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Background

The objective of this study was to explore whether the duration of LFEP (late-follicular elevated progesterone) affected pregnancy outcomes in IVF (in vitro fertilization) patients treated with pituitary downregulation protocols.





Method

Patients with their first IVF/ICSI cycles between January 2016 and December 2016 were included. LFEP was set either at P > 1.0ng/ml or P > 1.5ng/ml. Clinical pregnancy rate was compared among three different groups (no LFEP; LFEP for 1 day; LFEP for ≥ 2 days). Then multivariate logistic regression analysis was performed to explore the influencing factors of clinical pregnancy rate.





Results

This retrospective analysis involved 3,521 first IVF/ICSI cycles with fresh embryo transfers. Clinical pregnancy rate was the lowest in patients with a LFEP duration of ≥ 2 days, irrespective of whether LFEP was defined as P > 1.0 ng/ml (68.79% vs. 63.02% vs. 56.20%; P = 0.000) or as P > 1.5 ng/ml (67.24% vs. 55.95% vs. 45.51%; P = 0.000). In addition, LFEP duration was significantly associated with clinical pregnancy outcomes in unadjusted logistic regression analysis. However, in multivariate regression models after adjusting confounders, adjusted OR for LFEP duration (≥ 2 days) in the two models was 0.808 (P = 0.064; LFEP as P > 1.0 ng/ml) and 0.720 (P = 0.098; LFEP as P > 1.5 ng/ml), respectively.





Conclusion

LFEP adversely affects clinical pregnancy outcomes. However, the duration of LFEP seems to have no influence on the clinical pregnancy rate in pituitary downregulation treatment cycles.
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Introduction

The influence of late-follicular elevated progesterone (LFEP) on in vitro fertilization outcomes has been controversial for decades. It was reported that the subtle progesterone rise on the day of human chorionic gonadotrophin (hCG) triggering can reach 5%–71% (1, 2). Originally researchers mistakenly regarded this phenomenon as premature luteinization, while the rise in progesterone (P) was not always accompanied by an increase in luteinizing hormone (LH). Up to now, the exact cause of P elevation in the follicular phase of ovarian stimulation has not been fully elucidated.

Many clinical studies have examined the effects of a subtle P rise on the day of hCG triggering on pregnancy outcomes (3–5). A meta-analysis with more than 60,000 cycles supposed that elevated P on the day of hCG administration is associated with a decreased probability of pregnancy achievement in fresh ET cycles in women undergoing ovarian stimulation using GnRH analogues and gonadotrophin (6). The adverse effect of P elevation was only present in fresh IVF cycles rather than in frozen-thawed or donor/recipient cycles, and the threshold of P ranged from 0.8-1.9 ng/ml (6). In addition, many other elevated P-related indicators were studied to predict pregnancy outcomes, including the P-to-estradiol ratio (P/E2), P-to-oocyte, P-to-follicle, and P-to-mature oocyte index (PMOI) (7–10). However, these indexes failed to perform superiorly in pregnancy rate.

In 2012, Huang et al. performed an interesting study on the duration of LFEP for the first time. It seemed that the duration of P elevation played a major role in pregnancy outcomes (11). The cumulative P exposure was more in line with how P regulated endometrial development. However, a more recent study suggested that there was a lack of benefit in measuring serum P in the days preceding hCG administration, since the live birth rate (LBR) in women with LFEP 0, 1, and > 1 day did not vary significantly from those with LFEP detected only on the day of hCG administration (12).

In these two previous studies, the criterion for LFEP was P > 1.0 ng/ml on the day of hCG administration. Patients were treated with either multiple ovarian stimulation protocols or GnRH-ant protocol. In the current study with a larger population, we explored the impact of LFEP duration on IVF outcomes in women treated with pituitary downregulation treatment cycles under two different conditions: LFEP was defined as P > 1.0 ng/ml or as P > 1.5 ng/ml.





Materials and methods

This study was approved by the Institutional Review Board (IRB) of the First Affiliated Hospital of Zhengzhou University. Written informed consent was obtained from all patients before IVF treatment for physicians collecting basic information and treatment data. Data in this study were from the Clinical Reproductive Medicine Management System/Electronic Medical Record Cohort Database (CCRM/EMRCD) from the Reproductive Medical Center, First Affiliated Hospital of Zhengzhou University.




Study population

Infertile women undergoing their first IVF/ICSI (intracytoplasmic sperm injection) cycle treatment with a GnRH agonist pituitary suppression protocol from January 2016 to December 2016 were enrolled in this retrospective study. All patients underwent fresh embryo transfers. The exclusion criteria were as follows (1): uterine malformation (2); oocyte-donation cycles; (3) recurrent spontaneous abortion and repeated implantation failure; and (4) pre-implantation genetic testing cycles.





Assisted reproductive technology procedures

Pituitary downregulation and controlled ovarian stimulation were performed as described in a previous study (13). Of relevance, pituitary suppression using a GnRH agonist was achieved with Diphereline (GnRH-a, Ferring, Germany) when follicle-stimulating hormone (FSH) ≤ 5 IU/L, E2 ≤ 50 pg/ml, LH ≤ 5 mIU/mL, and endometrial thickness ≤5 mm. During ovarian stimulation, LH, E2, and P levels were collected when the diameter of the largest follicle reached 14 mm. Ovulation triggering criteria were: the diameter of the leading follicle was more than 20 mm; at least three follicles > 17 mm. Then, 36-38 hours after hCG trigging, oocytes were retrieved. The patients underwent the standardized procedures of the fertility center; most took a P test in the morning, and the frequency of the P test was every day. Embryo transfer was performed on day 3 or day 5 after fertilization. All the patients had two cleavage embryos or one blastocyst embryo transplanted. Clinical pregnancy was defined by the presence of a fetal heart beat 35 days after the day of embryo transfer. Early spontaneous abortion in this article was defined as spontaneous pregnancy loss after sonographic visualization of an intrauterine gestational sac before 12 weeks of gestation.





Statistical analysis

Firstly, basic characteristics and pregnancy outcomes were compared between patients from different LFEP duration groups (LFEP was defined as P > 1.0ng/ml or P > 1.5ng/ml). The patients were divided according to the duration of LFEP (0 day, 1 day, and ≥ 2 days) on the day of hCG triggering. Then, logistic regression analysis was used to explore the impact of LFEP duration and IVF outcomes.

Statistical analysis was performed with SPSS 24.0 software. Continuous data were presented as median ± standard deviation (M ± SD) and were analyzed using Student’s t-test; three groups were analyzed by ANOVA analysis. Categorical data was described by the number of cases and percentages, and analyzed using Pearson’s chi-squared test. P-value was considered significant whenever < 0.05 in general situations.






Results

A cohort of 3,521 first IVF/ICSI cycles with fresh embryo transfers were included in the study. The age of the participants was between 20-48 years old, with a median ± standard deviation of age of 30.5 ± 4.69. Basic demographic parameters were different between the different LFEP duration groups (Table 1). When the LFEP was defined as P > 1.0ng/ml, there were 2,041 patients in the 0 day group, 795 patients in the 1 day group, and 685 patients in the ≥ 2 days group. Clinical pregnancy rate was significantly lower (68.79% vs. 63.02% vs. 56.20%, respectively; P < 0.001) and spontaneous abortion rate was higher (8.55% vs. 8.38% vs. 10.39%, respectively; P < 0.001) in the ≥ 2 days group as compared with those in the 0 day and 1 day groups.


Table 1 | Demographic and pregnancy outcomes according to the duration of LFEP>1.00 ng/ml (n=3521).



When the LFEP was defined as P >1.5 ng/ml, there were 2,934 patients in the 0 day group, 420 patients in the 1 day group, and 127 patients in the ≥ 2 days group, as shown in Table 2. The differences between three groups were similar to those when LFEP was defined as P >1.0 ng/ml. The clinical pregnancy rates in the three groups were 67.24%, 55.95%, and 45.51%, respectively. The differences reached statistical significance. However, the spontaneous abortion rate was comparable between the three groups (8.89% vs. 9.79% vs. 9.21%, respectively, P < 0.001).


Table 2 | Demographic and pregnancy outcomes according to the duration of LFEP>1.50 ng/ml (n=3521).



In the crude logistic regression analysis model shown in Table 3, clinical pregnancy-related factors were age, duration of infertility, Gn dosage, number of oocytes retrieved, number of embryos transferred, fertilized rate, LH level, and P level on the day of hCG administration. Irrespective of the definition of LFEP, the duration of LFEP was an influencing factor of clinical pregnancy rate when the reference was LFEP for 1 day. The crude odds ratio (ORs) for LFEP duration (≥ 2 days) were 0.753 (P = 0.008; LFEP defined as P > 1.0 ng/ml) and 0.657 (P = 0.023; LFEP defined as P > 1.5 ng/ml).


Table 3 | Crude odds ratio for factors with clinical pregnancy rate.



In Table 4, multivariable logistic regression analysis was used to adjusting relative factors including age, duration of infertility, Gn dosage, oocytes retrieved, number of embryos transferred, and fertilized methods. When LFEP was defined as P > 1.0 ng/ml, LFEP was an independent risk factor for clinical pregnancy (adjusted OR = 1.290; P = 0.008). However, LFEP duration (≥ 2 days) was not associated with IVF outcome (adjusted OR = 0.808; P = 0.064). When LFEP was defined as P > 1.5 ng/ml, LFEP duration (≥ 2 days) was still not a predictive factor (adjusted OR = 0.720; P = 0.098).


Table 4 | Adjusted odds ratio for factors with clinical pregnancy rate after multivariable logistic regression analysis.







Discussion

Many studies have explored the impact of LFEP on IVF outcomes. There is nearly a consensus that LFEP impairs pregnancy rates in fresh embryo transfer cycles, while the definition of LFEP is still in debate. However, in our daily work, it is common to see that LFEP lasts for more than 1 day before hCG administration. Whether the duration of LFEP has an impact on IVF outcome is still not known. The current study showed that LFEP itself indeed was associated with a decreased clinical pregnancy rate. The duration of LFEP did not influence the clinical pregnancy rate in fresh embryo transfer cycles.

It has been proposed that elevated follicular P can alter the window of implantation, and therefore the transfer of an embryo in an asynchronous endometrium results in the failure to establishing embryo-endometrium cross-dialogue, which leads to embryonic demise and failure of implantation. Huang et al. proposed that the implantation window ranged from post-ovulatory day 6 to day 10; evaluating only one day of absolute serum P concentration might not accurately reflect the chronological change in the implantation window. Therefore, they analyzed the association between the duration of pre-ovulatory serum P elevation and the pregnancy outcomes of IVF/ICSI embryo transfer cycles (11). Results from that study showed that the duration of the premature serum P elevation was inversely related to the clinical pregnancy rate of IVF/ICSI-ET cycles. The endometrial receptivity analysis (ERA) was the first transcriptomic test developed to diagnose the endometrial receptivity status of infertile patients. ERA has never been presented independently of progesterone levels. The route of the activation of the progesterone receptor (PR) is not in debate. PR (A and B) activation is the main driver of the molecular changes that determine the WOI (window of implantation) and the initiation of pregnancy. It suggested that we can study the influence of LFEP duration on the WOI through the PR mechanism (13).

In the current study, LFEP duration was firstly shown to be associated with clinical pregnancy rate. It was interesting to see that LFEP duration was not a predictive factor for IVF outcome after adjusting for related parameters, and these results were inconsistent with another study (14). At first, we thought that 1.0 ng/ml was low and not enough to screen LFEP patients. However, the results were still the same when LFEP was defined as P > 1.5 ng/ml. LFEP was not a dependent incidence. The administration of relatively high doses of exogenous FSH for multi-follicular growth may contribute to the premature progesterone elevation (15). Recent evidence suggests FSH actively promotes granulosa cells to synthesis and output progesterone by upregulating the expression and increasing enzymatic activity of 3β-hydroxysterioddehydrogenoase (3β-HSD) without luteinization (16). In addition, previous data also showed that progesterone in the late follicular phase was also correlated with ovarian stimulation protocols, female age, and number of oocytes retrieved (17). These could explain the different effects of LFEP duration on IVF outcomes in crude and adjusted logistic regression analysis.

Then, why were the IVF outcomes different between patients with LFEP and those without LFEP but comparable in patients with LFEP for 1 day and ≥ 2 days? We speculate that the possible reason is that the number of progesterone receptors in the endometrium is certain. When progesterone in the late follicle phase reaches a certain level, the endometrium will change to the secretory stage in advance. However, with the increase of LFEP duration, the status of the endometrium no longer dramatically changes. Therefore, the effect of LFEP on IVF outcome for ≥ 2 days is the same as that for 1 day.

Our findings have several clinical implications. First, there has been robust evidence that LFEP impairs endometrial receptivity, but LFEP in the fresh cycle does not affect the cumulative birth rate of the frozen transfers in a freeze-only approach (18). A freeze-all policy should be proposed for LFEP patients to avoid the adverse impact of LFEP (19–21). We agree with the conclusion that LFEP has deleterious impact on fresh embryo transfers, but we should also be cautious regarding the cost of a freeze-all policy, especially for good-prognosis patients with sufficient high-quality embryos. Our data suggest that when we encounter such patients with ≥ 2days of LFEP, fresh embryo transfer should be cancelled. In addition, we should also be caution that our data do not suggest cancelling continuous monitoring of progesterone before hCG administration, as progesterone level is also indictor for oocyte maturation and hCG administration (22, 23).

A strength of the current larger population-based study was that all patients were derived from a single-center study, and were all treated with pituitary downregulation protocols. In addition, the effect of LFEP duration on IVF outcomes was explored using two different LFEP criteria. However, several limitations also existed. Not all factors could be controlled due to the retrospective nature of this study. The specific mechanism for this phenomenon still needs to be explored in further basic experiments. Moreover, the impact of LFEP duration and cumulative pregnancy outcomes with transferred frozen embryos should also be demonstrated in the future.





Conclusion

Taken altogether, our data showed that irrespective of LFEP criteria (i.e., whether LFEP was defined as P > 1.0 ng/ml or as P > 1.5 ng/ml), LFEP adversely affects clinical pregnancy outcomes. However, compared with a duration of LFEP of 1 day, the longer duration of LFEP ≥ 2 days seems to have no influence on the clinical pregnancy rate in pituitary downregulation treatment cycles.
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gonadotropin; LH, luteinizing hormone; E,, estradiol; P, progesterone.
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Duration of LFEP > 1.00 ng/mL

0 day(n=2041) 1 day (n=795) > 2 days (n=685)

Age (y) 30.32 + 4.65° 30.55 + 4.75° 31.16 + 4.73% <0.001
Duration of infertility (y) 399 +2.92° 3.97 +291° 436 +3.21° 0.017
BMI (Kg/m?) 2299 +321° 2249 + 3.10° 22.33 +2.84° <0.001
Basic FSH (mIU/mL) 635+ 1.84 628+ 1.71 634 + 1.69 0.679
Gn duration (days) 13.88 +2.20° 14.03 £ 1.94° 1428 + 1.92° <0.001
Gn dosage (IU) 2569.23 + 1003.91° 2598.49 + 907.47° 2826.65 + 834.58" <0.001
Oocytes retrieved 1240 + 5.07° 1413 + 5.24° 1443 + 541° <0.001
No. embryos transferred 1.90 + 0.31° 1.85 +0.36" 1.83 + 037" <0.001
Fertilization methods 0.037
IVE 1540(75.45%) 622(78.24%) 547(79.86%)

1CSI 501(24.55%) 173(21.76%) 138(20.14%)

HCG day hormone levels

LH (mIU/mL) 1.06 + 1.22° 129 + 150" 1.01 + 1.18° <0.001
E, (pg/ml) 2840.50 + 1354.88° 3818.75 + 1679.91° 4166.71 + 1781.72* <0.001
P (ng/ml) 059 +0.24° 131 £0.28° 1.76 + 0.48° <0.001
Clinical pregnancy rate 1404(68.79%)* 501(63.02%)" 385(56.20%)" <0.001
Abortion rate 120(8.55%)* 42(8.38%)° 40(10.39%)™ <0.001

a, b Post-hoc pairwise comparisons P-value <0.05 for values with the same superscript letter; continuous variables are presented as mean + SD; LFEP, late follicular elevated progesterone; BMI,
body mass index; ESH, follicle-stimulating hormone; Gn, gonadotropin; ICSI, intracytoplasmic sperm injection; HCG, human chorionic gonadotropin; LH, luteinizing hormone; E,, estradiol;
P, progesterone.





