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Abstract
Background The serum progesterone on human chorionic gonadotropin trigger day / metaphase II oocyte (P/MII) 
ratio might be a more predictable indicator of pregnancy and neonatal outcomes as compare to P/estradiol (E2) or P 
alone. Hence, we conducted a larger population study to compare the pregnancy and neonatal outcomes in the low 
and high P/MII ratio.

Methods A retrospective, single-center, larger population cohort study between January 2015 and August 2021. 
Calculate the threshold effect of P/MII ratio on clinical pregnancy rate according to the construct smooth curve fitting. 
Divide data into two groups by threshold for comparison.

Results 3566 fresh ICSI-ET cycles were included, in which 929 singleton delivery and 676 twin deliveries. Compare 
to P/MII ≤ 0.367 group, it indicated that the P/MII > 0.367 group had a lower clinical pregnancy rate and live birth 
rate, furthermore, a significantly higher rate of LBW and SGA were observed in the singleton and twin deliveries. No 
deleterious impact of high P/MII ratio on embryo quality and undesirable pregnancy outcomes was shown.

Conclusions When P/MII is higher than 0.367, may have adverse impacts on pregnancy and neonatal outcomes for 
ICSI cycle.
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Background
Use of exogenous gonadotropins for development of 
multiple dominant follicles during controlled ovarian 
stimulation (COS) [1], may result in serum progesterone 
(P) and estradiol (E2) supraphysiological elevation in the 
late follicular phase and on human chorionic gonado-
tropin (HCG) trigger day in in vitro fertilization (IVF) 
treatment. The supraphysiologic hyperprogesterone 
and hyperestrogenic milieu may lead to some unfavor-
able pregnancy and perinatal outcomes, by imposing an 
adverse uterine environment for implantation [2, 3].

Therefore, it is meaningful to explore the effect of P 
and E2 changes on HCG trigger day on pregnancy out-
comes. The negative effect of hyperestrogenic milieu on 
fetal low birth weight has been confirmed [4], however, 
meta-analysis concluded that there was no difference in 
clinical pregnancy rates between low and high E2 levels 
on the HCG trigger day [5]. Studies have found that ele-
vated P on HCG trigger day was related to the decrease 
of clinical pregnancy rate and live birth rate in different 
ovarian responses [6–12], however a study showed that P 
had a negatively effect on live birth rate both at lower and 
higher values [13]. Recent study proposed E2 alone or 
P/E2 ratio as an indicator for pregnancy outcomes [14], 
however, P/E2 ratio has low predictive value [15–17].

Shuffaro et al. propose that elevated P may be only 
harmful if it represents an increased production of P per 
follicle [18]. As P level elevation may correlate with the 
number of hormonally active oocyte, the P/oocyte ratio 
reflects the average amount of P produced by each oocyte 
on the day of final oocyte maturation [18, 19]. Several 
studies have demonstrated that P/follicle or P/MII oocyte 
ratio are good indicator to predict pregnancy outcome, 
but these studies were limited by relatively small sample 
sizes [14, 19–22]. Another problem is that the current 
studies mainly evaluate the effect of P/MII ratio on clini-
cal pregnancy, with little consideration for neonatal out-
comes after ICSI.

To address above questions, we performed a large ret-
rospective study to explore the relationship between P/
MII ratio and pregnancy and neonatal outcomes on ICSI 
cycle in patients with normal ovarian response.

Materials and methods
Study population and design
We performed a retrospective, single-center cohort 
study of women aged 18–40 years undergoing fresh 
ICSI cycle from January 2015 to August 2021. Patients’ 
demographic characteristics and laboratory features of 
patients were obtained at the Xinan Gynecological Hos-
pital in Sichuan, China. Patients were excluded from the 
study if they experienced one of the following condi-
tions: (1) baseline day 3 FSH > 12 IU/L; (2) patients with 
polycystic ovary syndrome and hyperprolactinemia; (3) 

endometriosis, submucous myoma of uterus, endome-
trial polyps, uterine inflammation, uterine malformation 
or ant uterine pathology that could affect implantation; 
(4) Patients with poor ovarian response according to the 
Bologna criteria [23]; (5) Patients using frozen sperm; (6) 
patients with cancelling transplantation cycle or PGT-A 
cycles or missing data. In total, 3566 fresh ICIS-ET cycles 
were included in the study. The study was reviewed and 
approved by the Ethics Committee of Chongqing Medi-
cal University.

Controlled ovarian stimulation protocols
The COS protocols were chosen accorded to patients’ 
characteristics and physicians’ judgment. COS was per-
formed using four following protocols. The luteal phase 
short-acting GnRH agonist long protocol: From the mid-
luteal phase of the menstrual cycle, 0.1 mg short-acting 
GnRH agonist (Triptorelin Acetate, Ferring GmbH, 
Germany) was injected subcutaneously for 14–16 days 
until pituitary down-regulation was confirmed (follicle 
diameter ≤ 5  mm, E2 < 50 pg/ml, LH < 5 mIU/ml). Then 
the gonadotropin (Gn) (recombinant follicle-stimulating 
hormone (FSH), Gonalfin, Merck Serono, Switzerland) 
with an initial dose of 100–225 IU/d was administered 
until the follicles matured. The luteal phase long-acting 
GnRH agonist long protocol: From the mid-luteal phase 
of the menstrual cycle, a 3.75 mg long-acting GnRH ago-
nist was injected subcutaneously, and pituitary down-
regulation (follicle diameter ≤ 5  mm, E2 < 50 pg/ml, 
LH < 5 mIU/ml) was confirmed 14–16 days after injec-
tion. Then the gonadotropin (Gn) (recombinant FSH, 
Gonalfin, Merck Serono, Switzerland) with an initial dose 
of 225 IU/d was administered until the follicles matured. 
The GnRH antagonist protocol: Gn (recombinant FSH, 
Gonalfin, Merck Serono, Switzerland) generally 100–300 
IU/d was administered on the 2nd to 4th day of menstru-
ation. When the leading follicle reached 12 mm or when 
the Gn was used to 6–7 days, a 0.25 mg of GnRH antago-
nist (Cetrotide, Merck Serono S.p.A., Rome, Italy; Orgal-
utran, Organon, MSD-Italy) was injected subcutaneously 
daily until the ovulation trigger day. The follicular phase 
GnRH protocol: On the 2ed to 5th day of menstrual 
cycle and a 3.75 mg of GnRH agonist (Dafiline, Beaufour 
Ipsen, France) was injected subcutaneously. Down-reg-
ulation (follicle diameter ≤ 5  mm, estradiol (E2) < 50 pg/
ml, luteinizing hormone (LH) < 5 mIU/ml) was confirmed 
after 28–37 days.

Embryo culture and grading
Ovulation was triggered by HCG (Ovitrelle; Merck 
Serono S.p.A.) when the dominant follicles reached a 
diameter of 18 mm was observed by ultrasound. Oocyte 
retrieval was carried out 36  h after HCG administra-
tion by transvaginal ultrasound-guided puncture of 
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follicles. The number of MII was counted 2–3  h after 
oocyte retrieval. The criteria to perform ICSI in our 
hospital were as followed: (1) severe oligozoospermia, 
asthenozoospermia and teratospermia, (2) obstruc-
tive azoospermia, (3) fertilization failure or fertilization 
rate < 25% in previous cycles, (4) abnormal acrosome 
function of sperm, (5) in vitro maturation (IVM) for 
oocytes, (6) preimplantation genetic testing (PGT). The 
cleavage stage embryos quality was evaluated according 
to the number of blastomeres, the rate of fragmentation 
and cell size uniformity, and the embryos with grade 1,2 
were regarded as good-quality embryos [24]. The blas-
tocyst quality was evaluated according to the expansion 
stage, inner cell mass and trophoblast cells, and 5AA, 
5BB, 4AB, 4BA were regarded as good-quality blasto-
cysts [25, 26]. ET following ICSI are typically performed 
at the cleavage-stage or blastocyst-stage transfer. The 
luteal phase was supported by Dydrogesterone (10  mg 
once, three times a day, Abbott Biologicals B.V., nether-
lands) combined with Intravaginal CrInone Progesterone 
(90 mg once a day, Merck Serono S.p.A., Rome, Italy).

Hormone measurements
Serum P was measured on HCG trigger day using che-
miluminescence immunoassay (Beckman-Coulter Unicel 
DxI 800 Access Analyzer;Beckman-Coulter, USA). The 
sensitivity of the P assay was 0.10ng/ml, the intra-assay 
and inter-assay coefficients of variation were 8.18% and 
7.89%. All serum P measurements were performed in the 
same laboratory and using the same analytical method. 
Immunoassay System periodically calibrated to minimize 
changes in results associated with time and reagent batch 
updates.

Definition of outcomes and statistical analysis
The implantation rate was defined by the ratio of the 
number of gestational sacs to the number of transferred 
embryos. Clinical pregnancy was defined by the obser-
vation of embryo sac and fetal heartbeat 28 days after 
ET by ultrasound. pregnancy loss was defined as a loss 
of clinical pregnancy before the 24th gestational week, 
ectopic pregnancy was defined as at least one gestational 
sac outside the uterine cavity. Telephone follow-up until 
delivery, and live birth was defined as the delivery of live 
infants at or after 28 weeks of pregnancy. Preterm birth 
(PTB) was defined as delivery before 37 completed weeks 
of gestation. Low birth weight (LBW) and macrosomia 
refer to a birth weight < 2500  g and > 4000  g. Small for 
gestational age (SGA) and large for gestational age (LGA) 
refer to a birth weight below the 10th percentile and 
greater than the 90th percentile for the gestational age at 
birth, respectively.

The SPSS version 26.0 and R version 4.2.2 were used 
to all analysis. Calculate the threshold effect of P/MII 

on clinical pregnancy rate according to the construct 
smooth curve fitting. Divide data into two groups accord-
ing to threshold. Kolmogorov-Smirnov tests was used 
to check for normality. Mean ± Standard deviation was 
expressed for continuous variables and the Independent-
Samples T test was used for comparison between the two 
groups. Percentages was expressed for categorical vari-
ables and the Pearson chi-square test or Fisher’s exact 
test was used for comparison between the two groups. 
Multivariate logistic regression models were performed 
to adjust for potential confounders and to calculate the 
odds ratios (OR) and the 95% confidence intervals (CI). A 
value of P < 0.05 was considered as significant.

Result
Association between P/MII ratio and clinical pregnancy
A piecewise linear regression relationship between P/MII 
ratio and clinical pregnancy was observed (Fig.  1), and 
two-piecewise linear regression model was constructed 
to calculate the threshold effect of P/MII ratio on clini-
cal pregnancy. The threshold effect analysis shows that 
the P/MII inflection point is 0.367. When P/MII > 0.367, 
the clinical pregnancy rates decreased sharply with the 
increase in P/MII ratio (OR = 0.23, 95% CI 0.13–0.32, 
P < 0.001). When P/MII ≤ 0.367, the relationship between 
P/MII ratio and clinical pregnancy rate was not statisti-
cally significant.

Baseline characteristics
A total of 3566 fresh ICSI-ET cycles were included in the 
study, in which 929 singleton delivery and 676 twin deliv-
eries. Participants were divided into two groups accord-
ing to the threshold value: group 1 ≤ 0.367 (n = 3387), 
group 2 > 0.367 (n = 179). Baseline characteristics between 
two groups showed statistically significant differences 
in patients age, COS protocols, AFC, total dose of Gn, P 
level on HCG trigger day, E2 level on HCG trigger day 
(pg/mL), the number of oocytes retrieved, the number of 
MII oocytes, the number of embryo transferred (Table 1).

Pregnancy outcomes
Comparison of pregnancy outcomes between the two 
groups in Table 2. No significant difference in embryonic 
development parameters such as cleavage rate, and unde-
sirable pregnancy outcomes such as ectopic pregnancy 
rate, pregnancy loss rate. There was statistically signifi-
cant difference in the implantation rate (33.2% vs. 18.5%, 
P < 0.001), clinical pregnancy rate (50.4% vs. 27.4%, 
P < 0.001), live birth rate (36.3% vs. 20.1%, P = 0.036) 
(Table 2).

Multivariate stepwise logistic regression analysis 
further demonstrated that P/MII ≤ 0.367 group had a 
positive effect on the pregnancy outcomes in women 
undergoing ICSI cycle. Compared to the P/MII > 0.367 
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group, the adjusted OR for clinical pregnancy rate and 
live birth rate in the P/MII ≤ 0.367 group were found to 
be 2.47 (95% CI: 1.76–3.46, P < 0.001) and 2.19 (95%CI: 
1.50–3.19, P < 0.001), respectively, after adjusting for 
potential confounders including female age, AFC, E2 
level on HCG trigger day, dose of Gn, COS protocols, 
number of oocytes retrieved, day of embryo transfer, the 
number of embryo transferred. (Table 3).

Neonatal outcomes
We further compared the neonatal outcomes of singleton 
and twin deliveries between the two groups. As shown 
in Table  4, singleton delivery in P/MII > 0.367 group 
had a higher the rate of SGA than those in P/MII ≤ 0.367 
group (27.5% vs. 13.0%, P = 0.012). Twin deliveries in P/
MII > 0.367 group had a higher the rate of LBW and SGA 
than those conceived in P/MII ≤ 0.367 group (79.2% vs. 
46.5%, P = 0.002) and (62.5% vs. 39.0%, P = 0.032), respec-
tively. No significant differences were found between 
the two groups in terms of body length, Apgar score, the 
rates of PTB, macrosomia and LGA (P > 0.05) (Table 4).

Multivariate stepwise logistic regression analysis fur-
ther demonstrated that P/MII > 0.367 group had a sig-
nificant effect on the neonatal birth weight. In the 
singleton delivery, P/MII > 0.367 group had a higher the 
rate of newborns being SGA, the adjusted OR in the P/
MII > 0.367 group were found to be 3.13 (95% CI: 1.47–
6.65, P = 0.003). In twin deliveries, P/MII > 0.367 group 

had a higher the rate of newborns being SGA and LBW, 
the adjusted OR in the P/MII > 0.367 group were found 
to be 3.30 (95% CI: 1.24–7.40, P = 0.015) and 4.44 (95% 
CI: 1.59–11.86, P = 0.004), respectively, after adjusting 
for potential confounders including female age, AFC, E2 
level on HCG trigger day, dose of Gn, COS protocols, 
number of oocytes retrieved, day of embryo transfer, the 
number of embryo transferred. These were consistent 
with the results obtained from the univariate analysis 
(Table 5).

Discussion
The present study analyzed the effects of P/MII ratio on 
pregnancy and neonatal outcome in 3566 ICSI-ET cycles. 
Compare to P/MII ≤ 0.367 group, it indicated that the P/
MII > 0.367 group had a lower clinical pregnancy rate and 
live birth rate, furthermore, a significantly higher rate of 
LBW and SGA were observed in the singleton and twin 
deliveries. No deleterious impact of high P/MII ratio on 
embryo quality and undesirable pregnancy outcomes 
such as ectopic pregnancy rate and pregnancy loss rate 
was shown.

Pregnancy outcomes
The study of the impact of P/MII ratio on pregnancy and 
neonatal outcomes in ICSI cycle is very limited. It was 
suggested the P/MII ratio higher than 0.32 could impair 
the endometrial receptivity [27], and P/MII higher than 

Fig. 1 Curve fitting model of P/MII ratio and clinical pregnancy
 The threshold effect analysis shows that the P/MII inflection point is 0.367. When P/MII > 0.367, the clinical pregnancy rates decreased sharply with the 
increase in P/MII ratio (OR = 0.23, 95% CI 0.13–0.32, P < 0.001). When P/MII ≤ 0.367, no statistical significance in clinical pregnancy rate and P/MII ratio 
(P > 0.05)
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0.125 could have an unfavorable pregnancy outcomes 
[22]. However, the effects of the two thresholds value on 
neonatal outcomes are unclear.

The mechanism of adverse effects of P elevation is a 
topic of much controversy. Our results indicated that 
high P/MII ratio did not appear to have a negative effect 
on cleavage rates, but significantly reduced the clinical 
pregnancy rate. Therefore, we support this theory: the 
adverse effect of high P level secreted by multiple fol-
licles during synchronous development on pregnancy, 
may be impairment of endometrial receptivity rather 
than on oocyte and embryo quality [28], resulting in 
embryo–endometrial asynchrony [29], this asynchrony 
will decrease clinical pregnancy rate.

In our study, the P level on the HCG trigger day in 
group 2 was higher than that in group 1, but there was 
no difference in baseline P level between the two groups. 
This may confirm that ovarian stimulation induces mul-
tifollicular development by daily high concentrations of 
Gn, each follicle will contribute to the P and may lead 

Table 1 Baseline characteristic in the fresh ICSI cycles
group 1 ≤ 0.367(n = 3387) group 2 > 0.367(n = 179) P

Age (years) 30.45 ± 4.06 32.25 ± 4.05 < 0.001

BMI (kg/m2) 22.22 ± 2.90 22.35 ± 2.62 0.540

Infertility type

 Primary 2091 (61.7%) 118 (65.9%) 0.270

 Secondary 1296 (38.3%) 61 (34.1%)

Infertility duration(years) 4.13 ± 2.96 4.29 ± 3.23 0.483

COS protocols

 luteal phase short-acting GnRH agonist long protocol 929 (27.4%) 53 (29.6%) < 0.001

 luteal phase long-acting GnRH agonist long protocol 408 (12.0%) 33 (18.4%)

 GnRH antagonist protocol 932 (27.5%) 62 (34.6%)

 Follicular phase GnRH protocol 1118 (33.0%) 31 (17.3%)

Basal FSH 7.19 ± 1.84 7.33 ± 1.75 0.302

Basal E2 52.25 ± 36.90 55.42 ± 31.07 0.259

Basal P 0.95 ± 2.13 1.24 ± 2.63 0.076

Basal LH 4.33 ± 2.76 4.30 ± 2.14 0.877

AFC 14.34 ± 6.41 11.42 ± 5.83 < 0.001

dose of
 Gn (U)

2004.98 ± 635.29 2220.76 ± 622.20 < 0.001

Gn duration (days) 10.41 ± 1.98 10.22 ± 2.20 0.207

P level on hCG day (ng/mL) 0.93 ± 0.46 1.37 ± 0.66 < 0.001

E2 level on hCG day (pg/ml) 2720.07 ± 1498.18 2008.62 ± 1282.35 < 0.001

Endometrial thickness on hCG day 10.69 ± 1.86 10.65 ± 2.12 0.811

Day of embryo transfer

 Day 3 2886 (85.2%) 162 (90.5%) 0.050

 Day 5 501 (14.8%) 17 (9.5%)

No. of retrieved oocytes 10.03 ± 4.31 4.34 ± 2.82 < 0.001

N0. of MII oocytes 8.42 ± 3.78 2.55 ± 1.10 < 0.001

No. of embryos transferred 1.86 ± 0.35 1.91 ± 0.28

 1 368 (10.9%) 71 (39.7%) < 0.001

 2 3019 (89.1%) 108 (60.3%)
Data are presented as Mean ± SD or n/total (%). BMI: body mass index; FSH: follicular stimulation hormone; E2: estradiol; P: progesterone; LH: luteinizing hormone; 
AFC: antral follicle count; Gn: gonadotropin; HCG: human chorionic gonadotropin

Table 2 Comparison of pregnancy outcomes between the two 
groups

group 
1 ≤ 0.367(n = 3387)

group 
2 > 0.367(n = 179)

P

MII maturity rate 
(%)

28,530/33,290 (85.7) 456/725 (62.9) < 0.001

cleavage rate (%) 12,812/13,322 (96.2) 252/264 (95.5) 0.548

ICSI Fertilization 
rate (%)

12,156/17,903 (67.9) 238/322(73.9) 0.022

implantation rate 
(%)

2229/6713 (33.2) 53/287 (18.5) < 0.001

clinical pregnancy 
rate (%)

1706/3387 (50.4) 49/179 (27.4) < 0.001

live birth rate (%) 1231/3387 (36.3) 36/179 (20.1) 0.036

Ectopic preg-
nancy rate (%)

290/1706 (17.0) 4/49 (8.2) 0.103

Miscarriage rate 
(%)

174/1706 (10.2) 6/49 (12.2) 0.642

Incidence of 
OHSS (%)

122/3387 (3.6) 1/179 (0.6) 0.031
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to total serum P elevation on late follicular phase [30]. 
Therefore, the high P levels on HCG trigger day can 
reflect either the normal progesterone secretion of mul-
tiple follicles and the high progesterone secretion of a 
few follicles [20]. Evidence showed that elevated P lev-
els change endometrial gene expression patterns [31] 
and histological appearance of endometrium [30]. In 
addition, ovarian stimulation leads to functional change 
of endometrium after ovulation, reduce the destrogen 
receptor and P receptor, and a low proliferation index 
in glands, which may affect the proliferation potential of 
the endometrium [32]. The aforementioned mechanisms 
may explain the damage to endometrial receptivity when 
P elevation, which can impair the implantation potential 
of embryos.

Neonatal outcomes
Previous observational studies have suggested that ele-
vated P on HCG trigger day may reduce live birth weight 
[3], implying that the P on HCG trigger day may be a 

factor related to fetal growth. Our study has found the 
effect of P/MII ratio on neonatal outcomes of singletons 
and twin deliveries to normal ovarian reserve women, 
and showed that P/MII > 0.367 was independently associ-
ated with a risk of SGA in singletons and twin deliveries.

Apart from the fact that SGA is a significant cause of 
diabetes in adult, it is also related to the increased risk 
of cardiovascular disease in young Adults [33]. The 
mainly determined of birthweight of a newborn is by 
gestational age, therefore, the rates of SGA and LGA are 
good indicators of neonatal birth weight. However, the 
exact mechanism of SGA in ICSI cycles has not been 
clearly elucidated. Aside from intrinsic to the subfertil-
ity couple is a risk factor of adverse birth outcomes, the 
impact multiple births have had adverse effect on birth 
weight [34, 35]. Furthermore, evidence from human and 
animal studies suggested that COS leads to histologic 
changes in the endometrium at the time of implantation 
[36], it is associated with a reduction in fetal growth [37]. 

Table 3 Unadjusted and adjusted OR of pregnancy outcomes in the two groups
Outcomes OR (95% CI) P for 

trendgroup 1 ≤ 0.367(n = 3387) group 2 > 0.367(n = 179)
clinical pregnancy rate Unadjusted OR 2.69 (1.93–3.77) reference < 0.001

Adjusted OR 2.47 (1.76–3.46) reference < 0.001

live birth rate Unadjusted OR 2.27 (1.56–3.29) reference < 0.001

Adjusted OR 2.19 (1.53–3.19) reference < 0.001
Adjusted OR and 95% CI were based on the multivariate logistic regression model after adjusting for age, AFC, E2 level on HCG trigger day, dose of Gn, COS protocols, 
number of retrieved, day of embryo transfer, the number of embryo transferred.

Table 4 Comparison of singleton and twin neonatal outcomes between the two groups
Singleton Twins
group 1 ≤ 0.367(n = 889) group 2 > 0.367(n = 40) P group 1 ≤ 0.367(n = 652) group 2 > 0.367(n = 24) P

Gender

Male 438 (49.3%) 22 (55.0%) 0.520 310 (47.5%) 11 (45.8%) 1

Female 451 (50.7%) 18 (45.0%) 342 (52.5%) 13 (54.2%)

PTB 82 (9.2%) 6 (15.0%) 0.262 309 (47.4%) 15 (62.5%) 0.211

Body length (cm) 49.46 ± 3.31 49.20 ± 2.19 0.625 46.95 ± 2.64 49.00 ± 1.41 0.121

LBW 55 (6.2%) 3 (7.5%) 0.424 303 (46.5%) 19 (79.2%) 0.002

Macrosomia 47 (5.3%) 3 (7.5%) 0.470 4 (0.6%) 0 (0.0%) 1.000

SGA 116 (13.0%) 11 (27.5%) 0.012 254 (39.0%) 15 (62.5%) 0.032

LGA 115 (12.9%) 5 (12.5%) 1.000 23 (3.5%) 0 (0.0%) 0.624

Apgar score 9.74 ± 0.70 9.74 ± 0.50 0.987 9.24 ± 0.93 8.75 ± 0.50 0.296
PTB: Preterm birth (< 37 weeks of gestation); LBW: low birth weight (< 2500 g); Macrosomia (> 4000 g); SGA: Small for gestational age; LGA: large for gestational age

Table 5 Unadjusted and adjusted odds ratios of singleton and twin neonatal outcomes in the two groups
Outcomes Singleton Twins

Unadjusted 
OR (95% CI)

P Adjusted OR 
(95% CI)

P Unadjusted 
OR (95% CI)

P Adjusted 
OR (95% CI)

P

LBW 1.22(0.37–4.11) 0.737 1.41(0.40-5.00) 0.593 4.38(1.62–
11.86)

0.004 4.44(1.59–
11.86)

0.004

SGA 2.53(1.23–5.20) 0.025 3.13(1.47–6.65) 0.003 2.61(1.13–6.06) 0.025 3.30 
(1.24–7.40)

0.015

P/MII ≤ 0.367 as reference group. Adjusted ORs and 95% CI were based on the multivariate logistic regression model after adjusting for adjusted for age, AFC, E2 level 
on HCG trigger day, dose of Gn, COS protocols, number of retrieved, day of embryo transfer,the number of embryo transferred.
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At present, most studies demonstrated that E2 is an inde-
pendent risk factor of LBW and SGA [4, 38].

One pregnancy [28, 39–41] and perinatal outcomes 
[42, 43] are ameliorated in the subsequent FET cycle to 
perform by a “freeze all” policy, because implantation 
may be improving when the embryo transfer was per-
formed distant from the hormonal changes caused by 
ovarian stimulation [44]. Our data showed a significant 
decrease in pregnancy and live birth rates, and a signifi-
cantly higher rate of LBW and SGA were observed in the 
singleton and twin deliveries in the P/MII > 0.367 group, 
therefore, we recommend P/MII > 0.367 to guide the clin-
ical management of patients with high P/MII ratio.

Strengths and limitations
Our study has several strengths. Firstly, previous studies 
focused on clinical pregnancy rate and live birth rate, few 
studies to explore the effect of P/MII ratio on unfavor-
able neonatal outcomes on fresh cycles. Our study clari-
fied this and provided a theoretical basis of subsequent 
studies. Secondly, our dataset lies in its large sample and 
that it represents the singletons and twin deliveries out-
comes. The potential weakness of the present study are 
we sought to focus on normal responders and not on 
low responders. Whether the unfavorable pregnancy 
outcomes are due to high P/MII levels or poor ovar-
ian response could be studied more clearly by excluding 
those women. For this part of the population, we need 
to carefully select representative cohorts to research the 
threshold level suitable for them. Then, MII oocytes can 
only be observed in the ICSI cycle, which limits the gen-
eralization ability of the study findings. These findings 
need to be confirmed in randomized trials to compare 
differences in pregnancy outcomes between higher and 
lower P/MII thresholds.

Conclusion
In summary, P/MII ratio can be a helpful index in ICSI 
cycles. P level on HCG trigger day as an indicator of 
endometrial receptivity, and MII oocytes as poten-
tial indicators of high-quality mature oocytes in ICSI. 
We suggest, based on the findings of this research, P/
MII > 0.367 would be a more helpful criterion, which can 
help inform clinical management of patients, considering 
performed cryopreservation of all embryos. Practically, 
each ART center should set its own threshold to man-
agement women with elevated P concentrations, since 
the techniques and precision with which the measure-
ment tools and count is performed may led to changes 
in results. Accordingly, these possible variations may be 
responsible for the differences in cutoff levels of other 
research reports.

Abbreviations

P/MII  Serum progesterone on human chorionic gonadotropin trigger day 
/ metaphase II oocyte

ICSI  Intracytoplasmic sperm injection
ET  Embryo transfer
COS  Controlled ovarian stimulation
IVF  In vitro fertilization
CPR  Clinical pregnancy rate
LBR  Live birth rate
PTB  Preterm birth
SGA  Small for gestational age
LGA  Large for gestational age
LBW  Low birth weight
OHSS  Ovarian hyperstimulation syndrome
E2  Estradiol
FSH  Follicular stimulation hormone
LH  Luteinizing hormone
HCG  Human chorionic gonadotropin
OR  Odds ratio
SD  Standard deviation
CI  Confidence interval
BMI  Body mass index
P  Progesterone
AFC  Antral follicle count
Gn  Gonadotropin

Acknowledgements
We would like to acknowledge all the participants of this project and the 
medical staff for their contribution to this work.

Authors’ contributions
All authors contributed to the study conception and design. Data collection, 
statistical analyses and drafted the manuscript were performed by Li-Juan 
Huang and Qi Wan. Data acquisition and collection were performed by 
Xing-Yu Lv, Li-Hong Geng and Qi-Qi He. Interpretation of the data and critical 
revision were performed by Tian Li and Zhao-Hui Zhong. Designed the study 
and directed implementation were performed by Yuan Li and Xiao-Jun Tang. 
All authors read and approved the final manuscript.

Funding
This work was supported by the Department of Science and Technology of 
Sichuan province [grant No. 2019YFSY0047]; and the Department of Science 
and Technology of Sichuan province [grant No. 21PI166].

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Ethics Committee of Chongqing 
Medical University (Ethics approval number: 2021060), and informed consent 
was obtained from all participants. This study was conducted in accordance 
with the principles embodied in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Consent
Informed consent was obtained from all individual participants included in 
the study.

Received: 3 January 2023 / Accepted: 26 March 2023



Page 8 of 9Huang et al. BMC Pregnancy and Childbirth          (2023) 23:224 

References
1. Altmae S, Hovatta O, Stavreus-Evers A, Salumets A. Genetic predictors of 

controlled ovarian hyperstimulation: where do we stand today? Hum Reprod 
Update. 2011;17(6):813–28.

2. Pereira N, Reichman DE, Goldschlag DE, Lekovich JP, Rosenwaks Z. Impact of 
elevated peak serum estradiol levels during controlled ovarian hyperstimula-
tion on the birth weight of term singletons from fresh IVF-ET cycles. J Assist 
Reprod Genet. 2015;32(4):527–32.

3. Ibrahim Y, Haviland MJ, Hacker MR, Penzias AS, Thornton KL, Sakkas D. 
Elevated progesterone and its impact on birth weight after fresh embryo 
transfers. J Assist Reprod Genet. 2017;34(6):759–64.

4. Pereira N, Elias RT, Christos PJ, Petrini AC, Hancock K, Lekovich JP, et al. 
Supraphysiologic estradiol is an independent predictor of low birth weight 
in full-term singletons born after fresh embryo transfer. Hum Reprod. 
2017;32(7):1410–7.

5. Karatasiou GI, Bosdou JK, Venetis CA, Zepiridis L, Chatzimeletiou K, Tarlatzi 
TB, et al. Is the probability of pregnancy after ovarian stimulation for IVF 
associated with serum estradiol levels on the day of triggering final oocyte 
maturation with hCG? A systematic review and meta-analysis. J Assist Reprod 
Genet. 2020;37(7):1531–41.

6. Yang S, Pang T, Li R, Yang R, Zhen X, Chen X, et al. The individualized choice of 
embryo transfer timing for patients with elevated serum progesterone level 
on the HCG day in IVF/ICSI cycles: a prospective randomized clinical study. 
Gynecol Endocrinol. 2015;31(5):355–8.

7. De Cesare R, Morenghi E, Cirillo F, Ronchetti C, Canevisio V, Persico P, et al. 
The Role of hCG Triggering Progesterone Levels: A Real-World Retrospec-
tive Cohort Study of More Than 8000 IVF/ICSI Cycles. Front Endocrinol. 
2020;11:76–84.

8. Racca A, Santos-Ribeiro S, De Munck N, Mackens S, Drakopoulos P, Camus M, 
et al. Impact of late-follicular phase elevated serum progesterone on cumula-
tive live birth rates: is there a deleterious effect on embryo quality? Hum 
Reprod. 2018;33(5):860–8.

9. Esteves SC, Khastgir G, Shah J, Murdia K, Gupta SM, Rao DG, et al. Association 
between Progesterone Elevation on the day of human chronic gonadotropin 
trigger and pregnancy outcomes after fresh embryo transfer in in vitro Fertil-
ization/Intracytoplasmic sperm injection cycles. Front Endocrinol (Lausanne). 
2018;9:201.

10. Hill MJ, Royster GDt, Healy MW, Richter KS, Levy G, DeCherney AH, et al. Are 
good patient and embryo characteristics protective against the negative 
effect of elevated progesterone level on the day of oocyte maturation? Fertil 
Steril. 2015;103(6):1477–84. e1-5.

11. Wu Z, Dong Y, Ma Y, Li Y, Li L, Lin N, et al. Progesterone elevation on the day of 
hCG trigger has detrimental effect on live birth rate in low and intermediate 
ovarian responders, but not in high responders. Sci Rep. 2019;9(1):5127.

12. Dai W, Bu Z-q, Wang L-l, Sun Y. The relationship between the changes in the 
level of progesterone and the outcome ofin vitrofertilization-embryo transfer. 
Syst Biology Reproductive Med. 2015;61(6):388–97.

13. Arvis P, Lehert P, Guivarc’h-Leveque A. Both high and low HCG day progester-
one concentrations negatively affect live birth rates in IVF/ICSI cycles. Reprod 
Biomed Online. 2019;39(5):852–9.

14. Singh N, Malik N, Malhotra N, Vanamail P, Gupta M. Impact of progesterone 
(on hCG day)/oocyte ratio on pregnancy outcome in long agonist non donor 
fresh IVF/ICSI cycles. Taiwan J Obstet Gynecol. 2016;55(4):503–6.

15. Golbasi H, Ince O, Golbasi C, Ozer M, Demir M, Yilmaz B. Effect of progester-
one/estradiol ratio on pregnancy outcome of patients with high trigger-day 
progesterone levels undergoing gonadotropin-releasing hormone antago-
nist intracytoplasmic sperm injection cycles: a retrospective cohort study. J 
Obstet Gynaecol. 2019;39(2):157–63.

16. Cetinkaya ES, Berker B, Aytac R, Atabekoglu C, Sonmezer M, Ozmen B. The 
value of the progesterone-to-estradiol ratio on the day of hCG administration 
in predicting ongoing pregnancy and live birth rates in normoresponders 
undergoing GnRH antagonist cycles. Eur J Obstet Gynecol Reprod Biol. 
2013;170(2):452–7.

17. Lai TH, Lee FK, Lin TK, Horng SG, Chen SC, Chen YH, et al. An increased serum 
progesterone-to-estradiol ratio on the day of human chorionic gonadotropin 
administration does not have a negative impact on clinical pregnancy rate 
in women with normal ovarian reserve treated with a long gonadotropin 
releasing hormone agonist protocol. Fertil Steril. 2009;92(2):508–14.

18. Shufaro Y, Sapir O, Oron G, Ben Haroush A, Garor R, Pinkas H, et al. Proges-
terone-to-follicle index is better correlated with in vitro fertilization cycle 
outcome than blood progesterone level. Fertil Steril. 2015;103(3):669–74. e3.

19. Roque M, Valle M, Sampaio M, Geber S, Checa MA. Ratio of progesterone-to-
number of follicles as a prognostic tool for in vitro fertilization cycles. J Assist 
Reprod Genet. 2015;32(6):951–7.

20. Simon C, Branet L, Moreau J, Gatimel N, Cohade C, Lesourd F, et al. Associa-
tion between progesterone to number of mature oocytes index and live 
birth in GnRH antagonist protocols. Reprod Biomed Online. 2019;38(6):901–7.

21. Grin L, Mizrachi Y, Cohen O, Lazer T, Liberty G, Meltcer S, et al. Does progester-
one to oocyte index have a predictive value for IVF outcome? A retrospective 
cohort and review of the literature. Gynecol Endocrinol. 2018;34(8):638–43.

22. Mahran A, Khairy M, Elkhateeb R, Hegazy AR, Abdelmeged A, Batiha GE-S, 
et al. The value of serum progesterone level on day of human chorionic 
gonadotrophin administration / metaphase II oocyte ratio in predicting 
IVF/ICSI outcome in patients with normal ovarian reserve. J Ovarian Res. 
2021;14(1):52.

23. Ferraretti AP, La Marca A, Fauser BC, Tarlatzis B, Nargund G, Gianaroli L. ESHRE 
consensus on the definition of ‘poor response’ to ovarian stimulation for in 
vitro fertilization: the Bologna criteria. Hum Reprod. 2011;26(7):1616–24.

24. Giorgetti C, Terriou P, Auquier P, Hans E, Spach JL, Salzmann J, et al. Embryo 
score to predict implantation after in-vitro fertilization: based on 957 single 
embryo transfers. Hum Reprod. 1995;10(9):2427–31.

25. Gardner KD, Lane M, Stevens J, Schlenker T, William, et al. Blastocyst score 
affects implantation and pregnancy outcome: towards a single blastocyst 
transfer. Fertil Steril. 2006;73:1155–8.

26. Gardner DK, Schoolcraft WB. Culture and transfer of human blastocysts. Curr 
Opin Obstet Gynecol. 1999;11(3):307–11.

27. Aflatoonian A, Davar R, Hojjat F. Elevated serum progesterone/ MII oocyte 
ratio on the day of human chorionic gonadotropin administration can 
predict impaired endometrial receptivity. Iran J Reprod Med. 2014;12:428–34.

28. 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 differ-
ent ovarian response: an analysis of more than 10,000 cycles. Fertil Steril. 
2012;97(6):1321-7 e1-4

29. Turgut EN, Ecemis S, Boynukalin KF, Gultomruk M, Yarkiner Z, Findikli N, et 
al. Being on the side of old findings: progesterone elevation on the day 
of oocyte maturation induction does not affect embryological param-
eters throughout the blastocyst culture period. Arch Gynecol Obstet. 
2020;303(2):581–7.

30. Lawrenz B, Fatemi HM. Effect of progesterone elevation in follicular phase 
of IVF-cycles on the endometrial receptivity. Reprod Biomed Online. 
2017;34(4):422–8.

31. Abbara A, Hunjan T, Ho VNA, Clarke SA, Comninos AN, Izzi-Engbeaya C, et 
al. Endocrine requirements for oocyte maturation following hCG, GnRH 
agonist, and Kisspeptin during IVF Treatment. Front Endocrinol (Lausanne). 
2020;11:537205.

32. Bourgain C, Ubaldi F, Tavaniotou A, Smitz J, Steirteghem ACV, Devroey P. 
Endometrial hormone receptors and proliferation index in the periovulatory 
phase of stimulated embryo transfer cycles in comparison with natural cycles 
and relation to clinical pregnancy outcome. Fertil Steril. 2002;78:237–44.

33. Skilton MR, Viikari JS, Juonala M, Laitinen T, Lehtimaki T, Taittonen L, et al. Fetal 
growth and preterm birth influence cardiovascular risk factors and arterial 
health in young adults: the Cardiovascular Risk in Young Finns Study. Arterio-
scler Thromb Vasc Biol. 2011;31(12):2975–81.

34. Bergh T, Ericson A, Hillensjö T, Nygren KG, Wennerholm UB. Deliveries and 
children born after in-vitro fertilisation in Sweden 1982-95: a retrospective 
cohort study. Lancet. 1999;354(9190):1579–85.

35. Olivennes F, Rufat P, André B, Pourade A, Quiros MC, Frydman R. The increased 
risk of complication observed in singleton pregnancies resulting from in-vitro 
fertilization (IVF) does not seem to be related to the IVF method itself. Hum 
Reprod. 1993;8(8):1297–300.

36. Edwards LJ, Kind KL, Armstrong DT, Thompson JG. Effects of recombinant 
human follicle-stimulating hormone on embryo development in mice. Am J 
Physiol Endocrinol Metab. 2005;288(5):E845–51.

37. Ertzeid G, Storeng R. The impact of ovarian stimulation on implantation and 
fetal development in mice. Hum Reprod. 2001;16(2):221–5.

38. Tarlatzi T, Venetis C, Sassi A, Devreker F, Englert Y, Delbaere A. Higher estradiol 
levels are associated with lower neonatal birthweight after fresh and frozen 
embryo transfers. A cohort study of 3631 singleton IVF pregnancies. Gynecol 
Endocrinol. 2020;37(7):618–23.

39. Lu X, Chen Q, Fu Y, Ai A, Lyu Q, Kuang YP. Elevated progesterone on the trig-
ger day does not impair the outcome of human Menotrophins Gonado-
trophin and Medroxyprogesterone acetate treatment cycles. Sci Rep. 
2016;6:31112.



Page 9 of 9Huang et al. BMC Pregnancy and Childbirth          (2023) 23:224 

40. Wu Z, Li R, Ma Y, Deng B, Zhang X, Meng Y, et al. Effect of HCG-day serum 
progesterone and oestradiol concentrations on pregnancy outcomes in 
GnRH agonist cycles. Reprod Biomed Online. 2012;24(5):511–20.

41. Drakopoulos P, Blockeel C, Stoop D, Camus M, de Vos M, Tournaye H, et al. 
Conventional ovarian stimulation and single embryo transfer for IVF/ICSI. 
How many oocytes do we need to maximize cumulative live birth rates after 
utilization of all fresh and frozen embryos? Hum Reprod. 2016;31(2):370–6.

42. Belva F, Henriet S, Van den Abbeel E, Camus M, Devroey P, Van der Elst J, et 
al. Neonatal outcome of 937 children born after transfer of cryopreserved 
embryos obtained by ICSI and IVF and comparison with outcome data of 
fresh ICSI and IVF cycles. Hum Reprod. 2008;23(10):2227–38.

43. Maheshwari A, Pandey S, Shetty A, Hamilton M, Bhattacharya S. Obstetric and 
perinatal outcomes in singleton pregnancies resulting from the transfer of 

frozen thawed versus fresh embryos generated through in vitro fertilization 
treatment: a systematic review and meta-analysis. Fertil Steril. 2012;98(2):368–
77.e1-9.

44. Massin N. New stimulation regimens: endogenous and exogenous progester-
one use to block the LH surge during ovarian stimulation for IVF. Hum Reprod 
Update. 2017;23(2):211–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Effect of serum progesterone on human chorionic gonadotropin trigger day / metaphase II oocyte ratio on pregnancy and neonatal outcomes in women undergoing ICSI cycle
	Abstract
	Background
	Materials and methods
	Study population and design
	Controlled ovarian stimulation protocols
	Embryo culture and grading
	Hormone measurements
	Definition of outcomes and statistical analysis

	Result
	Association between P/MII ratio and clinical pregnancy
	Baseline characteristics
	Pregnancy outcomes
	Neonatal outcomes

	Discussion
	Strengths and limitations

	Conclusion
	References


