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Summary

The aim was to explore the implications of follicular output rate (FORT), ovarian sensitivity index
(OSI), ovarian response prediction index (ORPI), and follicle-to-oocyte index (FOI) in low-
prognosis patients defined by POSEIDON criteria. In total, 4030 fresh in vitro fertilization (IVF)
cycles from January 2013 to October 2021 were included in this retrospective cohort analysis and
were categorized into four groups based on the POSEIDON criteria. The FORT between Groups 1
and 2 (0.61 £ 0.34 vs. 0.65 + 0.35, P = 0.081) and Groups 3 and 4 (1.08 + 0.82 vs. 1.09 £ 0.94,
P = 0.899) were similar. The OSI in the order from the highest to the lowest were 3.01 + 1.46 in
Group 1, 2.28 + 1.09 in Group 2, 1.54 * 1.04 in Group 3, and 1.34 + 0.96 in Group 4 (P < 0.001).
The trend in the ORPI values was consistent with that in the OSI. FORT, OSI, ORPI, and FOI
complemented each other and offered excellent effectiveness in reflecting ovarian reserve and
response, but they were not good predictors of clinical pregnancy rate (CPR) from IVF.

Introduction

The management of low-prognosis patients in assisted reproductive technology (ART)
represents a challenge for reproductive specialists. Indeed, while a poor ovarian response can be
seen in patients with diminished ovarian reserve (DOR), others, identified as hyporesponders,
show unexpectedly poor or suboptimal response to controlled ovarian stimulation (COS)
despite satisfying ovarian parameters (van der Gaast et al., 2006; Gallot et al., 2012; Grisendi
et al., 2019; Chen et al., 2020). Recently, newly developed POSEIDON criteria stratified the poor
responder in four categories based on age, antral follicle count (AFC), anti-Miillerian hormone
(AMH), and response to stimulation when the ovarian stimulation has already been performed
(POSEIDON Group, 2016). In practice, the POSEIDON criteria classified the low-prognosis
patients into two main categories: the ‘unexpected’ low ovarian response (Groups 1 and 2) and
the ‘expected’ low ovarian response (Groups 3 and 4), taking into account not only patient age
but also their ovarian reserve (Zegers-Hochschild et al., 2017).

Patients in POSEIDON Groups 1 and 2 showed an initial slow response to COS in terms of
estradiol levels and follicle growth and required longer stimulations, and/or greater cumulative
follicle-stimulating hormone (FSH) doses despite their adequate ovarian parameters (Conforti
et al., 2019). Therefore, the traditional ovarian markers currently used, such as AFC and AMH,
are inadequate to predict ovarian response accurately, notably for these ‘hyporesponders’ who
raise the question of ovarian sensitivity to gonadotropins (Oliveira et al., 2012; Yadav et al.,
2019), therefore a tool to assess ovarian sensitivity to gonadotropin stimulation in low-prognosis
patients is required.

Furthermore, debate exists regarding whether a single parameter or a combined index,
such as age, AMH, AFC, FSH/luteinizing hormone (FSH/LH) ratio, follicular output
rate (FORT), ovarian sensitivity index (OSI), ovarian response prediction index (ORPI),
etc., is a superior tool for assessing the ovarian reserve or response (Broer et al., 2009; Melo
et al., 2009; Genro et al., 2011). There is little evidence supporting the validity of the
parameters used in the outcome assessments for different subgroups in the POSEIDON
criteria (Grisendi et al., 2019).

FORT, OSI, ORPI, and FOI are among the most promising markers for assessing ovarian
reserve or response. Since introduced by Genro et al. (2011), FORT has been confirmed as an
efficient quantitative, as well as qualitative, marker of ovarian response during COS (Genro
et al., 2011; Gallot et al., 2012; Zhang et al., 2013; Hassan et al., 2017; Revelli et al., 2020). OS],
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which refers to the number of oocytes retrieved per 1000 IU
gonadotrophin administered, has been demonstrated to be
strongly correlated with the number of retrieved oocytes and
other measures of ovarian response in the study (Biasoni et al.,
2011; Huber et al., 2013; Weghofer et al., 2020). ORP], calculated as
the serum AMH level (ng/ml) multiplied by AFC and then divided
by female age (years), was first reported by Oliveira et al. (2012)
who showed that ORPI was significantly correlated with, and had
good prediction on, the number of oocytes; it also had fair
prediction on the chance of pregnancy (Oliveira et al, 2012;
Oliveira and Franco, 2016; Ashrafi et al., 2017). Follicle-to-oocyte
index (FOI) was proposed by Alviggi and colleagues as a novel
parameter to estimate the hyporesponse, which might present
most optimally the dynamic nature of follicular growth responding
to exogenous gonadotropin (Alviggi et al., 2018a, 2018b).
In the present study, we aimed to:

1. Investigate the possible implications of FORT, OSI, ORP]I,
and FOI as efficient quantitative and qualitative markers of
ovarian responsiveness to gonadotropins in low-prognosis
patients for POSEIDON criteria.

2. Understand if FORT, OSI, ORPI, and FOI might predict the
clinical pregnancy in low-prognosis patients; and (c)
compare the pregnancy outcomes between the early follicular
phase long-acting GnRH (gonadotropin-releasing hormone)
agonist long protocol (EFLL) and the GnRH antagonist
(GnRH-ant) protocol in low-prognosis patients.

Materials and methods

This study was a retrospective examination of the first fresh IVF cycles
from January 2013 to December 2021 at our centre. Data were
extracted from the electronic medical record system (Nanjing Difei,
Version 9.2.5.8). The study was approved by the Ethics Committee for
the Clinical Application of Human Assisted Reproductive
Technology of Wuhan Kangjian Maternal and Infant Hospital.

Ovarian stimulation protocols

Gonadotropin-releasing hormone (GnRH) antagonist (GnRH-
ant) protocol

COS was performed with the administration of 150-300 IU/day
recombinant FSH (rFSH) from Day 2 or 3 of the cycle. Daily
injections of 0.25 mg GnRH antagonist Ganirelix Acetate
(Orgalutran, Merck Sharp and Dohme Ltd, USA) were adminis-
tered in the presence of at least one follicle measuring >14 mm or
on the sixth day of rFSH stimulation.

Early follicular phase long-acting GnRH agonist long protocol
(EFLL): patients received a single dose of 3.75 mg long-acting
triptorelin acetate (Decapeptyl; Ferring, Saint-Prex, Switzerland)
on Day 2 of the cycle. At 28 days after the initiation of GnRHa,
when complete pituitary desensitization was achieved, COS was
started with the administration of rFSH.

Progestin-primed ovarian stimulation (PPOS) protocol

The patients in the PPOS protocol were administered a 4 mg/day
medroxyprogesterone acetate (MPA; Beijing Zhong Xin
Pharmaceutical, China) and a human menopausal gonadotropin
(HMG; Lizhu Pharmaceutical Trading Co., Zhuhai, China)
injection at a dose of 150-300 IU daily from Day 2/3 of the
menstrual cycle to the day of trigger.
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For protocols above, final oocyte maturation was induced by
injection of 5000 to 8000 IU human chorionic gonadotrophin (hCG;
Lizhu Pharmaceutical Trading Co., Zhuhai, China) as soon as two to
three leading follicles reached 17-18 mm in size. Oocyte retrieval
following COS was carried out 36 h after the ovulation trigger.
Oocytes were fertilized conventionally or by intracytoplasmic sperm
injection (ICSI). Embryo transfer was performed under ultrasound
guidance. One or two good-quality embryos was/were transferred and
the surplus embryos were cryopreserved by vitrification using the
Cryotop system. Serum human chorionic gonadotropin (HCG) was
tested on the 14th day after embryo transfer. Ultrasound was
performed on the 28th to 30th day of transfer.

Luteal phase support

Vaginal micronized progesterone tablets (Utrogestan) 200 mg three
times daily were administered for luteal phase support from Day 1
after oocyte retrieval onwards, until 7 weeks of pregnancy, after which
the dose was gradually reduced and discontinued 1 week later.

Patient inclusion and classification

Inclusion criteria: patients were categorized according to the
POSEIDON criteria, as outlined below. Only those who received
conventional ovarian stimulation in the first cycle were included.
Exclusion criteria were: (1) > 9 oocytes retrieved in the first ovarian
stimulation cycle; (2) patients received mild/natural ovarian
stimulation protocol in the first cycle; (3) a history of chronic
medical disease (heart diseases, hepatonephric dysfunction, etc.).
The eligible subjects were categorized into four groups based on the
POSEIDON criteria:

Group 1 (n=1917 cycles): age <35 vyears; AFC>5;

AMH > 1.2 ng/ml; number of oocytes retrieved < 9:

O Group la (n=159 cycles): number of oocytes
retrieved < 4.

O Group 1b (n = 1758 cycles): number of oocytes retrieved
4-9.

Group 2 (n=1031 cycles): age>35 vyears; AFC>5;

AMH > 1.2 ng/ml; number of oocytes retrieved < 9:

O Group 2a (n=154 cycles): number of oocytes
retrieved < 4.

O Group 2b (n =877 cycles): number of oocytes retrieved 4-9.

e Group 3 (n=245 cycles): age<35 vyears; AFC<5;
AMH < 1.2 ng/ml.
o Group 4 (n=837 cycles): age>35 vyears; AFC<5;

AMH < 1.2 ng/ml.

0OSI, FORT, ORPI, and FOI definitions

OSI was calculated as the number of oocytes retrieved X 1000
divided by the total Gn dosage used.

FORT was defined as the ratio of pre-ovulatory follicle
(16-22 mm in diameter) count (PFC) on hCG day/small
antral follicle (3-8 mm in diameter) count at baseline.
ORPI = [AMH (ng/ml) X AFC (number)]/patient age (years).
o FOI = the number of retrieved oocytes/AFC.

Outcome parameters

Clinical pregnancy was defined as the presence of a gestational sac
under transvaginal ultrasound at 6-8 weeks of embryo transfer.
The early miscarriage rate (EMR) was pregnancy loss before the
12th week of gestation.
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1. >9 oocytes retrieved in the first stimulation cycle
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> 5, AMH> 12
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oocyte retrieved =9
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age < 35 years; AFC <
5; AMH < 1.2 ng/ml

Group 4 (n=837)
Age > 35 years; AFC
<5; AMH < 1.2 ng/ml

A 4

GnRH-ant protocol.

1. Explore the implication of FORT, OSI, and ORPIL.
2. Pregnancy outcomes comparison between EFLL and

Figure 1. Flowchart of patient recruitment
between January 2013 and December 2018 at
Wuhan Kangjian Maternal and Infant Hospital

Statistical analysis

SPSS 19.0 (IBM Corporation, New York, NY) was used for all
statistical analysis. Continuous data were presented as the mean
value + standard deviation (SD), and differences in variables were
compared using Student’s t-test or one-way analysis of variance
(ANOVA). Categorical variables were presented by the number of
cases and corresponding percentage and compared using the chi-
squared test and Fisher’s exact test when the number of events was less
than five. Pearson correlation analysis was used to assess the
correlations between different parameters. Multivariate logistic
regression analysis was used to study the association between clinical
characteristics and clinical pregnancy rate (CPR). Receiver operating
characteristic (ROC) curve analysis was used to analyze the predictive
accuracy of variables, and to calculate the area under the curve (AUC).
A P-value of <0.05 was considered statistically significant.

Results

The flow chart and data processing procedure are displayed in
Figure 1. The demographics and baseline characteristics of patients
are presented in Table 1. There were significant differences in
baseline characteristics in age (P < 0.001), body mass index (BMI,
P =0.023), infertility years (P < 0.001), infertility type (P < 0.001),
reason for infertility (P < 0.001), basal FSH (bFSH, P < 0.001),
AMH (P < 0.001), and AFC (P < 0.001) levels among patients in
the four POSEIDON groups (Table 1).

Ovarian stimulation, oocyte retrieval and pregnancy
outcomes in different POSEIDON groups

One-way ANOVA showed that there were significant differences
in total dose of Gn (IU) (P < 0.001), duration of stimulation (days)
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(4030 cycles).

(P < 0.001), E, on hCG day (pg/ml) (P < 0.001), progesterone on
hCG day (ng/ml) (P < 0.001), endometrial thickness (P < 0.001),
no. of oocytes retrieved (P < 0.001), FORT (P < 0.001), OSI
(P < 0.001), ORPI (P < 0.001), FOI (P < 0.001), no. of 2PN
(P < 0.001), 2PN fertilization rate (P = 0.006), no. of embryos
available for transfer (P < 0.001), no. of embryos transferred
(P <0.001), CPR (P < 0.001), multiple pregnancy rate (P < 0.001),
and EMR (P = 0.001) among patients in the four POSEIDON
groups. No difference was observed in the methods of
insemination among patients in the four POSEIDON groups
(P=0.361). The FORT between Groups 1 and 2 (0.61 + 0.34 vs.
0.65 £ 0.35, P =0.081) and Groups 3 and 4 (1.08 + 0.82 vs. 1.09
+ 0.94, P = 0.899) were similar. The OSI in the order from the
highest to the lowest were 3.01 + 1.46 in Group 1, 2.28 + 1.09 in
Group 2, 1.54 + 1.04 in Group 3, and 1.34 + 0.96 in Group 4 (P <
0.001). The trend of ORPI, no. of oocytes retrieved, 2PN and
embryos available for transfer were consistent with those in the
OSI. The number of embryos transferred between Groups 1 and 2
(1.78 £ 0.43 vs. 1.77 £ 0.50, P = 0.893) and Groups 3 and 4 (1.65 +
0.48 vs. 1.09 £ 0.94, P = 0.776) were similar. In the order from the
highest to the lowest, CPR were 62.26% in Group 1, 46.15% in
Group 3, 42.88% in Group 2, and 31.75% in Group 4 (P < 0.001),
while EMR were 47.50% in Group 4, 28.72% in Group 2, 22.20% in
Group 3, and 12.54% in Group 1 (P =0.001) (Table 1).

OSI, FORT, ORPI, and FOI of POSEIDON subgroups 1a, 1b, 2a,
and 2b

OSI, FORT, and FOI of Group 1b were significantly higher than
those of Group la (pos;<0.001, prort <0.001, pror<0.001),
while there was no difference in ORPI between Group 1b and 1la
(P=0.190). In addition, OSI, FORT, ORPI, and FOI of Group 2b


https://doi.org/10.1017/S0967199423000382

560

Table 1. Baseline patient characteristics and descriptive data of ovarian stimulation, oocytes and embryo transfer

Chen et al.

Group 1 Group 2 Group 3 Group 4 P-value
Number of retrieval cycles 1917 1031 245 837
Maternal age (years) 29.65 + 2.98° 38.14 + 2.53¢ 30.56 +2.95 40.75 + 3.59 <0.001
BMI (kg/m?) 23.16 + 3.90P¢ 23.51 + 3.64° 22.86 + 3.58 2331 +2.86 0.023
Infertility years 3.51 + 2.56 4.58 £ 4.20 3.93 +2.88 4.66 * 4.89 <0.001
Infertility type <0.001
Primary, n (%) 963/1917 (50.23) 176/1031(17.07) 132/245 (53.88) 101/837 (12.07)
Secondary, n (%) 954/1917 (49.77) 855/1031 (82.93) 113/245 (46.12) 736/837 (87.93)
Reason of infertility <0.001
Pelvic and tubal factor, n (%) 1298/1917 (67.71) 742/1031 (71.97) 107/245 (43.67) 409/837 (48.86)
PCOS, n (%) 73/1917 (3.81) 8/1031 (0.78) 0/245 (0) 0/837 (0)
DOR, n (%) 0/1917 (0) 0/1031 (0) 94/245 (38.37) 300/837 (35.84)
Endometriosis, n (%) 89/1917 (4.64) 29/1031 (2.81) 22/245 (8.98) 19/837 (2.27)
Male infertility, n (%) 395/1917 (20.61) 201/1031 (19.50) 21/245 (8.57) 99/837 (11.83)
Unexplained, n (%) 62/1917 (3.23) 51/1031 (4.95) 1/245 (0.41) 10/837 (1.19)
Methods of insemination 0.361
IVF, n (%) 1551/1904 (81.46) 846/1022 (82.78) 189/231 (81.82) 624/785 (79.49)
ICSI, n (%) 353/1904 (18.54) 176/1022 (17.22) 42/231 (18.18) 161/785 (20.51)
bFSH (IU/L) 6.93 + 2.19 7.30 +2.36 10.16 + 7.19 11.00 + 6.46 <0.001
AMH (ng/ml) 3.94 +3.08 2.66 + 1.64 0.55 + 0.30f 0.48 + 0.31 <0.001
AFC (n) 13.31 +6.10 10.23 + 4.54 2.98 + 1.06 273 +1.01 <0.001
Total dose of Gn (IU) 2481.62 + 881.10 2823.64 + 806.73 2344.29 + 995.33 2164.60 + 886.82 <0.001
Duration of stimulation (days) 11.51 +2.39 10.73 + 2.14 9.76 + 2.51 9.14 + 2.57 <0.001
E, on hCG day (pg/ml) 1809.35 + 1052.61 1892.14 + 1012.64 1084.35 + 618.33f 979.46 + 670.98 <0.001
Progesterone on hCG day (ng/ml) 0.74 + 1.17 0.87 £2.30 0.82 +2.99 0.72 +1.29 <0.001
Endometrial thickness (mm) 11.40 £2.32 10.79 + 2.314 10.73 £2.36 9.62 +2.22 <0.001
Number of oocytes retrieved 6.63 +2.03 5.99 +2.18 3.24 +2.00 2.67 +1.88 <0.001
osl 3.01 + 1.46 2.28 £1.09 1.54 + 1.04 1.34 + 0.96 <0.001
FORT 0.61 + 0.342 0.65 + 0.35 1.08 + 0.82f 1.09 + 0.94 <0.001
ORPI 221 £2.79 0.82 +0.97 0.06 + 0.04 0.04 + 0.03 <0.001
FOI 0.60 + 0.32 0.67 +0.33 1.19 + 0.84 1.14 + 1.04 <0.001
2PN (n) 4.38 £ 2.00 4.04 £ 1.99 2.09 + 1.70f 1.86 + 1.53 <0.001
2PN fertilization rate, % (n) 0.66 + 0.24%° 0.68 + 0.24° 0.63 + 0.33 0.69 £ 0.35 0.006
Rate of cycles with no oocyte retrieved, % (n) 0.52 (10/1917) 0.68 (7/1031) 4.49 (11/245) 5.62 (47/837) <0.001
Rate of cycles with no embryos available for 5.74 (110/1917) 6.79 (70/1031) 20.41 (50/245) 24.37 (204/837) <0.001
transfer, % (n)
Number of embryos available for transfer (n) 3.30 £ 1.78 3.07 + 1.75 1.69 + 1.40f 151 +1.33 <0.001
Number of embryos transferred (n) 1.78 £ 0.432 1.77 + 0.50 1.65 + 0.48f 1.63 £ 0.50 <0.001
Number of fresh ET cycles (n) 1460 674 78 126
CPR/ET, n (%) 909/1460 (62.26) 289/674 (42.88) 36/78 (46.15) 40/126 (31.75) <0.001
CPR of D3 DET 754/1126 (66.96) 231/497 (46.48) 26/51 (50.98) 28/78 (35.90) <0.001
CPR of D3 SET 111/265 (41.89) 45/146 (30.82) 10/25 (40.00) 11/47 (23.40) <0.001
CPR of SBT 44/69(63.77) 13/31(41.94) 0/2 (0) 0/1 (0) 0.0418

(Continued)
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Table 1. (Continued)

Multiple pregnancy rate <0.001
Twin pregnancy rate, n (%) 278/909 (30.58) 39/289 (13.49) 6/36 (16.67) 3/40 (7.70)

Triple pregnancy rate, n (%) 6/909 (0.66) 4/289 (1.38) 0/36 (0) 0/40 (0)

EMR/ET, n (%) 114/909 (12.54) 83/289 (28.72) 8/36 (22.20) 19/40 (47.50) 0.001

AFC: antral follicle count; AMH: anti-Miillerian hormone; bFSH: basal follicle-stimulating hormone; BMI: body mass index; CPR: clinical pregnancy rate; DET: double embryo transfer; DOR:
diminished ovarian reserve; EMR: early miscarriage rate; E;: estradiol; ET: embryo transfer; FOI: follicle-to-oocyte index; FORT: follicular output rate; Gn: gonadotropins; hCG: human chorionic
gonadotrophin; ICSI: intracytoplasmic sperm injection; IVF: in vitro fertilization; OSI: ovarian sensitivity index; ORPI: ovarian response prediction index; PCOS: polycystic ovary syndrome; PN:

pronucleus; SBT: single blastocyst transfer; SET: single embryo transfer.
2P > 0.05 between Groups 1 and 2.

P > 0.05 between Groups 1 and 3.

‘P > 0.05 between Groups 1 and 4.

4P > 0.05 between Groups 2 and 3.

€P > 0.05 between Groups 2 and 4.

fP > 0.05 between Groups 3 and 4.

8Comparison was performed between the EFLL and GnRH protocol.

Table 2. OSI, FORT and ORPI in POSEIDON subgroups 1a, 1b, 2a, and 2b

Group 1a 159 1.08 £ 0.58 <0.001 1.94 + 2.86 0.190 0.42 + 0.27 <0.001 0.25 +0.16 <0.001
Group 1b 1758 3.19+1.39 224 £2.79 0.63 £ 0.34 0.63 £ 0.31
Group 2a 154 1.02 £ 0.52 <0.001 0.62 + 0.84 0.006 0.45 + 0.27 <0.001 0.30 £ 0.15 <0.001
Group 2b 877 2.50 +1.01 0.85 + 0.00 0.68 + 0.35 0.63 +0.31

FOI: follicle-to-oocyte Index; FORT: follicular output rate; ORPI: ovarian response prediction index; OSI: ovarian sensitivity index.

were significantly higher than those of Group 2a (pos; < 0.001,
Prort < 0.001, Porp1 = 0.006, Pro1 < 0.001; Table 2)

0Sl, FORT, ORPI, and FOI in different POSEIDON groups
according to the use of EFLL, GnRH-ant and PPOS protocol

We then compared the efficacies of the EFLL, GnRH-ant and
PPOS protocols in each POSEIDON group (Table 3).

In Group 1, the EFLL protocol was associated with younger age
(P <0.001), higher number of AFC (P < 0.001), higher AMH
(P <0.001), higher oocyte number (P < 0.001), higher number of
embryos available for transfer (P < 0.001), higher OSI (P < 0.001),
and higher ORPI (P < 0.001) than the GnRH-ant and PPOS
protocols, respectively. No differences were observed in FORT and
FOI among patients who underwent the three COS protocols in
Group 1 (pFORT =0.230, Pro1r= 0273)

In Group 2, the EFLL protocol was associated with younger
age (P <0.001), higher number of AFC (P < 0.001), higher AMH
(P < 0.001), higher oocyte number (P < 0.001), higher number
of embryos available for transfer (P < 0.001), and higher ORPI
(P < 0.001) than the GnRH-ant and PPOS protocols,
respectively. No differences were observed in FOI among
patients who underwent the three COS protocols in Group 2

In Group 3, the EFLL protocol was associated with higher AMH
(P < 0.001), higher oocyte number (P =0.003), and higher ORPI
(P=0.001) than the GnRH-ant and PPOS protocols, respectively.
No differences in age (P=0.557), AFC (P =0.374), number of
embryos available for transfer (P = 0.075), OSI (P = 0.234), or FOI
(P=0.076) were observed among patients who underwent the
three COS protocols in Group 3.
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In Group 4, the EFLL protocol was associated with younger
age (P < 0.001), higher AMH (P < 0.001), higher oocyte number
(P < 0.001), higher number of embryos available for transfer
(P < 0.001), higher ORPI (P < 0.001) and higher FOI (P < 0.001)
than the GnRH-ant and PPOS protocols, respectively. No
significant difference in AFC (P =0.268) was observed among
patients who underwent the three COS protocols in Group 4.

Pregnancy outcomes in different POSEIDON groups according
to the use of EFLL and GnRH-ant protocol

As fresh embryo transfer was cancelled in PPOS protocols, we
compared the pregnancy outcomes of fresh cycles between EFLL
and GnRH-ant protocols. The general data indicated that the EFLL
protocol was associated with higher CPR than the GnRH-ant
protocol in Group 1 (P=0.007) and Group 2 (P < 0.001),
respectively. There were no significant differences in CPR between
EFLL and GnRH-ant protocols in Groups 3 and 4. Higher EMR
was observed in the GnRH-ant protocol than in the EFLL protocol
in Group 1 (P=0.01). However, no differences in EMR were
observed between EFLL and GnRH-ant protocols in Groups 1, 2,
and 3. No differences in the multiple pregnancy rates were
observed between EFLL and GnRH-ant protocol in the four
POSEIDON groups (Table 4).

In Group 1, the CPR of the EFLL protocol was significantly
higher than that of the GnRH-ant protocol (P=0.001), while
subgroup analysis indicated that the CPR of D3 single embryo
transfer (SET, P=0.775) and single blastocyst transfer (SBT,
P=0.230) did not have obvious differences between EFLL and
GnRH-ant protocols. However, the CPR of D3 double embryo
transfer (DET) in EFLL protocol was significantly higher than that
in GnRH-ant protocol (P =0.022). The GnRH-ant protocol was
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Table 3. OSI, FORT and ORPI in different POSEIDON groups according to the use of GnRH-ant, EFLL and PPOS protocol

Maternal age 30.07 + 2.87° 29.50 + 3.01 30.54 £ 2.72 <0.001 38.40 + 2.51 37.09 £2.11 40.59 + 3.08 <0.001 30.40 + 3.02% 30.44 + 2.64° 30.84 +2.98 0.557 40.18 + 3.60 38.41 +2.87 41.29 £ 3.51 <0.001
(years)

AMH (ng/ml) 3.32 + 0.69° 4.18 + 3.16 2.41 + 2.60 <0.001 244 +1.39 2.96 +1.88 1.95 + 0.69 <0.001 0.56 + 0.30 0.72 £ 0.28 0.46 + 0.29 <0.001 0.51 £ 0.32 0.75 + 0.27 0.45 + 0.30 <0.001
AFC (n) 11.87 £5.82 13.88 £ 6.09 8.46 +4.53 <0.001 9.83 + 4.43 10.99 + 4.60 7.88 +3.64 <0.001 3.00 + 1.04 3.19 £ 0.97 288 +1.14 0.374 2.72 + 0.99%0 3.04 + 1.06° 2.71+1.03 0.268
Retrieved 6.01 £2.24 6.86 + 1.90 5.03 +£2.16 <0.001 5.82 +2.13 6.43 +2.03 427 +233 <0.001 321 +211° 4.28 £2.02 2.88 +1.68 0.003 293 +2.14 4.70 + 2.55 238 +1.51 <0.001
oocytes (n)

Number of 294 +1.81 343 +1.76 2.64 +1.63 <0.001 299 +1.72 3.26 £ 1.76 2.31+158 <0.001 1.66 + 1.45 219 +1.49 1.53 £1.27 0.075 1.59 + 1.47 244 + 1.74 140 £ 1.17 <0.001
embryos

available for

transfer (n)

osl 2.74 +1.38 3.12+1.48 2.11 £ 1.06 <0.001 2.29 £ 1.05% 236 +1.12 1.77 £ 0.99 <0.001 1.64 +1.12% 1.55 £ 0.93 1.39 + 0.95¢ 0.234 1.52 +1.13° 1.51 + 0.90° 1.21 £0.80 <0.001
FORT 0.59 + 0.35%° 0.62 + 0.34¢ 0.59 +0.28 0.230 0.65 + 0.34° 0.67 + 0.37 0.53 +£0.28 0.002 1.05 £ 0.71° 1.42 +1.07 0.99 + 0.85 0.034 1.19 +0.98° 1.41 £0.99 0.99 + 0.90 0.002
ORPI 1.68 + 2.39° 241 +2.88 1.01+2.76 <0.001 0.71 + 0.89 0.98 + 1.07 0.41 + 0.34 <0.001 0.06 + 0.04 0.08 + 0.04 0.05 + 0.04 0.001 0.04 + 0.03 0.06 + 0.03 0.03 + 0.03 <0.001
FOI 0.61 + 0.34 0.60 + 0.32 0.67 + 0.34 0.273 0.68 + 0.35° 0.67 + 0.32 0.59 + 0.34 0.086 1.16 + 0.89° 1.50 + 1.02 1.12 £ 0.67 0.076 124+1.22 177 £ 1.14 1.03 £ 0.86 <0.001

AFC: antral follicle count; AMH: anti-Mllerian hormone; EFLL: early follicular phase long-acting GnRH (gonadotropin-releasing hormone) agonist long protocol; FOI: follicle-to-oocyte Index; FORT: follicular output rate; GnRH-ant: GnRH antagonist protocol;

ORPI: ovarian response prediction index; OSI: ovarian sensitivity index; PPOS: progestin-primed ovarian stimulation.

2P > 0.05 between GnRH-ant and EFLL groups.
5P > 0.05 between GnRH-ant and PPOS groups.

P> 0.05 between EFLL and PPOS groups.
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Table 4. CPR of fresh cycles in different POSEIDON groups according to the use of GnRH-ant and EFLL protocol

Number of embryos 1.74 + 0.46 1.78 £ 0.42 0.101 1.78 + 0.48 1.77 £ 0.52 0.957 1.64 £ 0.48 1.68 + 0.48 0.743 1.64 + 0.50 1.58 + 0.51 0.652
transferred (n)

CPR for general data,  154/279 (55.20)  755//1181 (63.93)  0.007  97/272 (35.66)  192/402 (47.76)  <0.001  24/53 (45.28)  12/25 (48.00)  0.880  32/107 (29.91)  8/19 (42.11)  0.290
n (%)

Multiple pregnancy 39/154 (23.78) 245/755 (32.45) 0.082 13/97 (13.40)  30/192 (15.63) 0.616 3/24 (12.50)  3/12 (25.00) 0.378 1/32 (3.13) 2/8 (25.00) 0.096
rate for general data,

n (%)

EMR for general data, 29/154 (18.83) 85/755 (11.26) 0.01 30/97 (30.93) 53/192 (27.60) 0.555 6/24 (25.00) 2/12 (16.67) 0.571 14/32 (43.75) 5/8 (55.55) 0.530
n (%)

Day3 SET 62 203 62 28 18 7 39 8

CPR, n (%) 25/62 (40.32) 86/203 (42.36) 0.775 20/62 (32.26) 25/84 (29.76) 0.747 7/18 (38.89) 3/7 (42.86) 0.856 9/39 (23.08) 2/8 (25.00) 0.394
Multiple pregnancy 0/25 (0) 0/86 (0) NA 0/20 (0) 1/25 0/7 (0) 0/3 (0) 0/9 (0) 0/2 (0)

rate, n (%)

EMR, n (%) 8/25 (32.00) 12/86 (13.95) 0.039 5/20 (25.00) 11/25 (44.00) 0.186 2/7 (28.57) 1/3 (33.33) 1.00 5/9 (55.55) 2/2 0.491
Day3 DET, n 203 923 204 293 34 17 67 11

CPR, n (%) 122/203 (60.10) 632/923 (68.47) 0.022 76/204 (37.25)  155/293 (52.90) 0.001 17/34 (50.00) 9/17 (52.94) 0.843 23/67 (34.33) 5/11 (45.45) 0.511
Multiple pregnancy 38/122 (31.15) 243/632 (38.45) 0.127 13/76 (17.11)  29/155 (18.71) 0.766 3/17 (17.64) 3/9 (33.33) 0.628 1/23 (4.35) 2/5 (40.00) 0.073
rate, n (%)

EMR, n (%) 21/122 (17.21) 68/632 (10.76) 0.043 24/76 (31.58)  38/155 (24.52) 0.255 4/17 (23.53) 1/9 (11.11) 0.628 9/23 (39.13) 3/5 (60.00) 0.624
SBT, 14 37 6 25 1 1

CPR, n (%) 7/14 (50.00) 37/55 (67.27) 0.230 1/6 (16.67) 12/25(48.00) 0.359 0/1 (0) 0/1 (0) NA 0/1 (0) 0 (0) NA
Multiple pregnancy 1./7 (14.29) 2/37 (5.41) 0.413 0/1 (0) 0/12 (0)

rate, n (%)

EMR, n (%) 0/7 (0) 5/37 (13.51) 0.574 1/6 4/12 (33.33) 0.615

CPR: clinical pregnancy rate; DET: double embryos transfer; EFLL: early follicular phase long-acting gonadotropin-releasing hormone (GnRH) agonist long protocol; EMR: early miscarriage rate; GnRH-ant: GnRH antagonist protocol; SBT: single blastocyst
transfer; SET: single embryo transfer.
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Table 5. Correlation analysis between ovarian response markers and ART treatment outcomes

FORT  Correlation coefficient 0.163 —-0.229 -0.431 0.012 0.031 0.053 —0.02 —0.23 - 0.747
P-value <0.001 <0.001 <0.001 0.432 0.049 0.001 0.201 <0.001 - <0.001
oSl Correlation coefficient —0.40 0.43 0.45 0.75 0.59 0.50 - 0.363  —0.020 0.069
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 0.201 <0.001
ORPI Correlation coefficient —0.41 0.93 0.74 0.28 0.21 0.16 0.363 - -0.23 —-0.297
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.001
FOI Correlation coefficient 0.172 -0.297  —0.482 0.143 0.123 0.128 0.069 —0.297 0.747 =
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  <0.001 <0.001 -

AFC: antral follicle count; AMH: anti-Mdillerian hormone; ART: assisted reproductive technology; CPR: clinical pregnancy rate; FOI: follicle-to-oocyte index; FORT: follicular output rate; ORPI:

ovarian response prediction index; OSI: ovarian sensitivity index; PN: pronucleus.

associated with higher EMR in D3 SET (P=0.039) and DET
(P=0.043) than the GnRH-ant protocol, respectively, but the
EMR in SBT showed no significant difference between EFLL and
GnRH-ant protocols (P =0.574). There were no differences of
multiple pregnancy rates between EFLL and GnRH-ant protocols
in Group 1 (Table 4).

In Group 2, the CPR of EFLL protocol was significantly higher
than that of the GnRH-ant protocol (P < 0.001), while subgroup
analysis revealed that the CPR of the D3 SET (P = 0.747) and SBT
(P =0.359) did not show an obvious difference between EFLL and
GnRH-ant protocols, respectively. In addition, the CPR of the D3
DET showed an obvious difference (P = 0.001) between EFLL and
GnRH-ant protocols. Additionally, there were no differences of
multiple pregnancy rate and EMR between EFLL and GnRH-ant
protocols in Group 2 (Table 4).

In Groups 3 and 4, there were no significant differences in CPR,
multiple pregnancy rate, and EMR in general data or subgroup
analysis between EFLL and GnRH-ant protocols (Table 4).

Pearson correlation analysis

There were positive correlations between OSI and oocytes
retrieved (P < 0.001), AFC (P < 0.001), AMH (P < 0.001), ORPI
(P < 0.001), and FOI (P < 0.001); however, no correlation was
found between FORT and OSI (P = 0.201) or FORT and
retrieved oocyte numbers (P =0.432). FORT was revealed to be
inversely related to AMH (P < 0.001), AFC (P < 0.001), and
ORPI (P < 0.001). There were negative correlations between age
and OSI (P < 0.001), and age and ORPI (P < 0.001), while
positive correlations were found between age and FORT, and
age and FOI (P < 0.001; Table 5).

Multivariate logistic analysis of factors related to CPR

Multivariate logistic analysis revealed that the BMI (P = 0.002),
duration of stimulation (P = 0.005), progesterone on hCG day (P =
0.004), endometrial thickness (P < 0.001), no. of oocytes retrieved
(P=0.045), embryos available for transfer (P = 0.012) and
embryos transferred (P < 0.001) were significantly related to the
CPR in Group 1. Moreover, maternal age (P < 0.001), E, on hCG
day (P=0.023), endometrial thickness (P = 0.011) and no. of
embryos transferred (P =0.043) were found to be significantly
related to the CPR in Group 2. The total doses of Gn (P =0.017)
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and OSI (P =0.035) were significantly related to CPR in Group 3,
and maternal age (P = 0.002) was significantly related to the CPR
in Group 4 (Table 6).

ROC curve

For the retrieval of >4 oocytes, OSI was the parameter with the
highest AUC value (0.941), followed by ORPI (0.852), AMH
(0.841), AFC (0.840), age (0.731), and FOI (0.632), whereas FORT
had the lowest AUC value (0.530) among all the studied
parameters (Figure 2). For the prediction of CPR, age was the
parameter with the highest AUC value (0.623), followed by ORPI
(0.594), AEC (0.576), AMH (0.575), OSI (0.572), FOI (0.535), and
FORT (0.532) among all the studied parameters. The ovarian
response tests did not have superiority for the prediction of clinical
pregnancies (Figure 3).

Discussion

In the present study, we aimed to explore the implication of FORT,
OSI, ORPI and FOI and compare the pregnancy outcomes of the
EFLL and GnRH-ant protocols in low-prognosis patients stratified
by the POSEIDON criteria, with the goal of providing guidance for
their management in future clinical practice. The results from our
study implied that the patients in the four categories had different
profiles and biological characteristics beyond age, AMH and AFC,
such as the infertility years, infertility type, reason for infertil-
ity, etc.

According to the data from this study, the observed FORT in
Groups 1 and 2 was markedly lower than that in Groups 3 and 4,
although the Gn dose was not significantly increased in Groups 3
or 4 (Table 1). The main hypotheses of this suboptimal response or
‘hyporesponse’ to COS are as follows:

1. polymorphisms related to the FSH and LH receptor, or
polymorphisms related to circulating endogenous LH
(Alviggi et al, 2009; La Marca et al., 2013; Alviggi et al.,
2018a, 2018b);

2. suboptimal dosing of gonadotropins;

3. asynchronous follicular development during the OS;

4. technical issues related to ovulation trigger and/or oocyte
pickup (Conforti et al., 2019).
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Table 6. Multivariate logistic analysis of factors related to CPR in different POSEIDON groups

Maternal age (years) 0.813 1.01 0.96-1.05 <0.001 0.86 0.79-0.93 0.976 1.01 0.71-1.43 0.002 0.73 0.60-0.89

Infertility years 0.120 0.97 0.92-1.01 0.197 1.03 0.99-1.07 0.404 0.90 0.71-1.15 0.868 0.99 0.85-1.15

BMI (kg/m?) 0.002 095 0.92-0.98 0476 1.02 0.97-1.06 0.080 0.83 0.67-1.02 0.531 1.06 0.88-1.28

AMH (ng/ml) 0.878 0.99 0.86-1.14 0.650 1.06 0.82-1.38 0.297 0.01 0.00-57.19 0.370 7.12 0.10-520.52

AFC (n) 0.083 1.05 0.99-1.12 0.614 1.03 0.92-1.15 0.179 0.23 0.03-1.98 0.300 2.02 0.54-7.62

GnRH-ant or EFLL 0.605 1.09 0.79-1.50 0.139 0.76 0.52-1.10 0.957 0.96 0.22-4.16 0.620 1.39 0.38-5.14

protocol

Total dose of Gn (IU) 0.349 1.00 1.00-1.00 0.960 1.00 1.00-1.00 0.017 1.00 1.00-1.01 0.961 1.00 1.00-1.00

Duration of stimulation 0.005 1.13 1.04-1.23 0.570 0.96 0.84-1.10 0.131 0.59 0.30-1.17 0.956 0.99 0.65-1.50

(days)

E2 on hCG day (pg/ml) 0.579 1.00 1.00-1.00 0.023 1.00 1.00-1.00 0.130 1.00 1.00-1.00 0.196 1.00 1.00-1.00

Progesterone on hCG 0.004 0.58 0.40-0.84 0.263 1.39 0.78-2.46 0.743 0.87 0.38-1.99 0.235 0.36 0.07-1.95

day (ng/ml)

Endometrial thickness <0.001 1.10 1.05-1.16 0.011 1.10 1.02-1.18 0.422 1.14 0.83-1.57 0.374 1.10 0.89-1.37

(mm)

Number of oocytes 0.045 0.85 0.73-1.00 0.196 1.19 0.91-1.55 0.252 0.43 0.10-1.83 0.463 1.44 0.54-3.86

retrieved

(0N 0.913 1.01 0.82-1.24 0.525 0.86 0.55-1.36 0.035 56.13 1.33-2377.26 0.486 0.54 0.10-3.06

FORT 0.604 1.17 0.65-2.10 0.616 1.21 0.57-2.56 0.746 131 0.26-6.64 0.356 1.61 0.58-4.45

ORPI 0.893 0.99 0.82-1.19 0.526 0.81 0.43-1.55 0.446 1.22E+ 0-5.96E-+46 0.187 0.00 0-7.90E+7
13

FOI 0.317 1.70  0.60-4.82 0.592 0.67 0.16-2.86  0.620 0.54 0.05-6.30 0436 0.70  0.29-1.72

2PN 0.060 1.10 1.00-1.21 0.394 0.94 0.81-1.09 0.815 0.91 0.42-2.00 0.916 1.03 0.57-1.88

Number of embryos 0.012 1.14 1.03-1.25 0.127 1.13 0.97-1.31 0.369 1.46 0.64-3.35 0.875 0.96 0.56-1.63

available for transfer

Number of embryos <0.001 2.01 1.52-2.65 0.043 1.44 1.01-2.06 0.527 1.61 0.37-7.04 0.268 1.83 0.63-5.34

transferred

AFC: antral follicle count; AMH: anti-Miillerian hormone; BMI: body mass index; CPR: clinical pregnancy rate; EFLL: early follicular phase long-acting gonadotropin-releasing hormone (GnRH)
agonist long protocol; E,: estradiol; FOI: follicle-to-oocyte index; FORT: follicular output rate; GnRH-ant: GnRH antagonist protocol; Gn: gonadotropins; hCG: human chorionic gonadotrophin;

ORPI: ovarian response prediction index; OSI: ovarian sensitivity index; PN: pronucleus.

Concurrently, Group 4 had higher FORT and this was in
agreement with previous studies in the sense that, with ovarian
ageing, antral follicles do not lose their aptitude to respond to FSH,
and probably indicated a compensating mechanism for preserving
ovulatory folliculogenesis. (Gallot et al., 2012).

For Groups 1 and 2 multi-cycle patients with poor ovarian
sensitivity in the previous cycle, treatment should be specifically
tailored to optimize pregnancy outcomes. Adjustment to the Gn
starting dose is recommended first, followed by adjusting the OS
protocol. Utilization of higher gonadotrophin doses of more
‘potent’ recombinant formulations may be the solution in a
significant percentage of these women (Polyzos and Drakopoulos,
2019). In terms of the management of patients in Groups 3 and 4,
greater attention should be paid to developing strategies to
improve the oocyte quality rather than the oocyte quantity
(Agarwal et al., 2005; Humaidan et al., 2019). Feng et al. (2016)
found a series of genetic mutations related to oocyte abnormalities,
such as TUBB8, PANX1 and WEE2 (Feng et al., 2016). As research
progresses, more genes related to oocyte abnormalities are
anticipated to be discovered in succession. Apparently, the
younger group had a higher chance of success when compared
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with older women, which was verified in our study (De Geyter
et al., 2015). We found that the level of association between the
ovarian response tests and oocytes retrieved >4 was (in
descending order): OSI, ORPI, AMH, AFC, age, FOI, and FORT
(AUC=0.941, 0.852,0.841, 0.840, 0.731, 0.632, 0.530, respec-
tively), and OSI and ORPI could be superior to other ovarian
responsiveness markers for evaluating ovarian responses on cycles
with EFLL, GnRH-ant and PPOS protocols (Biasoni et al., 2011;
Huber et al., 2013; Li et al., 2014a; Li et al., 2014b; Oliveira and
Franco, 2016; Ashrafi et al., 2017). Our study showed that both
AMH and AFC were good predictors of ovarian response with an
AUC > 0.75, but that combining these variables was necessary as
OSI and ORPI would improve the prediction value. In agreement
with previous reports (Nejabati et al., 2017; Yadav et al., 2019;
Weghofer et al., 2020), we observed that OSI was significantly
correlated with biomarkers that are currently used to predict
ovarian responsiveness, such as age, BMI, AFC, and AMH,
whereas it was inverse with age and BMI.

Although both AMH and AFC are good markers in predicting
ovarian responses during IVF, discordant results may result in
some women and, when this happens, an intermediate ovarian
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Figure 3. ROC curve for clinical pregnancies.
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response has been reported (Li et al., 2014a; Li et al, 2014b). Our
results indicated that ORPI had good predictions for the possibility
of collecting > 4 oocytes (AUC = 0.852; Oliveira and Franco, 2016).
Its prediction of ovarian response was comparable with the serum
AMH level alone, which is consistent with previous studies (Oliveira
et al., 2012; Oliveira and Franco, 2016; Ashrafi ef al.,, 2017).

FORT may most optimally reflect the dynamic nature of
follicular growth in response to exogenous Gn (Gallot et al., 2012).
Impaired sensitivity to FSH revealed by FORT should be
considered in the decision of treatment protocol, gonadotropin,
and stimulation doses to be used for hyporesponders. Nevertheless,
the Spearman correlation analysis in this study revealed that FORT
was not associated with the number of oocytes obtained. OSI
makes up for this deficiency, as it is based on the number of
retrieved oocytes and eliminates the confounding effect of the
different initial doses of gonadotropin being used across the
different subject groups. Our results indicated that OSI had
superiority over individual AFC and AMH in predicting oocyte >
4. However, OSI can be influenced not only by the ovarian
response but also by the accessibility of follicles to transvaginal
puncture and the willingness of physicians to retrieve oocytes from
small follicles. Considering that only follicles between 16 and 22
mm on hCG day effectively respond to FSH may be a possible
limitation of FORT. Smaller follicles might also present to a certain
degree for FSH responsiveness (Genro et al., 2012).

From the data in Table 4, we could find out that EFLL protocol
was the first treatment option in controlled ovarian hyper-
stimulation (COH) concerning Groups 1 and 2. However, the
GnRH-ant protocol was the first treatment option in Group 3 and
the PPOS protocol was the first treatment option in Group 4. In
other words, EFLL was chosen as the first treatment in correct
ovarian reserve patients. Even so, the results of the GnRH-ant
protocol established a crude baseline that could be compared with
the results of the EFLL protocol. In Groups 1 and 2, the CPR of the
D3 DET in the EFLL protocol was significantly higher than that in
the GnRH-ant protocol (Pgroupt =0.022, Pgroupz = 0.001).
However, the CPR of the D3 SET and SBT displayed no differences
between EFLL and GnRH-ant protocols. In Group 3 and 4, there
were no significant differences in the CPR, multiple pregnancy
rate, or EMR in general data or subgroup analysis between EFLL
and GnRH-ant protocols.

The general data implied that the CPR in the four POSEIDON
groups (62.26% in Group 1 vs. 42.88% in Group 2 vs. 46.15% in
Group 3 vs. 31.75% in Group 4; P < 0.001) was ideal and relatively
higher than that provided by Li et al. (2020) . The relatively higher
number of transferred embryos may have contributed to the higher
CPR in our study. Data in Table 4 manifested that most patients
underwent D3 DET, and then D3 DET led to markedly higher
multiple pregnancy rate (31.24% in Group 1 vs. 13.87% in Group 2
vs. 16.67% in Group 3 vs. 7.70% in Group 4, P < 0.001). To decrease
the multiple pregnancy rate, it should be cautious about
performing DET in Group 1. Even though the EFLL protocol
yielded higher numbers of oocytes and transferable embryos than
the GnRH-ant protocol, there was no distinguishing difference in
the CPR of fresh SET between the EFLL and GnRH-ant protocols.
Therefore, the GnRH-ant protocol should play a more important
role in COH when clinicians are making individualizing and
optimizing treatment decisions.

According to our results and previous reports in the literature,
we supposed that FORT, OSI, ORPI, and FOI had excellent
performances in estimating ovarian reserve and response.
However, similar to that of AMH and AFC, FORT, OSI, ORP],
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and FOI were not good predictors for CPR from IVF. It should be
taken into account that various factors, such as embryo quality and
endometrial features, could affect the occurrence of pregnancy
(Carosso et al., 2022; Ng et al., 2020). In addition, based on the
similar clinical outcomes of the EFLL and GnRH-ant protocols
among women receiving SET in the four POSEIDON groups, we
considered that it was appropriate to use the GnRH-ant protocol
for low-prognosis patients (Griesinger et al., 2015; Humaidan et al.,
2019; Al-Inany et al., 2016; Polyzos and Drakopoulos, 2019. It is
expected that a better understanding of low-prognosis patients
undergoing ART will help to improve individualized ovarian
stimulation management and identify more homogeneous
populations for clinical trials, thereby, providing better approaches
with which to maximize IVF success rates.

There are some limitations to this study, including its
retrospective design. First, the sample size included in some
groups is small. This limits the use of statistical tests and real
significance values. The results of the study may be biased, and
further research is needed to confirm the conclusion of this study.
Second, in this research we did not collect data on live birth
outcome-associated parameters. Moreover, until submission,
many patients still had frozen embryos. Consequently the
cumulative rate with all frozen cycles could not be calculated,
which was a limitation of our study.
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