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LH level on trigger day, number
of follicles ≥16 mm but <18 mm,
and number of retrieved oocytes
are independent risk factors for
polyspermy in gonadotropin-
releasing hormone
antagonist protocol
Qiongyu Wu* and Lina He

Department of Reproductive Health and Infertility, Zigong Maternal and Child Health Hospital, Zigong,
Sichuan, China
Introduction: The polyspermy rate is a quality control indicator in the

embryology laboratory, and factors affecting polyspermy are of great interest.

The gonadotropin-releasing hormone (GnRH) antagonist protocol is currently

the mainstream protocol in most reproductive centers. This study explored the

factors influencing polyspermy in in vitro fertilization (IVF) using the GnRH

antagonist protocol and considered corresponding improvement measures.

Methods: This retrospective case-control study analyzed 354 patients who

underwent conventional IVF with a GnRH antagonist protocol at Zigong Maternal

and Child Health Hospital from November 2019 to September 2023. Patients were

divided into two groups based on the occurrence of polyspermy, and baseline

characteristics and clinical data were compared between the groups. Variables with

P<0.05 in univariate logistic regression were included in the multivariate logistic

regression model. Cutoff values for variables with P<0.05 were calculated.

Results: Multivariate logistic regression corrected for confounding factors

identified that luteinizing hormone (LH) level on trigger day, the number of

follicles ≥16 mm but <18 mm, and the number of retrieved oocytes were

significantly associated with polyspermy (OR=1.305, P=0.005; OR=1.235,

P=0.002; OR=1.101, P<0.001, respectively). The cutoff values were 1.95 IU/L,

4.5 follicles, and 16.5 oocytes, respectively.

Conclusion: In the GnRH antagonist cycle, LH level on trigger day, the number of

follicles ≥16 mm but <18 mm, and the number of retrieved oocytes are

independent risk factors for polyspermy. When LH level on trigger day exceeds

1.95 IU/L, the number of follicles ≥16mmbut <18mm exceeds 4, and the number

of oocytes retrieved exceeds 16, the risk of polyspermy increases significantly.
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Introduction

Polyspermy refers to the penetration of an oocyte by two or more

sperm during fertilization, resulting in multiple pronuclei. In natural

conception, the physiological screening process within the female

reproductive tract limits the number of sperm reaching the oocyte.

This physiological decrease in sperm concentration is considered a

mechanism to prevent polyspermy (1, 2). However, during

conventional in vitro fertilization (IVF), sperm do not undergo the

natural screening process of the uterus and fallopian tubes, resulting in

a large number of active sperm being directly exposed to the oocyte.

Additionally, controlled ovarian stimulation (COS) retrieves

significantly more oocytes than a natural cycle does, and not all the

oocytes are mature. Consequently, the likelihood of polyspermy is

considerably increased (3). The occurrence of polyspermy can

negatively affect laboratory parameters and pregnancy outcomes,

such as reduced fertilization rates, lower high-quality embryo rates,

decreased implantation rates, and lower clinical pregnancy rates, while

increasing the risk of miscarriage (4–6). According to the 2017 Vienna

Consensus (7), the polyspermy rate should be controlled within 6%.

Substantial research has focused on factors contributing to

polyspermy in oocytes, such as the absence of zona pellucida 1

(ZP1) glycoprotein, defects in the transglutaminase 2 (Tgm2) gene,

and abnormalities in cortical granule translocation (8–10). In

contrast, there is less research on sperm-related factors. Li et al.

found that mutations in the brain expressed X-linked protein 1

(BEX1) gene and a reduction in phospholipase C (PLC)-zeta are

associated with an increased incidence of polyspermy (11). During

IVF, factors such as oocyte quality and quantity, sex hormone levels

in follicular fluid and serum, sperm concentration, polyploid sperm,

and fertilization conditions all influence the incidence of polyspermy

(12). Animal experiments have fully demonstrated that excessive

ovarian stimulation negatively affects the quality of oocytes, reduces

embryonic development potential and may increase the incidence of

chromosomal abnormalities (13–15). Esther et al. also showed in

their study that the dose of gonadotropin (Gn) was positively

correlated with the aneuploidy rate (16). Therefore, an appropriate

Gn dose and hormonal balance are essential to retrieve high-quality

oocytes during COS.

While recent clinical studies on polyspermy in human IVF

cycles remain limited, some research has investigated its

contributing factors. For example, Sun et al. explored the factors

associated with polyspermy in the ultra-long protocol (17). In their

other study, as well as in various domestic and international studies,

they analyzed the relationship between the number of oocytes

retrieved and the incidence of polyspermy (18–21).

In IVF cycles, the gonadotropin-releasing hormone (GnRH)

antagonist works by competitively blocking GnRH receptors in the

anterior pituitary, thereby preventing the release of luteinizing

hormone (LH) and follicle-stimulating hormone (FSH) triggered by

endogenous GnRH (22). Compared to the GnRH agonist long

protocol, the antagonist protocol is more cost-effective, time-efficient,

and significantly reduces the risk of ovarian hyperstimulation

syndrome (OHSS). Additionally, it yields oocytes of comparable

quality and similar pregnancy outcomes, making it widely used in

reproductive centers (23–26). However, research on polyspermy in IVF
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cycles using this protocol is still limited. This study aims to explore

these factors to reduce polyspermy incidence and improve embryo

transfer outcomes.
Materials and methods

Patients

This retrospective case-control study analyzed 354 patients who

underwent conventional IVF with the GnRH antagonist protocol at

Zigong Maternal and Child Health Hospital between November

2019 and September 2023. Patients were divided into two groups

based on polyspermy occurrence: the normal fertilization group

(n=198) and the polyspermy group (n=156).

Inclusion criteria (1): First IVF treatment at our hospital. (2) GnRH

antagonist protocol. Exclusion criteria: (1) Rescue intracytoplasmic

sperm injection (ICSI) treatment. (2) Male infertility or sperm

donation. (3) Decreased ovarian reserve function, defined as antral

follicle count (AFC) <5~7 or anti-Müllerian hormone (AMH) <0.5~1.1

mg/L. (4) Female age ≥40 years old. (5) Chromosomal abnormalities in

either spouse. (6) Recurrent miscarriage patients, etc. This study was

reviewed and approved by the Ethics Committee of Zigong Maternal

and Child Health Hospital (202403).
Ovulation stimulation and oocyte retrieval

Patients received gonadotropin starting on days 2-3 of

menstruation until ovulation induction. Five to six days later, or

when dominant follicle diameter >12 mm and serum estradiol (E2)

>300 ng/L, 0.25 mg GnRH antagonist (Cetrotide, Merck Serono,

Germany) was administered daily until the trigger day. Ovulation

was induced with 250 mg of recombinant human chorionic

gonadotropin (r-HCG, Ovidrel, Merck Serono, Germany) when

the diameter of three follicles reached 17 mm, or two follicles

reached 18 mm, or when the number of follicles with a diameter

greater than 16 mm exceeded two-thirds. Oocytes were retrieved 36

hours post-trigger, and the cumulus-oocyte complex was cultured

in vitro for 4 hours before fertilization. Corpus luteum support was

initiated on the first day.
Follicle measurement

To minimize measurement errors, all follicle measurements

were conducted by the same physician. Each follicle’s largest cross-

sectional area was recorded using two perpendicular diameters, and

the arithmetic mean of these measurements was calculated for use.
Semen treatment and short-
term insemination

Abstinence for 2 to 5 days was required prior to oocyte retrieval.

Semen samples were collected on the day of oocyte retrieval and
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processed using either density gradient centrifugation or the swim-

up method. The separation medium for density gradient

centrifugation consisted of Spermient 40% and 80% (Cook,

Australia), while the washing and swim-up fluids were buffered

fallopian tube fluid culture medium (ART-1023, Cooper Surgical,

Inc.). Microdroplet insemination was performed, with each

microdroplet prepared using 50 µL of G-IVF™ PLUS (Vitrolife,

Sweden), covered with oil, and equilibrated overnight.

Forty hours after the r-HCG injection, the mixed sperm

supernatant was added to the microdroplet at a concentration of

1×104 motile sperm per oocyte. After confirming sperm motility

and concentration under a microscope, the oocytes were added to

the microdroplets, with 1 to 2 oocytes per droplet.
Denuding and fertilization observation

Four to five hours after IVF fertilization, a 140 mm oocyte

stripping needle is used to remove the granules. The oocytes are

then transferred to cleavage medium (CM, Cook, Australia), which

has been equilibrated overnight. The discharge of the second polar

body is observed under a microscope. When the number of oocytes

with two polar bodies reaches one-third or more of the mature

oocytes, the oocytes are returned to the incubator for further

culture. Fertilization is assessed after 18 hours. Oocytes with two

pronuclei are considered normally fertilized, while those with three

or more pronuclei are classified as polyspermy.
Observation indicators

The baseline characteristics for the patients included female age,

infertility duration, infertility type, infertility factors, proportion of

polycystic ovary syndrome (PCOS), body mass index (BMI), basal

serum levels of FSH, LH, E2, testosterone, progesterone, prolactin

(PRL), and AMH. The clinical data indicators included Gn starting

dose, Gn total dose, duration of Gn used, serum levels of E2,

progesterone and LH on trigger day, the number of follicles with

a diameter ≥ 14 mm but <16 mm, the number of follicles with a

diameter ≥16 mm but <18 mm, the number of follicles larger than

18 mm, as well as the number of oocytes retrieved and Metaphase II

(MII) oocytes.
Statistical methods

SPSS 26.0 was used for statistical analysis. The measurement

data were skewed and expressed as the median (25th percentile,

75th percentile) [M (P25, P75)]. The independent-samples Mann-

Whitney U test was used for inter-group comparisons. Count data

were expressed as composition ratios and percentages (%), and the

chi-square test was applied for inter-group comparisons. If the

sample size exceeded 40 and the expected frequency was above 5,

Pearson’s chi-square test was applied. Conversely, if the sample size

was under 40 or the expected frequency was below 5, Fisher’s exact
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test was preferred. Polyspermy occurrence was treated as the

dependent variable, and indicators with P < 0.05 in the univariate

logistic regression analysis were included in a multivariate logistic

regression analysis (Forward-Wald method). The odds ratio (OR)

and 95% confidence interval (CI) were calculated. Additionally, the

cutoff value for variables with P < 0.05 in the multivariate logistic

regression model was determined. A P-value < 0.05 was considered

statistically significant.
Results

Baseline characteristics

A total of 354 antagonist cycles (354 patients) were included in

this study, including 198 normal fertilization cycles (normal

fertilization group) and 156 polyspermic fertilization cycles

(polyspermic fertilization group). The total number of oocytes

retrieved was 4682, and the polyspermy rate was 5.6% (266/4682).

The age of the polyspermic fertilization group was significantly lower,

while basal serum testosterone, AMH levels and proportion of PCOS

were significantly higher. There was a significant difference in the

distribution of infertility factors between the two groups. Other data

showed no significant differences (P > 0.05), as shown in Table 1.
Clinical data

The Gn starting dose in the polyspermic fertilization group was

significantly lower, while the E2 and progesterone levels on trigger

day, the number of follicles with diameter ≥14 mm but <16mm, the

number of follicles with diameter ≥16 mm but <18mm, the number

of retrieved oocytes, and MII oocytes were significantly higher. No

significant differences were observed in the other data (P > 0.05), as

shown in Table 1.
Logistic regression analysis of factors
influencing polyspermy

A multivariate logistic stepwise regression model was

established, with variables including female age, basal serum LH

and testosterone, AMH, infertility factors, proportion of PCOS, Gn

starting dose, Gn total dose, E2 and LH levels on trigger day, the

number of follicles ≥14 mm but <16 mm, the number of follicles ≥16

mm but <18 mm, retrieved oocytes, and MII oocytes. These

variables were selected based on P < 0.05 in the univariate logistic

regression analysis.

The results showed that female age, basal serum LH and

testosterone, AMH, infertility factors, PCOS, Gn starting dose, Gn

total dose, E2 level on trigger day, the number of follicles ≥14 mm

but <16 mm, and MII oocytes did not enter the regression equation

(P > 0.05), indicating that they are not independent factors

influencing polyspermy. However, LH level on trigger day, the

number of follicles ≥16 mm but <18 mm, and the number of
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retrieved oocytes were significantly associated with the occurrence

of polyspermy (OR=1.305, P=0.005; OR=1.235, P=0.002;

OR=1.101, P<0.001, respectively), as shown in Table 2. Their

cutoff values were 1.95 IU/L, 4.5 follicles, and 16.5 oocytes, as

shown in Figures 1–3 respectively.
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Discussion

Oocyte quality is a critical factor affecting polyspermy. Mature

oocytes are capable of preventing the entry of two or more sperm.

When a sperm penetrates a mature oocyte, cortical granules, which
TABLE 1 Comparison of baseline characteristics and clinical data between the two groups.

Factors Polyspermy group (n=156) Normal fertilization group (n=198) p value

Baseline characteristics

Female age (year) 30.0 (28.0, 33.0) 31.0 (28.0, 34.0) 0.048

Infertility duration (year) 3.0 (2.0, 4.7) 3.0 (2.0, 5.0) 0.394

BMI (kg/m2) 21.4 (19.9, 23.6) 21.0 (19.5, 23.4) 0.247

Basal serum FSH (IU/L) 6.9 (5.8, 8.0) 7.3 (6.1, 8.5) 0.080

Basal serum E2 (ng/L) 42.8 (32.4, 50.4) 40.8 (31.8, 50.1) 0.364

Basal serum progesterone (ng/ml) 0.5 (0.4, 0.7) 0.5 (0.3, 0.7) 0.459

Basal serum LH (U/L) 4.1 (3.0, 6.4) 3.9 (2.8, 5.4) 0.050

Basal serum testosterone (ng/dl) 0.3 (0.2, 0.4) 0.3 (0.2, 0.3) 0.020

Basal serum PRL (ng/ml) 18.5 (15.1, 24.5) 18.0 (12.7, 23.0) 0.102

AMH (ng/ml) 4.6 (2.7, 7.3) 3.2 (2.0, 4.6) <0.001

Infertility type 0.201

Primary infertility (%) 80/156 (51.3) 88/198 (44.4)

Secondary infertility (%) 76/156 (48.7) 110/198 (55.6)

Infertility factors 0.017

Pelvic and fallopian tube (%) 125/156 (80.1) 158/198 (79.8)

Ovulatory dysfunction (%) 21/156 (13.5) 12/198 (6.1)

Endometriosis (%) 3/156 (1.9) 6/198 (3.0)

Others (%) 7/156 (4.5) 22/198 (11.1)

PCOS (%) 45/156 (28.8) 14/198 (7.1) <0.001

Clinical data

Gn starting dose (U) 225.0 (187.5, 225.0) 225.0 (225.0, 300.0) 0.014

Gn total dose (U) 1912.5 (1575.0, 2250.0) 2006.3 (1621.9, 2400.0) 0.164

Duration of Gn used (days) 9.0 (8.3, 10.0) 9.0 (8.0, 10.0) 0.631

E2 level on trigger day (ng/L) 3515.0 (2565.0, 4960.0) 2350.0 (1625.0, 3525.0) <0.001

LH level on trigger day (U/L) 2.0 (1.3, 3.0) 1.8 (1.3, 2.5) 0.126

Progesterone level on trigger day (ng/ml) 1.1 (0.8, 1.4) 0.8 (0.6, 1.2) <0.001

Number of follicles >14 mm, <16mm (n) 3.0 (2.0, 6.0) 3.0 (1.0, 4.0) 0.020

Number of follicles >16mm, <18mm (n) 4.0 (2.0, 6.0) 3.0 (1.0, 4.0) <0.001

Number of follicles >18mm (n) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 0.378

Number of oocytes retrieved (n) 16.0 (10.0, 21.0) 10.0 (6.0, 13.8) <0.001

MII oocytes (n) 13.0 (8.0, 18.0) 8.0 (5.0, 11.0) <0.001
BMI, body mass index; FSH, follicle-stimulating hormone; E2, estradiol; LH, luteinizing hormone; PRL, prolactin; AMH, anti-Müllerian hormone; PCOS, polycystic ovary syndrome; Gn,
gonadotropin; MII, Metaphase II.
The polyspermy group consists of 156 females (n = 156), while the normal fertilization group comprises 198 females (n = 198). Values are presented as the median (25th percentile, 75th
percentile) [M (P25, P75)] or percentages (%). The independent-samples Mann-Whitney U test and chi-square test were applied as appropriate.
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contain proteases, are released into the perivitelline space. This causes

the oocyte membrane or ZP to harden, preventing other sperm from

binding to the ZP and thus inhibiting polyspermy (27–29). Cortical

granules in human oocytes are closely associated with polyspermy.

Abnormal release of cortical granules in oocytes leads to an inability

to prevent polyspermy. As the cytoplasm of the oocyte ages, its ability

to be activated and continue development decreases, which may

impair the normal cortical reaction. Additionally, immature oocytes
Frontiers in Endocrinology 05
fail to release cortical granules after sperm penetration, leading to

incomplete oocyte activation. As a result, immature oocytes are more

prone to polyspermy compared to mature ones (3, 30).

GnRH agonists bind to their receptors and induce pituitary

suppression, effectively down-regulating hormone levels prior to

COS. This allows for better follicular uniformity in patients. In the

GnRH antagonist cycle, however, the physiological rise in FSH level

during the luteal-follicular transition triggers the development of
TABLE 2 Logistic regression analysis of factors related to polyspermy rate.

Factors Univariate regression Multiple regression

P value OR 95%CI P value OR 95%CI

Female age (year) 0.050 0.946 0.896-1.000

Infertility duration (year) 0.829 1.009 0.929-1.096

BMI (kg/m2) 0.686 1.015 0.943-1.094

Basal serum FSH (IU/L) 0.079 0.910 0.819-1.011

Basal serum E2 (ng/L) 0.260 1.004 0.997-1.010

Basal serum progesterone (ng/ml) 0.134 1.194 0.947-1.505

Basal serum LH (U/L) 0.015* 1.107 1.020-1.201

Basal serum testosterone (ng/dl) 0.024* 5.420 1.247-23.567

Basal serum PRL (ng/ml) 0.156 1.017 0.994-1.041

AMH (ng/ml) 0.000* 1.207 1.115-1.307

Infertility Type

Primary infertility (%) 0.194 1.323 0.868-2.017

Secondary infertility (%) 1.000

Infertility factors 0.022*

Pelvic and fallopian tube (%) 0.043* 2.486 1.029-6.008

Ovulatory dysfunction (%) 0.003* 5.500 1.817-16.646

Endometriosis (%) 0.586 1.571 0.309-7.989

Others (%) 1.000

PCOS (%) 0.000* 0.188 0.099-0.358

Gn starting dose (U) 0.013* 0.995 0.991-0.999

Gn total dose (U) 0.028* 1.000 0.999-1.000

Duration of Gn used (days) 0.756 0.977 0.842-1.133

E2 level on trigger day (ng/L) 0.000* 1.000 1.000-1.000

LH level on trigger day (U/L) 0.039* 1.172 1.008-1.364 0.005 1.305 1.082-1.574

Progesterone level on trigger day (ng/ml) 0.053 1.430 0.996-2.054

Number of follicles >14 mm, <16mm (n) 0.000* 1.147 1.069-1.230

Number of follicles >16mm, <18mm (n) 0.000* 1.346 1.211-1.497 0.002 1.235 1.081-1.412

Number of follicles >18mm (n) 0.308 1.055 0.952-1.169

Number of oocytes retrieved (n) 0.000* 1.132 1.092-1.174 0.000 1.101 1.054-1.150

MII oocytes(n) 0.000* 1.136 1.092-1.182
OR, odds radio; CI, confidence interval; BMI, body mass index; FSH, follicle-stimulating hormone; E2, estradiol; LH, luteinizing hormone; PRL, prolactin; AMH, anti-Müllerian hormone; PCOS,
polycystic ovary syndrome; Gn, gonadotropin; MII, Metaphase II.
* indicates p < 0.05 in the univariate logistic regression analysis.
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heterogeneous follicles, resulting in a slightly lower maturation rate

compared to the agonist cycle (31). Additionally, antagonists

competitively occupy GnRH receptors in a short period of time

during COS. The resulting unrestrained FSH may lead to
Frontiers in Endocrinology 06
asynchronous development of FSH-sensitive follicles, potentially

reducing the number of mature oocytes obtained (32, 33).

We conducted a multi-factor logistic regression analysis to

control for confounding factors, and the results indicated that

only LH level on trigger day, the number of follicles measuring

≥16mm but <18mm and the number of oocytes retrieved were all

independent risk factors for polyspermy. Among these, the number

of oocytes retrieved had the greatest impact on the occurrence of

polyspermy. Our findings are consistent with several domestic and

international studies, which also show a positive correlation

between the number of oocytes and the rate of polyspermy (18,

19, 21). However, Sun et al., in their study on the antagonist

protocol, found that when the number of oocytes is 15 or fewer,

an increasing number of oocytes is associated with a higher risk of

polyspermy. Yet, when the number of oocytes exceeds 15, the risk of

polyspermy does not further increase (20). This differs from our

conclusion, which we speculate may be due to the inclusion of

patients with varying ovarian functions in their study.

In our research, the number of follicles larger than 18 mm and

the number of MII oocytes had no significant relationship with

polyspermy. However, the total number of oocytes retrieved and the

number of follicles ≥16 mm but <18 mm were found to be

independent risk factors for polyspermy. Specifically, when these

numbers exceed 16 and 4 respectively, the risk of polyspermy

increases. This may be because follicles ≥18 mm are more likely

to produce oocytes with synchronized nuclear and cytoplasmic

maturation, whereas follicles measuring 16–18 mm may produce a

higher proportion of oocytes with mature nuclei but immature

cytoplasm. Kahraman et al. also speculated in their study that small

follicles (those <17 mm in diameter) containing MII oocytes may
FIGURE 1

ROC curve of luteinizing hormone (LH) level on trigger day to
predict polyspermy. The area under the curve (AUC) for LH level on
trigger day to predict polyspermy is 0.548, with a cutoff value of
1.95 U/L. The sensitivity is 51.0%, and the specificity is 61.0%.
FIGURE 2

ROC curve of number of follicles ≥16 mm but <18 mm to predict
polyspermy. The area under the curve (AUC) for number of follicles
216 mm but <18 mm on trigger day to predict polyspermy is 0.666,
with a cutoff value of 4.5 follicles. The sensitivity is 38.5%, and the
specificity is 85.4%.
FIGURE 3

ROC curve of number of retrieved oocytes to predict polyspermy.
The area under the curve (AUC) for number of retrieved oocytes on
trigger day to predict polyspermy is 0.720, with a cutoff value of 16.5
oocytes. The sensitivity is 46.8%, and specificity is 87.4%.
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have nuclear competence but not necessarily cytoplasmic

competence (31). This suggests that during COS, it is advisable to

wait until more follicles grow to 18 mm before retrieval to reduce

the likelihood of abnormal fertilization. Many studies have

demonstrated that smaller follicles yield fewer mature oocytes,

although a certain proportion of mature oocytes can still be

retrieved from small follicles (34, 35).

In clinical practice, physicians often puncture follicles smaller

than 18 mm during oocyte retrieval, partly to prevent OHSS and

partly to increase the number of oocytes to enhance the patient’s

chances of pregnancy. If immature oocytes are observed under the

microscope after retrieval, in vitro maturation (IVM) can be

performed prior to fertilization to reduce the risk of polyspermy.

The correlation between various indicators during COS and

polyspermy has been a focus for researchers. Tavaniotou et al. (36)

found that patients with elevated LH levels had fewer MII oocytes

and lower pregnancy rates. Additionally, pregnant patients showed

lower LH levels on the trigger day compared to non-pregnant

patients. LH regulates signaling pathways and has a significant

impact on oocyte quality (37, 38). In another study, Sun et al. (17)

identified LH level below 1 U/L on trigger day in the ultra-long

protocol as an independent risk factor for polyspermy. Based on

this finding, they recommended moderate LH supplementation

during COS in the ultra-long protocol to reduce the risk of

polyspermy—an approach that contrasts with our findings in the

antagonist protocol. This discrepancy may be attributed to the deep

pituitary suppression in the ultra-long protocol.

LH plays a critical role in follicular development, and moderate

LH supplementation could potentially improve oocyte quality (39).

Westergaard et al. (40) conducted a study on 200 women

undergoing ovarian stimulation with the standard long protocol

and found that 48% of the women still had severely suppressed LH

levels (<0.5 IU/l) on the 8th day of COS. In contrast, in the

antagonist protocol, approximately 80% of LH surges occur

before the antagonist is administered. Furthermore, while GnRH

antagonist starts acting as quickly as 4 hours after injection, their

suppression of the pituitary is not as potent as that of GnRH

agonists, meaning LH may not be fully suppressed.

In our study, we observed a positive correlation between LH level

on trigger day and the incidence of polyspermy, suggesting that

elevated LH level may affect oocyte quality in the antagonist protocol.

However, there is currently no global consensus on optimal LH

control. Our analysis showed that in the antagonist protocol, when

LH level on trigger day exceed 1.95 IU/L, the rate of polyspermy

increases. These findings suggest that greater attention should be

given to pre-treatment before COS, along with flexible administration

of antagonists during COS, to better manage LH level on trigger day

and reduce their potential impact on oocyte quality.

As this study is based on real-world data, there are inherent

baseline imbalances among the patients. Furthermore, being a

retrospective analysis, the study has certain limitations. While we

employed multivariate logistic regression to adjust for confounding

factors, some potential confounders may have been overlooked.
Frontiers in Endocrinology 07
Therefore, well-designed, multicenter, prospective randomized

controlled trials (RCTs) are needed to further validate our findings.
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