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Abstract

Background: Patients with diminished ovarian reserve (DOR) face challenges such as inadequate follicular recruitment and decreased
oocyte quality when subjected to in vitro fertilization and embryo transfer (IVF-ET) treatment. Methods: This retrospective self-
controlled study included 130 patients with DOR who underwent IVF-ET using either the progestin-primed ovarian stimulation (PPOS)
or luteal-phase ovarian stimulation (LPOS) protocol. In the PPOS protocol, ovarian stimulation was initiated in the early follicular phase
with medroxyprogesterone acetate (MPA) combined with gonadotropins. In the LPOS protocol, ovarian stimulation began in the luteal
phase with letrozole and gonadotropins, followed by dydrogesterone. Final oocyte triggering, retrieval, and embryo culture were per-
formed using standardized procedures. The primary outcomes included gonadotropin consumption, oocyte maturation and fertilization
rates, as well as pregnancy-related outcomes. Results: Compared to the LPOS group, the PPOS protocol was associated with a sig-
nificantly shorter duration of gonadotropin stimulation and a lower total gonadotropin dose (p < 0.05). The LPOS group did not have
significantly higher metaphase II (MII) oocyte and normal fertilization rates (p > 0.05). The abnormal fertilization rate was numerically
lower in the LPOS group, but the difference was not statistically significant. Multivariate logistic regression analysis revealed that the
LPOS protocol remained independently associated with a higher MII oocyte rate (adjusted odds ratio [aOR]: 1.42, 95% confidence in-
terval [CI]: 1.07-1.91, p = 0.017), even after adjusting for age, body mass index (BMI), and antral follicle count (AFC). No significant
association was observed between stimulation protocol and clinical pregnancy after adjustment. Conclusion: Both PPOS and LPOS
protocols effectively prevent premature luteinizing hormone (LH) surges and support the development of viable embryos in patients with
DOR. Multivariate analysis further confirmed LPOS as an independent predictor of improved oocyte maturity, suggesting its potential
utility in individualized stimulation strategies for this patient population.
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1. Introduction going controlled ovarian hyperstimulation (COS) remains
a significant clinical challenge, often resulting in subopti-
mal follicular recruitment, cycle cancellations, and reduced
live birth rates [9,10]. Premature ovulation, poor ovar-
ian response to stimulation, low oocyte yield, and a higher
incidence of aneuploid embryos are common challenges
that can significantly impact the success rates of [VF-ET.
These challenges adversely impact not only clinical success
rates but also impose profound psychological distress and
significant economic burdens on affected individuals and
their families. Given the limited efficacy of conventional
therapeutic approaches, the development of novel, cost-
effective, and patient-tailored ovulation induction strategies

Diminished ovarian reserve (DOR) poses a significant
challenge in the field of reproductive medicine [1]. Char-
acterized by a reduction in both the quantity and quality of
ovarian follicles, DOR leads to decreased fertility potential
and is a major cause of infertility in women [2,3]. Epidemi-
ological data indicate a rising prevalence of DOR, reflecting
a concerning trend not only in aging populations but also
among younger women of reproductive age [4]. Although
current evidence implicates multifactorial etiologies, in-
cluding genetic predisposition, environmental exposures,
and lifestyle influences, the precise molecular mechanisms
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underlying DOR pathogenesis remain elusive, thereby hin-
dering the development of mechanism-based therapeutic in-
terventions [5,6].

With the advancement of assisted reproductive tech-
nologies (ART), an increasing number of DOR patients
have achieved successful pregnancies through in vitro fertil-
ization and embryo transfer (IVF-ET) [7,8]. Nevertheless,
optimizing ovarian response in patients with DOR under-

for DOR management represents a critical unmet need in
reproductive medicine.

Recent advances in COS have led to the development
of innovative protocols specifically designed to enhance
treatment outcomes for patients with DOR [11]. Notably,
progestin-primed ovarian stimulation (PPOS) and luteal-
phase ovarian stimulation (LPOS) have emerged as promis-
ing alternatives to conventional COS approaches [12,13].
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These novel protocols were designed to overcome the in-
herent limitations of traditional stimulation methods by pro-
viding better regulation of the ovarian environment and ef-
fective prevention of premature luteinizing hormone (LH)
surges. The PPOS protocol employs progestins to suppress
the endogenous LH surge, thereby enabling more controlled
follicular development [14], whereas LPOS leverages on
the physiological characteristics of the luteal phase to initi-
ate ovarian stimulation [15]. Although both protocols offer
theoretical benefits, comparative data on their relative effi-
cacy, cost-effectiveness, and clinical outcomes in patients
with DOR remain limited. To address this critical knowl-
edge gap, the present study employs a self-controlled de-
sign to conduct a comprehensive evaluation of PPOS ver-
sus LPOS, aiming to provide evidence-based recommenda-
tions for optimizing treatment strategies in this clinically
challenging population.

2. Materials and Methods
2.1 Study Subjects

This self-controlled study included 130 patients di-
agnosed with DOR who underwent IVF-ET at the First
Affiliated Hospital of Fujian Medical University between
March 2018 and March 2023. A self-controlled design was
adopted in which each patient served as her own control
by undergoing two separate ovarian stimulation cycles—
one with the PPOS protocol and the other with the LPOS
protocol—within the same clinical setting. This design en-
abled direct within-subject comparisons, effectively min-
imizing inter-individual variability in factors such as age,
ovarian reserve, and response to stimulation.

To be eligible for inclusion, patients were required
to have completed both PPOS and LPOS cycles within a
six-month interval, minimizing the impact of age-related
decline in ovarian function and other time-related con-
founders. Additionally, only those with comparable base-
line characteristics (including day 2 follicle-stimulating
hormone [FSH], anti-Miillerian hormone [AMH], and
antral follicle count [AFC]) at the start of each protocol
were included to ensure intra-patient consistency. The or-
der of cycles (whether PPOS or LPOS was performed first)
was not standardized but was balanced across the cohort,
and no intervening surgeries, endocrine-modulating treat-
ments, or major lifestyle changes occurred between the two
cycles.

Each patient completed two stimulation cycles—one
using the PPOS protocol and the other using the LPOS
protocol—within a six-month interval. Initially, 133 pa-
tients were screened, but three cycles (two PPOS and one
LPOS) were excluded due to premature ovulation, resulting
in 130 complete paired cycles. This within-subject paired
design enabled the application of matched statistical meth-
ods, increasing statistical power while minimizing inter-
individual variability and potential confounding.

DOR was diagnosed based on a combination of clin-
ical and biochemical parameters, including: (1) advanced
maternal age (>40 years), (2) AFC <5-7, and/or (3) AMH
<1.1 ng/mL. Although baseline FSH levels >10 mIU/mL
or an FSH/LH ratio >3 were also recorded, these markers
were considered supplementary due to their known intra-
cycle variability.

Patients were excluded if either partner carried chro-
mosomal abnormalities, or if the female patient had uter-
ine anomalies (e.g., unicornuate uterus) or a history of
chemotherapy or radiotherapy. Additional exclusion cri-
teria were: severe male factor infertility defined as to-
tal motile sperm count <5 million, endocrine disorders
(e.g., thyroid dysfunction, diabetes, adrenal disorders), and
systemic diseases affecting hepatic, renal, cardiovascular,
hematologic, or psychiatric function.

2.2 Study Methods
2.2.1 PPOS

PPOS Protocol: On the 2nd-3rd day of menstru-
ation, patients underwent transvaginal ultrasound using
the Mindray DC-80 system (Software Version 3.1.1, Min-
dray Bio-Medical Electronics Co., Ltd., Shenzhen, Guang-
dong, China) to assess bilateral antral follicles. From
that day until the day before oocyte retrieval, patients
were administered medroxyprogesterone acetate (MPA, 2
mg/tablet, 4 mg/day; Pfizer Inc.; BATCH-MPA-202501;
New York, NY, USA). Recombinant human gonadotropins
(GONAL-f®, follitropin alfa, 150-225 IU/day; Merck
Serono; BATCH-GONAL-202501; Darmstadt, Hesse, Ger-
many) were initiated simultaneously. When two or more
follicles reached an average diameter of 18 mm, final
oocyte maturation was triggered with 0.05 mg of trip-
torelin (Decapeptyl®; Ferring Pharmaceuticals; BATCH-
TRIP-202501; Saint-Prex, Vaud, Switzerland) and 2000 TU
of human chorionic gonadotropin (Chorionic Gonadotropin
for Injection; Livzon Pharmaceutical Group Inc.; BATCH-
HCG-202501; Zhuhai, Guangdong, China). Oocyte re-
trieval was performed 35-36 hours post-trigger using
ultrasound-guided aspiration.

2.2.2LPOS

2.2.2.1 LPOS Protocol. Following either spontaneous
ovulation or ovulation triggered by triptorelin, go-
nadotropins (GONAL-f®, 150-225 IU/day, maximum
375 1U/day; Merck Serono; BATCH-GONAL-202501;
Darmstadt, Germany) were initiated. Patients also re-
ceived oral letrozole (2.5 mg/day for 8 days; Jiangsu
Hengrui Medicine Co., Ltd.; BATCH-LETRO-202501;
Lianyungang, Jiangsu, China), followed by dydroges-
terone (20 mg/day; Duphaston®; Abbott Biologicals B.V,;
BATCH-DYDRO-202501; Olst, Overijssel, Netherlands).
Triggering, oocyte retrieval, fertilization, and embryo cul-
ture procedures were conducted using identical procedures
to those in the PPOS protocol.

&% IMR Press


https://www.imrpress.com

Although letrozole is not strictly required in LPOS,
it was included in this protocol to improve follicular re-
cruitment efficiency and reduce supraphysiological estra-
diol levels during the luteal phase. Letrozole suppresses
peripheral estrogen production, thereby enhancing endoge-
nous gonadotropin release via negative feedback modula-
tion of the hypothalamic-pituitary axis (HPA). This effect
is particularly beneficial in the luteal phase, when elevated
endogenous progesterone can induce relative gonadotropin
resistance. Previous studies have shown that letrozole im-
proves follicular synchronization and increases the number
of recruitable antral follicles in non-traditional stimulation
windows [16,17].

Different progestins were selected based on protocol-
specific considerations. MPA was chosen for PPOS due
to its potent suppression of premature LH surges dur-
ing follicular-phase stimulation. In contrast, dydroges-
terone was selected for LPOS as a supportive agent dur-
ing the luteal phase, offering endometrial compatibility and
safety without the pronounced systemic suppression asso-
ciated with MPA. Thus, the progestins were appropriately
matched to their physiological context and protocol phase.

2.2.2.2 Endometrial Preparation for Frozen—-Thawed Em-
bryo Transfer (FRET) Protocol. In natural-cycle FRET,
ovulation was monitored using the Mindray DC-80 ultra-
sound system, and embryo transfer was scheduled accord-
ing to the patient’s spontaneous cycle. For patients under-
going hormone replacement therapy (HRT) protocols, oral
estradiol valerate (2 mg/day from day 2 to day 14; Progy-
nova®; Bayer AG; BATCH-ESTRA-202501; Berlin, Ger-
many) was administered, followed by oral progesterone (20
mg/day starting on day 14; Utrogestan®, Micronized Pro-
gesterone Capsules; Besins Healthcare; BATCH-PROG-
202501; Paris, France). Serial ultrasound was used to moni-
tor endometrial development, and embryo transfer was per-
formed when endometrial thickness reached >7 mm.

2.3 Laboratory and Embryo Standards

Fertilization was assessed 18—72 hours after insemi-
nation, and embryos exhibiting two pronuclei (2PN) were
considered normally fertilized. On day 3, embryos were
graded according to Alpha/European Society of Human
Reproduction and Embryology (ESHRE) consensus cri-
teria: Grade I embryos exhibited <10% fragmentation,
equal-sized blastomeres, and no evidence of multinucle-
ation; Grade II embryos showed 10%—-25% fragmenta-
tion, slightly uneven blastomeres, and no multinucleation;
and Grade III embryos displayed >25% fragmentation,
severely uneven blastomeres, and visible multinucleation.
Embryos graded as Grade I or II were classified as high-
quality. All embryo cultures were performed using the Em-
bryoScope™ time-lapse incubator (Software Version 5.1,
Vitrolife AB, BATCH-EMB-202501, Géteborg, Sweden).
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2.4 Outcomes Measures

Indicators included total gonadotropin (Gn) days, to-
tal Gn dose, number of oocytes retrieved, metaphase II
(MII) rate, normal fertilization rate, abnormal fertilization
rate, day 3 high-quality embryo rate (defined as embryos
with a cavity smaller than half the embryo, excellent inner
cell mass, and excellent trophectoderm), implantation rate,
clinical pregnancy rate, ectopic pregnancy rate, miscarriage
rate, and live birth rate. Definitions were based on the con-
sensus of the human ART embryo laboratory data quality
control expert group [18].

Abnormal fertilization was defined as the occurrence
of fertilization without the formation of 2PN, including
cases of polyspermy, the presence of only one pronucleus,
or the absence of visible pronuclei. Migration number
refers to the number of embryos successfully transferred
into the uterine cavity during the embryo transfer proce-
dure. This term encompasses all cases where embryos were
transferred to the uterus, regardless of the outcome.

Live birth rate was defined as the proportion of em-
bryo transfer cycles resulting in at least one live-born infant
beyond 24 weeks of gestation.

2.5 Statistical Analysis

All data analyses were performed using IBM SPSS
Statistics, Version 22.0 (IBM Corporation, Armonk, NY,
USA). Continuous variables were first tested for normality
using the Shapiro-Wilk test and for variance homogeneity
using Levene’s test. For normally distributed paired data,
paired #-tests were applied. For non-normally distributed
data, Wilcoxon signed-rank tests were applied, and results
were reported as medians (interquartile range, IQR).

Categorical variables were compared using McNe-
mar’s test for paired proportions or Fisher’s exact test when
expected cell counts were <5. Logistic regression analy-
sis was considered in exploratory models for multivariable
adjustment of potential confounders (e.g., age, body mass
index [BMI], AFC). All statistical tests were two-sided, and
p < 0.05 was considered statistically significant.

3. Results
3.1 Patient Characteristics

The average age of the patients was 38.06 + 5.56
years, and the average BMI of 22.20 + 3.13 kg/m?. The
average baseline FSH level was 9.56 + 6.25 TU/L, and the
AFC was 3.88 £ 2.30. The mean duration of infertility
among the patients was 3.30 &= 2.63 years. These character-
istics were comparable between the two groups, ensuring a
balanced comparison of the PPOS and LPOS protocols (Ta-
ble 1).

3.2 Comparison of Ovarian Stimulation and Laboratory
Outcomes

Notably, the PPOS protocol was associated with a sig-
nificantly shorter duration of Gn administration (9.79 +
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Table 1. Baseline characteristicsof the patients.

Item Mean + SD
Age (years) 38.06 £+ 5.56
BMI (kg/m?) 22.20 +£3.13
AMH (pg/L) 0.73 £0.36
Basic E2 (IU/L) 161.80 + 133.37
Basic FSH (IU/L) 9.56 + 6.25
Basic LH (IU/L) 4.80 £2.94
AFC (n) 3.88 £2.30

Note: SD, standard deviation; BMI, body mass
index; E2, estradiol; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; AMH, anti-

Miillerian hormone; AFC, antral follicle count.

2.23 days vs. 10.38 = 2.23 days, p < 0.05) and a lower to-
tal Gn dose (2351.18 4 1034.09 IU vs. 2887.16 £ 1062.33
IU, p < 0.001) compared with the LPOS protocol. Despite
these differences in stimulation characteristics, both proto-
cols yielded comparable oocyte retrieval outcomes (PPOS:
4.13 +2.81; LPOS: 4.31 4+ 2.98; p > 0.05) (Table 2).

The LPOS protocol did not demonstrate su-
perior oocyte maturation rates (MII oocytes rate:
92.38% +17.09%) compared to PPOS (88.46%
+23.28%; p > 0.05). The normal fertilization rate
was higher in the LPOS group (median: 73.2 (IQR: 50—
100) vs. median: 69.0 (IQR: 50-100)), but this difference
was not statistically significant (p > 0.05) (Table 3).

3.3 Comparison of Clinical Outcomes

Both protocols yielded similar implantation rates
(PPOS: 21.49%; LPOS: 30.43%; p > 0.05) and clinical
pregnancy rates (PPOS: 21.13%; LPOS: 30.26%; p > 0.05).
However, the LPOS group exhibited a higher miscarriage
rate (43.47%) than the PPOS group (20.00%), although this
difference was not statistically significant (p > 0.05). These
findings suggest that, despite some laboratory advantages
of the LPOS protocol, both protocols achieve comparable
clinical pregnancy rates (Table 4).

3.4 Oocyte Retrieval and Embryo Transfer Rates

Among the 130 patients in each group, oocytes were
successfully retrieved in 112 (86.2%) in the PPOS group
and 116 (89.2%) in the LPOS group. Similarly, the migra-
tion number—defined as the number of patients who pro-
ceeded to embryo transfer—was 71 in the PPOS group and
76 in the LPOS group, corresponding to 54.6% and 58.5%
of patients, respectively, reaching the embryo transfer stage
(Table 5).

3.5 Live Birth Rate Comparison Between PPOS and LPOS
Protocols

Live birth rate, defined as the proportion of embryo
transfer cycles resulting in at least one live-born infant, was
compared between the PPOS and LPOS groups. In the

PPOS group, 12 out of 71 embryo transfer cycles resulted in
live births, yielding a live birth rate of 16.90%. In the LPOS
group, 13 out of 76 cycles resulted in live births, yielding
a live birth rate of 17.11%. Although the LPOS group ex-
hibiting a slightly higher rate, the difference was not sta-
tistically significant (x? = 0.004, p = 0.948). These results
indicate that both protocols achieve comparable live birth
outcomes (Table 6).

Although the LPOS group showed numerically higher
implantation (30.43% vs. 21.49%) and clinical pregnancy
rates (30.26% vs. 21.13%) compared with the PPOS group,
these differences were not statistically significant. Given
these observed trends, a post hoc power analysis was con-
ducted to evaluate whether the sample size was sufficient to
detect clinically meaningful differences. Assuming a two-
sided a of 0.05 and an absolute 10% difference in clin-
ical pregnancy rate (e.g., 20% vs. 30%), the estimated
required sample size was approximately 370 patients per
group. With only 130 patients per group, the current study
had limited statistical power (~45%) to detect such a differ-
ence, highlighting the potential for a type II error.

3.6 Multivariate Logistic Regression

After adjusting for potential confounders using mul-
tivariable logistic regression, the LPOS protocol remained
significantly associated with a higher likelihood of mature
(MII) oocyte yield (adjusted odds ratio [aOR]: 1.42, 95%
confidence interval [CI]: 1.07-1.91, p = 0.017). However,
no significant differences were observed between LPOS
and PPOS in terms of normal fertilization (aOR: 1.08, 95%
CI: 0.79-1.48, p = 0.627), clinical pregnancy (aOR: 1.24,
95% CI: 0.69-2.23, p = 0.472), or live birth rate (aOR: 1.05,
95% CI: 0.51-2.17, p = 0.887).

These findings suggest that, although LPOS may im-
prove oocyte maturation independently of age, BMI, and
AFC, it does not provide a statistically significant advan-
tage in downstream clinical outcomes after adjustment for
covariates.

4. Discussion

Management of DOR poses substantial challenges in
reproductive medicine, largely due to a reduced ovarian fol-
licular pool and compromised oocyte quality, which collec-
tively adversely affect ART outcomes [19-21]. In this com-
parative study, we systematically evaluated the efficacy
of two ovarian stimulation protocols—PPOS and LPOS—
in patients with DOR undergoing IVF-ET. Our findings
yield clinically relevant insights into the comparative per-
formance of these protocols, elucidating their respective ad-
vantages and limitations in this challenging patient popula-
tion.

Notably, our data reveal that the PPOS protocol is
associated with a significantly shorter stimulation dura-
tion and reduced total Gn requirements compared with the
LPOS approach. This differential carries important clin-
ical implications, directly affecting both treatment costs
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Table 2. Comparison of outcomes between PPOS and LPOS regimens.

Item PPOS (n=130) LPOS (n=130) p-value t-value
Duration of Gn (days) 9.79 +2.23 10.38 +2.23 0.036 —2.113
Dosage of Gn (IU) 2351.18 +1034.09  2887.16 4 1062.33  <0.001 —4.114

Note: Gn, gonadotropin; PPOS, progestin-primed ovarian stimulation; LPOS, luteal-phase

ovarian stimulation.

Table 3. Comparison of laboratory indices and embryo status between the PPOS and LPOS protocols.

Item PPOS (n=130) LPOS (n=130) p-value Statistical test
Number of oocytes retrieved (n) 3.94+£2.64 4.56 +2.99 0.131 Student’s #-test
MII oocytes rate (%) 88.46 £+ 23.28 92.38+17.09 0.123 Student’s ¢-test
Normal fertilization rate (%) 69.0 (50-100) 73.2 (50-100) 0.841 Wilcoxon signed-rank test
Abnormal fertilization rate (%) 0(0-33.3) 0 (0-29.6) 0.220 Wilcoxon signed-rank test
D3 excellent embryo rate (%) 50 (0-75) 50 (0-100) 0.072 Wilcoxon signed-rank test

Note: MII, metaphase I1.

Table 4. Comparison of pregnancy outcomes between the PPOS and LPOS regimens.

Item PPOS (n=130) LPOS (n=130) p-value Statistical test
Number of embryo transfers (n) 71 76 / /
Number of transferred embryos (n) 1.56 £ 0.49 1.49 £ 0.50 0.251 Paired #-test
Implantation rate (%) 21.49 (23/107) 30.43 (35/115) 0.130 Chi-square test
Clinical pregnancy rate (%) 21.13 (15/71) 30.26 (23/76) 0.206 Chi-square test
Ectopic pregnancy rate (%) 0 0 / /
Miscarriage rate (%) 20.00 (3/15) 43.47 (10/23) 0.176  Fisher’s exact test

Table 5. Summary of patient progression through IVF-ET stages.

Stage

PPOS group (n=130)

LPOS group (n = 130)

Patients with oocyte retrieval
Patients with no oocytes
Patients with embryo transfer
Patients without embryo transfer

112 (86.2%)
18 (13.8%)
71 (54.6%)
59 (45.4%)

116 (89.2%)
14 (10.8%)
76 (58.5%)
54 (41.5%)

Note: IVF-ET, in vitro fertilization-embryo transfer.

Table 6. Comparison of live birth outcomes between PPOS and LPOS protocols.

Group  Embryo transfer cycles (n)  Clinical pregnancies (n)  Miscarriages (n)  Live births (n)  Live birth rate (%)
PPOS 71 15 3 12 16.90
LPOS 76 23 10 13 17.11

Note: Live births = Clinical pregnancies — Miscarriages; Live birth rate = (Live births / Embryo transfer cycles) x 100%.

and patient tolerability. The reduced Gn consumption ob-
served with PPOS may be explained by effective suppres-
sion of premature LH surges through MPA administra-
tion, thereby enabling more controlled follicular recruit-
ment [14,22,23]. In contrast, the LPOS protocol’s higher
Gn requirements likely reflect luteal-phase initiation, where
elevated endogenous progesterone levels may induce rela-
tive gonadotropin resistance.

Interestingly, although the LPOS protocol showed a
trend toward a higher day-3 high-quality embryo rate, the
difference did not reach statistical significance. This sug-
gests that both protocols can generate embryos with com-
parable developmental potential, likely through different
mechanisms of follicular recruitment and maturation. Clin-
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ically, both protocols yielded similar pregnancy outcomes,
including implantation, clinical pregnancy, and miscarriage
rates. This similarity in clinical outcomes is noteworthy,
given the distinct differences in Gn dosage and stimula-
tion duration between the two protocols. The comparable
pregnancy rates indicate that embryos derived from both
PPOS and LPOS protocols possess adequate developmen-
tal competence to achieve implantation and clinical preg-
nancy in DOR patients. Nevertheless, the higher miscar-
riage rate observed in the LPOS group, although not statis-
tically significant, warrants further investigation. Although
the LPOS group demonstrated a higher miscarriage rate nu-
merically, the difference did not reach statistical signifi-
cance. This suggests that the observed variation may reflect
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random error or insufficient sample size rather than a gen-
uine difference in protocol safety. Miscarriage in ART can
be influenced by multiple factors, including embryo qual-
ity, endometrial receptivity, and patient-specific character-
istics [24—26]. The trend toward a higher miscarriage rate in
the LPOS group may reflect underlying differences in these
factors that were not fully controlled for in this study.

Our findings indicate that both PPOS and LPOS are ef-
fective for women with DOR undergoing IVF, with PPOS
associated with improved oocyte maturation and fertiliza-
tion rates. These results are consistent with a recent meta-
analysis reporting that PPOS improves clinical pregnancy
rates and embryo quality while reducing gonadotropin con-
sumption compared with other protocols. Nevertheless,
while both studies suggest benefits of PPOS, large-scale,
well-designed trials are still required to validate these find-
ings and evaluate long-term outcomes [27].

Multivariate analysis confirmed that the LPOS proto-
col was independently associated with a higher MII oocyte
rate, after adjustment for age, BMI, and ovarian reserve in-
dicators. This supports the inference that LPOS may en-
hance both cytoplasmic and nuclear maturation. However,
no statistically significant associations were found between
protocol type and clinical pregnancy or live birth after
adjustment, indicating that other patient-level or embryo-
endometrial factors may play a predominant role in deter-
mining final reproductive outcomes. Nevertheless, the lim-
ited sample size constrains the precision of these estimates,
particularly for low-incidence outcomes (e.g., live birth).
Future prospective studies with larger cohorts and stratified
randomization are needed to further validate these associa-
tions.

Although the LPOS protocol showed numerically
higher implantation and clinical pregnancy rates, these dif-
ferences were not statistically significant. Nonetheless,
the direction and magnitude of these trends may indicate
potential clinical relevance. Our post hoc power anal-
ysis revealed that the current sample size (n = 130 per
group) was insufficient to detect an absolute 8-10% dif-
ference in pregnancy-related outcomes with adequate sta-
tistical power. Specifically, detecting a 10% absolute dif-
ference in clinical pregnancy rates with 80% power would
require approximately 370 patients per group. Therefore,
the lack of statistical significance in the present study may
reflect an underpowered design rather than the absence of a
true effect. Future large-scale, multicenter trials with ade-
quate sample sizes are needed to validate these findings and
to more definitively compare the reproductive outcomes of
PPOS and LPOS protocols.

Although the self-controlled design employed in this
study effectively minimized inter-subject variability, a crit-
ical methodological limitation lies in the non-randomized
sequence of protocol administration. Patients received
PPOS and LPOS in a non-random order determined by clin-
ical decisions or logistical considerations, which may intro-

duce first-protocol effect bias. For example, patients un-
dergoing PPOS first may have exhibited a stronger ovar-
ian response simply due to being earlier in their treatment
course, whereas those receiving LPOS as a subsequent cy-
cle could have experienced physiological fatigue, dimin-
ished follicular recruitment, or psychological stress stem-
ming from prior suboptimal outcomes.

The lack of randomization in protocol order compro-
mises the internal validity of intra-individual comparisons,
particularly for cycle-dependent outcomes such as oocyte
yield, embryo quality, and implantation potential. Addi-
tionally, cumulative effects from prior stimulation, such as
residual suppression or hormonal milieu carryover, may
confound the observed differences in response between
PPOS and LPOS. To mitigate this source of bias, future
studies should adopt a randomized crossover design, with
patients prospectively assigned to receive either PPOS or
LPOS first, followed by crossover to the alternative reg-
imen. Such a design would enable balanced sequencing
and appropriate washout intervals, thereby enhancing the
robustness of within-subject comparisons and strengthen-
ing causal inferences regarding protocol efficacy.

The self-controlled study design employed here offers
distinct methodological advantages, particularly by mini-
mizing inter-subject variability and enabling direct com-
parison of treatment efficacy within the same patient co-
hort. However, this approach entails several challenges.
The non-randomized sequence of protocol administration
may influence outcomes, as ovarian response could be af-
fected by treatment order due to factors including cumula-
tive hormonal exposure or psychological effects from prior
cycle results. Furthermore, attributing clinical outcomes
(e.g., implantation and pregnancy rates) to specific proto-
cols becomes inherently complex when both interventions
are applied sequentially within the same patient.

Future research should prioritize larger, multicenter
trials to confirm these findings and explore the mecha-
nisms underlying driving the differences between PPOS
and LPOS protocols. Additionally, studies incorporating
patient-reported outcomes, including treatment satisfaction
and quality of life, will provide a more comprehensive un-
derstanding of the clinical utility and patient acceptability
of these protocols.

Limitation

The self-controlled study design employed here offers
distinct methodological advantages, particularly by mini-
mizing inter-subject variability and enabling direct com-
parison of treatment efficacy within the same patient co-
hort. However, this approach entails several challenges.
The non-randomized sequence of protocol administration
may influence outcomes, as ovarian response could be af-
fected by treatment order due to factors including cumula-
tive hormonal exposure or psychological effects from prior
cycle results. Furthermore, attributing clinical outcomes
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(e.g., implantation and pregnancy rates) to specific proto-
cols becomes inherently complex when both interventions
are applied sequentially within the same patient.

5. Conclusion

In this study comparing the PPOS and LPOS proto-
cols in patients with DOR, both regimens achieved compa-
rable clinical outcomes in terms of implantation rate, clin-
ical pregnancy rate, and live birth rate. Additionally, the
PPOS protocol required a shorter duration and lower to-
tal gonadotropin dose, suggesting a more economical and
patient-friendly stimulation strategy.

Importantly, despite the higher oocyte maturation rate
in the LPOS group, live birth rates were nearly identical
between the two protocols, underscoring that enhanced lab-
oratory metrics do not necessarily translate into improved
clinical outcomes. These findings highlight the need for in-
dividualized stimulation strategies that consider both labo-
ratory efficiency and patient tolerance. Larger randomized
controlled trials are warranted to validate these results and
optimize protocol selection in this challenging patient pop-
ulation.
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