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Progestin Primed Ovarian Stimulation e

(PPOS) protocol yields lower euploidy rate
in older patients undergoing IVF
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Abstract

Background To explore if exogenous progestin required for progestin primed ovarian stimulation (PPOS) protocol
compromises the euploidy rate of patients who underwent preimplantation genetic testing cycles when compared
to those who received the conventional gonadotropin-releasing hormone (GnRH) antagonist protocol.

Methods This retrospective cohort study analyzed 128 preimplantation genetic testing for aneuploidy (PGT-A)
cycles performed from January 2018 to December 2021 in a single university hospital-affiliated fertility center. Infertile
women aged 27 to 45 years old requiring PGT-A underwent either PPOS protocol or GnRH-antagonist protocol

with in-vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) for fertilization. Frozen embryo transfers were
performed following each PGT-A cycle. Data regarding the two groups were analyzed using the Statistical Package
for Social Sciences (SPSS) version 22.0 (SPSS Inc,, Chicago, IL).

Results Patients who underwent PPOS treatment had significantly reduced blastocyst formation rate and euploidy
rate compared to those who received the GnRH antagonist protocol. Subgroup-analysis was performed by stratifying
patients’age into elder and young subgroups (elder: > 38-year-old, young: < 38-year-old). In the elder sub-population,
the blastocyst formation rate of the PPOS group was significantly lower than that of the GnRH-antagonist group
(45.8+6.1% vs. 59.9+3.8%, p=0.036). Moreover, the euploidy rate of the PPOS group was only about 20% of that of
the GnRH-antagonist group (5.4% and 26.7%, p=0.006). In contrast, no significant differences in blastocyst formation
rate (63.5+5.7% vs. 67.1£3.2%, p=0.45) or euploidy rate (30.1% vs. 38.5%, p=0.221) were observed in the young sub-
population. Secondary outcomes, which included implantation rate, biochemical pregnancy rate, clinical pregnancy
rate, live birth rate, and miscarriage rate, were comparable between the two treatment groups, regardless of age.

Conclusion When compared to the conventional GnRH-antagonist approach, PPOS protocol could poten-
tially reduce the euploidy rate in aging IVF patients. However, due to the retrospective nature of this study,

the results are to be interpreted with caution. Before the PPOS protocol is widely implemented, further studies
exploring its efficacy in larger populations are needed to define the optimal patient selection suitable for this
method.

Trial registration Human Investigation and Ethical Committee of Chang Gung Medical Foundation (202200194B0).

Keywords Preimplantation genetic testing for aneuploidy (PGT-a), Progestin-primed ovarian stimulation (PPOS),
GnRH-antagonist, Euploidy rate

*Correspondence:

Chia Lin Chang

chialinjewel@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12958-023-01124-3&domain=pdf

Pai et al. Reproductive Biology and Endocrinology (2023) 21:72

Background

Controlled ovarian hyperstimulation (COH), which
involves the administration of exogenous gonadotro-
pins to stimulate ovarian follicle growth, is a crucial
checkpoint of the in vitro fertilization (IVF)/artificial
reproductive technology (ART) procedure. During
COH, the rise in estradiol level can sometime induce
a premature luteinizing hormone (LH) surge and early
release of oocytes that compromise the retrieval of a
cohort of mature oocytes. To overcome this obstacle,
various COH protocols have been established to sup-
press premature LH surge. Notably, the gonadotro-
pin-releasing hormone antagonist (GnRH-antagonist)
protocol is among the most widely used methods,
because it effectively prevents premature LH surge
[1, 2] and reduces the risk of ovarian hyperstimula-
tion syndrome (OHSS) [3]. However, such protocol is
associated with disadvantages like multiple injections,
frequent monitoring and dose adjustment, and high
therapeutic cost [4]. Recently, a newer stimulation regi-
men, progestin primed ovarian stimulation (PPOS),
has emerged with the goal of preventing premature LH
surge in a more patient-friendly manner [5].

The PPOS protocol uses exogenous progesterone to
suppress endogenous LH secretion in the early follicular
phase and maintain a stable hormonal environment for
the induction of final oocyte maturation. Earlier studies
have shown that the clinical outcomes of PPOS proce-
dures are comparable to that of conventional methods
[6-8]. Owing to its ease in drug administration, PPOS
protocol has gained popularity as the more flexible and
patient-friendly COH approach [9-11]. Although PPOS
is effective, there are concerns about the potential side
effects of progestin stimulation on oocyte competence,
embryo availability, embryo implantation, and obstet-
ric outcome, especially for patients who have difficul-
ties achieving a successful IVF outcome. In addition, the
PPOS protocol has been reported to yield a lower num-
ber of retrieved oocytes [12] and exert negative influ-
ences on granular cell functions [13-16] and follicle
growths [17]. In some patient populations, the PPOS
protocol could even result in a lower cumulative live birth
rate and higher cycle cancellation rate when compared to
the GnRH-antagonist protocol [18].

In this retrospective study, we seek to clarify
whether the PPOS protocol has an adverse impact on
oocyte competence and clinical outcomes when com-
pared to the conventional GnRH-antagonist protocol
in a cohort of patients who received PGT-A cycles.
The results of this study indicate that the PPOS pro-
tocol may negatively impact the embryo quality in
elder patients, and age may be a critical factor in
determining its utility.
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Materials and methods

Study subjects

This retrospective study included infertile patients
who received PGT-A cycles for advanced maternal age
(46.9%, 60/128), recurrent miscarriage (12.5%, 16/128),
recurrent IVF failure (22.6%, 29/128), severe male
infertility (0.8%, 1/128), or personal request regarding
the chromosomal status of the embryos (17.2%, 22/128)
from January 2018 to December 2021 in the Chang
Gung Memorial Hospital Fertility Center.

Exclusion criteria included those with body mass
index (BMI) greater than 30 kg/m?, known chromo-
somal translocation, endocrine disorders, systemic
diseases, and Mullerian malformations. Baseline char-
acteristics, such as the main cause of infertility and
ovarian reserve status, were not subjected to exclu-
sion. The study included 128 patients, with an aver-
age age of 37.5 years old, categorized into the PPOS
arm (34 patients) and the conventional GnRH-antag-
onist arm (94 patients) (Table 1). The number of pre-
vious IVF treatment failure (averaged 1.8 for PPOS
and 1.9 for GnRH-antagonist, p=0.58) and previ-
ous miscarriage (averaged 1.1 for PPOS and 0.8 for
GnRH-antagonist, p=0.09) were comparable between
the two arms. Choices of ovarian stimulation proto-
col and gonadotropin dosage were adjusted based on
the patient’s age, BMI, hormone levels, antral follicle
count (AFC), and prior responses to ovarian stimula-
tion. The study was reviewed and approved by the insti-
tutional review board of the Human Investigation and
Ethical Committee of Chang Gung Medical Foundation
(202200194B0).

Treatment protocols
Starting on the second or third day of the menstrual cycle,
individualized doses of gonadotropins, between 150—
300 IU per day, were typically used, which included the
following types of medications: recombinant-follicle-stim-
ulating hormone (r-FSH) combined with recombinant-
luteinizing hormone (r-LH, Pergoveris®, 150 1U/75 TU/
vial, Merck Serono, Switzerland), recombinant-follicle-
stimulating hormone (r-FSH, Gonal-F®, 5.5 mcg/vial,
Merck Serono, Switzerland), human menopausal gon-
adotrophin (HMG, Menopur®, 75 IU/75 1U/vial, Ferring,
Germany), or long-acting r-FSH (Elonva® 100 pg/0.5 ml
or 150 pg/0.5 ml, Vetter Pharma-Fertigung, Germany).
On the fifth or sixth day of stimulation, follicular size
and hormone levels were measured with laboratory and
sonographic assessment, and the doses of gonadotropins
would be adjusted accordingly. Either oral synthetic pro-
gestins or subcutaneous injections of a GnRH antagonist
was used for the inhibition of premature LH surge.
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Table 1 Patients'demographic characteristics and IVF cycle-related variables of the PPOS and GnRH antagonist treatment groups

All patients Age<38 Age>38

PPOSN=34 Antagonist N=94 PValue PPOSN=15 Antagonist N=47 PValue PPOSN=19 Antagonist N=47 P Value

(cycles) (cycles) (cycles) (cycles) (cycles) (cycles)
Age 379+45 373+44 0.540 334422 338+29 0.656 411419 409+20 0350
(years)
BMI (kg/ 23.14+3.86 2259+3.09 0410 2278+44 2263+2.83 0.877 2342+349 2255+335 0.350
m?)
Infertility ~ 32+2.2 35420 0468 21409 34+19 0.019 41£25 37+2.1 0.503
years
AMH (ng/  2.56+1.83 256+2.1 0.986 3.056+2.206 2.905+2.351 0.839 2.166+1.420 2.299+1.871 0.790
ml)
Gon- 2269.06+768.93 2200.72£545.05 0.664 1417.60+954.12 2204.59+643.19 0.0022 2596.54+340.45 219744145461 0.006
adotropin
dose (IU)
Day 109+1.7 93+12 <0.001 111+£19 94+12 <0.001 108+15 93+12 <0.001
of trigger
Day3FSH 754+276 8.08+2.78 0.330 7.15+233 842+3.17 0.162 7.84+3.09 7.76+233 0911
(IU/L)
Day3LH  468+2.14 4.7+236 0.968 515+1.92 4.50+2.21 0311 4314228 490+2.52 0381
(Iu/L)
LHon trig- 4.79+4.02 448+3.59 0.689 440+4.70 4.54+381 0.923 5.08+345 442+339 0494
ger day
(Iu/L)
E2ontrig- 2314.9+1956.5 1505.8+1166.2 0.008 26304+1692.0 1526.0+1067.6 0.006 2065.9+2154.7 14844+1276.3 0.210
ger day
(pg/ml)
Oocytes 122+83 12+89 0.928 16.1+9.7 1234102 0214 9.1+56 11775 0.176
retrieved
MIl rate 86.6+2.7* 80.0+1.7* 0.004 874+37* 780+2.8* 0.075 89.5+3.8* 81.9+2.1* 0.024
(%)
Fertiiza-  79.0+53* 76.4+26* 0832 87.1+9.0% 804 +4.2% 0463 727+6.1% 725+30 0975
tion rate
(%)
Blastocyst  53.6+4.5% 635+25* 0042 63557 67.1+£32* 0454  458+6.1* 509+38* 0036
rate (%)
Euploidy ~ 17.0+46* 31.8435% 0027 27462 3944£54% 0245  83+6.1% 24.0£42% 0.003
rate (%)

Data are expressed as mean +SD or frequency (%)
" mean +standard error of the means (SEM)
BMI Body mass index, AMH Anti-Miillerian hormone

FSH Follicle stimulating hormone, LH Luteinizing hormone, E2 Estradiol, MIl Metaphase Il

In the PPOS arm, medical suppression would begin
around day 3 of the menstrual cycle until the trigger day,
with a daily dose of medroxyprogesterone acetate (MPA)
tablet (Medrone, 10 mg, U-liang, Taiwan) or twice daily
dose of dydrogesterone film-coated tablet (Duphaston,
10 mg, Abbott, Netherlands). Patients in the conventional
GnRH-antagonist arm received an injection of cetrorelix
acetate (Cetrotide®, 0.25 mg/vial, Merck Serono, Switzer-
land) daily, starting from the fifth day of ovarian stimula-
tion until the trigger day. Final oocyte maturation was
induced with 0.2 mg of triptorelin acetate (Decapeptyl,
0.1 mg/ml, Ferring, Germany) or 250 mcg of choriogonad-
otropin alfa (Ovidrel, 250 mcg, Merck Serono Italy), once
the leading follicle reached 18 mm in diameter or greater.
Transvaginal oocyte pick-up was performed 36—38 h later.

Oocyte insemination, embryo culture and biopsy
preimplantation genetic analysis

Retrieved oocytes were washed with fertilization
medium (Sydney fertilization medium, COOK) and
incubated in a 6% CO,, 5% O,, and 89% N, 37 °C dry
benchtop incubator (G210, K-Systems) for approxi-
mately two hours prior to the removal of cumulus
cells. Oocytes were transferred to a medium with
40~120 IU/ml of recombinant human hyaluroni-
dase (ICSI Cumulase, Origio) with a micropipette
(Stripper; 275-pum inner diameter, Origio). Sub-
sequent aspiration of the oocytes in and out of a
micropipette (Flexipet; 140-pm inner diameters,
Cook) multiple times completed the denuding
process.
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Around four hours after retrieval, intracytoplasmic
sperm injection (ICSI) was performed on denuded,
metaphase II oocytes. Bathed in culture medium (Con-
tinuous Single Culture-NX Complete, Irvine Scientific)
under paraffin oil (OVOIL, Vitrolife), the inseminated
oocytes were incubated in a 6% CO,, 5% O,, and 89% N,
dry benchtop incubator. Medium change-over (Continu-
ous Single Culture-NX Complete, Irvine Scientific) took
place on day 1 and day 3 of sequential culture. Fertilized
embryos were observed and evaluated daily. Laseras-
sisted hatching was performed on morula stage embryos,
and blastocysts were graded with Gardner Classification
prior to biopsy of the trophectoderm. Only blastocysts
with a score of AA, AB, BA, BB, or BC were biopsied,
which involved mechanical excision of 8-10 trophec-
toderm cells. The biopsied cells were aspirated with a
biopsy pipette (Biopsy Pipette 15,115, 25-um inner diam-
eter, Vitrolife), washed twice with sterile 1X phosphate-
buffered saline solution (PBS-20X #9808, Cell Signaling),
and centrifuged immediately. Cell pellets were stored
at -20 °C prior to transporting to a reference laboratory
for genetic analysis using next generation sequencing
methods.

Clinical outcomes and statistical analysis

The primary outcome evaluated euploidy rate while
secondary outcomes included oocyte fertilization rate,
blastocyst formation rate, number of oocytes retrieved,
biochemical pregnancy rate, clinical pregnancy rate, live
birth rate (per cycle), and miscarriage rate. To investi-
gate the potential influence of maternal age, age-strat-
ified subgroup analysis was performed by categorizing
patients into those older than or equal to 38 years old or
less than 38 years old.

Fertilization rate was calculated by taking the
total number of 2 pronuclei stage zygotes divided by
the total number of MII oocytes. Euploidy rate was
defined as the total number of embryos proven to be
euploid divided by the total number of embryos that
were biopsied.

Data were analyzed using the Statistical Package for
Social Sciences (SPSS) version 22.0 (SPSS Inc., Chi-
cago, IL). The Kruskal-Wallis test was used to compare
parameters between groups with non-normal distribu-
tions. The Mann—Whitney U test was applied to iden-
tify the group causing the difference. For qualitative
data, X? test was implemented while Student’s t-test
was used for small sample size sets. Results were pre-
sented as mean tstandard deviation or mean+SEM,
and a p-value of<0.05 was considered statistically
significant.
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Results

A total of 128 infertile women were included in this
study, with 94 patients in the conventional GnRH-
antagonist protocol and 34 patients in the PPOS proto-
col treatment groups (Table 1). The average age of the
PPOS and GnRH-antagonist groups were 37.9+4.5 and
37.3+4.4 vyears, respectively. Baseline characteristics,
such as age, body mass index (BMI), years of infertility,
AMH level, were comparable between the two treatment
groups. A total of 407 blastocysts derived from 1527
oocytes were obtained and eligible for analysis (Table 2).
In both groups, there were no reported cases of severe
OHSS or incidences of premature LH surge.

Analysis of the entire study population showed that
the total gonadotropin dose, FSH and LH levels on Day 3,
and the LH level on trigger day were comparable between
the treatment groups (Table 1). On the other hand, the
day of trigger (10.9+1.7 vs. 9.3+ 1.2, p<0.001) and the E2
level on trigger day (2314.9+1956.5 vs. 1505.8+1166.2,
p=0.008) were significantly greater in the PPOS group
when compared to that of the GnRH-antagonist group.

While the number of oocytes retrieved and the fertili-
zation rate of the two groups were similar, the percent-
age of MII oocytes in the PPOS group was significantly
higher than that of the GnRH-antagonist group (86.6%
vs. 80.0%, p=0.004). However, patients in the PPOS
group had significantly lower blastocyst formation rate
(53.6+4.5% vs. 63.5+2.5%, p=0.042) and euploidy rate
(17.0+4.6% vs. 31.8+3.5%, p=0.027) when compared
to the GnRH-antagonist group. Additionally, analysis
focused on a per embryo basis showed that the euploidy
rate of PPOS group remains significantly lower than
that of the GnRH-antagonist group (26.8% vs. 33.0%,
p=0.029) (Table 2), suggesting that the progestin proto-
col could affect the developmental processes of retrieved
oocytes after fertilization.

Evaluation of clinical outcomes showed that after
transfer of an euploid embryo or euploid embryos in
either group results in similar clinical outcomes (Table 3).
There were no significant differences in implantation rate
(36.7% vs. 39.8%, p=0.766), biochemical pregnancy rate
(55% vs. 53%, p=0.897), clinical pregnancy rate (40% vs.
41.7% p=0.896), live birth rate (35% vs. 33.3%, p=0.891),
or miscarriage rate (5% vs. 8.3% p=0.624) between the
treatment groups (Table 3).

Sub-analysis by stratifying patients into young
(<38 years old) and elder (>38 years old or older)
revealed that the overall pattern of clinical differences
between the treatment groups was only apparent in the
elder subgroup (Tables 1 and 2). For patients > 38 years
old, those in the PPOS group (mean age=41.1+1.9) had
significantly lower blastocyst formation rate (45.8 +6.1%
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Table 2 The number of oocytes and blastocysts obtained as well as the euploidy rate per embryo following COH treatments

Embryos from All patients Age<38 Age > 38
PPOS Antagonist PValue PPOS Antagonist PValue PPOS Antagonist PValue

Total No. 398 1129 N/A 216 580 N/A 182 549 N/A
of retrieved
oocytes (N)
Total No. 364 890 N/A 208 455 N/A 156 435 N/A
of injected MII
oocytes (N)
No.of 2PN (N) 273 645 N/A 156 333 N/A 17 312 N/A
No. of blasto- 110 291 N/A 73 156 N/A 37 135 N/A
cysts (N)
No. euploid 24 96 N/A 22 60 N/A 2 36 N/A
blastocysts (N)
Euploid 6.5% 10.7% N/A 10.5% 13.1% N/A 1.3% 8.3% N/A
blastocyst
per injected
MII (%)
Fertilization rate  273/364 (75%) 645/890 0.605 156/208 333/455 0622 117/156 312/435 0431
per Ml oocytes (72.5%) (75.0%) (73.2%) (75.0%) (71.7%)
(%)
Euploidy rate 24/110 (26.8%) 96/291 (33.0%) 0.029 22/73 (30.1%) 60/156 (38.5%) 0.221 2/37 (5.4%) 36/135(26.7%) 0.006
per blastocysts
(%)
Data are expressed as mean + SD or frequency (%)
Table 3 Clinical outcomes after COH treatments

All patients Age<38 Age > 38
Cycles PPOSN=20 Antagonist PValue PPOSN=10 Antagonist PValue PPOSN=10 Antagonist PValue

N=60 N=29 N=31
No.of embryo/  1.5+0.8 14+06 0.698 15+0.7 14+06 0.842 15£1.0 14+0.7 0.832
ET cycle (N)
Biochemical 55% (11/20)  53% (32/60) 0.897 10% (1/10) 10.3% (3/29) 0.975 0% (0/10) 32%(1/31) 0.565
pregnancy ( %)
Clinical Preg- 40% (8/20) 41.7% (25/60) 0.896  50% (5/10) 55.2% (16/29) 0.777  50% (5/10) 41.9% (13/31) 0.655
nancy ( %)
Implantation rate  36.7% (11/30) 39.8% (33/83) 0766 33.3%(5/15) 46.3% (19/41) 0384  357%(5/14) 33.3% (14/42) 0.871
(%)
Miscarriage rate 5% (1/20) 8.3% (5/60) 0.624 10% (1/10) 13.8% (4/29) 0.757  30% (3/10) 12.9% (4/31) 0212
(%)
Live birth rate 35% (7/20) 33.3% (20/60) 0.891 40% (4/10)  41.4% (12/29) 0939  20% (2/10) 29% (9/31) 0.575

(%)

Data are expressed as mean £ SD or frequency (%)

vs. 59.9+3.8%, p=0.036) and euploidy rate (8.3+6.1%
vs. 24+4.2%, p=0.003) when compared to those in
the GnRH-antagonist group (mean age=40.9+2.0)
(Table 1). Likewise, when the data was analyzed on a
per embryo basis, the euploidy rate of the PPOS group
remained significantly lower than that of the GnRH-
antagonist group (5.4% vs. 26.7%, p=0.006) (Table 2).
The rate of euploid blastocyst per injected MII oocyte
of the elder PPOS and elder GnRH antagonist sub-
group was 1.3% and 8.3%, respectively. The elder PPOS

subgroup was triggered at a later day (10.8+1.5 vs.
9.3+1.2, p<0.001) and had a significantly higher rate of
MII formation (89.5% vs. 81.9%, p=0.024) compared to
the elder GnRH-antagonist subgroup (Table 1).

In contrast, there were no significant differences in
blastocyst formation rate or euploidy rate between the
young PPOS and young GnRH-antagonist subgroups
(Table 1). Similarly, no significant difference in the
euploidy rate was observed between the young subgroups
when the data was analyzed on a per embryo basis (30.1%
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vs. 38.5%, P=0.221) (Table 2). The rate of euploid blas-
tocyst per injected MII oocyte of the young PPOS and
young GnRH-antagonist subgroup was 10.5% and 13.1%,
respectively. While patients in the young PPOS subgroup
were also triggered later (day 11.1+1.9 vs. day 9.4+1.2,
p<0.001) when compared to those of the young GnRH-
antagonist subgroup, they had a significantly higher
level of E2 on the day of trigger (2630.4+1692.0 vs.
1526.0+1067.6, p=0.006) compared to patients in the
young GnRH-antagonist subgroup (Table 1).

Similar to the results from the overall study popula-
tion, there were no significant differences in implan-
tation rate (36.7% vs 39.8% p=0.766), biochemical
pregnancy rate (55% vs 53% p=0.897), clinical preg-
nancy rate (40% vs 41.7% p=0.896), live birth rate (35%
vs 33.3% p=0.891), and miscarriage rate (5% vs. 8.3%
p=0.624) between the protocols in both the elder and
young subgroups (Table 3).

Discussion

The current retrospective analysis showed that while clin-
ical outcomes were comparable, regardless of whether
the patients received the PPOS or GnRH-antagonist pro-
tocol, there were significant differences in the blastocyst
formation rate and euploidy rate between the two treat-
ment groups in the older subset of patients. It is possible
that: (1) the PPOS protocol is not be as effective as the
GnRH-antagonist protocol for patients who are prone to
aneuploidy formation, and (2) progestins mainly impact
the quality of oocytes and embryos during early embryo
formation but not oocyte formation or post-implantation
development. Our results, furthermore, raised the ques-
tion of whether, in elder patients, PPOS protocol is truly
noninferior to the standard GnRH-antagonist protocol,
in terms of embryo quality.

To prevent premature LH surge during COH, GnRH
agonists like leuprolide were initially used to suppress
the hypothalamic-pituitary-ovarian (HPO) axis prior
to ovarian hyperstimulation. However, such practice
occasionally led to prolonged suppression and reduced
number of oocytes retrieved [19]. Meanwhile, the use
of GnRH antagonists, such as ganirelix or cetrorelix,
appeared to allow better control of ovulation and oocyte
yield. While the application of GnRH-antagonist protocol
had become increasingly prevalent [20], concerns about
its cumbersome administration and risk of premature LH
surge and OHSS remained [21].

In recent years, an alternative protocol that utilizes
synthetic progestin to prevent premature ovulation has
emerged and evolved into the PPOS protocol. Similar
to the corpus luteum-derived progesterone, high doses
of synthetic progestin, such as medroxyprogesterone
17-acetate (MPA), during COH can suppress LH level
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and prevent premature ovulation [1, 6, 22]. Studies in
the past few years had shown that the use of PPOS and
GnRH-antagonist protocols yielded comparable number
of mature oocytes, blastocyst formation rate, number of
good-quality embryos, implantation rate, clinical preg-
nancy rate, and live birth rate [23]. A meta-analysis fur-
ther demonstrated that the PPOS protocol resulted in
higher number of retrieved oocytes, MII oocytes, viable
embryos, as well as a lower rate of premature LH surge
than the control protocol in patients with diminished
ovarian reserve or normal ovarian reserve [24]. Fur-
thermore, the PPOS protocol seemed to lower the risk
of OHSS when compared to the conventional methods,
especially in patients with polycystic ovarian syndrome
(PCOS) [25].

Because progestins can be administered orally, the
PPOS protocol is considered more patient-friendly and
has gained popularity and clinical advocates since 2015
[24]. A major short-coming, however, comes from pro-
gestin’s negative impact on endometrial receptivity [1],
so such application requires freeze-all and FET cycles. As
such, it has been proposed that PPOS should be the first
choice for cases that require fertility preservation, not
suitable for fresh embryo transfers (e.g., oocyte donors,
PGT-A, and PGT-M cycles), or at high risk for OHSS.

However, since high levels of progestins had been
shown to affect some aspects of ovarian physiology, we
hypothesized that the PPOS protocol could impact spe-
cific steps of embryogenesis. Consistent with this the-
ory, we noticed that while the PPOS protocol produced
clinical outcomes comparable to that of the conventional
protocol, embryos from the PPOS group had reduced
euploidy and blastocyst rates. As euploidy rate is a crucial
determinant of a successful IVF and is strongly correlated
with maternal age, we further analyzed the data in age-
stratified subgroups to factor in the influences of age. The
age of 38 was used as the cutoff to divide the study popu-
lation, because euploidy rate drastically declined after
that age [26]. Importantly, we found that the difference
in euploidy rate between the two treatment groups could
be largely attributed to the results of the elder sub-pop-
ulation. These data suggested that, in selected patients,
the use of PPOS protocol could significantly reduce the
success of early embryo development but have negligi-
ble effect on oocyte yield under COH condition or post-
implantation development [11, 25, 27, 28].

While the PPOS protocol’s effects on diminished
euploidy rate in the elder patients remain to be eluci-
dated, we speculate that multiple factors were at play.
First, it could be the result of local effects from supra-
physiological progesterone. Not to mention, synthetic
progestins exerted effects different from that of natural
progesterone, owing to their distinct pharmacodynamic
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characteristics [29]. With unique affinities not just to
progesterone receptors, synthetic progestins also act on
other steroid receptors, such as androgen and mineralo-
corticoid receptors. Exposure of pharmacological proges-
terone had been shown to significantly reduce blastocyst
formation rate in bovine cumulus—oocyte complexes [30]
and inhibit the resumption of meiosis in mouse oocytes
[31, 32]. Additionally, periovulatory exposure to high
doses of progesterone could reduce the number of antral
follicles and ovulation rate in hamsters, rabbits, and
monkeys [33-35] and negatively impact oocyte health,
meiosis, cytoplasmic maturation, and fertilization in
nonhuman primates [36].

Likewise, earlier clinical studies of IVF patients had
insinuated possible negative influences of elevated pro-
gesterone level on embryo quality [37-40]. A reduced
cumulative live birth rate (CLBR) [39] and top-quality
embryo formation rate [38, 40] were observed in cases
with elevated serum progesterone on triggering day [39].
In addition, in a study with oocyte donation cycles, the
PPOS protocol significantly reduced the biochemical
pregnancy rate, clinical pregnancy rate, and live birth rate
when compared to the use of conventional GnRH antag-
onist despite a comparable number of mature oocytes
were retrieved [41]. Furthermore, the use of PPOS proto-
col had been consistently shown to associate with longer
time to live birth (TTLB) in both unselected women [17]
and patients of Poseidon Group 1 [42]. As such, phar-
macological level of progestin required for the PPOS
protocol could contribute to the observed reduction of
euploidy rate.

Second, our results indicated that age could be the
main contributing factor for the negative impact of
PPOS on euploidy rate. While a recent study reported
that PPOS had no impact on embryo quality [43], the
discordant finding could be associated with the charac-
teristics of patient populations. In the previous study,
the average age of the patients was 37 years old, with
39 being the highest age . In contrast, 44.5% (57/128) of
the patients in our study was>39 years old. The aver-
age age of elder PPOS and GnRH-antagonist subgroups
was 41.1+1.9 years and 40.9 + 2.0 years, respectively. The
lack of impact on euploidy rate in the prior study was
more consistent with our observation of the young IVF
patients. In addition, the difference in years of infertil-
ity between the populations of these studies could partly
contribute to the dissimilarities in the results. While the
prior study reported an average of 28—30 months of infer-
tility, the elder patients in the present study experienced
infertility for around 3.7-4.1 years. It is plausible that the
damaging effects of progestins on embryo quality was
exacerbated by the longer duration of infertility and the
more advanced age. Taken together, these results imply
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that the PPOS protocol may reduce euploidy rate in aging
patients due to (1) an altered hormonal environment that
affects the maturation process and chromosomal integ-
rity of early embryos; and (2) age- and infertility dura-
tion (i.e., years of infertility)-related decline in follicular
environment.

Finally, it is important to note that our finding is unique
because prior studies focused on other components of
COH protocols and demonstrated that the dose of gon-
adotropins [44, 45], follicular phase progesterone level
prior to oocyte retrieval [46], and the methods of LH
suppression have negligible impacts on euploidy rate
in IVF patients. Our results revealed that althoughy the
PPOS protocol is a clinically acceptable method, given
its comparable clinical outcomes in the general popula-
tion, it may have an impact on embryogenesis of oocytes
for aging women. Therefore, cautions should be taken for
whom or how a COH protocol is selected.

Major limitations of our study included the retrospec-
tive, non-randomized design and small sample size,
which caused differences in baseline characteristics of
the two treatment groups. Additionally, the lack of stand-
ardization in the initial dose and type of medications
prescribed could have affected the final outcomes. More-
over, due to the chemical structure of dydrogesterone, we
could not accurately monitor the progestin levels with
simple blood tests. Overall, a study with a larger sample
size could provide more robust results.

Conclusion

In summary, our study indicates that the PPOS proto-
col yields a euploidy rate four times lower than that of
the conventional GnRH-antagonist protocol for infertile
patients aged 38 and above. While earlier studies that
compared PPOS with other protocols have produced
conflicting results, our study suggests that age may be
an important factor to consider. Despite the advantages
of a reduced cost and convenient drug administration,
the application of PPOS protocol in aging IVF patients
should be carefully reviewed to ensure favorable obstetri-
cal and neonatal outcomes. Further studies regarding the
efficacy of the PPOS protocol in a larger population are
needed to help elucidate the optimal patient population
suitable for this method before it is widely implemented.
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