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Aims: This study aims to determine the optimal number of oocytes retrieved so that
patients with polycystic ovary syndrome (PCOS) receiving in vitro fertilization (IVF) can
obtain the best cumulative live birth rate (CLBR) and live birth after fresh embryo transfer.

Methods: This is a retrospective study of 1,419 patients with PCOS who underwent their
first IVF cycle at the Second Hospital of Hebei Medical University from January 2014 to
December 2021. Multivariable regression analysis was performed to adjust for factors
known to independently affect cumulative live birth aspiration. The number of oocytes
retrieved to obtain the best cumulative live birth rate was explored through curve fitting and
threshold effect analysis. The decision tree method was used to explore the best number
of oocytes retrieved to achieve live birth in the shortest time.

Results: (1) The number of oocytes retrieved was found to be an independent protective
factor for the cumulative live birth rate (OR = 1.09 (95% CI: 1.06, 1.12)). When the number
of oocytes retrieved was less than 15, CLBR increased by 16% with each increase in the
number of oocytes retrieved (OR = 1.16 (95% CI: 1.11, 1.22)); and when more than 15,
CLBR tended to be stable. (2) Live birth after the first fresh embryo transfer was analyzed
through a classification decision tree. For patients younger than 35 years old, those with
less than 6 oocytes and those with 7–16 oocytes had a similar proportion of live births with
fresh embryo transfer but higher than 16 oocytes (53.7% vs. 53.8% vs. 18.4%). Patients
older than 35 years old had a similar proportion of live births with fresh embryo transfer
(35.7% vs. 39.0%) to those younger than 35 years old, but the proportion of no live births
after using up all embryos was higher than those younger than 35 years old (39.3% vs.
19.2%).

Conclusions: In PCOS patients, high CLBR can be obtained when the number of
oocytes retrieved was 15 or more. The number of oocytes retrieved from 7 to 16 could
achieve more chance of live birth after fresh embryo transfer.

Keywords: cumulative live birth rate, fresh embryo transfer, polycystic ovarian syndrome, number of oocytes
retrieved, in vitro fertilization-embryo transfer
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INTRODUCTION

Assisted reproductive technology (ART), especially in vitro
fertilization (IVF), has a major advantage in promoting live
birth for infertility patients after years of development.
Continuously optimizing the implementation process is of
great significance for promoting live births of patients
undergoing IVF. In the implementation of IVF, the increased
number of oocytes retrieved improved pregnancy rates in
women by increasing the number of available embryos for
transfer (1). The number of oocytes retrieved is an important
factor affecting the cumulative live birth rate, and the cumulative
live birth rate (CLBR) increases with the increase in the number
of oocytes retrieved (2–4). However, increasing the number of
oocytes retrieved not only increases the incidence of ovarian
hyperstimulation syndrome (OHSS) and other complications
but also increases the possibility of whole embryo freezing,
which prolongs the treatment cycle of patients. In addition, the
outcome of fresh embryo transfer heralds the success of
subsequent frozen embryo transfer using blastocysts from the
same cohort (5). It is important to find a suitable number of
oocytes retrieved to be obtained so that the patient can obtain a
live birth in a short time as soon as possible, that is, a live birth in
fresh embryo transfer, both for the current transfer cycle and the
subsequent freeze-thaw cycle.

Polycystic ovary syndrome (PCOS) is an endocrine disease
characterized by hyperandrogenism, oligoovulation or
anovulation, and polycystic ovarian changes. It is one of the
factors that cause infertility. Different from patients with other
infertility factors, patients with PCOS generally have a large number
of the antral follicle and high ovarian reactivity (6). They are easy to
obtain more oocytes but the increased number of oocytes increases
the risk of OHSS and thrombosis (7). Therefore, in the process of
ovarian stimulation, the occurrence of complications such as OHSS
is avoided by choosing a milder ovarian stimulation protocol and
reducing the dose of gonadotropin, which leads to a reduction in the
number of oocytes retrieved. Moreover, the quality of oocytes from
PCOS patients is often poor, which leads to lower fertilization,
cleavage, implantation, and high pregnancy loss rates (8). Therefore,
it is necessary to explore the optimal number of oocytes retrieved to
maintain the balance between cumulative live birth and efficient live
birth in patients with PCOS.

Only a few studies have shown that the optimal CLBR could
be achieved when the number of oocytes retrieved in PCOS
patients was 10, and there was no significant difference in the live
birth rate between fresh embryo transfer (ET) and frozen embryo
transfer (FET) when the number of oocytes retrieved in PCOS
patients was less than 16 (7, 9), however, how to achieve the
optimally remains controversial. How to control the number of
oocytes retrieved to allow PCOS patients to obtain live births by
fresh ET deserves further exploration.

The aim of this current study is to investigate the CLBR after
one IVF cycle including all fresh and subsequent frozen-thaw
embryos in PCOS women. In addition, we wanted to investigate
the relationship between the number of oocytes retrieved and live
birth in a time as short as possible.
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MATERIALS AND METHODS

Patient Population
The patients with PCOS who underwent the first IVF cycle with
gonadotropin-releasing hormone antagonist (GnRH-ant) protocol
in the Second Hospital of Hebei Medical University from January
2014 to December 2021 were included. PCOS was diagnosed
according to the 2003 Rotterdam ESHRE/ASRM PCOS
Consensus Workshop Group diagnostic criteria, the presence of
≥ 2 criteria (1) oligoanovulatory ovarian dysfunction (OAD), (2)
c l inical manifestat ions of androgen excess and/or
hyperandrogenism (HA), (3) PCOM: ultrasonography showing
polycystic ovarian morphology (PCOM) (unilateral ovary or
bilateral ovaries have ≥ 12 ovarian follicles, 2-9 mm in diameter,
and/or ovarian volume >10 mL). Based on the combination of
symptoms, PCOS phenotypes are divided into the following:
phenotypes A: OAD, HA, and PCOM; phenotypes B: OAD and
HAwithout PCOM; phenotypes C: HA and PCOMwithout OAD;
and phenotypes D: OAD and PCOM without HA.

Exclusion criteria included: (1) endocrine abnormalities such
as congenital adrenal hyperplasia, Cushing syndrome, and
androgen-secreting tumors; (2) abnormal thyroid function and
decreased ovarian reserve function; (3) uterine cavity
malformation, endometrial lesion, and genital malformation;
(4) oocyte donation, oocyte freezing, preimplantation genetic
diagnosis, or preimplantation genetic screening; (5) did not
obtain a live birth but did not use up all the embryos; and (6)
women age >40.

The patients included in the study were divided into low-
oocyte, middle-oocyte, and high-oocyte groups according to the
number of oocytes obtained for further description and research.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. The study protocol was
approved by the ethics committee of the Second Hospital of
Hebei Medical University (Hebei, China, ID: 2022-R012).

Ovarian Stimulation and Oocyte Retrieval
Patients adopted the GnRH-ant protocol. Gonadotropin (Gn,
Recombinant Human Follitropin Alfa for Injection,
MerckSeronoS.p.A, Italy specification: 75 IU) was used for
ovarian stimulation starting on the second day of the menstrual
cycle. Serum hormone levels and transvaginal ultrasound were
used to monitor follicular development and adjust the dosage of
Gn. GnRH-ant was added daily after the leading follicle reached a
diameter of 14 mm and carried on until the trigger day. Under
ultrasound, when the maximum follicular diameter was ≥18 mm
or at least 3 follicles with a diameter of ≥17 mm, recombinant
human chorionic gonadotropin a (Recombinant Human
Chorionic Gonadotropin Alfa for Injection, MerckSeronoS.p.A.,
Italy, specification: 250 mg) was administered by injection in 250
mg at night on the same day according to the serum hormone level.
If the patient had too many follicles under ultrasound monitoring
before the trigger, triptorelin acetate (triptorelin, Ferring GmbH,
June 2022 | Volume 13 | Article 878214
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Germany, specifications: 1 ml; 0.1 mg) was administered by
injection in 0.1–0.2 mg to prevent OHSS. Oocyte retrieval was
conducted by vaginal ultrasound guided from 36 to 37 h after
accepting the trigger.

IVF and Embryo Culture
After oocyte retrieval, a short-term fertilization scheme was used.
At 17 h after fertilization, the fertilization was judged by
observing the formation of the pronucleus (10, 11). Embryos
were assessed for their morphology and cell number 72 h after
fertilization. According to the Istanbul Consensus (10) and
Vienna Consensus (11), when the blastomere of 7–9 cells was
uniform and the fragmentation rate was less than 10%, the
embryo was classified as grade 1. The blastomeres of grade 2
embryos were not very regular, with a diameter difference of less
than 20%, and the fragmentation rate ranged between 11% and
25%. The cell division of grade 3 embryos was not uniform, with
a diameter difference of 20%–50% and a fragmentation rate of
more than 25%. Grade 1 embryos are considered high-quality
embryos. Available embryos were defined as grade 1–2 embryos.
Both transferred and frozen embryos met the criteria of
available embryos.

Luteal Support and Pregnancy Follow-Up
In fresh cycles, 1–2 available cleavage embryos were transferred
on the 3rd day after oocyte retrieval, or one blastocyst of grade
>3CC was transferred on the 5th day after oocyte retrieval.

In frozen cycles, a hormone replacement protocol was used to
transform the endometrium of the patient, with oral
administration of progynova (Delpharm Lille SAS, Bayer
Leverkusen, Germany, specification: 1 mg), 2–3 mg twice daily,
starting on the 3rd day of menstruation. The patients returned to
the hospital on the 12th day of menstruation. For patients with
an endometrial thickness of ≥8 mm and E2 of ≥200 pg/ml,
vaginal progesterone (Progesterone Sustained-Release Vaginal
Gel; MerckSeronoS.p.A, specification: 90 mg) was used for luteal
support. On the 3rd day of corpus luteum support, 1–2 available
cleavage embryos were transplanted to the patient, or on the 5th
day of corpus luteum support, one blastocyst of grade >3CC was
transplanted to the patient. The frozen embryos were thawed
according to the rapid recovery method of vitrification, and the
surviving blastomeres with a thawing percentage of >50 were
used for transplantation.

Progesterone was used for luteal support after embryo
transfer. Serum b-hCG was detected 14 days after embryo
transfer to determine whether it was a biochemical pregnancy.
About 4 weeks after embryo transfer, the gestational sac and
heart tube beat were observed under transvaginal ultrasound.
The gestational sacs were certified as clinical pregnancy features,
and the number of gestational sacs was recorded. The follow-up
involved miscarriage or birth and ended until the termination of
the pregnancy.

Observation and Statistical Indicators
The patient endpoint was cumulative live birth or use up of all
embryos. Clinical pregnancy was defined as having a gestational
sac and primitive heart tube beating. Live birth was defined as
Frontiers in Endocrinology | www.frontiersin.org 3
being born alive. Patients were classified according to pregnancy
outcomes: clinical pregnancy after fresh ET, clinical pregnancy
after the first transfer using frozen embryo, clinical pregnancy after
multiple embryo transfer, and no clinical pregnancy after using up
all embryos. And patients were classified according to live birth
outcomes: live birth after fresh ET, live birth after the first transfer
using frozen embryo, live birth after multiple embryo transfers,
and no live birth after using up all embryos. Laboratory outcome
indicators were calculated as follows: Fertilization rate: number of
fertilizations/number of oocytes. 2PN fertilization rate: number of
2PN/oocyte number. Cleavage rate: number of 2PN cleavages/
number of 2PN. High-quality embryo rate: number of high-
quality embryos/number of oocytes. Available embryo rate: the
number of available embryos/the number of oocytes.

Clinical outcome indicators were calculated as follows.
Cumulative pregnancy rate (CPR): number of clinical
pregnancy cycles/total number of first oocyte retrieval cycles.
CLBR: number of live birth cycles/total number of first oocyte
retrieval cycles. Clinical pregnancy rate: the number of clinical
pregnancy cycles after the first transfer/total number of cycles.
Live birth rate: the number of live birth cycles after the first
transfer/total number of cycles. Abortion rate: number of
abortion cycles/number of all clinical pregnancy cycles.

Statistical Analysis
The statistical analysis was performed with SPSS25.0 software
and the statistical packages R (The R Foundation; version 3.4.3)
and Empower (R) (X&Y solutions, Boston, MA, USA).
Measurement data were expressed as mean ± standard
deviation (SD). The counting data were expressed in percent.

For normally distributed data, a two-independent sample test
was used to compare the means between two groups, and the
analysis of variance method was used to compare the means
between multiple groups. For nonnormally distributed data, a
nonparametric test (Mann–WhitneyU test) was used to compare
the means. The Chi-square test, or Fisher’s exact probability
method, is used to compare count data. Univariate logistic
regression analyses were performed to analyze various factors
affecting clinical outcomes. After adjusting for confounding
factors, both smooth curve fitting and multivariate logistic
regression analyses were used to observe the relationship
between the number of oocytes retrieved and clinical
outcomes. The smooth curve fitting and threshold effect value
were combined to quantify the effect of the number of oocytes
retrieved on clinical outcomes and stratify by age, BMI and type
of PCOS. The SPSS classification decision tree adopted the
growth method CHAID. The statistically significant p was set
at <0.05.
RESULTS

Patients’ Characteristics
After planned exclusions, there are 1,419 PCOS patients with
their first IVF treatment eligible for analysis (Figure 1). Patients’
characteristics are summarized in Table 1. The age, basal follicle-
forming hormone (bFSH), dose of Gn, duration of Gn, and the
June 2022 | Volume 13 | Article 878214
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proportion of patients with type B PCOS were significantly
higher in the low-oocyte group (1–11) than in the middle-
oocyte group (12–17) and high-oocyte group (18–62) (p <
0.05). The body mass index (BMI), and total testosterone were
significantly higher in the low-oocyte group than in the high-
oocyte group (p < 0.05). The baseline luteinizing hormone (bLH)
was significantly lower in the low-oocyte group than in the
middle-oocyte and high-oocyte groups (p < 0.05). Patients with
fewer than 11 oocytes were more likely to choose fresh ET
(90.23%). The patient’s laboratory indicators and clinical
outcomes are summarized in Table 2. The number of high-
quality embryos and the number of available embryos were
significantly lower in the low-oocyte group than in the middle-
oocyte and high-oocyte groups (p < 0.05), but the available
embryo rate was significantly lower in the high-oocyte group
than in the middle-oocyte and low-oocyte groups (p < 0.05), and
the high-quality embryo rate was significantly higher in the
middle-oocyte group than in the high-oocyte and low-oocyte
groups (p < 0.05). The clinical pregnancy rate, live birth rate,
CPR, and CLBR were significantly higher in the low-oocyte
group than in the middle-oocyte and high-oocyte groups (p <
0.05), whereas the miscarriage rate was significantly higher in the
low-oocyte group than in the middle-oocyte and high-oocyte
groups (p <0.05).

The Number of Pocytes Retrieved Is an
Independent Protective Factor for
Pregnancy Outcome
After adjusting for confounding factors (age, BMI, bFSH, bE2,
dose of Gn, type of PCOS, years of infertility, cycle outcome),
multivariate logistic regression analysis showed that the number
Frontiers in Endocrinology | www.frontiersin.org 4
of oocytes retrieved was an independent protective factor to
significantly (p < 0.05) affect the clinical pregnancy rate [OR =
1.05 (95% CI: 1.03, 1.08)], live birth rate (OR = 1.05 (95% CI:
1.02, 1.07)), CPR [OR = 1.09 (95% CI: 1.06, 1.12)], and CLBR
[OR = 1.09 (95% CI: 1.06, 1.12)] (Table 3). For each additional
oocyte, the clinical pregnancy rate increased by 5%, the live birth
rate increased by 5%, the CPR increased by 9%, and the CLBR
increased by 9%. The number of oocytes retrieved is not related
to the miscarriage rate.

After adjusting for confounding factors such as age, BMI,
bFSH, bE2, dose of Gn, type of PCOS, years of infertility, and
cycle outcome, the smooth curve fitting analysis revealed that the
number of oocytes had a curvilinear relationship with the clinical
pregnancy rate, live birth rate, CPR, and CLBR (Figure 2).

When the number of oocytes was less than 15, the CPR
increased by 17%, and CLBR increased by 16% for every increase
in the number of retrieved oocytes [OR = 1.17 (95% CI: 1.11,
1.22] and OR = 1.16 [95% CI: 1.11, 1.21)], while the CPR and
CLBR plateaued at 15 oocytes (Table 4).

When the number of oocytes was less than 11, the clinical
pregnancy rate and live birth rate increased by 14% and 10%,
respectively, for each increase in the number of oocytes [OR =
1.14 (95% CI: 1.06, 1.22) and OR = 1.10 (95% CI: 1.02, 1.17)].
When the number of oocytes was between 11 and 25, the clinical
pregnancy rate increased by 1%, and the live birth rate increased
by 3% for each increase in the number of oocytes [OR = 1.01
(95% CI: 0.96, 1.05) and OR = 1.03 (95% CI: 0.98, 1.07)]. When
the number of oocytes was more than 25, the live birth rate
decreased by 7% for each increase in the number of oocytes [OR
= 0.93 (95% CI: 0.86, 0.99)], while the clinical pregnancy rate
plateaued (Table 4).
FIGURE 1 | Test flow chart. Patient selection and cycle overview.
June 2022 | Volume 13 | Article 878214
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TABLE 2 | Patient’s laboratory indicators and clinical outcome.

No. of oocytes Low (1–11) Middle (12–17) High (18–62) F/c2 p-value

N 471 420 528
Fertilization rate 83.5% 84.3% 84.0% 5.533 0.063
2PN fertilization rate 61.82% 63.69% 62.03% 1.105 0.575
Cleavage rate 98.87% 98.93% 98.77% 0.629 0.730
High-quality embryo rate 14.20% 14.68% 13.19% 8.492 0.014
Available embryo rate 37.25% 32.63% 27.30% 152.641 <0.001
No. of oocyte 7.58 (2.46) 14.35 (1.70)* 24.56 (6.69)*,** 1,258.379 <0.001
No. of fertilization 6.34 (2.45) 12.11 (2.68)* 20.64(6.76)*,** 1,075.068 <0.001
No. of 2PN 4.70 (2.22) 9.14 (2.90)* 15.24 (6.02)*,** 878.993 <0.001
No. of cleavage 4.64 (2.21) 9.05 (2.88)* 15.05 (6.00)*,** 871.276 <0.001
No. of available embryo 2.83 (1.47) 4.68 (2.63)* 6.70 (3.72)*,** 364.865 <0.001
No. of high quality embryo 1.08 (1.43) 2.11 (2.32)* 3.24 (3.56)*,** 104.923 <0.001
Total number of transferred embryo 2.14 (0.70) 2.27 (0.75)* 2.11 (0.53)*,** 16.031 <0.001
Clinical pregnancy 312 (66.24%) 336 (80.00%) 468 (88.64%) 74.990 <0.001
Live birth 280 (59.45%) 312 (74.46%) 454 (85.98%) 90.572 <0.001
Miscarriage 32 (10.25%) 24 (7.14%) 14 (2.99%) 17.426 <0.001
Type of abortion 1.395 0.498
Early abortion 21 (65.62%) 12 (50.00%) 8 (57.14%)
Late abortion 11 (34.38%) 12 (50.00%) 6 (42.86%)

Cumulative clinical pregnancy 338 (71.76%) 368 (87.62%) 488 (92.42%) 85.055 <0.001
Cumulative live birth 301 (63.91%) 351 (83.57%) 478 (90.53%) 114.501 <0.001
Developmental stage of embryos transferred in live birth
Cleavage embryo 279 (99.64%) 308 (98.72%) 446 (98.24%) 2.723 0.252
Blastocyst 1 (0.36%) 4 (1.28%) 8 (1.76%)
Frontiers in Endocrinology | www.frontiersin.org
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*p < 0.05 compared with the low group; **p < 0.05 compared with the middle group.
Values are presented as number (%) or mean (SD).
TABLE 1 | Patient/s baseline characteristics.

No. of oocytes Low (1–11) Middle (12–17) High (18–62) F/c2 p-value

N 471 420 528
Age (years) 29.22 (3.56) 28.58 (3.52)* 28.13 (3.20)* 21.834 <0.001
Years of infertility (years) 4.14 (2.65) 4.01 (2.76) 3.75 (2.40) 4.478 0.107
BMI (kg/m2) 25.46 (3.83) 25.07 (3.70) 24.74 (3.40)* 9.830 0.007
BFSH (mIU/ml) 7.03 (1.87) 6.54 (1.73)* 6.36 (1.63)* 36.028 <0.001
bE2 (pg/ml) 80.37 (77.16) 74.40 (65.96) 65.48 (53.40) 2.792 0.248
bP (ng/ml) 1.33 (1.34) 1.12 (0.93) 1.21 (1.19) 0.642 0.725
bLH (mIU/ml) 8.53 (6.55) 8.30 (6.09)* 9.39 (6.01)* 17.044 <0.001
bT (ng/ml) 1.35 (2.93) 1.25 (2.88) 1.01 (1.19)* 13.904 <0.001
No. of AFC 19.57 (6.24) 21.73 (5.42)* 23.37 (3.97)*,** 106.632 <0.001
Dose of Gn (IU) 2,866.04 (1,293.35) 2,443.79 (921.71)* 2,372.50 (1,076.41)* 52.595 <0.001
Duration of Gn (IU) 12.63 (4.18) 11.73 (2.76)* 11.77 (2.94)* 12.640 0.002
Types of infertility 5.081 0.079
Primary 309 (65.61%) 257 (61.19%) 360 (68.18%)
Secondary 162 (34.39%) 163 (38.81%) 168 (31.82%)

Type of PCOS 91.202 <0.001
A 74 (15.71%) 75 (17.86%) 129 (24.43%)
B 157 (33.33%) 92 (21.90%) 48 (9.09%)
C 38 (8.07%) 37 (8.81%) 57 (10.80%)
D 202 (42.89%) 216 (51.43%) 294 (55.68%)

Cycle outcome 516.754 <0.001
Fresh embryo transfer 425 (90.23%) 312 (74.29%) 122 (23.11%)
Frozen embryo transfer 46 (9.77%) 108 (25.71%) 406 (76.89%)

Number of transferred cycles 16.592 <0.001
1 415 (88.11%) 356 (84.76%) 491 (92.99%)
2 56 (11.89%) 64 (15.24%) 37 (7.01%)
*p < 0.05 compared with the low group; **p < 0.05 compared with the middle group.
Values are presented as number (%) or mean (SD). BMI, body mass index; bFSH, basal follicle-stimulating hormone; bE2, baseline estradiol; bP, baseline progesterone; bT, baseline
testosterone; bLH, baseline luteinizing hormone; AMH, anti-Mullerian hormone; Gn, gonadotropin.
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Stratified Analysis
The subjects were stratified by age. When the age was less than 35
years old, the number of oocytes had a curvilinear relationship
with the CPR and CLBR. When the number of oocytes was less
than 15, the CPR and CLBR increased by 17% and 16% with each
increase in the number of oocytes [OR = 1.17)95% CI: 1.12, 1.23)
and OR = 1.16 (95% CI: 1.11, 1.22)]. When there were more than
15, the CPR and CLBR tended to be stable (Figures 3A, B;
Table 5, 6). When the age was over 35 years old, the number of
oocytes obtained had no significant correlation with CPR
and CLBR.

Subjects were stratified by BMI. When BMI was less than 25,
the number of oocytes showed a curve relationship with the CPR
and CLBR. When the number of oocytes was less than 15, CPR
and CLBR increased by 18% and 15%, respectively [OR = 1.18
Frontiers in Endocrinology | www.frontiersin.org 6
(95% CI: 1.10, 1.26) and OR = 1.15 (95% CI: 1.08, 1.23)]. CPR
and CLBR tended to be stable when more than 15 were added
(Figure 3C; Table 6). When BMI was greater than or equal to 25,
CPR and CLBR increased by 11% and 12%, respectively, with
increasing number of oocytes (OR = 1.11 [95% CI: 1.07, 1.16)
and OR = 1.12 (95% CI: 1.08, 1.17)] (Figure 3D; Table 5).

Subjects were stratified by PCOS phenotype. For phenotype A,
CPR and CLBR increased by 11% and 14%, respectively, with
increasing oocyte number [OR = 1.11 (95%CI: 1.03, 1.26) andOR =
1.14 (95%CI: 1.07, 1.21)] (Figures 3E, F;Table 5). For phenotype B,
the CPR had a curve relationship with the number of oocytes.When
the number of oocytes retrieved was less than 15, the CPR increased
by 22% as the number of oocytes increased, and when the number
of oocytes was more than 15, the CPR tended to be stable [OR =
1.22 (95% CI: 1.12, 1.32)]. For phenotype B, the CLBR increased by
A B

C D

FIGURE 2 | Curve fitting between the number of oocytes retrieved and clinical outcomes. The adjusted smoothed plots between the number of oocytes retrieved
with the cumulative pregnancy rate, the cumulative live birth rate, the clinical pregnancy rate, and the live birth rate are based on a two-piece-wise regression model
(A–D). The nonlinear relationship between the number of oocytes retrieved and the cumulative pregnancy rate, the cumulative live birth rate, the clinical pregnancy
rate, and the live birth rate, respectively. Adjustment factors included age, BMI, bFSH, bE2, dose of Gn, type of PCOS, years of infertility, and cycle outcome. The
solid and dashed lines represent the estimated values and their corresponding 95% confidence intervals.
TABLE 3 | Number of oocytes retrieved and clinical outcomes.

Nonadjusted Adjusteda

OR (95% CI) p-value OR (95% CI) p-value

Cumulative clinical pregnancy 1.10 (1.08, 1.13) <0.0001 1.09 (1.06, 1.12) <0.0001
Cumulative live birth 1.11 (1.08, 1.13) <0.0001 1.09 (1.06, 1.12) <0.0001
Clinical pregnancy 1.09 (1.07, 1.11) <0.0001 1.05 (1.03, 1.08) <0.0001
Live birth 1.09 (1.07, 1.11) <0.0001 1.05 (1.02, 1.07) <0.0001
Miscarriage 0.93 (0.90, 0.97) 0.0003 0.98 (0.93,1.02) 0.3143
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A B

C D

E F

FIGURE 3 | Patients were classified according to age, BMI, type of PCOS stratification, curve fitting between the number of oocytes retrieved, and cumulative
clinical outcomes. The adjusted smoothed plots between the number of oocytes retrieved with the cumulative pregnancy rate and the cumulative live birth rate are
based on a piecewise regression model (A–F). In (A, B), the red line represents the age less than 35 years old, and the blue line represents the age greater than or
equal to 35 years old. In (C, D), the red line represents the BMI of less than 25, and the blue line represents the BMI of greater than or equal to 25. In (E, F), the red
line represents the phenotype A, the green line represents the phenotype B, the blue line represents the phenotype C, and the purple line represents the phenotype
D. Adjustment factors included age, BMI, bFSH, bE2, dose of Gn, type of PCOS, years of infertility, cycle outcome, and if not stratified.
TABLE 4 | The threshold effect analysis of the number of oocytes retrieved and clinical outcomes.

Cut points N OR 95% CI p-value

The cumulative pregnancy rate
<15 695 1.17 (1.11,1.22) <0.0001
>15 724 1.02 (0.98, 1.06) 0.3825

The cumulative live birth rate
<15 695 1.16 (1.11,1.21) <0.0001
>15 724 1.02 (0.98,1.06) 0.2790

The clinical pregnancy rate
<11 409 1.14 (1.06,1.22) 0.0002
>11, <25 808 1.01 (0.96,1.05) 0.8243
>25 202 0.95 (0.88,1.03) 0.2352

The live birth rate
<11 409 1.10 (1.02,1.17) 0.0079
>11, <25 808 1.03 (0.98, 1.07) 0.2257
>25 202 0.93 (0.86,0.99) 0.0277
Frontiers in Endocrinology | www.frontiersin
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12% with increasing oocyte number [OR = 1.12 (95% CI: 1.06,
1.19)] (Figures 3E, F; Tables 5, 6). For phenotype C, the CPR had a
curve relationship with the number of oocytes.When the number of
oocytes retrieved was less than 15, there was no significant
correlation between the number of oocytes and the CPR. When
the number of oocytes was greater than 15, the CPR increased by
30% with increasing oocyte number [OR = 1.30 (95% CI: 0.17,
1.57)]. For phenotype C, the CLBR increased by 7% with increasing
oocyte number [R = 1.07 (95% CI: 1.00, 1.15)] (Figures 3E, F;
Tables 5, 6). For phenotype D, the number of oocytes retrieved had
a curve relationship with the CPR and CLBR. When the number of
oocytes retrieved was less than 15, the CPR and CLBR increased by
15% and 14%, respectively, as the number of retrieved oocytes
increased [OR = 1.15 (95% CI: 1.07, 1.24) and OR = 1.14 (95% CI:
1.06, 1.22)]; when more than 15, the CPR and CLBR tended to be
stable (Figures 3E, F; Table 6).

The subjects were stratified according to the transplanted fresh
embryo/frozen embryo. When fresh embryos were transplanted
when the number of oocytes was less than 11, the clinical
pregnancy rate increased by 17%, and the live birth rate
increased by 12% with each increase in the number of oocytes.
After more than 11, the clinical pregnancy rate and live birth rate
plateaued. When frozen embryos were transplanted when the
number of oocytes was less than 25, the clinical pregnancy rate and
the live birth rate increased by 11% and 13% with each increase in
the number of oocytes. After more than 25, the live birth rate
plateaued, but the clinical pregnancy rate decreased by 8% with
each increase in the number of oocytes (Figure 4; Table 7).

Pregnancy and Live Birth After Fresh
Embryo Transfer
Pregnancy after fresh embryo transfer and live birth after fresh
embryo transfer were analyzed through the classification decision
tree. For patients younger than 35 years old, those with less than or
equal to 6 oocytes and those with 7–16 oocytes had a similar
proportion of pregnancy and live births with fresh ET but higher
than 16 oocytes (58.2% vs. 60.1% vs. 19.5%, 53.7 vs. 53.8% vs.
18.4%). Patients younger than 35 years old had a higher
proportion of pregnancy and live births (58.2% vs 42.8%, 53.7%
vs 38.8%) of fresh ET in those with less than or equal to 6 oocytes
retrieved, but the proportion of no live birth after embryo
exhaustion was higher than the total patients (35.1% vs. 15.9%,
Frontiers in Endocrinology | www.frontiersin.org 8
41.0% vs. 20.4%). When the age was over 35, though there was no
significant correlation with the number of oocytes retrieved, the
proportion of patients who could not become pregnant or deliver
alive after using all embryos was significantly higher than that of
patients less than 35 years old (27.4% vs. 15.1%, 39.3% vs. 19.2%)
(Figures 5, 6).
DISCUSSION

In our study, the number of oocytes retrieved in PCOS patients
was closely related to the CPR and CLBR. The CPR and CLBR of
PCOS patients reached their peak when the number of oocytes
retrieved was 15, and then stabilized. Similarly, a study showed
that PCOS patients with 10–15 oocytes could get a CLBR of
81.91%. After that, even if the number of oocytes retrieved
increased, the CLBR did not change significantly (7).

The possible reason is that the number of euploid embryos in
PCOS patients increases with the number of retrieved oocytes, and
the increase in the number of available embryos increases the
chance of live births in PCOS patients (12, 13). PCOS patients
increase the number of euploid embryos by increasing the number
of oocytes obtained, thereby increasing live births. Therefore, we
should also pay attention to the quality of oocytes in PCOS patients
rather than simply increasing the number of oocytes.

Age is an important factor affecting female fertility, and the
number of oocytes retrieved at different ages may have an impact
on the CLBR. Patients aged 18–35 were recommended to retrieve
up to 25 oocytes and 30 oocytes in women between 36 and 44
years old (14). Quite different from that, our result remains stable
in patients younger than 35 years of age, but there was no
correlation in PCOS patients older than 35 years. Differences in
the study populations could have contributed to the differences
in the results among the various studies. PCOS patients have a
reproductive advantage over non-PCOS patients. Compared
with non-PCOS patients, the number of oocytes obtained in
PCOS patients and the CLBR decline with age are slower (15).
Therefore, under the same age, PCOS patients could reach a
maximum CLBR with a small number of oocytes retrieved. In
this study, the small sample size of PCOS patients older than 35
years may be the main reason for the lack of correlation between
the number of oocytes and the CLBR.
TABLE 5 | Stratified analysis of the number of oocytes retrieved and cumulative clinical outcomes.

N The cumulative pregnancy rate The cumulative live birth rate

OR 95% CI p-value OR 95% CI p-value

Age <35 1,335 1.09 (1.06, 1.13) <0.0001 1.09 (1.06, 1.12) <0.0001
Age ≥35 84 1.06 (0.96, 1.18) 0.2509 1.08 (0.99, 1.18) 0.0932
BMI <25 725 1.08 (1.03, 1.12) 0.0004 1.06 (1.02, 1.10) 0.002
BMI ≥25 683 1.11 (1.07, 1.16) <0.0001 1.12 (1.08, 1.17) <0.0001
Type of PCOS
A 278 1.11 (1.03, 1.19) 0.005 1.14 (1.07, 1.21) <0.0001
B 297 1.15 (1.07, 1.23) <0.0001 1.12 (1.06, 1.19) 0.0002
C 132 1.12 (1.04, 1.22) 0.0046 1.07 (1.00, 1.15) 0.0445
D 712 1.05 (1.01, 1.10) 0.0201 1.05 (1.01, 1.09) 0.014
June
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When the patient’s age was between 35 and 40 years old, there
was no significant correlation between cumulative pregnancy and
cumulative live birth and the number of oocytes. However, the
proportion of patients who have not delivered a live birth after using
all their embryos was significantly higher than that of patients
younger than 35 years. However, studies have shown that the
number of oocyte retrievals in women under the age of 41 is
significantly associated with CLBR (16). Retrieving 10–14 oocytes in
women aged 35–40 years can achieve high CLBR while maintaining
acceptably low OHSS rates (17). In addition, another study showed
that women aged 35–44 withmore than 30 oocytes can achieve high
CPR (14). However, it is more difficult for patients over 35 to obtain
more than 30 oocytes. PCOS patients were maintained with IVF
until age 38, after which pregnancy rates declined, although the
number of oocytes obtained with IVF remained stable (18). The
sample size should be expanded for further study.
Frontiers in Endocrinology | www.frontiersin.org 9
In this study, PCOS patients without overweight or obesity
achieved the best CPR and CLBR when the number of oocytes
obtained reached 15. CPR and CLBR can be increased by
increasing the number of oocytes retrieved, but at a lower rate
than in patients without overweight or obesity. Overweight
and obesity are independent risk factors for cumulative live
birth rates and increase the risk of miscarriage (19), and
overweight and obesity occur more frequently in PCOS
patients than in patients without PCOS, which affects the
fertility of PCOS patients. On the one hand, obesity affects the
function of the endometrium in PCOS patients through
inflammation, oxidative stress, and other pathways that
impair the decidual formation and hinder embryo
implantation (20). On the other hand, obesity can impair
oocyte function through abnormal spindle and chromosome
pairing or by affecting the physiological microenvironment in
A B

FIGURE 4 | Patients were classified according to fresh/frozen embryo transfer stratification, curve fitting between the number of oocytes retrieved, and clinical
outcomes. The adjusted smoothed plots between the number of oocytes retrieved with the clinical pregnancy rate and the live birth rate were based on a two-
piecewise regression model (A, B). The red line represents fresh embryo transfer, and the blue line represents frozen embryo transfer. Adjustment factors included
age, BMI, bFSH, bE2, dose of Gn, type of PCOS, and years of infertility.
TABLE 6 | Effect of age, BMI, and type of PCOS on the association between the number of oocytes retrieved and cumulative clinical outcomes.

No. of oocyte N The cumulative pregnancy rate The cumulative live birth rate

OR 95% CI p-value LRT test OR 95% CI p-value LRT test

Age <35 <15 644 1.17 (1.12, 1.23) <0.0001 <0.001 1.16 (1.11, 1.22) <0.0001 <0.001
>15 691 1.02 (0.97, 1.06) 0.4697 1.02 (0.98, 1.06) 0.4341

Age ≥35 <15 51 1.05 (0.90, 1.23) 0.5464 0.852 1.03 (0.88, 1.20) 0.7181 0.444
>15 33 1.08 (0.85, 1.37) 0.5148 1.14 (0.95, 1.38) 0.1683

BMI <25 <15 331 1.18 (1.10, 1.26) <0.0001 0.002 1.15 (1.08,1.23) <0.0001 0.003
>15 394 1 (0.95, 1.06) 0.9494 1 (0.95, 1.05) 0.9558

BMI ≥25 <20 505 1.13 (1.08, 1.19) <0.0001 0.224 1.14 (1.08, 1.19) 0.7181 0.312
>20 178 1.04 (0.94, 1.15) 0.4744 1.06 (0.95, 1.18) 0.278

Type of PCOS
A <15 120 1.18 (1.03, 1.34) 0.0166 0.309 1.17 (1.04, 1.31) 0.0079 0.58

>15 158 1.05 (0.94, 1.18) 0.3756 1.11 (0.99, 1.24) 0.0719
B <15 205 1.22 (1.12, 1.32) <0.0001 0.016 1.17 (1.08, 1.27) <0.0001 0.086

>15 92 0.97 (0.87, 1.08) 0.6337 1.01 (0.90, 1.13) 0.8768
C <15 56 0.98 (0.83, 1.15) 0.8089 0.043 1.09 (0.95, 1.26) 0.2149 0.757

>15 76 1.3 (1.07, 1.57) 0.0077 1.06 (0.96, 1.17) 0.2677
D <15 314 1.15 (1.07, 1.24) 0.0002 0.003 1.14 (1.06, 1.22) 0.0003 0.007

>15 398 0.98 (0.93, 1.03) 0.4633 0.99 (0.94, 1.04) 0.6633
June 2022 | Vo
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the follicular fluid (21). For overweight and obese patients,
weight control and normal glucose and lipid metabolism are
even more important than increasing the number of
oocytes retrieved.

Patients with four PCOS phenotypes can increase CPR and
CLBR by increasing the number of oocytes retrieved. Only the
patients with the D phenotype have a trend in the relationship
between the number of oocytes retrieved and CLBR when the
number of retrieved oocytes reaches 15 in stability. In addition,
patients with the C phenotype had a lower percentage of CLBR
by increasing the number of oocytes retrieved. Studies have
shown that patients with a hyperandrogenic phenotype (A and
C phenotypes) have a significantly lower CLBR than patients
with a nonhyperandrogenic phenotype (D phenotype) (22).
Frontiers in Endocrinology | www.frontiersin.org 10
Oocyte function in PCOS patients is associated with the PCOS
phenotype where hyperandrogenemia leads to premature
luteinization of granulosa cells and premature oocyte
maturation by affecting the feedback of ovarian steroids to the
HPO axis, and hyperandrogenemia also alters follicles’ liquid
microenvironment (21). High testosterone levels affect the
metabolism of glucose in the endometrium of PCOS patients,
causing local insulin resistance, resulting in impaired
endometrial function (23). Patients with the D phenotype, as
the phenotype with the least symptoms, have no effect of
hyperandrogenism, and the best CLBR can be obtained when
the number of oocytes retrieved reaches 15. Therefore, more
attention should be paid to patients with A and B phenotypes,
especially C phenotypes during assisted reproduction.
FIGURE 5 | Decision tree on pregnancy after fresh embryo transfer. I, clinical pregnancy after fresh embryo transfer; II, clinical pregnancy after the first transfer using
frozen embryo; III, clinical pregnancy after multiple embryo transfers; IV, no clinical pregnancy after embryo exhaustion.
TABLE 7 | Effect of fresh/frozen embryo transfer on the association between the number of oocytes retrieved and clinical outcomes.

No. of oocyte N The clinical pregnancy rate The live birth rate

OR 95% CI p-value LRT test OR 95% CI p-value LRT test

Fresh embryo transfer
<11 371 1.17 (1.08,1.26) <0.0001 0.001 1.12 (1.06,1.19) 0.0001 0.047
>11 488 0.97 (0.92,1.02) 0.2631 0.98 (0.91,1.05) 0.5845

Frozen embryo transfer
<25 368 1.11 (1.06,1.17) <0.0001 0.029 1.13 (1.07,1.19) <0.0001 0.003
>25 192 0.92 (0.86,0.99) 0.0249 0.96 (0.91,1.02) 0.2197
June 2022 | V
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Our study showed that, among PCOS patients with fresh ET,
11 oocytes could achieve the best clinical pregnancy rate and live
birth rate. Among PCOS patients with their first FET after whole
embryo freezing, 25 oocytes could achieve the best clinical
pregnancy rate and live birth rate. Later, as the number of
oocytes harvested increases, the live birth rate for the first
transplant gradually decreases. A study showed that 9 oocytes
could optimize the chance of live birth following fresh transfer in
women with normal ovarian reserve (24). Retrieving at least 20
oocytes may be the optimal cutoff point for FET in order to
maximize the likelihood of a successful pregnancy and live birth
while minimizing complications (25). Studies have shown that
women with PCOS have an increased risk of miscarriage,
especially during fresh ET cycles, compared to women without
PCOS (26, 27). Therefore, patients with PCOS, especially during
fresh ET, need more oocytes to increase their chances of live
birth by increasing the number of available embryos and high-
quality embryos.

Our study also showed that the number of oocytes retrieved
between 7 and 16 could obtain a high proportion of fresh ET
pregnancy and live birth in patients younger than 35 years old.
Patients receiving IVF hope to obtain clinical pregnancy and a
live birth in the shortest time. In women with PCOS, FET
appears to be superior to fresh ET for women with more than
16 oocytes (9). With the permission of multiple children in a
family in China, many patients who give birth to their first child
Frontiers in Endocrinology | www.frontiersin.org 11
through assisted reproduction were ready to receive children
who have undergone FET. In this case, assisted reproduction
centers should help patients get pregnant quickly and efficiently
(28). If the number of oocytes retrieved was too high due to the
use of radical ovarian stimulation protocol, our assisted
reproductive center would choose whole embryo freezing to
avoid transfer failure and complications such as OHSS, and to
reduce the chance of fresh ET. Although the proportion of live
births from fresh embryo transplantation increased in patients
with less than or equal to 6 oocytes, the proportion of patients
who were unable to live birth even after using up all embryos also
increased. Patients with a small number of oocytes are at risk of
embryo freeze–thaw failure by poor embryo quality, so they tend
to choose fresh ET. At the same time, in a population with a
small number of oocytes, the possibility of live birth may be
reduced due to embryo quality and maternal factors. Controlling
the number of oocytes to 7–16 can obtain a high proportion of
fresh ET pregnancy and even a live birth rate, which reduces the
time of treatment and saves medical costs.

However, it is not that the more oocytes retrieved, the better
the prognosis of the patient. Retrieving more than 15 oocytes in a
fresh ET cycle significantly increases the risk of OHSS but not the
LB rate (29). When the number of oocytes exceeds 20, excess
oocytes do not imply higher CLBR but higher residual embryo
rates, higher doses of gonadotropins, and longer days of ovarian
stimulation, and only less than half of the embryos are
FIGURE 6 | Decision tree on live birth after fresh embryo transfer. I, live birth after fresh embryo transfer; II, live birth after the first transfer using frozen embryo;
III, live birth after multiple embryo transfers; IV, no live birth after embryo exhaustion.
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transferred and the rest are either frozen indefinitely or
abandoned, which is a huge waste (7). On the one hand, a
mild ovarian stimulation protocol should be selected to obtain an
appropriate number of oocytes and, on the other hand, to
increase the quality of oocytes and embryos and to obtain a
higher CLBR.

Compared with the assessment of pregnancy outcomes of
fresh embryo transfer only, our study used first transfer
outcomes, including fresh embryo transfer outcomes and first
frozen embryo transfer outcomes, for a more adequate
assessment. This study has limitations. The relatively small
number of patients over the age of 35 and the C phenotype
may mask differences in the data. This study lacks research on
the relationship between the incidence of OHSS, thrombosis, and
other complications and the number of oocytes retrieved. In this
study, PCOS patients only received GnRH-ant protocol, and
there was a lack of comparison between different ovulation
stimulation protocols. This study is a clinical retrospective
study, and the limitations of time and data can easily lead to
biased results. A multicenter large-sample study is needed to
further confirm the conclusions of this study.
CONCLUSION

In PCOS patients, the best CLBR is obtained with 15 oocytes, but
7–16 oocytes can be obtained in the shortest time, also known as
fresh ET live birth. In clinical practice, general conditions such as
age, personal preference, and treatment benefits of PCOS
patients should be fully evaluated, and an appropriate ovarian
stimulation program should be selected to carefully control the
balance between the number of oocytes retrieved and live birth.
Frontiers in Endocrinology | www.frontiersin.org 12
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