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GnRH agonist pretreatment in
hormonal endometrial
preparation: a comparison of two
protocols for frozen embryo
transfer outcomes

Xi Yi®M, Dongmei Tian®'*!, Hengli Li®* and Guanhua Zhou®?

!School of Medical and Life Sciences/Reproductive and Women-Children Hospital, Chengdu
University of Traditional Chinese Medicine, Chengdu, China, 2Aba State People's Hospital, Aba, China

Objective: The aim of this study was to compare the effects of different
endometrial treatment regimens on the outcome of frozen embryo transfer
(FET).

Methods: A retrospective analysis of 1,454 FET cycles was conducted.
Subgroups were stratified by primary infertility diagnosis (tubal factor, polycystic
ovary syndrome (PCOS), and endometriosis) and by the number of embryos
transferred. Multivariable logistic regression was employed to identify factors
influencing live birth.

Results: Our study found that endometrial thickness on the day of embryo transfer
was thicker in the gonadotropin-releasing hormone agonist (GnRHa)-hormone
replacement therapy (HRT) group compared to the HRT group (p = 0.000),
the levels of estrogen and progesterone in GnRHa—-HRT group were lower
than HRT group, and there were no statistically significant differences in other
baseline characteristics between the two groups. The live birth rate in the single
embryo transfer GnRHa—HRT group was higher than that of HRT(OR = 1.489,
95%Cl:1.070-2.073). Within the tubal/male factor cohort, spontaneous abortion
rate was slightly more frequent in the GnRHa—HRT group (p = 0.899). In the
PCOS-endometriosis (EMs) subgroup, the spontaneous abortion rate had a
decreasing trend, but the difference was not statistically significant (p > 0.05).
Binary logistic regression analysis further confirmed the negative influence of
age on live birth.

Conclusion: The GnRHa—-HRT significantly improves live birth rates compared
to the conventional HRT in single-embryo transfer cycles. Downregulation
protocols may be a priority for patients with endometriosis and single embryo
transfer. For patients with PCOS and tubal factors, the HRT program is more
cost-effective and takes less time to achieve pregnancy. These findings provide
evidence-based guidance for individualized endometrial preparation regimen
selection in FET cycles, though the retrospective design and lack of long-term
follow-up limit the generalizability. Future prospective randomized controlled
trials with larger sample sizes are warranted to validate these conclusions.
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1 Introduction

The proportion of frozen-thawed embryo transfers has increased
dramatically due to advances in vitrification freezing technology (1).
The application of frozen embryo transfer (FET) has become
increasingly widespread due to multiple factors, including ovarian
stimulation protocols under high progesterone conditions, elevated
risks of ovarian hyperstimulation syndrome (OHSS), premature
progesterone rise before oocyte retrieval, endometrial abnormalities
in fresh cycles, and the use of preimplantation genetic screening. FET
is no longer merely a supplementary option to fresh embryo transfer;
it has evolved into a standard practice in IVF treatment (2, 3). In FET
protocols, three main approaches are employed for endometrial
preparation: standard hormone replacement therapy (HRT),
gonadotropin-releasing hormone agonist (GnRHa) agonist-
supplemented HRT cycles (GnRHa-HRT), and natural cycle
monitoring (NC). The natural cycle protocol is generally reserved for
ovulatory patients demonstrating regular menstrual cyclicity.
However, this approach may result in premature or anovulation, a risk
of mis-synchronization between the embryo and the endometrium,
and a higher risk of cycle cancellation due to abnormal ovulation. The
HRT cycle is more flexible and convenient. Pretreatment with GnRHa
before HRT effectively suppresses premature ovulation, thereby
avoiding cycle disruption while synchronizing endometrial
development with exogenous progesterone administration (4).
However, the impact of GnRHa on pregnancy outcome remains
controversial. Research has demonstrated no significant differences
between HRT and GnRHa concerning the clinical success rates of
conception (5). However, other studies have shown that GnRHa-HRT
regimens significantly improve pregnancy outcome (6, 7). To resolve
the ongoing debate on whether GnRHa pretreatment improves FET
outcomes, we conducted a single-center retrospective analysis.

2 Materials and methods
2.1 Study population

This is a retrospective cohort study with data derived from clinical
information on patients who underwent frozen-thawed embryo
transfer at the School of Medical and Life Sciences/Reproductive and
Women-Children Hospital, Chengdu University of Traditional
Chinese Medicine, from September 2016 to September 2020.

2.2 Inclusion criteria and exclusion criteria

Inclusion criteria: The etiology of infertility was categorized
according to the European Society of Human Reproduction and
Embryology (ESHRE) guidelines and included the folllowing: male
factor: such as oligoasthenospermia and oligoastheno spermia; tubal
factors; uterine fibroids: evaluated based on the location and size of the
fibroid; endometriosis: diagnosed via laparoscopy, which reveals typical
ectopic lesions (e.g., purplish-blue nodules, adhesions) on the pelvic,
ovarian, or peritoneal surfaces, confirmed by pathology; Polycystic
ovary syndrome (PCOS): diagnosed according to the 2003 Rotterdam
criteria, which require the presence of at least two of the following three
conditions: oligo-anovulation, hyperandrogenism, or polycystic ovarian
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morphology; For those unable to undergo laparoscopic examination, a
comprehensive diagnosis is made based on pelvic ultrasound, MRI
imaging features (such as ovarian chocolate cysts and deep infiltrative
lesions), and clinical symptoms (dysmenorrhea, dyspareunia, infertility,
etc.); Unexplained infertility: defined as the exclusion of known causes
and continuous infertility for > 12 months. Before transplantation,
HRT or GnRHa-HRT is used to prepare the endometrium.

Exclusion criteria: (1) History of abnormal endometrial hyperplasia
and endometrial tuberculosis; (2) surgical history of uterine adhesions;
(3) uterine deformity; (4) endothelial thickness of less than 7.0 mm or
abnormal endothelial morphology; and (5) hydrosalpinx.

2.3 Grouping strategy

Study participants were stratified into two cohorts according to
GnRHa agonist pretreatment status before HRT: the GnRHa-HRT
protocol group and the HRT protocol group. Subsequently, a combined
panel of HRT/GnRHa-HRT and the number of transferred embryos
stratified patients into four subgroups: Single embryo transfer HRT
group, single embryo transfer GnRHa-HRT group, double embryo
transfer HRT group, and double embryo transfer GnRHa-HRT group.
Based on causes of infertility, the general population was divided into
three subgroups: the tubal factor group, the PCOS group, and the
endometriosis group. The differences in clinical outcomes between the
HRT regimen and the GnRHa-HRT regimen were comparatively
analyzed in each of the four cross-stratified subgroups and the three
etiologically stratified subgroups described above. This study followed
the ethical review requirements of the Declaration of Helsinki. All
subjects provided written informed consent before ART-assisted
conception, and the anonymity of the patients was protected (Figure 1).

2.4 Endometrial preparation protocol

2.4.1 HRT protocol

Starting on menstrual cycle days 2-3, patients take oral Estradiol
Valerate tablets (2-4 mg per dose, twice daily) to induce endometrial
proliferation and slow follicle development. A transvaginal ultrasound
assesses endometrial thickness after 7 days. The Estradiol Valerate
dose is adjusted based on the endometrial status, and 17f-estradiol
tablets may be added if necessary. Once endometrial thickness reaches
>7 mm (typically after 14-17 days of Estradiol Valerate), progesterone
is started to transform the endometrium and provide luteal phase
support. All patients were given a progesterone intramuscular
injection 80 mg/day or Progesterone Vaginal Gel 90 g/day transvagina
with oral dydrogesterone 20 mg/day. During the cleavage stage
embryo transfer, the use of progesterone starts 3 days before transfer.
For blastocyst transfer, it starts 5 days before transfer. Pregnancy
testing should be performed on day 14 after initiation of progesterone
supplementation therapy, and if the test is negative, the combined
estrogen and progesterone regimen is terminated. If conception is
confirmed, the progestational hormone is continued until 10 weeks of
gestation, and the use of estrogen is gradually reduced.

2.4.2 GnRHa—HRT protocol

On menstrual cycle days 2-3, patients receive a 3.75mg

intramuscular GnRHa injection. After 28 days, pituitary
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Patients with frozen-thawed embryo transfer
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Analysis:baseline charateristics and pregnancy outcomes
FIGURE 1
Data collection and analysis. HRT, hormone replacement therapy; GnRHa—HRT, gonadotropin-releasing hormone agonist—HRT; FET, frozen—thawed
embryo transplantation; EMs, endometriosis; PCOS, polycystic ovary syndrome

downregulation is assessed via transvaginal ultrasound and serum
hormone levels. Downregulation criteria include: E2 < 50 pg./mL,
FSH <5 U/L, LH < 5 U/L, endometrial thickness < 5 mm, and no
large follicles/cysts. Once met, endometrial preparation begins using
the above HRT protocol (Figure 2).

2.5 Outcome indicators

The outcomes we analyzed were positive-HCG, clinical pregnancy
rate, implantation rate, spontaneous abortion rate, live birth rate, and
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preterm birth. Secondary objectives include endometrial thickness on
the day of ET, serum estrogen level on the ET day, progesterone level
on the ET day, and progestin—estrogen ratio (P/E2). Biochemical
pregnancy confirmation required quantitative serum f$-hCG levels
exceeding 5.8 IU/L on post-transfer day 14. Ultrasonographic
verification of viable intrauterine gestation mandated visualization of
gestational sac(s) during the fourth week post-FET sonographic
evaluation. Pregnancy loss encompasses non-viable clinical
pregnancies occurring before 28 gestational weeks. A live birth is
characterized as a pregnancy that progresses with a viable fetus
beyond 28 weeks of gestation. Preterm birth was defined as delivery
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HRT protocols for endometrial preparation. It is usually started on menstrual bleeding day 2—-3, which is presented as HRT D1 in the HRT conventional
protocol. *HRT D1 is on the 28th day after the second injection. IM, intramuscular. pv, per vagina. Estradiol valerate tablets at a dose of 2—4 mg each

occurring before 37 weeks of gestation. An ectopic pregnancy is
characterized by the presence of gestational sacs observed on
ultrasound outside the uterine cavity, along with a positive result for
serum S-hCG. Progestin—estrogen ratio (P/E2) is calculated as P(mg/
mL) x 1,000/E2(pg/mL).

2.6 Statistical analysis

SPSS 21.0 statistical software was used to analyze the data of this
study. Means (standard deviations) were used to describe and compare
the numerical variables, and t-tests or ANOVAs were used to compare
the groups. Numerical values that do not follow a normal distribution
are presented as the median along with the interquartile range, and a
non-parametric test was conducted to assess the differences between
the two groups. Discrete variables were quantitatively characterized
through count metrics and relative frequencies (%), with intergroup
disparities assessed via x* contingency analysis. Probability values
attaining the critical threshold (p <0.05) served as significance
indicators in hypothesis testing. In the four stratified subgroups, the
association between different frozen embryo preparation protocols
and live birth rates in patients undergoing single and double embryo
transfer was analyzed. The ratio of ratios (OR) and their 95%
confidence intervals were calculated. Meanwhile, for the endometriosis
group, multivariate logistic regression analyses were performed to
investigate the factors that influence live birth outcomes. The goodness
of fit of the model was evaluated by the Hosmer-Lemeshow test to
ensure model stability. Statistical significance was considered when
the p-value was less than 0.05.

3 Results
3.1 Overall process analysis

A total of 1,454 cycles with GnRHa pretreatment and HRT cycles
were retrospectively analyzed. The initial characteristics of the patients

were examined, revealing no substantial differences regarding
maternal age, infertility type, infertility duration, and the type of
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embryo. Estrogen and progesterone levels were found to be higher in
the HRT group than in the gonadotropin-releasing hormone
analogue-HRT group on the day of transplantation in all patients
studied (p < 0.05). Additionally, the progesterone-to-estrogen ratio in
the HRT group was notably lower than in the GnRHa-HRT group,
with all differences showing statistical significance (p < 0.05). On the
day of the embryo transfer, the endometrial thickness was significantly
lower in the HRT group than in the GnRHa-HRT group (p = 0.000).
Positive-HCG in the HRT group was lower than in the GnRHa-HRT
group (53.08% vs. 58.75%, p = 0.03), and implantation rate was lower
than in the GnRHa-HRT group (35.28% vs. 37.44%, p = 0.279). In
addition, there was no significant difference in clinical pregnancy rate,
spontaneous abortion rate, ectopic pregnancy rate, live birth rate, and
preterm birth rate (p > 0.05) (Table 1).

3.2 Endothelial preparation protocols
cross-stratified with embryo transfer
strategies

The live birth rate was higher for single embryo transfer with
GnRHa-HRT (45.42%) than for single embryo transfer with HRT
(35.85%). The difference is statistically significant (OR = 1.489,
95%CI:1.070-2.073). The live birth rates of the GnRHa-HRT group
and the HRT group were 43.94 and 42.39% in double embryo transfer.
The two groups were indistinguishable from a statistical standpoint
(OR =0.938, 95% CI: 0.715-1.231) (Table 2) (Figure 3).

3.3 Stratified analysis according to
etiologies

3.3.1 Tubal or male factors group

A total of 951 FET cycles were analyzed: 550 were HRT cycles and
401 were GnRHa-HRT cycles. There were no statistically significant
differences observed in maternal age, type of infertility, body mass
index, duration of infertility, number of embryos transferred, and type
of embryo between the two groups. On the day of embryo transfer, the
levels of estrogen and progesterone in the HRT group were
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TABLE 1 Baseline characteristics and cycle outcomes.

Variables

HRT (n = 780)

10.3389/fmed.2025.1649012

GnRHa-HRT (n = 674)

p value

Age (years, mean + SD) 32.52+491 32.84 +4.67 0.202
Infertility type (n, %) 0.622
Primary infertility (1, %) 351 (45.00%) 312 (46.29%)
Secondary infertility (1, %) 429 (55.00%) 362 (55.89%)
Duration of infertility (years, mean + SD) 5.35+3.87 5.61 +3.89 0.210
Endometrial thickness (mm, mean + SD) 8.44 +1.30 9.09 + 1.64 0.000
Estradiol level on the day of embryo transfer (pg/ml, Median(Q25, Q75)) 169.00 (119.45, 224.40) 138.30 (96.56, 195.25) 0.000
Progesterone level on embryo transfer day (ng/ml, Median(Q25, Q75)) 16.14 (11.64, 21.38) 14.97 (10.73, 20.31) 0.001
P/E2 (Median(Q25, Q75)) 92.69 (58.74, 148.68) 105.98 (66.39, 168.02) 0.002
No. of transferred embryos (1, mean + SD) 1.60 + 0.51 1.59 +0.49 0.887
Type of embryo transferred (n, %) 0.758
Cleavage stage (11, %) 403 (51.67%) 361 (53.56%)
Blastocyst stage (1, %) 377 (48.33%) 313 (46.44%)
B-hCG positive rate (n, %) 414 (53.08%) 396 (58.75%) 0.03*
Clinical pregnancy rate (1,%) 369 (47.31%) 337 (50.00%) 0.306
Implantation rate (1,%) 440/1247 (35.28%) 407/1087 (37.44%) 0.279
Live birth rate (1,%) 317 (40.64%) 294 (43.62%) 0.251
Preterm birth rate (n,%) 71 (22.40%) 56 (19.04%) 0308
Miscarriage rate (1,%) 43 (11.65%) 35 (10.39%) 0.592
Ectopic pregnancy rate (11,%) 9 (2.44%) 8 (2.37%) 0.955
HRT, hormone replacement therapy; GnRHa-HRT, gonadotropin-releasing hormone agonist-HRT; P/E2, progesterone/Estradiol, *p < 0.05.
TABLE 2 Live birth rates and odds ratios of HRT vs. GnRHa—HRT
regimens in single and double embryo transfer subgroups.
Subgroup Regimen Live (O] p :
o Double-embryo:HRT vs. GnRHa—}
birth (95%Cl)  value H
rate
Single embryo HRT group 114/318 1.489 (1.070, 0.018 Single-embryo:HRT vs. GnRHa
transfer (1, %) (35.85%) 2.073) P<0.05
Single embryo GnRHa-HRT 124/273 T 1
0.1 1 10
transfer (n, %) group (45.42%) 0dds Ratios(95%CI)
Double embryo HRT group 203/462 0.938 (0.715, 0.645 FIGURE 3
transfer (n, %) (43.94%) 1.231) Forest plot of adjusted odds ratios (95% Cl) for live birth rates: HRT
vs. GhRHa—HRT regimens in single and double embryo transfer
Double embryo GnRHa-HRT 1707401 (Logistic Regression Analysis). Solid dots represent odds ratios. The
transfer (n, %) group (42.39%) error bars were manually drawn based on 95% confidence interval
. . (95% Cl) data from the table.
HRT, hormone replacement therapy; GnRHa-HRT, gonadotropin-releasing hormone

agonist-HRT; OR, Odds Ratios; CI, confidence interval.

significantly higher than in the GnRHa-HRT group (p < 0.05). The
progesterone-to-estrogen ratio in the HRT group was lower than in
the GnRHa-HRT group, with all differences showing statistical
significance (p =0.004). On the day of embryo transfer, the
endometrial thickness in the HRT group was lower than in the
GnRHa-HRT group (p = 0.000). In addition, there was no statistically
significant difference in positive-HCG, clinical pregnancy rate,
spontaneous abortion rate, ectopic pregnancy rate, live birth rate, and
preterm birth rate (p > 0.05). The rate of spontaneous abortion was
higher in the GnRH-HRT group than in the HRT group (10.66% vs.
10.61%, p = 0.899), as shown in Table 3.
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3.3.2 PCOS factors group

When it came to maternal age, type of infertility, duration of
infertility, embryo type, and number of transferred embryos, there
were no significant differences. On the day of embryo transfer, the
estrogen levels in the HRT group were significantly higher than in the
GnRHa-HRT group (p < 0.005). There were no statistically significant
differences in terms of progesterone levels and the progesterone-to-
estrogen ratio (p>0.05). On the day of embryo transfer, the
endometrial thickness in the HRT group was lower than in the
GnRHa-HRT group (p = 0.006). The positive rate of f-HCG, clinical
pregnancy rate, implantation rate, and live birth rate showed an
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TABLE 3 Tubal factors or male factors group.

10.3389/fmed.2025.1649012

Variables HRT (n = 550) GnRHa-HRT (n = 401) p value
Age (years, mean + SD) 32.97 £5.08 33.62+4.77 0.058
Infertility type (n, %) 0.554
Primary infertility (1, %) 224 (40.73%) 171 (42.64%)
Secondary infertility (1, %) 326 (59.27%) 230 (57.36%)
Duration of infertility (years, mean + SD) 549 +3.92 598 £ 4.19 0.067
Endometrial thickness (mm, mean + SD) 8.48 +1.31 9.26 +1.78 0.000
Estradiol level on the day of embryo transfer (pg/ml,
Median(Q25, Q75)) 167.00 (116.70, 242.70) 134.30 (91.33, 191.40) 0.000
Progesterone level on embryo transfer day (ng/ml,
Median(Q25, Q75)) 15.92 (0.11.64, 21.75) 14.75 (10.48, 20.36) 0.005
P/E2 (Median(Q25, Q75)) 93.81 (59.97, 153.89) 109.90 (68.11, 176.82) 0.004
No. of transferred embryos (n, mean + SD) 1.61 +0.50 1.59 +0.49 0.716
Type of embryo transferred (n, %) 0.708
Cleavage stage (11, %) 295 (53.64%) 220 (54.86%)
Blastocyst stage (11, %) 255 (46.36%) 181 (45.14%)
B-hCG positive rate (n, %) 278 (50.55%%) 217 (54.11%) 0.277
Clinical pregnancy rate (1, %) 244 (44.36%%) 179 (44.64%) 0.933
Implantation rate (n, %) 289/883 (32.73%) 209/639 (32.71%) 0.993
Live birth rate (1, %) 209 (38.00%) 154 (38.40%) 0.899
Preterm birth rate (n, %) 44 (21.05%) 17 (11.04%) 0.012
Miscarriage rate (11, %) 26 (10.66%) 19 (10.61%) 0.989
Ectopic pregnancy rate (n, %) 8 (3.28%) 6 (3.35%) 0.967

HRT, hormone replacement therapy; GnRHa-HRT, gonadotropin-releasing hormone agonist-HRT; P/E2, Progesterone/ Estradiol.

increasing trend in the GnRHa-HRT group, and the GnRHa-HRT
group showed a decrease in spontaneous abortions. There was no
statistically significant difference between the two groups (p > 0.05),
as shown in Table 4.

3.3.3 Endometriosis factors group

3.3.3.1 Compare the pregnancy outcomes between
endometrial preparation protocols

No significant differences were observed in terms of maternal age,
type of infertility, duration of infertility, type of embryo, and the
number of embryos transferred. The estrogen and progesterone levels
and the progesterone-to-estrogen ratio on the day of embryo transfer
were not significantly different (p > 0.05). On the day of embryo
transfer, the endometrial thickness in the HRT group was lower than
in the GnRHa-HRT group (p = 0.084). The positive rate of f-HCG,
clinical pregnancy rate, implantation rate, and live birth rate showed
an increasing trend in the GnRHa-HRT group, and the GnRHa-HRT
group showed a decrease in spontaneous abortions. There was no
statistically significant difference between the two groups (p > 0.05),
as shown in Table 5.

3.3.3.2 Impact of endometrial preparation and clinical
factors on live birth logistic regression

To further clarify the impact of the hormone replacement
endometrial preparation protocol on the outcome of frozen-thawed
embryo transfer, we conducted a correction for confounding factors

Frontiers in Medicine

and conducted the study in the endometriosis group. Binary logistic
regression analysis further confirmed that age is an independent risk
factor for live birth outcomes in patients with endometriosis
(OR = 0.883, 95%CI:0.806-0.966, p = 0.007). GaRHa-HRT displayed
a trend of increasing the live birth rate (OR = 2.125, 95%CI:0.948—
4.762, p=0.067), but the difference did not reach statistical
significance. The endometrial thickness (p = 0.161) and duration of
infertility (p =0.275) had no significant impact on the live birth
outcome. The P/E2 ratio shows a potential positive trend (p = 0.060),
and further validation with a larger sample size is required (Table 6).

4 Discussion

This retrospective study explored the effect of HRT Protocol and
GnRHa-HRT protocol on pregnancy outcomes in FET. Our study
found that the proportion of positive -HCG results in the GnRHa-
HRT group was significantly higher than in the HRT group across the
whole population. This suggests that it has potential advantages in the
early stage of embryo implantation and may be related to the
optimized endometrial receptivity after =~ downregulation.
Downregulation promotes embryo implantation by regulating the
expression levels of hormone levels, especially by improving
endometrial thickness and the estrogen-progesterone environment
(8, 9). However, there were no significant differences in the rates of
clinical pregnancy and live birth. It has been demonstrated that, while

the downregulation can promote early implantation, the maintenance
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TABLE 4 PCOS factors group.

10.3389/fmed.2025.1649012

Variables HRT (n = 183) GnRHa-HRT (n = 166)

Age (years, mean + SD) 30.86 + 4.01 30.42 + 3.68 0.286
Infertility type (n, %) 0.643
Primary infertility (1, %) 108 (59.02%) 102 (61.45%)

Secondary infertility (n, %) 75 (40.98%) 64 (38.55%)

Duration of infertility (years, mean + SD) 4.76 £3.32 5.05+2.94 0.391
Endometrial thickness (mm, mean + SD) 8.22+1.19 8.57 +1.16 0.006
Estradiol level on the day of embryo transfer

(pg/ml, Median(Q25, Q75)) 185.60 (134.80, 267.60) 151.20 (110.70, 206.90) 0.000
Progesterone level on embryo transfer day

(ng/ml, Median(Q25, Q75)) 16.58 (12.03, 21.19) 15.91 (10.50, 20.75) 0.097
P/E2 (Median(Q25, Q75)) 87.49 (51.03, 137.27) 97.92 (62.12, 157.51) 0.087
No. of transferred embryos (n, mean+SD) 1.61 +0.53 1.59 + 0.49 0.694
Type of embryo transferred (n, %) 0.619
Cleavage stage (1, %) 82 (44.81%) 70 (42.17%)

Blastocyst stage (11, %) 101 (55.19%) 96 (57.83%)

Biochemical pregnancy (1, %) 118 (64.48%) 118 (71.08%) 0.188
Clinical pregnancy rate (1, %) 108 (59.02%) 102 (61.45%) 0.643
Implantation rate (1, %) 131/295 (44.41%) 133/267 (49.81%) 0.200
Live birth rate (n, %) 93 (50.82%) 91 (54.82%) 0.455
Preterm birth rate (n, %) 24 (25.81%) 34 (37.36%) 0.092
Miscarriage rate (11, %) 14 (12.96%) 10 (9.80%) 0.472
Ectopic pregnancy rate (1, %) 1(0.93%) 1 (0.98%) 0.968

HRT, hormone replacement therapy; GnRHa-HRT, gonadotropin-releasing hormone agonist-HRT; P/E2, Progesterone/ Estradiol.

of subsequent pregnancies is governed by a combination of various
factors (such as embryo quality and the maternal immune status).
Therefore, clinical judgment should not solely rely on the positive rate
of f-HCG.

The endometrial thickness on the day of embryo transfer in the
HRT group was less than that in the GnRHa-HRT group. This was
statistically significant (p = 0.006). The progesterone/estradiol ratio
was higher than that in the HRT group. The main reason is that
GnRHa downregulation leads to the inhibition of the HPO axis,
reducing the basal estrogen level in the body and the basal estrogen
level in the uterine tissue. Some research has shown that estrogen is a
permissive rather than a dose-dependent regulator of endometrial
development (10), and so the amount of estrogen required during the
implantation period is extremely low. Studies find that high estrogen
levels during pregnancy harm the endometrium. First, high levels of
estrogen have a negative feedback effect on LH, leading to impaired
luteal function and affecting endometrial tolerance (11). Elevated
serum E2 concentrations may impair the endometrial lining, reduce
the time frame for potential implantation, and hinder the embedding
of the embryo in the endometrium (12). Finally, high estrogen may
inhibit the emergence of cytosolic synapses and block the response of
cytosolic synapses to progesterone (13, 14). This may be the reason
why the GnRHa-HRT regimen can improve endometrial tolerance by
lowering estrogen levels. A study by E. Shalom-Paz et al. on fresh cycle
patients found that P/E2 on the day of HCG injection was significantly
lower in the live birth group than in the no live birth group (15). On
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the day of embryo transfer, the endometrial thickness was found to
be thinner in the HRT group than in the GnRHa-HRT group
(p = 0.006). Further studies are needed to confirm the effect of P/E2
on pregnancy outcome in frozen embryo cycles.

Hao et al. (8) found that the proportion of single embryo transfers
was significantly higher in the GnRHa-HRT group. However, the
study did not compare GnRHa-HRT pregnancy outcomes with HRT
pregnancy outcomes by dividing single/ double embryo transfer. Our
study found that the GnRHa-HRT significantly improves live birth
rates compared to the conventional HRT in single-embryo transfer
cycles. A statistically significant difference was found between the two
groups (OR = 1.489; 95% CI: 1.070-2.073). Our finding of a higher
rate of singleton pregnancy in the GnRHa-HRT group suggests a
potential advantage of this protocol in achieving singleton
pregnancies, which could help to meet the clinical goal of reducing
multiple pregnancy risk.

Our study found that the GnRHa-HRT regimen did not yield
statistically significant benefits in patients with polycystic ovary
syndrome (PCOS) or endometriosis (EMs) (p>0.05), but
we observed a trend toward improvement in certain clinical outcome
measures. This may be related to a specific mechanism in patients
with PCOS and EMs. In this study, we found that GnRHa-HRT after
GnRHa downregulation significantly increased the live birth rate in
patients with endometriosis (42.1% vs. 21.6%, p = 0.035). Previous
studies also suggest that GnRHa pretreatment was shown to improve
the reproductive outcomes of patients with endometriosis (16).
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TABLE 5 Endometriosis factors group.

10.3389/fmed.2025.1649012

Variables HRT (n = 47) GnRHa+HRT(n = 107) p value
Age (years, mean + SD) 33.72+4.79 33.80 +4.21 0917
Infertility type (n, %) 0.639
Primary infertility (1, %) 19 (40.43%) 39 (36.45%)
Secondary infertility (1, %) 28 (59.57%) 68 (63.55%)
Duration of infertility (year mean + SD) 6.33 £ 5.06 5.19 +3.87 0.131
Endometrial thickness (mm, mean + SD) 8.78 +1.52 9.25+1.58 0.084
Estradiol level on the day of embryo transfer (pg/ml, Median(Q25, Q75)) 142.40 (96.38, 204.30) 156.10 (109.58, 326.18) 0.394
Progesterone level on embryo transfer day (ng/ml, Median(Q25, Q75)) 15.69 (9.97,21.13) 13.62 (11.18,19.17) 0.752
P/E2 (Median(Q25, Q75)) 105.61 (70.90, 157.87) 91.54 (58.26, 141.72) 0.298
No. of transferred embryos (1, mean + SD) 1.47 +0.50 1.58 +0.50 0.204
Type of embryo transferred (n, %) 0.192
Cleavage stage (11, %) 26 (55.32%) 71 (66.36%)
Blastocyst stage (11, %) 21 (44.68%) 36 (33.64%)
Biochemical pregnancy (1, %) 14 (38.30%) 34 (57.01%) 0.806
Clinical pregnancy rate (1, %) 16 (34.04%) 56 (52.34%) 0.036
Implantation rate (1, %) 20/69 (28.99%) 65/181 (35.91%) 0.301
Live birth rate (n, %) 13 (27.66%) 49 (45.79%) 0.035
Preterm birth rate (n, %) 3(23.08%) 5(10.20%) 0.218
Miscarriage rate (11, %) 3 (18.75%) 6 (10.71%) 0.391
Ectopic pregnancy rate (1, %) 0 1(1.79%) 0.590

HRT, hormone replacement therapy; GnRHa-HRT, gonadotropin-releasing hormone agonist-HRT; P/E2, Progesterone/ Estradiol.

TABLE 6 Association between confounding factors and live birth
outcomes: results of binary logistic regression analysis.

Confounding factors OR (95%Cl) p value
Endometrial preparation 2.125(0.948, 4.762) 0.067
protocol (1)

Age 0.883 (0.806, 0.966) 0.007
Endometrial thickness 1.176 (0.937, 1.476) 0.161
P/E2 1.004 (1.000, 1.009) 0.060
Duration of infertility 0.944 (0.852, 1.047) 0.275

OR, Odds Ratios; CI, confidence interval; P/E2, Progesterone/ Estradiol.

There may be the following mechanisms: (1) There are GnRHaa
receptors on the endometrium. After GnRHa binds to these
receptors, it can downregulate the expression of TGF-§ and its
receptors, inhibit the phosphorylation of Smad3 and its translocation
from the cytosol to the nucleus, thereby reducing the deposition of
extracellular matrix and inhibiting the formation of fibrous
adhesions (17); (2) GnRHa-a can promote the expression of key
transcription factors such as LIE, MEIS1, and HOXA10 (18, 19),
enhancing the expression of endometrial avp3 integrin, increasing
the number of pinopodes, and increasing number of cilia, thereby
ultimately improving endometrial receptivity (18, 20-24).
Furthermore, GnRHa can also enhance the expression of IL-6 and
IL-11 mRNA regulated by miR-124-3p in endometrial stromal cells,
enhancing endometrial receptivity (25, 26); (3) GnRHa can inhibit
local inflammatory response and downregulate cytotoxicity of NK
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cells to improve the intrauterine environment, thereby improving
embryo implantation (27, 28). Furthermore, GnRHa-HRT can
reduce the expression of the proinflammatory factors IL-6 and
IL-11, which may help increase the rate of childbirth (25). GnRHa
may also break down the balance between Treg and Th17 cells and
exert a direct immunomodulatory effect, thereby enhancing the
receptivity of the endometrium (29) (4). Other studies have
demonstrated that GnRHa-HRT can reduce nitric oxide synthase
expression of endometrium (30). However, a study found that
downregulation is only effective for patients with stage III or IV
endometriosis, but ineffective for those with mild endometriosis
(26). Therefore, in the future, high-quality data will still be needed
to support this argument.

Current research has found that clinical pregnancy outcomes in
patients with PCOS treated with GnRHa-HRT are controversial.
Some studies found that using long-acting GnRHa for pretreatment
resulted in an improvement in clinical pregnancy rates in patients with
PCOS (31, 32). However, some studies have shown that GnRHa-HRT
pretreatment does not improve pregnancy outcomes in patients with
PCOS (31, 32). Although we found an improvement in the
endometrial thickness of PCOS patients, it did not lead to an
improvement in the pregnancy outcome. The possible mechanism is
that the complex pathology of PCOS patients (e.g., metabolic
disorders, oocyte quality defects) may counteract the endothelial
optimization effect of downregulation (33, 34). Therefore, one needs
to weigh the potential benefits against the risks when using GnRHa.
Although the endometrial thickness of the GnRHa-HRT group has
increased in the Tubal factors group, the levels of estrogen and
progesterone decreased, and the incidence of premature birth
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significantly increased. The possible mechanism is that the hormonal
imbalance caused by the lowering of the pitch leads to cervical
insufficiency or abnormal placental function. It suggests that when
using a lowering treatment plan for such patients, the risks need to
be carefully evaluated.

The results of the logistic regression analysis indicated that age
was a standalone risk factor for live birth, consistent with previous
studies (35, 36). Endothelial preparation regimens were borderline
positively associated with live birth outcomes (p = 0.067), which,
although not at the traditional level of significance, combined with the
results of the subgroup analyses, strongly suggests the potential value
of downregulation regimens in specific populations. This “borderline
significant” result may also be limited by the single-center nature of
the study, insufficient sample size, or confounding factors that were
not fully controlled for (e.g., individual patient differences, details of
the ovulation regimen).

This study has certain limitations. First, as a retrospective single-
center study, it may be subject to selection bias. Second, etiologic
stratification was not further refined (e.g., metabolic subtypes of
PCOS and lesion types of endometriosis), which might have affected
the assessment. Third, some potential confounding variables (e.g.,
lifestyle, embryo quality) were not included in the analysis; notably,
the lack of control for embryo quality—a key factor in transplantation
outcomes—may impact result interpretation. Additionally, although
patients were fully informed about differences in cost (e.g., medication,
number of visits) and time-to-pregnancy (e.g., extended duration due
to GnRHa downregulation in GnRHa-HRT), during clinical decision-
making, this study did not systematically collect or analyze such data,
limiting comprehensive evaluation of economic and time efficiency.
In subsequent research, we will refine embryo quality assessment and
integrate it into analytical models. Future multicenter prospective
studies should combine molecular marker testing, precise etiologic
typing, cost-effectiveness analysis, and time-to-pregnancy tracking to
explore mechanisms of different endometrial preparation regimens,
providing stronger evidence for individualized treatment.

5 Conclusion

In summary, this study confirms the critical impact of age on
pregnancy outcomes and reveals the differential effects of a
downregulation program across various populations. In clinical
practice, endothelial preparation regimens should be selected
comprehensively according to patient etiology, transplantation
strategy, and other relevant factors. For patients with endometriosis
undergoing single-embryo transfer, the downregulation regimen
should be considered a priority. In contrast, for patients with PCOS or
tubal factor infertility, the advantages and disadvantages of the
regimen need to be carefully weighed and applied cautiously to
maximize the efficacy of the treatment of assisted reproduction.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Medicine

10.3389/fmed.2025.1649012

Ethics statement

The studies involving humans were approved by the School of
Medical and Life Sciences/Reproductive and Women-Children
Hospital, Chengdu University of Traditional Chinese Medicine Ethics
Committee. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study.

Author contributions

XY: Conceptualization, Writing - original draft. DT:
Conceptualization, Funding acquisition, Writing — original draft,
Writing - review & editing. HL: Writing - review & editing. GZ:

Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported by
the “Xinglin Qingji Talent Advancement” Project of Chengdu University
of Traditional Chinese Medicine (Grant No.: 330/330023271).

Acknowledgments

We greatly thank the patients, their families, and the investigators
who participated in this trial.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1649012
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yietal.

References

1. Wong KM, Mastenbroek S, Repping S. Cryopreservation of human embryos and
its contribution to in vitro fertilization success rates. Fertil Steril. (2014) 102:19-26. doi:
10.1016/j.fertnstert.2014.05.027

2. Liu L, Zhou H, Hu J, Sun X, Liu D, Huang G. Association between duration of
progesterone supplementation and clinical outcomes in artificial frozen-thawed embryo
transfer cycles. Front Endocrinol. (2023) 14:1193826. doi: 10.3389/fendo.2023.1193826

3. Zhang X, Wang M, Chen Y, Li L. Effect of high serum Estradiol levels and duration
of vaginal Estradiol administration on reproductive outcomes in frozen-thawed embryo
transfer cycles. CEOG. (2024) 51:164. doi: 10.31083/j.ceog5107164

4. Mackens S, Santos-Ribeiro S, van de Vijver A, Racca A, Van Landuyt L, Tournaye
H, et al. Frozen embryo transfer: a review on the optimal endometrial preparation and
timing. Hum Reprod. 32:2234-42. doi: 10.1093/humrep/dex285

5. Xu ], Li SZ, Yin MN, Liang PL, Li P, Sun L. Endometrial preparation for frozen-
thawed embryo transfer with or without Pretreatment with GnRH agonist: a randomized
controlled trial at two Centers. Front Endocrinol. (2021):12. doi:
10.3389/fend0.2021.722253

6. YuJ, Chen P, Luo Y, Lv M, Lou L, Xiao Q, et al. GnRH-agonist pretreatment in
hormone replacement therapy improves pregnancy outcomes in women with male-
factor infertility. Front Endocrinol. (2022) 13:1014558. doi:
10.3389/fend0.2022.1014558

7. El-Toukhy T, Taylor A, Khalaf Y, Al-Darazi K, Rowell P, Seed P, et al. Pituitary
suppression in ultrasound-monitored frozen embryo replacement cycles. A randomised
study. Hum Reprod. 19:847-9. doi: 10.1093/humrep/deh183

8. Hao H, Li M, Zhang C, Zhang S. The effect of gonadotropin-releasing hormone
agonist downregulation in conjunction with hormone replacement therapy on
endometrial preparation in patients for frozen-thawed embryo transfer. Front Med.
(2024):11. doi: 10.3389/fmed.2024.1412126

9. Wang Y, Xie H, Shen P, Lv Q. Gonadotropin-releasing hormone agonist combined
with hormone replacement therapy protocol improves the live birth rate in frozen-
thawed embryo transfer cycles for patients without endometriosis. CEOG. (2023) 50:171.
doi: 10.31083/j.ce0g5008171

10. Simé6n C, Gimeno M]J, Mercader A, Francés A, Garcia Velasco J, Remohi J, et al.
Cytokines-adhesion molecules-invasive proteinases. The missing paracrine/autocrine
link in embryonic implantation? Mol Hum Reprod. (1996) 2:405-24. doi:
10.1093/molehr/2.6.405

11. Tavaniotou A, Albano C, Smitz J, Devroey P. Impact of ovarian stimulation on
corpus luteum function and embryonic implantation. J Reprod Immunol. (2002)
55:123-30. doi: 10.1016/S0165-0378(01)00134-6

12. Ma W, Song H, Das SK, Paria BC, Dey SK. Estrogen is a critical determinant that
specifies the duration of the window of uterine receptivity for implantation. Proc Natl
Acad Sci. (2003) 100:2963-8. doi: 10.1073/pnas.0530162100

13. Singh MM, Chauhan SC, Trivedi RN, Maitra SC, Kamboj VP. Correlation of
pinopod development on uterine luminal epithelial surface with hormonal events and
endometrial sensitivity in rat. Eur ] Endocrinol. (1996) 135:107-17. doi:
10.1530/eje.0.1350107

14. Martel D, Monier MN, Roche D, Psychoyos A. Hormonal dependence of pinopode
formation at the uterine luminal surface. Hum Reprod. (1991) 6:597-603. doi:
10.1093/oxfordjournals.humrep.a137386

15. Shalom-Paz E, Aslih N, Samara N, Michaeli M, Ellenbogen A. Late follicular
progesterone to estradiol ratio is not influenced by protocols or gonadotropins used.
Reprod Biol Endocrinol. (2015) 13:119. doi: 10.1186/s12958-015-0116-y

16.Qi Q, Luo J, Wang Y, Xie Q. Effects of artificial cycles with and without
gonadotropin-releasing hormone agonist pretreatment on frozen embryo transfer
outcomes. ] Int Med Res. (2020) 48:300060520918474. doi: 10.1177/0300060520918474

17. RBEJ Retracted article: gonadotropin releasing hormone analogue (GnRHa) alters
the expression and activation of Smad in human endometrial epithelial and stromal cells
| reproductive biology and endocrinology | full text. Available online at: https://rbej.
biomedcentral.com/articles/10.1186/1477-7827-1-125 (Accessed July 17, 2025).

18. Ruan HC, Zhu XM, Luo Q, Liu AX, Qian YL, Zhou CY, et al. Ovarian stimulation
with GnRH agonist, but not GnRH antagonist, partially restores the expression of
endometrial integrin beta3 and leukaemia-inhibitory factor and improves uterine
receptivity in mice. Hum Reprod. (2006) 21:2521-9. doi: 10.1093/humrep/del215

Frontiers in Medicine

10

10.3389/fmed.2025.1649012

19. Guo S, Li Z, Yan L, Sun Y, Feng Y. GnRH agonist improves pregnancy outcome in
mice with induced adenomyosis by restoring endometrial receptivity. DDDT. (2018)
12:1621-31. doi: 10.2147/DDDT.S162541

20. Orvieto R, Meltzer S, Rabinson J, Zohav E, Anteby EY, Nahum R. GnRH agonist
versus GnRH antagonist in ovarian stimulation: the role of endometrial receptivity. Fertil
Steril. (2008) 90:1294-6. doi: 10.1016/j.fertnstert.2007.10.022

21.Chen HW, Liu JCC, Chen JJW, Lee YM, Hwang JL, Tzeng CR. Combined
differential gene expression profile and pathway enrichment analyses to elucidate the
molecular mechanisms of uterine leiomyoma after gonadotropin-releasing hormone
treatment. Fertil Steril. (2008) 90:1219-25. doi: 10.1016/j.fertnstert.2007.11.015

22. Oliveira JBA, Baruffi R, Petersen CG, Mauri AL, Cavagna M, Franco JG.
Administration of single-dose GnRH agonist in the luteal phase in ICSI cycles: a meta-
analysis. Reprod Biol Endocrinol. (2010) 8:107. doi: 10.1186/1477-7827-8-107

23. Blockeel C, Sterrenburg MD, Broekmans FJ, et al. Follicular phase endocrine
characteristics during ovarian stimulation and GnRH antagonist cotreatment for IVF:
RCT comparing recFSH initiated on cycle day 2 or 5. ] Clin Endocrinol Metab. (2011)
96:1122-8. doi: 10.1210/jc.2010-2239

24. Taskin O, Akkoyunlu G, Simsek M, Demir R, Onoglu A, Sadik S. Comparing the
effects of GnRH-a on endometrial receptivity in patients undergoing ART and prepared
frozen embryo transfer cycles. Fertil  Steril. (2002) 78:5232. doi:
10.1016/S0015-0282(02)04132-8

25. LiL, Liu L, Kou Z, Huo M, An J, Zhang X. GnRH agonist treatment regulates IL-6 and
IL-11 expression in endometrial stromal cells for patients with HRT regiment in frozen
embryo transfer cycles. Reprod Biol. (2022) 22:100608. doi: 10.1016/j.repbio.2022.100608

26. Cao X, Chang HY, Xu JY, Zheng Y, Xiang YG, Xiao B, et al. The effectiveness of
different down-regulating protocols on in vitro fertilization-embryo transfer in
endometriosis: a meta-analysis. Reprod Biol Endocrinol. (2020) 18:16. doi:
10.1186/512958-020-00571-6

27. Khan KN, Kitajima M, Hiraki K, Fujishita A, Nakashima M, Ishimaru T, et al. Cell
proliferation effect of GnRH agonist on pathological lesions of women with
endometriosis, adenomyosis and uterine myoma. Hum Reprod. (2010) 25:2878-90. doi:
10.1093/humrep/deq240

28.Khan KN, Kitajima M, Inoue T, Fujishita A, Nakashima M, Masuzaki H.
17B-estradiol and lipopolysaccharide additively promote pelvic inflammation and
growth of endometriosis. Reprod Sci. (2015) 22:585-94. doi: 10.1177/1933719114556487

29. Guo Z, Shi P, Hao C. Effect of GnRHa on Th17/Treg cells in peripheral blood of
patients with unexplained repeated implantation failure. Arch Gynecol Obstet. (2018)
298:1211-8. doi: 10.1007/s00404-018-4874-6

30. Wang J, Zhou F, Dong M, Wu R, Qian Y. Prolonged gonadotropin-releasing
hormone agonist therapy reduced expression of nitric oxide synthase in the
endometrium of women with endometriosis and infertility. Fertil Steril. (2006)
85:1037-44. doi: 10.1016/j.fertnstert.2005.09.028

31.Liu X, Shi J, Bai H, Wen W. Pretreatment with a GnRH agonist and hormone
replacement treatment protocol could not improve live birth rate for PCOS women
undergoing frozen-thawed embryo transfer cycles. BMC Pregnancy Childbirth. (2021)
21:835. doi: 10.1186/512884-021-04293-4

32.Luo L, Chen M, Wen Y, Zhang L, Zhou C, Wang Q. Pregnancy outcome and cost-
effectiveness comparisons of artificial cycle-prepared frozen embryo transfer with or
without GnRH agonist pretreatment for polycystic ovary syndrome: a randomised
controlled trial. BJOG. (2021) 128:667-74. doi: 10.1111/1471-0528.16461

33. Qiao J, Feng HL. Extra- and intra-ovarian factors in polycystic ovary syndrome:
impact on oocyte maturation and embryo developmental competence. Hum Reprod
Update. 17:17-33. doi: 10.1093/humupd/dmq032

34, Baracat MCP, Baracat EC, Simoes RS, et al. Hormonal and metabolic factors
influence the action of progesterone on the endometrium of women with polycystic
ovary syndrome. Diagnostics. (2023) 13:382. doi: 10.3390/diagnostics13030382

35.Xu B, Hou Z, Liu N, Zhao J, Li Y. Pretreatment with a long-acting GnRH agonist
for frozen-thawed embryo transfer cycles: how to improve live birth? ] Ovarian Res.
(2023) 16:197. doi: 10.1186/s13048-023-01277-0

36. Tang H, Yang M, Yi H, Lin M. Risk factors of preterm birth and low birth weight
in singletons conceived through frozen embryo transfer: a retrospective study. JGM.
(2022) 15:8693-704. doi: 10.2147/IJGM.S394231

frontiersin.org


https://doi.org/10.3389/fmed.2025.1649012
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.fertnstert.2014.05.027
https://doi.org/10.3389/fendo.2023.1193826
https://doi.org/10.31083/j.ceog5107164
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.3389/fendo.2021.722253
https://doi.org/10.3389/fendo.2022.1014558
https://doi.org/10.1093/humrep/deh183
https://doi.org/10.3389/fmed.2024.1412126
https://doi.org/10.31083/j.ceog5008171
https://doi.org/10.1093/molehr/2.6.405
https://doi.org/10.1016/S0165-0378(01)00134-6
https://doi.org/10.1073/pnas.0530162100
https://doi.org/10.1530/eje.0.1350107
https://doi.org/10.1093/oxfordjournals.humrep.a137386
https://doi.org/10.1186/s12958-015-0116-y
https://doi.org/10.1177/0300060520918474
https://rbej.biomedcentral.com/articles/10.1186/1477-7827-1-125
https://rbej.biomedcentral.com/articles/10.1186/1477-7827-1-125
https://doi.org/10.1093/humrep/del215
https://doi.org/10.2147/DDDT.S162541
https://doi.org/10.1016/j.fertnstert.2007.10.022
https://doi.org/10.1016/j.fertnstert.2007.11.015
https://doi.org/10.1186/1477-7827-8-107
https://doi.org/10.1210/jc.2010-2239
https://doi.org/10.1016/S0015-0282(02)04132-8
https://doi.org/10.1016/j.repbio.2022.100608
https://doi.org/10.1186/s12958-020-00571-6
https://doi.org/10.1093/humrep/deq240
https://doi.org/10.1177/1933719114556487
https://doi.org/10.1007/s00404-018-4874-6
https://doi.org/10.1016/j.fertnstert.2005.09.028
https://doi.org/10.1186/s12884-021-04293-4
https://doi.org/10.1111/1471-0528.16461
https://doi.org/10.1093/humupd/dmq032
https://doi.org/10.3390/diagnostics13030382
https://doi.org/10.1186/s13048-023-01277-0
https://doi.org/10.2147/IJGM.S394231

	GnRH agonist pretreatment in hormonal endometrial preparation: a comparison of two protocols for frozen embryo transfer outcomes
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Inclusion criteria and exclusion criteria
	2.3 Grouping strategy
	2.4 Endometrial preparation protocol
	2.4.1 HRT protocol
	2.4.2 GnRHa–HRT protocol
	2.5 Outcome indicators
	2.6 Statistical analysis

	3 Results
	3.1 Overall process analysis
	3.2 Endothelial preparation protocols cross-stratified with embryo transfer strategies
	3.3 Stratified analysis according to etiologies
	3.3.1 Tubal or male factors group
	3.3.2 PCOS factors group
	3.3.3 Endometriosis factors group
	3.3.3.1 Compare the pregnancy outcomes between endometrial preparation protocols
	3.3.3.2 Impact of endometrial preparation and clinical factors on live birth logistic regression

	4 Discussion
	5 Conclusion

	References

