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Introduction

Elevated progesterone (P) levels (>1.5 ng/ml) on the day on which ovulation is triggered have been reported to adversely affect pregnancy and implantation rates [START_REF] Hamdine | Elevated early follicular progesterone levels and in vitro fertilization outcomes: a prospective intervention study and meta-analysis[END_REF][START_REF] Sonigo | Impact of high serum progesterone during the late follicular phase on IVF outcome[END_REF][START_REF] Lawrenz | Effect of progesterone elevation in follicular phase of IVFcycles on the endometrial receptivity[END_REF]. The origin of these premature rises in P levels is unclear, but Oktem et al. recently highlighted an FSH stimulation of P synthesis by granulosa cells without luteinisation [START_REF] Oktem | FSH Stimulation promotes progesterone synthesis and output from human granulosa cells without luteinization[END_REF]. Morover, Lawrenz et al. have shown that patients who needed an increase in dose and duration of FSH administration had a higher rate of premature progesterone elevation (Lawrenz et al., 2018b) The mechanism of this harmful effect is mainly related to an asynchrony between the endometrium and the embryo as shown by morphologic [START_REF] Liu | The effect of a high progesterone concentration before oocyte retrieval on the peri-implantation endometrium[END_REF] and genomic analyses [START_REF] Labarta | Endometrial receptivity is affected in women with high circulating progesterone levels at the end of the follicular phase: a functional genomics analysis[END_REF][START_REF] Van Vaerenbergh | Premature progesterone rise and gene expression[END_REF] and unaffected results in patients who received oocytes from donors with higher P concentrations (>1.2ng/ml) at the time of ovulation induction [START_REF] Melo | The significance of premature luteinization in an oocyte-donation programme[END_REF]. These findings have led to the proposal of a freeze-all strategy in the case of elevated P levels [START_REF] Healy | Does a frozen embryo transfer ameliorate the effect of elevated progesterone seen in fresh transfer cycles?[END_REF]. Shapiro et al. have found, in a retrospective study, that this strategy allowed a higher pregnancy rate than fresh transfers in case of premature P elevation [START_REF] Shapiro | Embryo cryopreservation rescues cycles with premature luteinization[END_REF].

However, a recent study by [START_REF] Racca | Impact of late-follicular phase elevated serum progesterone on cumulative live birth rates: is there a deleterious effect on embryo quality?[END_REF] has suggested a link between elevated P levels and embryo quality, since the embryo utilisation rate was significantly lower in the case of high P levels, thereby suggesting that the freeze-all strategy might not be the answer in these cases. This effect of elevated P on embryo development ability was also reported by [START_REF] Vanni | Top quality blastocyst formation rates in relation to progesterone levels on the day of oocyte maturation in GnRH antagonist IVF/ICSI cycles[END_REF], who have reported a negative correlation between the percentage of top quality blastocysts and the P level.

Shufaro et al. [START_REF] Shufaro | Progesterone-to-follicle index is better correlated with in vitro fertilization cycle outcome than blood progesterone level[END_REF] have shown that the progesterone to follicle (≥ 14 mm) index (PFI) was superior to the total blood P levels in predicting clinical pregnancy after IVF in a population of normal responders using either an agonist or antagonist protocol. More recently, in antagonist protocols, [START_REF] Grin | Does progesterone to oocyte index have a predictive value for IVF outcome? A retrospective cohort and review of the literature[END_REF], studied the progesterone to collected oocyte index (POI) and found similar predictive values of PFI and POI on clinical pregnancy regardless of age, BMI and ovarian response. Similar findings were not evident in terms of P levels. However, Hill et al. [START_REF] Hill | Revisiting the progesterone to oocyte ratio[END_REF] found no additive predictive value of POI to P and number of collected oocytes.

Since the number of follicles at the time of ovulation triggering is not always available and to avoid bias due to follicular puncture (potential collection from small follicles), the present study aimed to evaluate the relative impact of the P to mature oocytes index (PMOI) on IVF outcomes.

Materials and Methods

Patients

The study included all patients (960) who underwent their first fresh embryo transfer after IVF with intracytoplasmic sperm injection (ICSI), in the Assisted Reproductive Technologies (ART) Centre of the Toulouse University Hospital between September 2012 and July 2017.

ICSI was chosen because of its ability to identify mature oocytes just after recovery. The reasons for ICSI were as follows: male infertility in 827 (86.1%) cases, unexplained infertility in 100 (10.4%) cases and fertilisation failure in conventional IVF in 33 (3.4%) cases.

To test inter-cycle reproducibility, 498 patients who had 2 attempts with an antagonist protocol in less than 1 year (6.1 ± 2.3 months) were studied.

Ovarian stimulation and IVF procedures

Pre-treatment with estrogen was performed in 804 (83.8%) patients according to the methods described by [START_REF] Cedrin-Durnerin | Pretreatment with estrogen does not affect IVF-ICSI cycle outcome compared with no pretreatment in GnRH antagonist protocol: a prospective randomized trial[END_REF]. All patients underwent ovarian stimulation using a protocol combining recombinant FSH (rFSH) (Gonal F ® Merck, Lyon, France or Puregon ® MSD, Boulogne, France) and GnRH antagonist (Cetrotide ® 0.25mg Merck, Lyon, France or Orgalutran ® MSD, Boulogne, France). The daily rFSH dose (75-300 UI/day) was chosen by physicians according to age, BMI and ovarian reserve [START_REF] Chalumeau | Establishment and validation of a score to predict ovarian response to stimulation in IVF[END_REF]. Ovulation was triggered using either recombinant hCG (Ovitrelle ® , Merck, Lyon, France) (n=290, 30.2%) or GnRH agonist (Decapeptyl ® 0.1mg, Ipsen, Boulogne-Billancourt, France) (n=670, 69.8%) when at least 3 follicles ≥ 18 mm were obtained. Follicular punctures were performed 36 hours after ovulation triggering. Ovarian response was assessed through the ovarian sensitivity index (OSI), i.e. the ratio of the number of recovered oocytes/mean daily injected dose of rFSH [START_REF] Huber | Using the ovarian sensitivity index to define poor, normal, and high response after controlled ovarian hyperstimulation in the long gonadotropin-releasing hormone-agonist protocol: suggestions for a new principle to solve an old problem[END_REF][START_REF] Carre | Influence of air quality on the results of in vitro fertilization attempts: A retrospective study[END_REF]. Embryo morphology was classified on day 2 according to Giorgetti et al. [START_REF] Giorgetti | Embryo score to predict implantation after in-vitro fertilization: based on 957 single embryo transfers[END_REF]. This score ranged from 1 to 4 points as follows: a cleaved embryo scored 1 point, and an additional point was added for each of the following features: achieving the 4cell stage, absence of irregular cells and absence of anucleate fragments (or ≤ 20% of the embryonic surface). Top embryos were given scores of 4 and 3 which correspond to the good and fair scores of the Istanbul consensus (Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of Embryology, 2011) while score 2 and 1 correspond to the poor morphology embryos.

The number of embryos transferred was based on a previously described score [START_REF] Gatimel | How many embryos should be transferred? A validated score to predict ongoing implantation rate[END_REF]. Briefly the transfer score was a combination of age, rank of attempt, OSI and an embryo cohort score taking into account the number and morphology of embryos. Embryo transfers were performed on day 2 (769: 80.1%) or 3 (191: 19.9%).

Ovulation was triggered by GnRH agonist when more than 10 follicles ≥ 11mm were obtained in order to decrease the risk of ovarian hyperstimulation syndrome. In these cases, luteal supplementation included 1500UI of hCG on the day of follicular puncture followed by estradiol and progesterone supplementation during 15 days according to Humaidan et al. [START_REF] Humaidan | Rescue of corpus luteum function with peri-ovulatory HCG supplementation in IVF/ICSI GnRH antagonist cycles in which ovulation was triggered with a GnRH agonist: a pilot study[END_REF]. When ovulation was induced by hCG, the luteal phase was supplemented only with progesterone.

Clinical pregnancies were defined as the presence of a gestational sac with fetal heart activity 6 weeks after embryo transfer. Implantation rate was defined as the ratio of gestational sacs with fetal heart activity to the number of transferred embryos.

Live birth rate was defined as the percentage of deliveries of at least one live baby after 22 weeks of gestation to the number of embryo transfers [START_REF] Zegers-Hochschild | The International Glossary on Infertility and Fertility Care[END_REF].

Patients in whom follicular puncture was technically difficult and did not allow recovery of all mature oocytes (reported by the physicians), were excluded from the study to avoid bias.

PMOI was calculated by dividing the serum progesterone (ng/ml) by the number of obtained mature oocytes.

Hormone measurements

Estradiol (E2) and progesterone (P) levels were measured by electrochemiluminescence immuno-analysis on the day on which ovulation was induced (Roche Diagnostics, Rotkreuz, Switzerland). To limit diurnal variations of hormones, all measurements were done between 8h and 9h AM [START_REF] Bungum | Circadian variation in concentration of anti-Mullerian hormone in regularly menstruating females: relation to age, gonadotrophin and sex steroid levels[END_REF]. The coefficient of variation for progesterone measurement was less than 1.8% (data from Roche Diagnostics confirmed in our laboratory).

Evaluation of ovarian reserve

Evaluation of the ovarian reserve included the antral follicle count (AFC) (2-10 mm using a 2D 7.5MHz probe), AMH (Beckman, AMH GenII kit), FSH, LH and E2. All hormone measurements were conducted in the same lab (Department of Biochemistry, Toulouse University Hospital), using the same methods, between cycle days 2 and 4.

Statistical analysis

Data were extracted from the Gynelog clinical database used in our department. This database has been approved for clinical research by the French National Commission for Information Technology and Civil Liberties (CNIL). According to French law (2012-300), patients are aware that their data can be used anonymously in clinical studies unless they specifically state otherwise. This information is highlighted in posters displayed at the centre, and patients can inform the centre in writing if they do not wish to participate in clinical studies.

The primary studied outcome was the live birth rate.

Statistical analyses were performed with StatView software (Abacus Concepts Inc., Berkeley, CA, USA). Data are means ± SD. Percentages were compared with the χ 2 test and means with Student's t-test since all data had a normal distribution.

Correlations were made using Pearson coefficients. We initially studied the individual correlations of each parameter with PMOI. Secondly, we performed progressive discriminant analysis using all of the parameters significantly correlated with PMOI to rank them in order.

Logistic regression included all parameters which displayed a significant correlation with live birth rates was used to adjust the results of qualitative variables as a function of demographic parameters previously reported to influence live birth rate (age, OSI, number of collected mature oocytes and number of transferred embryos, percentage of top embryos).

Groups of different levels of P and PMOI were defined according to the 25 th , 50 th and 75 th percentiles of each parameter.

Results

While the P levels (OR= 0.988 [0.998-1.001]; P = 0.2556) and the number of mature oocytes (OR = 1.033 [0.996-1.071]; P = 0.0821) had no significant impact on live birth rates, their ratio was associated with low IVF outcome (OR = 0.117 [0.030-0.465]; P = 0.0023).

As reported in table 1, there was a negative correlation between PMOI levels and clinical pregnancy, live birth and implantation rates. Since PMOI was also linked to OSI, P, the number of mature oocytes and the number of transferred embryos, we performed logistic regression. It appeared that, when adjusted for the parameters which displayed a significant correlation with live birth rate as reported in table 2(age, OSI, percentage of top embryos), the PMOI remained significantly associated to the live birth rate, while blood P levels and number of mature oocytes were not linked to this parameter (table 3).

In order to distinguish the role of high P and PMOI levels (≥ 75 th percentile) in IVF outcomes, we studied cases with both P and PMOI < 75 th percentile, cases with both P and PMOI ≥ 75 th percentile, cases with P ≥ 75 th percentile and PMOI < 75 th percentile and cases with P < 75 th percentile and PMOI ≥ 75 th percentile. As shown in table 4, high PMOI was associated with significantly lower live birth and implantation rates, regardless of blood P levels.

Contrastingly, in cases with high P levels and normal PMOI the live birth and implantation rates were not significantly different than those recorded when P and PMOI were lower than the 75 th percentile.

To check if PMOI was a characteristic of the cycle or the patient, we compared its levels in 2 consecutive cycles in the same patient. They were significantly, albeit slightly, correlated (r=0.261; P < 0.0001). However, when the PMOI was higher than the 75 th percentile in the first attempt, it was still higher than the 75 th percentile in 51.2% of cases and higher than the 50 th percentile in 84.7% of cases, during the second attempt, which suggests that PMOI is patient-as opposed to cycle-dependent (table 5). PMOI was significantly correlated with all ovarian reserve parameters but the correlation coefficients remained quite low (table 6). On the opposite PMOI was highly negatively correlated to OSI and to the score of the embryo cohort, and positively correlated to the dose of FSH units administered. When performing progressive discriminant analysis, PMOI was correlated only to the OSI and the score of the embryo cohort according the formula: 0.309 -(0.149*OSI) -(0.400*score of the embryo cohort) (r=0.469; P < 0.0001). A new transfer score, based on the one established by [START_REF] Gatimel | How many embryos should be transferred? A validated score to predict ongoing implantation rate[END_REF], but including PMOI did not add any predictive value since both scores were very highly correlated (r=0.945; P < 0.0001).

Discussion

The present study shows that absolute blood P levels have a minor impact on IVF outcomes compared to the major impact of PMOI. No difference in the percentage of top embryos were found between the different groups of PMOI, but the logistic regression show that it is the PMOI and not the P level which is predictive of the live birth rate which argue more for an embryo effect than for an endometrial one. This suggests that the problem of a premature increase in P is related as much to a poor oocyte quality rather as to an impaired endometrial receptivity.

For this study we chose the P to mature oocyte index instead of the P to follicle index described by Shufaro et al. [START_REF] Shufaro | Progesterone-to-follicle index is better correlated with in vitro fertilization cycle outcome than blood progesterone level[END_REF] since, in our centre, the number of follicles on the day on which ovulation is triggered is not always known, but P levels are. Moreover, we think that the number of mature oocytes is a more reproducible parameter than the number of follicles ≥ 14 mm, since the latter depends on the apparatus used and the operator [START_REF] Vandekerckhove | The Value of Automated Follicle Volume Measurements in IVF/ICSI[END_REF]. We also opted to use the number of mature oocytes as opposed to the collected ones (POI), as in the papers of Hill et al. [START_REF] Hill | Revisiting the progesterone to oocyte ratio[END_REF] and [START_REF] Grin | Does progesterone to oocyte index have a predictive value for IVF outcome? A retrospective cohort and review of the literature[END_REF], which, in our opinion, could prevent differences in size of punctured follicles among physicians. However, in this study, PMOI and POI were highly correlated (r=0.927; P<0.0001), hence the use of one or other parameter has probably no impact on the results. PMOI appeared to be more predictive of IVF outcomes than blood P levels. This is consistent with the report of Shufaro et al. [START_REF] Shufaro | Progesterone-to-follicle index is better correlated with in vitro fertilization cycle outcome than blood progesterone level[END_REF] who found that the progesterone-tofollicle index was better correlated with IVF outcome than blood progesterone levels. These findings suggest an oocyte effect as proposed by Racca et al. [START_REF] Racca | Impact of late-follicular phase elevated serum progesterone on cumulative live birth rates: is there a deleterious effect on embryo quality?[END_REF] more than an endometrial effect. This is confirmed by the fact that we failed to show any significant decrease in implantation and clinical pregnancy rates when P is elevated but PMOI is not. As regards this point, the progesterone threshold for a poor IVF outcome appears to be higher in high responders (1.8 ng/ml for Requena et al. and 2.25 ng/ml for Xu et al.) than in normal or low responders (1.5 ng/ml for Griesinger et al. and for Hamdine et al.) [START_REF] Xu | 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[END_REF][START_REF] Griesinger | Progesterone elevation does not compromise pregnancy rates in high responders: a pooled analysis of in vitro fertilization patients treated with recombinant follicle-stimulating hormone/gonadotropin-releasing hormone antagonist in six trials[END_REF][START_REF] Hamdine | Elevated early follicular progesterone levels and in vitro fertilization outcomes: a prospective intervention study and meta-analysis[END_REF][START_REF] Requena | High progesterone levels in women with high ovarian response do not affect clinical outcomes: a retrospective cohort study[END_REF], which means that the predictive value of P must be influenced by the number of recruited follicles or recovered oocytes. This could explain the absence of a harmful effect of elevated P levels (above 1.5 ng/ml) in high responders [START_REF] Griesinger | Progesterone elevation does not compromise pregnancy rates in high responders: a pooled analysis of in vitro fertilization patients treated with recombinant follicle-stimulating hormone/gonadotropin-releasing hormone antagonist in six trials[END_REF].

However, an endometrial effect cannot be excluded. Indeed, several authors have reported an association between a premature progesterone elevation and an impaired endometrial receptivity as assessed through morphology and gene expression [START_REF] Labarta | Endometrial receptivity is affected in women with high circulating progesterone levels at the end of the follicular phase: a functional genomics analysis[END_REF][START_REF] Van Vaerenbergh | Premature progesterone rise and gene expression[END_REF][START_REF] Liu | The effect of a high progesterone concentration before oocyte retrieval on the peri-implantation endometrium[END_REF]. To counteract this problem, some authors have suggested the freeze-all strategy in order to performed the embryo transfers in a cycle free of the negative effect of premature rise of P. Shapiro et al. and Kofinas et al. have shown that in these cases the transfer of frozen-thawed embryos allowed to obtain higher pregnancy rates than in fresh cycles [START_REF] Shapiro | Embryo cryopreservation rescues cycles with premature luteinization[END_REF][START_REF] Kofinas | Is it the egg or the endometrium? Elevated progesterone on day of trigger is not associated with embryo ploidy nor decreased success rates in subsequent embryo transfer cycles[END_REF]. PMOI appears to be elevated mainly in patients with low ovarian reserves and low ovarian response as evaluated by OSI. Indeed, PMOI appeared to be reproductible from one attempt to another in the same patient and is related to low AMH and AFC levels. Grin et al. have previously reported a higher POI in patients with a low ovarian response (< 5 oocytes) and a lower POI in patients with a high ovarian response (>15 oocytes) [START_REF] Grin | Does progesterone to oocyte index have a predictive value for IVF outcome? A retrospective cohort and review of the literature[END_REF]. Indeed, in poor responders, the higher administrated FSH doses induces a higher FSH dose to recruited follicle ratio, probably leading to a higher follicular fluid P concentration [START_REF] Oktem | FSH Stimulation promotes progesterone synthesis and output from human granulosa cells without luteinization[END_REF]. Therefore, high blood P levels on the day on which ovulation is triggered can reflect either many follicles with a normal follicular fluid P concentration or a few follicles with high follicular fluid P concentration. We hypothesize that a higher follicular fluid P is linked with a lower oocyte quality. This is supported by the findings of van Tilborg et al. who reported no increase in live birth rates (14.8% vs. 15.8%) in poor responders when the daily FSH dose was raised from 150 to 225 or 450 UI despite a significant increase in the number of recovered oocytes (7.9 ± 5.3 vs. 6.5 ± 4.2; P<0.01) [START_REF] Van Tilborg | Individualized versus standard FSH dosing in women starting IVF/ICSI: an RCT. Part 1: The predicted poor responder[END_REF]. Moreover, Labarta et al. have recently reported a higher number of good-quality embryos when poorresponders, as to Bolognia criteria, had a minimal ovarian stimulation than when they had a conventional stimulation [START_REF] Labarta | Conventional versus minimal ovarian stimulation: an intra-patient comparison of ovarian response in poor-responder women according to Bologna Criteria[END_REF]. However, they have not reported an increase of P at the time of ovulation in case of conventional stimulation. In our centre, we used to administer a daily FSH dose rate of 300 IU if poor responders were suspected, depending on the score published by Chalumeau et al. [START_REF] Chalumeau | Establishment and validation of a score to predict ovarian response to stimulation in IVF[END_REF], which perhaps explains their high PMOI. We can postulate an overstimulation of individual follicles since the ratio of administrated FSH units to the number of collected oocytes was much more elevated (469 vs. 287). This potentially changed the microenvironment of the oocytes.

The main limitation of our study is that it was retrospective and observational. Moreover, the deleterious levels of PMOI have been established in a single ART center and must be confirmed in a large independent population.

In conclusion, it appears that premature rise of P can act through two targets: the oocyte and the endometrium. Therefore, the strategy to counteract the effect of high P levels, cannot be unique. If the freeze-all strategy seems adequate for the endometrial target, reducing the FSH doses is probably the right way to avoid/limit the oocyte damage (Lawrenz et al., 2018a). However, the respective parts of the impact on endometrium and on embryo developmental ability are difficult to discriminate, but the use of PMOI could help to identify an oocyte effect rather than an endometrial one.

Since this study is a retrospective one, these results must be confirmed in randomized trials comparing the freeze-all strategy versus fresh embryo transfers in different groups of PMOI.

The randomization could be done inside each groups of PMOI to be able to identify the cases where the freeze-all strategy is the best one. 

Table 1 .

 1 IVF parameters according to the level of P to mature oocyte index (PMOI)

		<0.070	PMOI (ng/ml) 0.101 0.166 0.070 to 0.102 to	≥ 0.167	Statistical comparison
	n	240	237	245	238	
	Age	33.3 ± 4.0	33.1 ± 4.1 33.8 ± 4.5 34.0 ± 4.6	NS
	BMI (Kg/m 2 )	22.5 ± 3.3	22.9 ± 3.6 22.6 ± 3.1 23.1 ± 3.9	NS
	FSH (UI/L)	6.9 ± 1.8	7.0 ± 1.9	7.3 ± 1.9	7.5 ± 2.2	P < 0.01
	LH/FSH	0.93 ± 0.37 0.82 ± 0.37	0.81 ±	0.77 ±	P < 0.0001
				0.44	0.34	
	AMH (ng/ml)	3.8 ± 2.8	3.5 ± 4.1	2.8 ± 2.5	2.2 ± 2.2	P < 0.0001
	AFC	27 ± 11	24 ± 10	21 ± 11	18 ± 10	P < 0.0001
	Ovarian	0.101 ±	0.078 ±	0.056 ±	0.034 ±	P < 0.0001
	stimulation index	0.047	0.036	0.032	0.023	
	Stimulation	11.4 ± 2.3	11.4 ± 2.4 11.5 ± 2.7 11.7 ± 2.3	NS
	duration (d)					
	P (ng/ml)	0.53 ± 0.24 0.80 ± 0.25	0.96 ±	1.28 ±	P < 0.0001
				0.36	0.82	
	No. of mature	11.5 ± 3.8	9.4 ± 2.9	7.4 ± 2.8	4.5 ± 2.2	P < 0.0001
	oocytes					
	Fertilization rate	71 ± 20	69 ± 19	66 ± 23	72 ± 25	NS
	(%)					
	No. of embryos	8.2 ± 3.5	6.6 ± 2.8	4.9 ± 2.5	3.2 ± 2.0	P < 0.0001
	Percentage of top	42 ± 29	44 ± 30	39 ± 33	39 ± 38	NS
	embryos					
	No. of transferred	1.4 ± 0.7	1.5 ± 0.7	1.8 ± 0.8	1.8 ± 0.8	P < 0.0001
	embryos					
	Clinical	75 (28.8)	73 (28.1)	66 (25.4)	46 (19.3)	P < 0.01
	pregnancies (%)					
	Implantation rate	86/342	81/350	71/429	52/418	P < 0.0001
	(%)	(25.1)	(23.1)	(16.6)	(12.4)	
	Live births	73 (30.4)	68 (28.7)	64 (25.7)	44 (18.5)	P < 0.05
	Data are means ± SD				
	Statistical comparisons were global, including the 4 groups. Comparisons of means were
	done with Student' t test and comparisons of percentages used χ 2 test.	

Table 2 .

 2 Individual correlations of attempt parameters with live birth rate

	P-value	R

Table 4 .

 4 Results of IVF according to the P and PMOI levels.

		P < 1.08 and	P ≥ 1.08	P ≥ 1.08	P < 1.08	Statistical
		PMOI <	and PMOI ≥	and PMOI <	and PMOI ≥	comparison
		0.167	0.167	0.167	0.167	χ 2 test
	N	597	120	125	118	
	Live births (%)	176 (29.5) a,b	22 (18.3) a	29 (23.2)	22 (18.6) b	a,b P< 0.05
	Implantation	208/939	26/221	30/192	26/197	a P < 0.001
	rate (%)	(22.2) a,b	(11.8) a	(15.6)	(13.2) b	b P < 0.01
	75 th percentiles of P and PMOI are 1.08 ng/ml and 0.167 ng/ml, respectively	
	Parameters with the same subscript are statistically different		

Table 5 .

 5 Results of PMOI in a second attempt as a function of the first attempt

	1st attempt

Table 1 .

 1 IVF parameters according to the level of P to mature oocyte index (PMOI)

			PMOI (ng/ml)		
		<0.070	0.070 to 0.101	0.102 to 0.166	≥ 0.167	Statistical comparison
	n	240	237	245	238	
	Age	33.3 ± 4.0	33.1 ± 4.1	33.8 ± 4.5	34.0 ± 4.6	NS
	BMI (Kg/m 2 )	22.5 ± 3.3	22.9 ± 3.6	22.6 ± 3.1	23.1 ± 3.9	NS
	FSH (UI/L)	6.9 ± 1.8	7.0 ± 1.9	7.3 ± 1.9	7.5 ± 2.2	P < 0.01
	LH/FSH	0.93 ± 0.37	0.82 ± 0.37	0.81 ± 0.44	0.77 ± 0.34	P < 0.0001
	AMH (ng/ml)	3.8 ± 2.8	3.5 ± 4.1	2.8 ± 2.5	2.2 ± 2.2	P < 0.0001
	AFC	27 ± 11	24 ± 10	21 ± 11	18 ± 10	P < 0.0001
	Ovarian stimulation index	0.101 ± 0.047	0.078 ± 0.036	0.056 ± 0.032	0.034 ± 0.023	P < 0.0001
	Stimulation duration (d)	11.4 ± 2.3	11.4 ± 2.4	11.5 ± 2.7	11.7 ± 2.3	NS
	P (ng/ml)	0.53 ± 0.24	0.80 ± 0.25	0.96 ± 0.36	1.28 ± 0.82	P < 0.0001
	No. of mature oocytes	11.5 ± 3.8	9.4 ± 2.9	7.4 ± 2.8	4.5 ± 2.2	P < 0.0001
	Fertilization rate (%)	71 ± 20	69 ± 19	66 ± 23	72 ± 25	NS
	No. of embryos	8.2 ± 3.5	6.6 ± 2.8	4.9 ± 2.5	3.2 ± 2.0	P < 0.0001
	Percentage of top embryos	42 ± 29	44 ± 30	39 ± 33	39 ± 38	NS
	No. of transferred embryos	1.4 ± 0.7	1.5 ± 0.7	1.8 ± 0.8	1.8 ± 0.8	P < 0.0001
	Clinical pregnancies (%)	75 (28.8)	73 (28.1)	66 (25.4)	46 (19.3)	P < 0.01
	Implantation rate (%)	86/342 (25.1)	81/350 (23.1)	71/429 (16.6)	52/418 (12.4)	P < 0.0001
	Live births	73 (30.4)	68 (28.7)	64 (25.7)	44 (18.5)	P < 0.05
	Data are means ± SD					
	Statistical comparisons were global, including the 4 groups. Comparisons of means were done with Student' t test and comparisons of percentages used χ 2
	test.					

Table 2 .

 2 Individual correlations of attempt parameters with live birth rate

	P-value	R

Table 3 .

 3 Logistic regression on clinical pregnancy after embryo transfer

	Dependent variable:	P-value	Odds ratio	95%CI	
	Live birth			Lower	Upper
	Independent variables				
	Age	0.0001	0.932	0.899	0.966
	OSI	0.8863	1.330	0.027	66.430
	% of top embryos	0.0304	1.005	1.000	1.010
	PMOI	0.0161	0.147	0.031	0.701

Table 4 .

 4 Results of IVF according to the P and PMOI levels. percentiles of P and PMOI are 1.08 ng/ml and 0.167 ng/ml, respectively Parameters with the same subscript are statistically different Table5. Results of PMOI in a second attempt as a function of the first attempt

		P < 1.08 and PMOI <	P ≥ 1.08 and PMOI ≥	P ≥ 1.08 and PMOI <	P < 1.08 and PMOI ≥	Statistical comparison
		0.167	0.167	0.167	0.167	χ 2 test
	N	597	120	125	118	
	Live births (%)	176 (29.5) a,b	22 (18.3) a	29 (23.2)	22 (18.6) b	a,b P< 0.05
	Implantation rate (%)	208/939 (22.2) a,b	26/221 (11.8) a	30/192 (15.6)	26/197 (13.2) b	a P < 0.001 b P < 0.01
	75					

th 

Table 6 .

 6 Correlations between PMOI and demographic and IVF parameters

	R	P value