria. We hope that, in the future, we will gather
more comprehensive baseline data on women with PCOS and
conduct analyses of LBR across different phenotypes. All IVF data
were derived from a single center, whereas the pregnancies were
followed in different centers. The risk of pregnancy complications is
high in patients with PCOS, and specialized monitoring could
influence the data. This potentially limits the broad applicability
of our results. Therefore, our findings necessitate further validation
in a large and diverse population.

In this study, we found that in patients with PCOS, the
unexpected suboptimal response could achieve fair LBR per fresh
embryo transfer; however, the CLBR per aspirated cycle in
POSEIDON patients was lower than that of normal responders.
BMI, basal FSH level, and AFC were identified as independent
factors associated with unexpected poor/suboptimal response to
standard ovarian stimulation, while POSEIDON classification was
an independent risk factor for CLBR. Therefore, the unexpected
suboptimal response could achieve fair LBR per fresh embryo
transfer, which can be useful information for counseling patients
with unexpected suboptimal ovarian response in PCOS. Efforts
should be made to recognize POSEIDON risk factors and obtain
appropriate oocyte retrieval number to maximize IVF/ICSI
outcomes for women with PCOS.
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SUPPLEMENTARY FIGURE 1

Flow diagram showing total patient breakdown. POSEIDON Group 1 (Group 1):
Age <35 years and AFC >5. Subgroup 1la included patients with fewer than four
oocytes retrieved, and Subgroup 1b included patients with four to nine oocytes
retrieved. POSEIDON Group 2 (Group 2): Age >35 years and AFC >5. Subgroup
2a included patients with fewer than four oocytes retrieved, and Subgroup 2b
included patients with four to nine oocytes retrieved. Non-POSEIDON (Group 3
and Group 4): Patients with AFC >5 and >9 oocytes retrieved. Group 3 included
patients aged <35 years, and Group 4 included patients aged 35 years and older.

SUPPLEMENTARY FIGURE 2

Bar chart showing the distribution of patients in each POSEIDON group in
different years from 2011 to 2020.
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