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Reproductive outcomes in
fresh transfer cycles and
antagonists with premature
luteinizing and/or progesterone
surge: a single center
retrospective cohort study
Chun-Xiao Wei1,2, Jian-Wei Zhang1,
Shan Xiang1 and Fang Lian2*

1First Clinical Medical College of Shandong University of Traditional Chinese Medicine, Jinan,
Shandong, China, 2Shandong University of Traditional Chinese Medicine Affiliated Hospital, Jinan,
Shandong, China
Background: The optimal outcomeof assisted reproductive technology is a successful

live birth after fresh embryo transfer. However, the success pregnancy rate of fresh

embryo transfer cycle in antagonist protocol is lower than that observed in other

protocols. Despite the use of antagonists (GnRH-ant), the incidence of luteinizing

hormone surge and elevated progesterone levels remain at approximately 5%-38%.

Progesterone is widely recognized to exert adverse effects on fresh embryo transfer

outcomes. This study aimed to investigate the impact of luteinizing hormone surge and

progesterone levels on live birth rate following fresh embryo transfer and explore

appropriate progesterone thresholds to enhance pregnancy outcomes.

Methods: This retrospective cohort study included a total of 1,177 antagonist

protocol cycles with fresh embryo transfer. The patients were divided into four

groups based on the presence of premature LH surge and progesterone level on

trigger day>1.5ng/ml. Then, the relationship between the variables and the

pregnancy outcome was analyzed and compared in each group.

Results: The transient rise of luteinizing hormone did not impact pregnancy

outcomes (P=0.345; P=0.3; P=0.787), in contrast to progesterone levels on the
Abbreviations: hCG, human chronic gonadotropin; IVF-ET, in vitro fertilization-embryo transfer; ART,

assisted reproductive technology; BPR, biochemical pregnancy rate; CPR, clinical pregnancy rate; LBR, live

birth rate; E2, estradiol; MLH, maximum LH level during Gn days; AFC, antral follicle count; BMI, body mass

index; Gn dosage, Gonadotropin dosage; Gn days, Gonadotropin days; GnRH-ant/At. dosage, Antagonist

dosage; GnRH-ant/At. days, Antagonist days; NOC, Number of oocytes; NOF, Number of fertilization; NOE,

Number of embryos; NOB, Number of blastocyst; NOH, Number of high-quality embryo; LOR, Low ovarian

response; NOR, Normal ovarian response; HOR, High ovarian response; Group MLH0, group with no

transiently premature luteinizing hormone surges; Group MLH1, group with transiently premature

luteinizing hormone surges; Group P0, group with P ≤ 1.5 ng/ml; group P1, P>1.5 ng/ml; Group P1MLH1,

group with transiently premature luteinizing hormone surges, and P>1.5 ng/ml; Group P1MLH0, group with no

transiently premature luteinizing hormone surges, and P>1.5 ng/ml; Group P0MLH1, group with transiently

premature luteinizing hormone surges, and P ≤ 1.5 ng/ml; Group P0MLH0, group with no transiently premature

luteinizing hormone surges, and P ≤ 1.5 ng/ml.
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day of hCG administration (P=0.047*; P=0.015*; P=0.021*). In cases with

luteinizing hormone surge, elevated progesterone levels were correlated with

higher antral follicle count (AFC), and as progesterone levels increased, a greater

quantity of oocytes and embryos were obtained. However, there was no

statistically significant difference in pregnancy outcomes. In cases without

luteinizing hormone surge, elevated progesterone levels led to significantly

poorer pregnancy outcomes. Furthermore, the curve-fitting and threshold-

effect analysis revealed a notable decline in live birth rates when progesterone

exceeded or equaled 1.10ng/ml (OR, 0.25; 95% CI, 0.09–0.66; P = 0.005*).

Conclusion: The GnRH-ant dosage addition should be carefully selected in

flexible antagonist protocols. The presence of elevated progesterone levels

may be associated with improved embryo quality when luteinizing hormone

surge occurred. In the absence of a luteinizing hormone surge, progesterone

levels showed a larger impact on the pregnancy outcome, and fresh embryo

transfer should not be performed if the progesterone level on the day of hCG

administration is higher than 1.10ng/ml.
KEYWORDS

luteinizing hormone surge, progesterone, flexible antagonist protocol, fresh cycle, live
birth rate
Introduction

During in vitro fertilization (IVF) and intracytoplasmic sperm

injection (ICSI) cycles, controlled ovarian hyperstimulation (COH)

plays an essential role. The GnRH antagonist protocol employs

exogenous gonadotropin (Gn) to stimulate follicle development,

which competitively occupies the pituitary GnRH receptor using a

gonadotropin-releasinghormone antagonist (GnRH-ant); the internal

luteinizing hormone (LH) peak is thus controlled and early ovulation

or luteinization of follicles is effectively inhibited. In comparison to the

GnRH agonist protocol, the GnRH-ant protocol allows for timely

adjustments based on follicle development. It offers enhanced

efficiency, convenience, and safety by avoiding premature pituitary

suppression and reducing the risk of ovarian hyper-stimulation

syndrome (OHSS) (1). Over the past two decades, GnRH

antagonists have replaced GnRH agonists as the preferred treatment

for ART (2).

Fresh embryo transfer (ET) can reduce the time and economic

burden on patients, as compared to frozen embryo transfer (FET).

Patientsundergoing frozenembryo transfer require additionalmedical

care and monitoring, endometrial preparation, embryo freezing, and

thawing procedures. Moreover, studies have suggested that frozen

embryo transfer increases the riskof adversepregnancy outcomes such

as placenta praevia, preeclampsia, and an increased risk of leukemia

due to the aforementioned procedures involved in freezing and

thawing embryos (3–6). The desired outcome in assisted

reproductive technology (ART) is a successful live birth through

fresh embryo transfer. However, the pregnancy rate of fresh embryo
02
transfers in patients receiving the GnRH-ant protocol is consistently

lower than other protocols (7). Additionally, patients undergoing the

GnRH-ant protocol are more susceptible to premature luteinizing

hormone surge and elevated progesterone levels (8–11). The LH surge

predominantly manifests in individuals with low and high ovarian

responsiveness (12–15).

Researchers reported that LH level changes were associated with

theoutcomeofCOH.ThepeakLH levelmaybeused topredict optimal

oocyte yield, providing superior predictive accuracy than basal or

trigger-day LH levels (16). The peak/basal LH ratio may potentially be

used topredict thepregnancyoutcomes inPCOSpatients, andpatients

with a peak/basal LH ratio≥ 1 exhibiting a higher top-quality embryo

(17).However, other scholars suggested that a transient premature LH

surge without elevated serum progesterone may cause a detrimental

effect on the embryo andpregnancy outcomes in fresh embryo transfer

cycles (14, 18, 19) and on the ongoing pregnancy rate (1, 20), especially

the patients of advanced age (≥37 years), and aggravated the reduced

potential of embryos growth, not the number (21). However, previous

studies exploredpatientswhoexperienceda transientpremature rise in

LH and had comparable clinical pregnancy and ongoing pregnancy

rates (22–24).The current researchon the relationship between the LH

surge and pregnancy outcomes remains controversial, but the LH

surge is widely recognized to result in an elevation of P levels due to

premature luteinization of granulosa cells or ovulation of small

follicles. The adverse effects of elevated P levels on the trigger day

have been extensively documented. These effects encompass not only

impaired endometrial receptivity but also deleterious consequences on

embryo quality (3, 25–28). Xu B et al. proposed that the ongoing
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pregnancy rate in fresh cycles was negatively correlated with serum P

levels on the day of hCG administration, and different threshold

concentrations of P were determined based on varying ovarian

responses (29, 30). The literature suggested that patients undergoing

fresh blastocyst transfer should aim for a P level of 0.8 ng/ml on the day

of hCG administration, in contrast to fresh embryo transfer (31).

However, the progesterone level threshold affecting the level of LH and

pregnancy outcomes has not been clearly established.

In clinical practice, appropriate LH levels and progesterone

levels are critical in ensuring the acquisition of mature eggs and a

satisfactory pregnancy outcome. This study aimed to identify the

reasons underlying the low success rate of fresh embryo transfer in

the antagonist protocol and to improve the clinical pregnancy rate

of fresh embryo transfer.
Materials and methods

Population and study subjects

This retrospective analysis included 1,177 infertile patients who

underwent IVF/ICSI cycles and fresh embryo transfer from May

2017 to December 2022. The women were monitored until live birth

after fresh embryo transfer. The study protocol was approved by the

institutional human ethics committee.

The inclusion criteria were: (1) flexible antagonist protocol with

fresh embryo transfer cycle, (2) basal follicle-stimulating hormone

(bFSH) ≤ 15 IU/L, and (3) body mass index (BMI) <40kg/m2.

The exclusion criteria were: (1) patients with chromosomal

abnormalities, reproductive malformation, and a history of

recurrent spontaneous abortion; (2) patients undergoing coasting

to prevent ovarian hyperstimulation syndrome; (3) incomplete

information; (4) uterine pathologies that might compromise

pregnancy potential; (5) patients with elevated progesterone or

LH level before the addition of GnRH-ant.

The premature LH surge refers to an endogenous LH peak that

occurs before follicle maturation or human chorionic

gonadotrophin (hCG) injection. It was defined as either

maximum LH levels exceeding two and a half times the baseline

LH level on day 2 of the same menstrual cycle (13), or the absolute

value > 10 IU/mL (32–34).

MLH grouping
The populations were categorized into two groups based on the

presence of a transient premature maximum luteinizing hormone

surge. Group MLH0 was defined as the group without transient

premature luteinizing hormone surge, whereas group MLH1

included patients with transient premature luteinizing hormone surge.

P grouping
The populations were categorized into two groups based on the

P level on hCG day. Patients with P ≤ 1.5 ng/ml were assigned to

group P0, and those with P>1.5 ng/ml were assigned to group P1.
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Furthermore, the patients were divided into four groups

according to the P level on hCG day and the presence of

premature LH surges. Group P1MLH1 included patients with

transient premature luteinizing hormone surges and P>1.5 ng/ml;

group P1MLH0 included those without transient premature

luteinizing hormone surges and P>1.5 ng/ml; group P0MLH1

comprised patients with transient premature luteinizing hormone

surges and P ≤ 1.5 ng/ml; group P0MLH0 consisted of individuals

without transient premature luteinizing hormone surges and P ≤ 1.5

ng/ml.
Ovarian stimulation protocol

Patients received IVF/ICSI treatment according to the flexible

GnRH antagonist protocol. On the second day of the menstrual

cycle, recombinant human follicle-stimulating hormone 150–300 U

(Gonal-F; Merck, Lyon, France; Puregon, MSD, Boulogne, France)

was injected as Gn. The Gn doses were determined based on patient

age, body mass index (BMI), FSH, and AFC. A daily dose of 0.25/

0.125 mg of GnRH-ant (Cetrotide, Merck, Lyon, France) was

administered when the leading follicle size was 14 mm or the

serum E2 level reached 300pg/mL or a premature luteinizing

hormone surge was recognized.
Oocyte retrieval and transfer

Oocytes were then collected by follicular aspiration under

ultrasound 34–36 h after triggering with GnRH-a (Triptoreline,

Decapeptyl, Ipsen, France) or recombinant hCG (rhCG, Ovitrelle,

Merck, Lyon, France). IVF or ICSI fertilization was selected according

to semen conditions. Eighteen hours after fertilization, embryo

development was monitored daily and graded based on the number

and size of blastomeres, fragmentation rate, multinucleation, and early

densification. High-quality embryos were defined as embryos with

seven to ten blastomeres on the third day following oocyte retrieval (35).

All patients completed an IVF/ICSI cycle and then performed

an ET cycle. On day 3 or day 5, one or two of the best embryos or

blastocysts were selected and transferred using a soft Wallace

catheter. In order to avoid multiple pregnancies and reduce the

incidence of complications during pregnancy and the perinatal

period, the number of embryos was selected according to the

specific conditions of the patient and the embryo quality score,

and one blastocyst was selected as far as possible. For luteal support

in preparation for the fresh embryo transfer, 40mg of progesterone

(20 mg/branch, Zhejiang Xianju Pharmaceutical Co., Ltd.) was

injected daily and 30mg of oral dydrogesterone tablets (10 mg/

tablet, Abbott Healthcare Products B.V.) or progesterone vaginal

sustained-release gel (90 mg/dose, Crinone VR 8%, Merck, Sherano,

Switzerland) were given daily. In addition, two bags of Chinese

medicine, the Gushen Antai pills, were used daily.
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Hormone measurement

Venous blood samples were collected on the second day of the

menstrual cycle to the triggering day. Serum FSH, LH, E2, and P

levels were measured by means of the automated Elecsys

Immunoanalyzer (Beckmann, America).
Pregnancy outcomes measurement

The live birth rate (LBR) was the primary outcome. The

secondary outcomes included biochemical pregnancy rate (BPR),

clinical pregnancy rate (CPR), number of oocytes, number of

fertilization, number of blastomeres, number of embryos, and

number of high-quality embryos/blastomeres.

Live birth was defined as live birth per embryo transfer in a

fresh cycle.

Clinical pregnancy was defined as the presence of an

intrauterine gestational sac with a fetal heartbeat detected on

transvaginal ultrasonography after six weeks of gestation.

Biochemical pregnancy was defined as the presence of

detectable ß-hCG in the blood and the value<10mIU/mL at

approximately 14 days after transplantation.

LBR = number of cycles with live birth/number of transfer

cycles × 100%

BPR = number of cycles with biochemical pregnancy/number of

transfer cycles × 100%

CPR = number of cycles with clinical pregnancy/number of

transfer cycles × 100%
Statistical analysis

Statistical analysis was conducted using SPSS version 26 and

R4.2.1. In this study, P<0.05 was considered statistically significant.

The Shapiro–Wilk test was used to assess data normality. Due to

skewed distributions, quantitative variables were expressed as

medians (interquartile range, range between the 25th and 75th

percentiles), and the Mann–Whitney U test and Kruskal-Wallis test

were performed. Qualitative variables were expressed as frequencies

and analyzed using the chi-square test. Moreover, correlation

analysis was performed using Spearman based on the R language.

Binary logistic regression analysis was performed based on the

following patient characteristics: female age, BMI, AFC, Gn dosage,

GnRH-ant dosage, endometrial thickness, number of embryo

transfers, high-quality embryos, blastocysts, and group PMLH.

The crude odds ratios (OR) and adjusted OR were calculated with

95% confidence intervals (CI). In addition, curve fitting and

threshold effect analysis were performed on group MLH0.

Smooth curve fitting was carried out with the gam model to

identify any non-linear relationship between the P levels and

LBR. A piece-wise linear regression method was used to analyze

the threshold effect between the P levels and LBR.
Frontiers in Endocrinology 04
Results

Baseline characteristics

In total, 1177 patients who received fresh embryo transfer with

antagonist regimens from May 2017 to December 2022 were

retrospectively analyzed. As displayed in Table 1, there were 27

cases in group P1MLH1, 76 cases in group P1MLH0, 135 cases in

group P0MLH1, and 939 cases in group P0MLH0. As illustrated in

Table 1, the age of participants in group P0MLH1 (35(31,39)) was

significantly higher than group P0MLH0 (34(31,38), P=0.049*).

The BMI of P0MLH0 (23.4(21.3,26.7)) was significantly higher than

group P0MLH1 (23(20.75,25.3), P=0.048*). In addition, the AFC of

group P1MLH1 24(18.5,28) was significantly higher than group

P0MLH1 (16(8,24), P=0.001*) and group P0MLH0 (17(12,24),

P=0.011*) . The GnRH-ant dosage of group P1MLH0

(1(0.625,1.25)) was the highest (P=0.049*). The baseline FSH of

group P0MLH1 (7.55(6.36,9.22)) was the highest (P=0.025*). The

baseline LH of group P1MLH1 (5.01(3.38,6.15)) was the highest

(P=0.025*). Furthermore, group P1MLH1 showed a significantly

higher number of oocytes (11(8,15.5)) than group P0MLH1

(7(3,10.5), P=0.000*) and group P0MLH0 (8(5,11), P=0.007*).

Oocyte numbers of group P1MLH0 (9(6,12.5)) was also higher

than group P0MLH1 (7(3,10.5), P=0.001*) and group P0MLH0

(8(5,11), P=0.044*). The fertilization numbers of P1MLH1

(6(3.5,9), P=0.025*) and group P1MLH0 (5(4,8), P=0.004*) were

higher than group P0MLH1 (4(2,7)). Embryo numbers of group

P1MLH1(4(2,6)) were higher than group P0MLH1 (2(1,4),

P=0.026*). The blastocyst number of group P1MLH1 (0(0,2)) was

the highest (P=0.003*).
Pregnancy outcome between group PMLH
and subgroup comparisons

The relationship between each group PMLH and pregnancy

outcomes was analyzed and compared. As displayed in Table 2,

BPR (P=0.034*), CPR (P=0.028*), and LBR (P=0.036*) were

significantly different across the PMLH subgroups. In the pairwise

comparison of group PMLH, the comparison between group

P1MLH0 and group P0MLH0 showed a statistically significant

difference (BPR: P=0.011*; CPR: P=0.005*; LBR: P=0.011*). The

pairwise comparisons between other subgroups were no

statistically significant.
Correlation analysis

Figure 1 displays the correlation analysis results between the

indicators. A significant negative association was found between

the maximum LH level and BMI (R=-0.13, P=0.000*), GnRH-ant

days (R=-0.07, P=0.018*), GnRH-ant dosage (R=-0.11, P=0.000*),

and the outcome of COH, including number of fertilization (NOF)
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(R=-0.08, P=0.005*), number of embryos (NOE) (R=-0.07,

P=0.023*), number of high-quality embryo (NOH) (R=-0.07,

P=0.012*). In contrast, a significant positive association was

observed between the maximum LH level and female age

(R=0.08, P=0.004*). In addition, the same trend was observed

between the maximum LH and P levels on the hCG day, indicating

a positive correlation (R=0.08, P=0.005*). The P level exhibited a

negative correlation with BMI (R=-0.1, P=0.000*) and age (R=-

0.11, P=0.000*), while demonstrating a positive association with

AFC (R=0.18, P=0.000*) and COH outcome, including number of

oocytes (NOC) (R=0.3, P=0.000*), NOF (R=0.23, P=0.000*), NOE

(R=0.15, P=0.000*), number of blastocyst (NOB) (R=0.11,

P=0.000*), NOH (R=0.09, P=0.002*).
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Differences in correlation indicators

Based on the correlation analysis results, the patients were

further subgrouped by age and BMI. The participants were

divided into quartiles of age ≤ 30, 30<age ≤ 34, 34<age ≤ 38, and

38<age. Moreover, the patients were subgrouped by BMI into

BMI<18.5, 18.5 ≤BMI<24, and 24≤BMI based on guidelines for

the prevention and management of overweight and obesity in the

adult Chinese population (2004). High and low ovarian responses

were defined as >18 oocytes retrieved and <6 oocytes retrieved,

respectively. As shown in Figure 2, higher maximum LH levels were

associated with older age (P=0.006*), lower BMI (P=0.000*), and

decreased ovarian response (P=0.046*). However, elevated P levels
TABLE 1 Baseline characteristics between group PMLH.

Parameter Group P1MLH1 Group P1MLH0 Group P0MLH1 Group P0MLH0 P-Value

Number of cycles 27 76 135 939

Age, years 33 (28.5, 36.5) 33.5 (31, 37.5) 35 (31, 39) 34 (31, 38) 0.046*

BMI, kg/m2 22.8 (21.6, 25.8) 23.4 (21.05,25.7) 23 (20.75, 25.3) 23.4 (21.3,26.7) 0.045*

AFC 24 (18.5,28) 18.5 (14,24) 16 (8,24) 17 (12,24) 0.001*

Gn days 10 (8.5, 11) 9 (8, 10) 9 (8, 10) 9 (8, 10) 0.338

Gn dosage, IU 2360 (1600, 2860) 2137 (1800,2700) 2025 (1575, 2625) 2025 (1700,2600) 0.511

GnRH-ant days 4 (3, 5) 5 (4, 6) 4 (3, 5) 4 (3, 5) 0.071

GnRH-ant dosage, mg 1 (0.75, 1.25) 1 (0.625, 1.25) 0.75 (0.5, 1.25) 1 (0.5, 1.25) 0.049*

Duration of Infertility, years 3 (1, 4) 3 (2, 4) 3 (2, 5) 3 (2, 4) 0.413

Baseline FSH, IU/L 6.80 (5.76, 7.90) 7.71 (6.17, 8.81) 7.55 (6.36, 9.22) 7.30 (6.12, 8.54) 0.025*

Baseline LH, IU/L 5.01 (3.38, 6.15) 4.59 (3.62, 5.68) 4.62 (3.30, 6.57) 4.05 (3.07, 5.30) 0.000*

Baseline E2, pg/mL 32.33 (29.25, 47.56) 39.50 (31.22, 52.28) 40.09 (29.85, 49.00) 36.00 (27.49, 48.00) 0.103

Baseline P, ng/mL 0.425 (0.225, 0.54) 0.515 (0.255, 0.625) 0.45 (0.28, 0.58) 0.40 (0.25, 0.63) 0.564

LH (HCG), IU/L 3.43 (1.55, 6.18) 2.01 (1.07, 3.03) 3.42 (2.62, 6.22) 2.28 (1.35, 3.43) 0.000*

E2 (HCG), pg/mL 2851 (2059, 3257) 2011 (1680, 3298) 1481 (715, 2078) 1632 (1107, 2295) 0.000*

P (HCG), ng/mL 1.73 (1.63, 1.87) 1.65 (1.60, 1.82) 0.90 (0.61, 1.20) 0.92 (0.62, 1.15) 0.000*

Endometrial thickness, mm 10.0 (8.5, 11.3) 10.0 (10.0, 11.7) 10.0 (9.4, 11.0) 10.0 (9.4, 12.0) 0.470

Number of oocytes 11 (8, 15.5) 9 (6, 12.5) 7 (3, 10.5) 8 (5, 11) 0.000*

Number of fertilization 6 (3.5, 9) 5 (4, 8) 4 (2, 7) 5 (3, 7) 0.001*

Number of embryos 4 (2, 6) 2.5 (2, 4) 2 (1, 4) 2 (2, 4) 0.016*

Number of blastocyst 0 (0, 2) 0 (0, 1) 0 (0, 0) 0 (0, 1) 0.003*

Number of high-
quality embryos

1 (0, 2) 1 (0, 2) 1 (0, 1) 1 (0, 2) 0.100
Kruskal-Wallis test
BMI, body mass index; AFC, antral follicle count; Gn days, Gonadotropin days; Gn dosage, Gonadotropin dosage; GnRH-ant days, Antagonist days; GnRH-ant dosage, Antagonist dosage;
Group P1MLH1: group with transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P1MLH0: group with no transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P0MLH1: group with transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml;
Group P0MLH0: group with no transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml.
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on hCG day were associated with younger individuals (P=0.001*),

participants with lower BMI (P=0.006*), and higher ovarian

response (P=0.000*), as illustrated in Figure 3.

Furthermore, the association between transient premature LH

surge and the above subgroups was explored. The statistically

significant indicators are shown in Figures 4, 5. The patients with
Frontiers in Endocrinology 06
transiently premature LH surges had older age (P=0.045*), lower

BMI (P=0.014*), lower GnRH-ant dosage (P=0.020*), and higher P

levels (P=0.011*) on the hCG day. However, the increased P levels

were mainly related to patients’ AFC (P=0.004*). Higher P levels

were associated with a greater number of oocytes (P=0.000*),

fertilization (P=0.002*), and number of embryos (P=0.046*).
TABLE 2 BPR, CPR and LBR between group PMLH.

group PMLH
c2 P

subgroup PMLH
c2 P

P1MLH1 P1MLH0 P0MLH1 P0MLH0 P1MLH0 P0MLH0

BPR 12/15 (80%) 21/55 (38.18%) 49/86 (56.98%) 405/534 (75.84%) 8.652 0.034* 21/55 (38.18%) 405/534 (75.84%) 6.935 0.011*

CPR 10/17 (58.82%) 19/57 (33.33%) 48/87 (55.17%) 389/550 (70.73%) 9.082 0.028* 19/57 (33.33%) 389/550 (70.73%) 7.893 0.005*

LBR 8/19 (42.11%) 15/61 (24.59%) 43/92 (46.74%) 319/620 (51.45%) 6.653 0.036* 15/61 (24.59%) 319/620 (51.45%) 6.453 0.011*
frontie
c2-test.
BPR, biochemical pregnancy rate; CPR, clinical pregnancy rate; LBR, live birth rate.
Group P1MLH1: group with transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P1MLH0: group with no transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P0MLH1: group with transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml;
Group P0MLH0: group with no transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml.
a. In the pairwise comparison of group PLH in BPR, CPR and LBR, the comparison between group P1MLH0 and group P0MLH0 was statistically significant (P=0.011*; P=0.005*; P=0.011*). The
pairwise comparisons between other subgroups were no statistically significant.
FIGURE 1

Correlation analysis between the maximum level of LH, P on the HCG day and other indicators.
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Effects of group PMLH on LBR

Binary logistic regression analysis revealed that group P1MLH0

(OR =0.432 [0.218–0.854]; P =0.016*) had opposite influences on

the live birth rate compared with group P0MLH0, as indicated in

Table 3. The same results were obtained in normal ovarian

response (OR =0.49 [0.25–0.94]; P =0.03*), as indicated in Table 4.

Curve fitting between P and LBR with no
transiently premature LH surges

Figure 6 shows the fitted curves after adjustment for

confounders between the P level on the hCG day and the live
Frontiers in Endocrinology 07
birth rate without transient premature LH surge. The results yielded

a parabolic reverse-U curve as the P level increased. The curve

initially increased before declining at the highest P level on the

hCG day.
Threshold effect analysis of P and LBR with
no transient premature LH surge

The results of the threshold effect analysis of the P levels and

LBR are presented in Table 5. The live birth rate showed a

significant decrease when the P level was ≥1.1ng/ml.
FIGURE 2

Maximum level of LH between group age, group BMI and different ovarian responses.
FIGURE 3

Level of P on the HCG day between group age, group BMI and different ovarian response.
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Discussion

This study examined the maximum levels of luteinizing hormone

(MLH) during controlled ovarian hyperstimulation (COH) and the P

level on the hCG day. Patients with lower BMI, older age, lower ovarian

response, and lower GnRH-ant dosage were more likely to develop LH

surge. Although the LH surge could lead to a slight reduction in the

number of embryos, there was no apparent correlation observed

between the occurrence of LH surge and pregnancy outcomes with a

fresh embryo transfer cycle. This finding aligns with part of the

literature that suggests LH surge does not impact pregnancy outcomes.

The increase in P level on hCG day is also associated with the

patient’s age, BMI, and ovarian response. Similar to LH levels, higher

BMI was associated with a lower likelihood of progesterone elevation,

which may be attributed to the increased Gn requirement for

inducing rises in both progesterone and LH levels in patients with

higher body weights. In contrast to the LH level, a higher incidence of

elevated P levels was observed with younger age, higher number of

AFC, and higher ovarian response. However, significantly poorer

pregnancy outcomes were observed in patients with P levels

exceeding 1.5ng/ml, which was consistent with previous literature.

In our center, a P level on the day of hCG of more than 1.5 ng/ml was

used as the threshold to decide whether to perform fresh embryo

transfer. This threshold was also confirmed in the present study,

demonstrating a clear decrease in the LBR.
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Interestingly, while the LH surge was not associated with

pregnancy outcomes, its occurrence was significantly associated with

increased P levels on the hCGday.Moreover, it was worth considering

that the presence of elevated progesterone levels may contribute to

adverse pregnancy outcomes, while elevated progesterone levels were

positively correlated with an increased number of oocytes retrieved,

fertilized, and embryos. In addition, LH surge was more commonly

observed in older patients and patients with diminished ovarian

response. Conversely, a higher P level was typically found in younger

patients and individuals with a higher ovarian response and higher

AFC. Therefore, the patients were categorized into four groups based

on thepresenceof theLHsurge andP>1.5ng/ml inorder to investigate

the impact of the LH surge and progesterone levels on live birth.

Through pairwise combinations, no LH surge and P>1.5 ng/ml in the

subgroup P1MLH0, resulting in a significantly lower live birth rate

than group P0MLH0.

Furthermore, the patients were analyzed based on the PMLH

grouping. The patients in group P1MLH0 had the highest GnRH-

ant dosage and GnRH-ant days. The lowest pregnancy rate was

observed in group P1MLH0, which might be related to the high

dosage of GnRH-ant used, the elevated progesterone levels, and the

occurrence of an occult LH surge. Poorer pregnancy outcomes were

observed as the dosage of GnRH-ant increased, with exerting a

detrimental impact on the receptivity of the endometrium and the

development of embryos (36–38). However, the total GnRH-ant
FIGURE 4

Level of P on the HCG day, female age, BMI and antagonist dosage between group MLH.
FIGURE 5

Maximum LH, AFC, number of oocytes, number of fertilization and number of embryos between group P.
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dosage was associated with the occurrence of LH surge. The

appropriate range of GnRH-ant dosage for different patients lacks

definitive studies at present, and further research is required.

When P≤1.5ng/ml, the occurrence of LH surge (GroupP0MLH1)

was associated with advanced age, lower BMI, and lower GnRH-ant

dosage. The numbers of embryos were the lowest in Group P0MLH1.

However, after inter-group correction, no statistically significant

differences were observed in IVF/ICSI outcomes and pregnancy

outcomes among individuals experiencing an LH surge compared to

those who did not. Conversely, when P>1.5 ng/ml, there was no

notable distinction between the groups with or without LH surge.

In cases with an LH surge, elevated P levels did not have a

detrimental impact on the pregnancy outcome of fresh embryo

transfer, and positive correlation was observed between elevated P

levels and improved outcomes in terms of numbers of oocytes,

fertilization, embryos and blastocysts. This phenomenon could be

attributed to enhanced embryo quality counteracting the potential

negative impact of elevated progesterone levels on endometrial

receptivity. In cases without LH surge, patients with P > 1.5 ng/ml

(Group P1MLH0) had highest GnRH-ant dosage (P=0.049*), and

lower oocyte numbers, fertilization numbers and embryos than

group P1MLH1. Therefore, the poorest pregnancy outcome in the

group P1MLH0 is more likely attributed to the receptivity of the

endometrium or insufficient high-quality embryos to counterbalance

adverse endometrial factors.

Our study may contribute to the establishment of an appropriate

threshold for fresh embryo transfer without LH surge. Luteinizing
TABLE 3 Binary logistic regression on LBR with the group PMLH.

95% CI

Dependent
variable: LBR

P-Value OR Lower Upper

Independent variables

Age, years .000* .904 .874 .935

BMI, kg/m2 .100 1.034 .994 1.077

AFC .731 1.003 .987 1.019

Gn dosage, IU .085 1.000 1.000 1.000

Antagonist dosage, mg .170 1.295 .895 1.872

Endometrial thickness, mm .049* 1.069 1.000 1.143

Number of embryo transfers .006* 1.790 1.186 2.702

Whether high-
quality embryos

.010* .662 .484 .906

Whether blastocysts .201 .571 .242 1.348

Group PMLH .055

P1MLH1 .331 .596 .209 1.694

P1MLH0 .016* .432 .218 .854

P0MLH1 .424 1.229 .741 2.039
The independent variables also included female age, BMI, AFC, Gn dosage, antagonist dosage,
endometrial thickness, number of embryo transfers, whether high-quality embryos, whether
blastocysts and group PMLH. We defined the group P0MLH0 as the last reference category.
LBR, live birth rate; BMI, body mass index; AFC, antral follicle count; Gn dosage,
Gonadotropin dosage.
Group P1MLH1: group with transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P1MLH0: group with no transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P0MLH1: group with transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml;
Group P0MLH0: group with no transiently premature luteinizing hormone surges, and
P ≤ 1.5 ng/ml.
TABLE 4 Binary logistic regression on LBR with the group PMLH in NOR.

95% CI

Dependent variable:
LBR

P-Value OR Lower Upper

Independent variables

Age, years 0.00* 0.91 0.88 0.94

BMI, kg/m2 0.33 1.02 0.98 1.07

AFC 0.90 1.00 0.98 1.02

Gn dosage, IU 0.13 1.00 1.00 1.00

Antagonist dosage, mg 0.05 1.12 1.00 1.26

Endometrial thickness, mm 0.50 1.01 0.98 1.04

Number of embryo transfers 0.01* 1.89 1.14 3.14

Whether high-
quality embryos

0.01* 0.64 0.46 0.90

Whether blastocysts 0.14 0.52 0.21 1.24

Group PMLH 0.08

P1MLH1 0.13 0.44 0.15 1.27

(Continued)
TABLE 4 Continued

95% CI

Dependent variable:
LBR

P-Value OR Lower Upper

Independent variables

P1MLH0 0.03* 0.49 0.25 0.94

P0MLH1 0.92 1.03 0.61 1.74
fro
The independent variables also included female age, BMI, AFC, Gn dosage, antagonist dosage,
endometrial thickness, number of embryo transfers, whether high-quality embryos, whether
blastocysts and group PMLH. We defined the group P0MLH0 as the last reference category.
LBR, live birth rate; BMI, body mass index; AFC, antral follicle count; Gn dosage,
Gonadotropin dosage;
NOR, Normal ovarian response.
Group P1MLH1: group with transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P1MLH0: group with no transiently premature luteinizing hormone surges, and P>1.5 ng/ml;
Group P0MLH1: group with transiently premature luteinizing hormone surges, and P ≤ 1.5 ng/ml;
Group P0MLH0: group with no transiently premature luteinizing hormone surges, and
P ≤ 1.5 ng/ml.
TABLE 5 Threshold effect analysis between P level and live birth rate
with no transiently premature LH surges.

95% CI

P-Value OR Lower Upper

P<1.10 (ng/ml) 0.222 1.454 0.798 2.651

P≥1.10 (ng/ml) 0.005* 0.25 0.09 0.66
piece-wise linear regression method
Adjusted for female age, BMI, AFC, Gn dosage, antagonist dosage, endometrial thickness,
number of embryo transfers, whether high-quality embryos and whether blastocysts.
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hormone and progesterone levels were analyzed to investigate their

effects on pregnancy outcomes.Ourfindings suggest that higherGnRH-

ant dosages have a detrimental impact on both embryo quality and the

pregnancy outcome after fresh embryo transfers. Additionally, when an

LH surge occurs, increased levels of progesterone are associated with

improved embryo outcomes; however, the pregnancy rate after fresh

embryo transfer showedno significant improvement due to the negative

effect of progesterone on endometrial receptivity. Conversely, in cases

without LH surge, higher levels of progesterone led to lower live birth

rates. Therefore, we recommend cryopreserving all embryos when

progesterone levels exceeded or equaled1.10 ng/ml in order to mitigate

theadverseeffectsof elevatedprogesteroneandGnRH-antdosageon live

birth rates. Nevertheless, the retrospective nature of our study imposed

certain limitations, necessitating further prospective studies to validate

our findings.
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FIGURE 6

Nonlinear association between P level and live birth rate with no transiently premature LH surges.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1411106
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wei et al. 10.3389/fendo.2024.1411106
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Endocrinology 11
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Ragni G, Vegetti W, Riccaboni A, Engl B, Brigante C, Crosignani PG. Comparison
of GnRH agonists and antagonists in assisted reproduction cycles of patients at high
risk of ovarian hyperstimulation syndrome. Hum Reprod. (2005) 20:2421–5.
doi: 10.1093/humrep/dei074

2. Bosch E, Broer S, Griesinger G, Grynberg M, Humaidan P, Kolibianakis E, et al.
ESHRE guideline: ovarian stimulation for IVF/ICSI†. Hum Reprod Open. (2020) 2020.
doi: 10.1093/hropen/hoaa

3. Luke B, Brown MB, Wantman E, Schymura MJ, Browne ML, Fisher SC, et al. The
risks of birth defects and childhood cancer with conception by assisted reproductive
technology. Hum Reprod. (2022) 37:2672–89. doi: 10.1093/humrep/deac196

4. Bourdon M, Alwohaibi A, Maignien C, Marcellin L, Chargui A, Pocate Cheriet K,
et al. IVF/ICSI outcomes after a freeze-all strategy: an observational cohort study.
Reprod Sci. (2023) 30:2283–91. doi: 10.1007/s43032-023-01173-4

5. Hargreave M, Jensen A, Hansen MK, Dehlendorff C, Winther JF, Schmiegelow K,
et al. Association between fertility treatment and cancer risk in children. Jama. (2019)
322. doi: 10.1001/jama.2019.18037

6. Hargreave M. Fertility treatment and childhood cancer risk. JAMA Network Open.
(2022) 5. doi: 10.1001/jamanetworkopen.2022.30162

7. Papamentzelopoulou M, Stavros S, Mavrogianni D, Kalantzis C, Loutradis D,
Drakakis P. Meta-analysis of GnRH-antagonists versus GnRH-agonists in poor
responder protocols. Arch Gynecology Obstetrics. (2021) 304:547–57. doi: 10.1007/
s00404-020-05954-z

8. Dovey S, McIntyre K, Jacobson D, Catov J, Wakim A. Is a premature rise in
luteinizing hormone in the absence of increased progesterone levels detrimental to
pregnancy outcome in GnRH antagonist in vitro fertilization cycles. Fertil Steril. (2011)
96:585–9. doi: 10.1016/j.fertnstert.2011.06.042

9. Bosch E, Valencia I, Escudero E, Crespo J, Simón C, Remohı ́ J, et al. Premature
luteinization during gonadotropin-releasing hormone antagonist cycles and its
relationship with in vitro fertilization outcome. Fertil Steril. (2003) 80:1444–9.
doi: 10.1016/j.fertnstert.2003.07.002

10. Bosch E, Labarta E, Crespo J, Simón C, Remohı ́ J, Jenkins J, et al. Circulating
progesterone levels and ongoing pregnancy rates in controlled ovarian stimulation
cycles for in vitro fertilization: analysis of over 4000 cycles. Hum Reprod. (2010)
25:2092–100. doi: 10.1093/humrep/deq125

11. Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg R, et al.
GnRH antagonist versus long agonist protocols in IVF: a systematic review and meta-
analysis accounting for patient type. Hum Reprod Update. (2017) 23:560–79.
doi: 10.1093/humupd/dmx017

12. Kao T-C, Hsieh Y-C, Yang I-J, Wu M-Y, Chen M-J, Yang J-H, et al. Progestin-
primed ovarian stimulation versus GnRH antagonist protocol in poor responders: Risk
of premature LH surge and outcome of oocyte retrieval. J Formosan Med Assoc. (2023)
122:29–35. doi: 10.1016/j.jfma.2022.08.023

13. Reichman DE, Zakarin L, Chao K, Meyer L, Davis OK, Rosenwaks Z. Diminished
ovarian reserve is the predominant risk factor for gonadotropin-releasing hormone
antagonist failure resulting in breakthrough luteinizing hormone surges in in vitro
fertilization cycles. Fertil Steril. (2014) 102:99–102. doi: 10.1016/j.fertnstert.2014.04.010

14. Geng Y, Lai Q, Xun Y, Jin L. The effect of premature luteinizing hormone
increases among high ovarian responders undergoing a gonadotropin-releasing
hormone antagonist ovarian stimulation protocol. Int J Gynecology Obstetrics. (2018)
142:97–103. doi: 10.1002/ijgo.12485

15. Kochhar P, Ghosh P. Diminished ovarian reserve predisposes to premature
luteinizing hormone surges in gonadotropin-releasing hormone antagonist cycles in In
vitro fertilization. J Hum Reprod Sci. (2020) 13. doi: 10.4103/jhrs.JHRS_133_19

16. Lee WH-Y, Lin K-T, Hsieh Y-C, Kao T-C, Huang T-C, Chao K-H, et al. The
value of LH maximum level in predicting optimal oocyte yield following GnRH agonist
trigger. Front Endocrinol. (2023) 14. doi: 10.3389/fendo.2023.1216584

17. Wang J, Ding J, Qu B, Zhang Y, Zhou Q. Does serum LH level influence IVF
outcomes in women with PCOS undergoing gnRH-antagonist stimulation: A novel
indicator. J Clin Med. (2022) 11. doi: 10.3390/jcm11164670

18. Zhang D, Zhang D, Sun Z, Deng C, Yu Q, Zhen J. The effect of a transient
premature luteinizing hormone surge without elevated serum progesterone on in vitro
fertilization outcomes in a gonadotropin-releasing hormone antagonist flexible protocol.
Gynecological Endocrinol. (2019) 36:550–3. doi: 10.1080/09513590.2019.1683730

19. Bansal S, Singh N, Gupta P, Malhotra N, Mahendru R. Does basal luteinizing
hormone help predict the fate of in vitro fertilization? JBRA Assisted Reprod. (2016) 20.
doi: 10.5935/1518-0557.20160016
20. Zhou J-S, Chen J-H, Tang F-F, Ou J-P, Tao X, Cai L-H. The effect of luteinizing
hormone changes in GnRH antagonist protocol on the outcome of controlled ovarian
hyperstimulation and embryo transfer. BMC Pregnancy Childbirth. (2023) 23.
doi: 10.1186/s12884-023-05916-8

21. Gao F, Wang Y, Wu D, Fu M, Zhang Q, Ren Y, et al. A premature rise of
luteinizing hormone is associated with a reduced cumulative live birth rate in patients
≥37 years old undergoing gnRH antagonist in vitro fertilization cycles. Front
Endocrinol. (2021) 12. doi: 10.3389/fendo.2021.722655

22. Kummer NE, Weitzman VN, Benadiva CA, Schmidt DW, Engmann LL, Nulsen
JC. In vitro fertilization outcomes in patients experiencing a premature rise in
luteinizing hormone during a gonadotropin-releasing hormone antagonist cycle.
Fertility Sterility. (2011) 95:2592–4. doi: 10.1016/j.fertnstert.2010.12.046

23. Zhang Y, Xu Y, Yu J, Wang X, Xue Q, Shang J, et al. A premature luteinizing
hormone surge without elevated progesterone levels has no adverse effect on
cumulative live birth rate in patient undergoing a flexible GnRH antagonist protocol:
a retrospective study. J Ovarian Res. (2023) 16. doi: 10.1186/s13048-023-01219-w

24. Huang Q, Nong Y, Zhang X, Huang L, Tang T, Huang J, et al. Effects of
increasing serum luteinizing hormone levels during early phase of the gonadotropin-
releasing hormone antagonist protocol on clinical outcomes of the in vitro fertilization
cycle. Gynecological Endocrinol. (2021) 38:135–9. doi: 10.1080/09513590.2021.1955341

25. Kalakota NR, George LC, Morelli SS, Douglas NC, Babwah AV. Towards an
improved understanding of the effects of elevated progesterone levels on human
endometrial receptivity and oocyte/embryo quality during assisted reproductive
technologies. Cells. (2022) 11. doi: 10.3390/cells11091405

26. Bourgain C, Devroey P. The endometrium in stimulated cycles for IVF. Hum
Reprod Update. (2003) 9:515–22. doi: 10.1093/humupd/dmg045

27. Venetis CA, Kolibianakis EM, Bosdou JK, Tarlatzis BC. Progesterone elevation
and probability of pregnancy after IVF: a systematic review and meta-analysis of over
60 000 cycles. Hum Reprod Update. (2013) 19:433–57. doi: 10.1093/humupd/dmt014

28. Zhang J, Du M, Wu Y, Wei Z, Guan Y. Effect of serum progesterone levels on
hCG trigger day on pregnancy outcomes in GnRH antagonist cycles. Front Endocrinol.
(2022) 13. doi: 10.3389/fendo.2022.982830

29. Xu B, Li Z, Zhang H, Jin L, Li Y, Ai J, et al. Serum progesterone level effects on the
outcome of in vitro fertilization in patients with different ovarian response: an analysis of more
than 10,000 cycles. Fertil Steril. (2012) 97:1321–1327.e4. doi: 10.1016/j.fertnstert.2012.03.014

30. WuZ,DongY,MaY,LiY, LiL,LinN,etal. Progesterone elevationonthedayofhCG
trigger has detrimental effect on live birth rate in low and intermediate ovarian responders,
but not in high responders. Sci Rep. (2019) 9. doi: 10.1038/s41598-019-41499-1

31. Xu J, Zhang C, Wang S, Zhang S. Impact of progesterone concentration on
human chorionic gonadotropin trigger day on clinical outcomes with one top-quality
cleavage-stage embryo or blastocyst transfer in fresh in vitro fertilization cycles. Front
Endocrinol. (2023) 14. doi: 10.3389/fendo.2023.1085287

32. Gordon UD, Harrison RF, Fawzy M, Hennelly B, Gordon AC. A randomized
prospective assessor-blind evaluation of luteinizing hormone dosage and in vitro fertilization
outcome. Fertil Steril. (2001) 75:324–31. doi: 10.1016/S0015-0282(00)01701-5

33. Lambalk CB, Leader A, Olivennes F, Fluker MR, Andersen AN, Ingerslev J, et al.
Treatment with the GnRH antagonist ganirelix prevents premature LH rises and
luteinization in stimulated intrauterine insemination: results of a double-blind, placebo-
controlled, multicentre trial*. Hum Reprod. (2006) 21:632–9. doi: 10.1093/humrep/dei386

34. Kolibianakis EM, Venetis CA, Kalogeropoulou L, Papanikolaou E, Tarlatzis BC.
Fixed versus flexible gonadotropin-releasing hormone antagonist administration in in
vitro fertilization: a randomized controlled trial. Fertil Steril. (2011) 95:558–62.
doi: 10.1016/j.fertnstert.2010.05.052

35. Scott RT, Hofmann GE, Veeck LL, Jones HW, Muasher SJ. Embryo quality and
pregnancy rates in patients attempting pregnancy through in vitro fertilization. Fertil
Steril. (1991) 55:426–8. doi: 10.1016/S0015-0282(16)54141-7

36. Feng L, Fan R, Jiang A, Jiang J, Wang Q, Sun Y, et al. The effect of flexible low-
dose GnRH antagonist on pregnancy outcome in the fresh embryo transfer cycle of
IVF-ET: a randomized controlled trial. Reprod Biol Endocrinol. (2022) 20. doi: 10.1186/
s12958-022-00927-0

37. Chen Q, Fan Y, Zhou X, Yan Z, Kuang Y, Zhang A, et al. GnRH antagonist alters
the migration of endometrial epithelial cells by reducing CKB. Reproduction. (2020)
159:733–43. doi: 10.1530/REP-19-0578

38. Xu D-F, Liu P-P, Fan L, Xie Q, Zhang Z-Q, Wang L-Q, et al. GnRH antagonist
weakens endometrial stromal cells growth ability by decreasing c-kit receptor
expression. Reprod Biol Endocrinol. (2022) 20. doi: 10.1186/s12958-021-00886-y
frontiersin.org

https://doi.org/10.1093/humrep/dei074
https://doi.org/10.1093/hropen/hoaa
https://doi.org/10.1093/humrep/deac196
https://doi.org/10.1007/s43032-023-01173-4
https://doi.org/10.1001/jama.2019.18037
https://doi.org/10.1001/jamanetworkopen.2022.30162
https://doi.org/10.1007/s00404-020-05954-z
https://doi.org/10.1007/s00404-020-05954-z
https://doi.org/10.1016/j.fertnstert.2011.06.042
https://doi.org/10.1016/j.fertnstert.2003.07.002
https://doi.org/10.1093/humrep/deq125
https://doi.org/10.1093/humupd/dmx017
https://doi.org/10.1016/j.jfma.2022.08.023
https://doi.org/10.1016/j.fertnstert.2014.04.010
https://doi.org/10.1002/ijgo.12485
https://doi.org/10.4103/jhrs.JHRS_133_19
https://doi.org/10.3389/fendo.2023.1216584
https://doi.org/10.3390/jcm11164670
https://doi.org/10.1080/09513590.2019.1683730
https://doi.org/10.5935/1518-0557.20160016
https://doi.org/10.1186/s12884-023-05916-8
https://doi.org/10.3389/fendo.2021.722655
https://doi.org/10.1016/j.fertnstert.2010.12.046
https://doi.org/10.1186/s13048-023-01219-w
https://doi.org/10.1080/09513590.2021.1955341
https://doi.org/10.3390/cells11091405
https://doi.org/10.1093/humupd/dmg045
https://doi.org/10.1093/humupd/dmt014
https://doi.org/10.3389/fendo.2022.982830
https://doi.org/10.1016/j.fertnstert.2012.03.014
https://doi.org/10.1038/s41598-019-41499-1
https://doi.org/10.3389/fendo.2023.1085287
https://doi.org/10.1016/S0015-0282(00)01701-5
https://doi.org/10.1093/humrep/dei386
https://doi.org/10.1016/j.fertnstert.2010.05.052
https://doi.org/10.1016/S0015-0282(16)54141-7
https://doi.org/10.1186/s12958-022-00927-0
https://doi.org/10.1186/s12958-022-00927-0
https://doi.org/10.1530/REP-19-0578
https://doi.org/10.1186/s12958-021-00886-y
https://doi.org/10.3389/fendo.2024.1411106
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Reproductive outcomes in fresh transfer cycles and antagonists with premature luteinizing and/or progesterone surge: a single center retrospective cohort study
	Introduction
	Materials and methods
	Population and study subjects
	MLH grouping
	P grouping
	PMLH grouping

	Ovarian stimulation protocol
	Oocyte retrieval and transfer
	Hormone measurement
	Pregnancy outcomes measurement
	Statistical analysis

	Results
	Baseline characteristics
	Pregnancy outcome between group PMLH and subgroup comparisons
	Correlation analysis
	Differences in correlation indicators
	Effects of group PMLH on LBR
	Curve fitting between P and LBR with no transiently premature LH surges
	Threshold effect analysis of P and LBR with no transient premature LH surge

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


