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Abstract

Background: Whether gonadotropin-releasing hormone agonist (GnRH-a) pituitary suppression improves clinical outcomes in non-
endometriosis patients undergoing frozen embryo transfer remains controversial. The objective of this study is to investigate whether
GnRHa combined with hormone replacement treatment (HRT) compared to HRT alone can improve the clinical outcomes of frozen-
thawed embryo transfer in patients without endometriosis. Methods: This is a retrospective cohort study. This study involved 2178
frozen-thawed embryo transfer (FET) cycles of non-endometriosis patients between January 2018 and December 2019, of these cycles,
1535 were GnRHa-HRT combined cycles and 643 were HRT alone cycles. The primary outcomes were the clinical pregnancy and live
birth rates. SPSS software (version 23.0, IBM Corp., Chicago, IL, USA) was used for data analysis. Results: Single-factor analysis
showed that the live birth and implantation rates -were higher in the GnRHa-HRT group than those in the HRT group (p < 0.05). The
mid-to-late-term miscarriage rate in the GnRHa-HRT group was lower than that in the HRT group (p < 0.05). The rates of human
chorionic gonadotropin (HCG) positivity, clinical pregnancy, early abortion, multiple pregnancy, and preterm delivery between the two
groups were comparable. Multivariate logistic regression analysis showed that rate of the live birth in the GnRHa-HRT group was higher
than in the HRT group (p = 0.009), and there was no significant difference in the clinical pregnancy rate between the two groups (p =
0.103). Conclusions: This large-scale retrospective study revealed that non-endometriosis women in FET cycles may benefit from the
GnRHa downregulation due to increasing the live birth rate.
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1. Introduction
Infertility is estimated to affect approximately one in

six people around the world at some point in their lives
[1]. In vitro fertilization-embryo transfer (IVF-ET) and re-
lated techniques are among the most effective treatments
for infertility. Patients undergoing fresh cycles may exhibit
endometrial abnormalities, high progesterone, pelvic infec-
tion after oocyte retrieval, and other complications, which
can result in poor clinical outcomes [2]. On the other hand,
frozen-thawed embryo transfer (FET) is performed to pro-
vide a better implantation environment and to avoid wast-
ing embryos. In addition, whole embryo freezing plays a
crucial role in reducing the risk of ovarian hyperstimula-
tion syndrome, ensuring the safety of IVF [3]. Therefore,
FET has become an essential treatment option for assisted
reproductive technology (ART).

The success of FET is determined by three key fac-
tors: embryo quality, endometrial receptivity, and embryo-
endometrium synchronization [4]. With improvements in
the technique of frozen-thawed embryos, damage to the em-

bryos caused by freezing and thawing has been reduced.
Therefore, endometrium receptivity has become a hot topic
in the study of frozen embryos.

The endometrial preparation protocols for the FET cy-
cles may affect endometrial receptivity. Commonly used
methods to prepare the endometrium include nature cycle
(NC), hormone replacement treatment (HRT), ovarian stim-
ulation, and hormone replacement treatment combined with
GnRH pretreatment (GnRHa-HRT). HRT has become the
most popular method of endometrial preparation in repro-
ductive centers due to its low time restriction and cycle
cancellation rate. Gonadotropin-releasing hormone agonist
(GnRH-a) exhibits therapeutic effects on endometriosis by
inhibiting the hypothalamic-pituitary-ovarian axis so it is
considered to improve the clinical outcomes of frozen em-
bryo transfer in patients with endometriosis theoretically,
which has been proved in some clinical studies [5,6]. How-
ever, the role that GnRH-a plays in patients undergoing FET
without endometriosis, is still controversial.
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Some studies on FET revealed that GnRHa-HRT pro-
moted endometrial receptivity. A recent retrospective co-
hort study [7] indicated that the GnRHa pretreatment can
increase live birth, ongoing pregnancy, and clinical preg-
nancy rates in patients with advanced age and recurrent im-
plantation failure. A single-blind randomized controlled
trial (RCT) by Aghahoseini M et al. [8] in patients with hy-
perandrogenic polycystic ovary syndrome (PCOS) found a
higher rate of ongoing pregnancy and a lower rate of mis-
carriage in theGnRHa downgrading group in the frozen em-
bryo cycles.

But an RCT study [9] that included 188 patients with
PCOS showed that there were no significant differences in
pregnancy outcomes, incidence of obstetric complications
and neonatal malformations between the GnRHa-HRT and
HRT groups. Another RCT study [10] included 236 frozen-
thawed embryo transfer cycles, randomized to the modified
natural group and the GnRHa-HRT group, and all the pa-
tients tranferred only one euploid blastocyst. The results of
the study showed that the clinical pregnancy, miscarriage,
and live birth rates of the two groups were comparable.

The number of participants in the above RCT stud-
ies was small. In this study, 2178 FET cycles of GnRHa-
HRT or HRT were retrospectively analyzed to investigate
the clinical outcome of patients treated with two different
endometrial preparation protocols. All patients were diag-
nosed as non-endometriotic.

2. Materials and Methods
2.1 Study Population

This is a retrospective study included 2178 FET cy-
cles performed between January 2018 and December 2019
at the Center of Assisted Reproductive Medicine Center of
Sichuan Provincial People’s Hospital. The inclusion crite-
ria were as follows: (1) patients with endothelial prepara-
tion using GnRHa-HRT or HRT, (2) patients under 40 years
of age. The exclusion criteria were as follows: (1) patients
with endometriosis or/and adenomyosis, (2) patients with a
body mass index (BMI) over 30 kilograms per square me-
ter, (3) patients with hydrosalpinx on one or both sides, (4)
patients with intrauterine adhesion, (5) patients with con-
genital malformations of the uterus, (6) patients with uterine
fibroids, (7) chromosome abnormalities of either one of the
couples, (8) patients who received oocytes. Of these 2178
FET cycles, 1535 were GnRHa-HRT cycles and 643 were
HRT cycles. The decision to implement GnRHa-HRT or
HRT was based on the physician’s approval of the protocol,
the patient’s time and affordability, and previous embryo
transfer history. Informed consent was obtained from all
subjects prior to their participation in the study, in accor-
dance with the Declaration of Helsinki. The research pro-
tocol was approved by the Reproductive Ethics Committee
of Sichuan Provincial People’s Hospital (NO. 202209).

2.2 Endometrial Preparation Protocols
2.2.1 HRT Group

Daily oral administration of estradiol valeratewas 3
mg (Progynova, Bayer Schering Pharma, Berlin, Germany)
twice a day starting from the 2nd or 3rd day ofmenstruation.
Additional doses, starting from 2 mg/d were given if the
endometrial thickness was <8 mm, 7 days after initial ad-
ministration. The endometrial thickness was then checked
every 3–5 days to determine the doses of Progynova. The
maximal dose was 10mg/d. Luteal support was given when
the endometrial thickness is ≥8 mm and plasma E2 ≥450
pmol/L.

2.2.2 GnRHa-HRT Group
3.75mg triptorelin acetate (Diphereline, Ipsen Pharma

Biotech, Paris, France) was administrated by injection at a
dose of 3.75 mg on the 2nd–5th day of menstruation. Prog-
ynova was given in the HRT cycles after 28 days.

2.3 Luteal Support
In both the two groups, luteal support was started

4 days before the transfer of the split embryo and 5
days before the transfer of the blastocyst. Luteal support
was achieved by daily injection of 60 mg progesterone
(Zhejiang Xianju Pharmaceutical Co Ltd., Taizhou, Zhe-
jiang, China). Alternatively, a 90 mg daily progesterone
sustained-release vaginal gel (Crinone, Fleet Laboratories
Ltd., Watford, United Kingdom) vaginally.

2.4 Embryos Cryopreservation and Throwing
All embryos were cryopreserved using the vitrifica-

tion method.
In the afternoon 1 day prior to transfers, the D3 em-

bryos were thawed. On the morning of the embryo transfer
day, the D5/D6 blastocysts were thawed. The survival of
more than half of blastomeres was defined as embryonic
survival; While the absence of blastomere damage was de-
fined as whole embryonic survival.

2.5 Pregnancy Outcomes
Biochemical pregnancy was diagnosed by serum ß-

HCG ≥10 IU/L after 12 days of transfer.
Clinical pregnancy was defined as observation of a

gestational sac via ultrasound after 30 days of transfer. The
embryo implantation rate was the ratio of the number of
gestational sacs to the number of embryos transferred.

2.6 Statistical Analysis
The SPSS software (version 23.0, IBM Corp.,

Chicago, IL, USA) was used for data analysis. Continu-
ous variables were described as the mean ± standard de-
viation (mean ± SD), and the two groups were compared
using an independent samples t-test. Categorical variables
expressed as percentages (%), were compared using a chi-
square test. A difference of p < 0.05 was regarded as a
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Table 1. Baseline characteristics of patients in the two groups.
Characteristic GnRHa-HRT (n = 1535) HRT (n = 643) χ2/t value p value

Female age (y) 30.29 ± 3.81 29.75 ± 3.77 –3.052 0.002
BMI (kg/m2) 22.06 ± 2.30 22.08 ± 2.27 0.143 0.886
Infertility type (n,%) 0.947 0.330

Primary infertility 800 (52.1) 320 (49.8)
Secondary infertility 735 (47.9) 323 (50.2)

The endometrial thickness on the day of transfer (mm) 10.16 ± 1.63 9.48 ± 1.33 –10.164 <0.001
The mean number of embryos transferred 1.76 ± 0.45 1.73 ± 0.46 –1.142 0.254
Blastocyst transfer rate 73.50% 73.30% 0.013 0.910
Values represent means ± SD or the number (percentage) of patients.
GnRHa, gonadotrophin-releasing hormone agonist; HRT, hormone replacement treatment; BMI, bodymass index.

Table 2. Pregnancy outcomes in the two endometrial preparation groups.
Pregnancy outcomes GnRHa-HRT (n = 1535) HRT (n = 643) p value

HCG positivity rate (%) 70.2 (1078/1535) 66.1 (425/643) 0.057
Clinical pregnancy rate (%) 60.5 (928/1535) 56.6 (364/643) 0.096
Embryos implantation rate (%) 44.1 (1191/1115) 38.6 (430/2669) 0.002
First-trimester miscarriage rate (%) 11.0 (102/928) 12.9 (47/364) 0.331
Mid-to-late-term miscarriage rate (%) 1.7 (16/928) 3.6 (364) 0.044
Values represent percentages (no./no.) of the patients.
HCG, human chorionic gonadotropin; GnRHa, gonadotrophin-releasing hormone agonist; HRT,
hormone replacement treatment.

statistically significant difference. The relationship of each
parameter to clinical pregnancy and live birth rates was ana-
lyzed using multivariable logistic regression. The included
covariates were endometrial preparation protocol, age, type
of infertility, BMI, endometrial thickness, and the number
of embryos transferred.

3. Results
3.1 Baseline Characteristics of Patients

Table 1 provides a description of the patient’s base-
line characteristics. The BMI, mean number of embryos
transferred, the ratio of primary infertility to secondary in-
fertility, and the blastocyst transfer rate between the two
groups were not significant different. There was a signifi-
cant difference (p < 0.05) in the average age between the
two groups, and. heGnRHa-HRT groupwas higher than the
HRT group. On the day of embryo transfer, the endometrial
thickness was significantly thicker (p < 0.05).

3.2 The Pregnancy Outcomes
Table 2 showed the pregnancy outcomes. The HCG

positivity, clinical pregnancy, and first-trimester abortion
rates were not significant different between the two groups.
However, there was a statistically significant difference (p
< 0.0) in the implantation rate which was higher in the
GnRHa-HRT group (44.1%) compared to the HRT group
(38.6%). Additionally, the rate of mid-to-late-term mis-
carriage was lower in the GnRHa-HRT group (1.7%) com-
pared to the HRT group (3.6%), which was also statistically
significant (p < 0.05).

3.3 The Obstetric Outcomes
Table 3 showed the patients’ obstetrical outcomes.

There was a higher rate of live birth rate in the GnRHa-
HRT group (52.3%) compared to the HRT group (46.3%),
showing statistically significant differences (p < 0.05). In
the GnRHa-HRT group, 680 of 928 were singleton preg-
nancies and 248 of 928 were twin or triple pregnancies. In
the HRT group, 275 of 364 were singleton pregnancies and
89 of 364 were twin or triple pregnancies. The rate of mul-
tiple pregnancies was comparable between the two groups.
The rate of preterm delivery rate was not statistically signif-
icant different between the two groups (28.0% vs. 24.2%,
p = 0.2).

3.4 Multifactor Logistic Regression Analysis of Factors
Associated with FET Outcomes

Multivariate logistic regression analysis was con-
ducted with clinical pregnancy and live birth rates as de-
pendent variables and endometrial preparation protocol, av-
erage age, endometrial thickness on embryo transfer day,
number of embryos transferred, BMI and infertility type as
independent variables. Table 4 showed the results. Clinical
pregnancy and live birth rates were significantly affected
by mean age and number of embryos transferred. Endome-
trial thickness, BMI, and infertility type did not influence
live birth and clinical pregnancy rates. Clinical pregnancy
rate did not differ significantly between the two methods of
endometrial preparation, but the GnRHa-HRT group had a
higher live birth rate than the HRT group.
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Table 3. The obstetric outcomes of the two groups.
Obstetric outcomes GnRHa-HRT (n = 1535) HRT (n = 643) p value

Multiple pregnancy rate (%) 26.7 (248/928) 24.5 (89/364) 0.402
Live birth rate (%) 52.3 (803/1535) 46.3 (298/643) 0.011
Preterm delivery rate (%) 28.0 (225/803) 24.2 (72/298) 0.2
Values represent percentages (no./no.) of the patients.
GnRHa, gonadotrophin-releasing hormone agonist; HRT, hormone replacement treatment.

Table 4. An analysis of factors related to clinical pregnancy and live birth rates using multifactor logistic regression analysis.
Independent variables Clinical pregnancy rate Live birth rates

Value OR value (95% CI) p value OR value (95% CI) p value

Endometrial preparation protocols
HRT Ref. Ref.
GnRHa-HRT 1.174 (0.968–1.424) 0.103 1.289 (1.065–1.560) 0.009*
Female age (y) 0.953 (0.931–0.976) <0.001* 0.949 (0.928–0.972) <0.001*
The endometrial thickness on the day of transfer 1.021 (0.965–1.081) 0.467 1.005 (0.950–1.063) 0.868
BMI 1.011 (0.973–1.050) 0.587 1.003 (0.966–1.042) 0.865
Infertility type

Primary infertility Ref. Ref.
Secondary infertility 1.166 (0.976–1.393) 0.091 1.106 (0.928–1.318) 0.258

Number of embryos transferred 1.491 (1.231–1.805) <0.001* 1.503 (1.241–1.820) <0.001*
*p < 0.05 for logistic regression.
CI, confidence interval; OR odds ratio; BMI, body mass index; GnRHa, gonadotrophin-releasing hormone agonist; HRT, hor-
mone replacement treatment.

4. Discussion
FET has become an essential aspect of ART. A suc-

cessful frozen embryo transfer is determined by three
key factors: embryo quality, endometrial receptivity, and
embryo-endometrium synchronization [4]. As the methods
of endometrial preparation are crucial to endometrial recep-
tivity, it is a fundamental step of the FET.

The nature cycle (NC), the hormone replacement
treatment (HRT), the ovarian stimulation, and hormone re-
placement treatment with the gonadotrophin-releasing hor-
mone agonist pretreatment (GnRHa-HRT) are commonly
used to prepare the endometrium [11]. The nature cycle
(NC) is the most physiological method and is liable to be
performed with fewer costs, but the cycle cancellation rate
is high [12]. Women suffering from ovulatory dysfunction
with insensitivity to orally administrated estrogens or con-
traindication of estrogensmight benefit from ovarian stimu-
lation. The hormone replacement treatment is themost pop-
ular FET method of preparing the endometrium due to its
extensive clinical application and time flexibility of trans-
fer scheduling [13]. The hormone replacement treatment
is categorized into GnRHa-HRT (Pituitary down-regulation
by injecting GnRHa) and HRT. The GnRHa protocol is
known to improve the clinical outcome in patients with en-
dometriosis due to the therapeutic effects of GnRHa on en-
dometriosis, but the most effective endometrial preparation
protocol remains controversial.

A Cochrane review [14] findings showed that the
GnRHa-HRT protocol resulted in a higher live birth rate
than the HRT protocol, but neither miscarriage nor ongoing
pregnancy. A study [15] showed that GnRHa downregula-
tion is associatedwith higher rates of clinical pregnancy and
live birth rates in FETs with male-factor infertility. Another
RCT [16] showed that the GnRHa-HRT group and the HRT
group did not differ in clinical pregnancy rates, implanta-
tion rates, early pregnancy loss rates, or live birth rates.

However, these two RCT studies had small sample
sizes. In this study, it was revealed that there was a sig-
nificant increase in live birth rate with the GnRHa-HRT
protocol, but the clinical pregnancy rate was comparable
between the two groups. According to previous studies,
the possible reasons for the increased pregnancy outcome
of FET when using GnRHa-HRT are as follows: Hormone
replacement therapies may still result in the development
of follicles that produce endogenous luteinising hormone
(LH), which could lead to an earlier implantation window.
However, the administration of GnRHa prevented follicu-
lar growth by suppressing the pituitary [17]. It was found
that GnRHa downregulation significantly increased mRNA
and protein expression of HOXA10, MEIS1 and LIF in en-
dometrium [18]. HOXA10, MEIS1 and LIF are marks of
endometrial receptivity. There has been research show-
ing that GnRHa increases cytokinesis and integrin expres-
sion in endometrium. Neukomm et al. [19] revealed that
the increased number of cytokinesis on endometrial cells
and up-regulated integrins of endometrium were proved to
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enhance endometrial receptivity. Research [20] showed
that GnRH-a could directly bind to its receptors on the en-
dometrium to regulate decidual endometrial stromal cell
motility, thereby improving embryo implantation. Stud-
ies showed that endometrial cells expressed higher levels
of adhesion molecules when GnRHa bound to its receptors
on the endometrium, to inhibit the production of embry-
otoxic autoantibodies, and increase the implantation rate
[21,22]. The results of a recent retrospective study [23]
showed that GnRHa pretreatment can improve the clinical
pregnancy and live birth rates in FET cycles. In addition,
the study examined the mRNA expression of cytokines as-
sociated with endometrial receptivity in the endometrium of
patients whose tansfer was canceled on the day of FET. The
findings of the study suggest that pretreatment with GnRHa
significantly increases the expression of IL-6, IL-11, LIF
and integrin αvβ3 mRNAs in the endometrium. Compared
to the groupwithout GnRHa pretreatment, the expression of
these mRNAs and markers was significantly higher in the
groups with GnRHa pretreatment. These results suggest the
potential utility of GnRHa pretreatment in the regulation of
endometrial receptivity.

5. Conclusions
Although several RCTs have investigatedwhether Gn-

RHa downregulation affects treatment outcomes in FET cy-
cles for patients without endometriosis, results have varied,
even for patients with the same infertility etiology, creating
confusion in the clinical setting for clinicians. Additionally,
these previous RCTs have suffered from small sample sizes.
Therefore, it is necessary to conduct more research to clar-
ify the confusion surrounding how GnRHa downregulation
may affect the outcomes of FET. The greatest strength of
our study is its large sample size. Using a larger sample size
is more accurate because it captures a broader range of pa-
tients and can better represent the entire patient population.
Our study revealed that in the FET cycles, a significantly in-
crease in live birth rate was observed among GnRHa-HRT
among GnRHa-HRT patients without endometriosis when
comparedwith HRT patients. However, these findings need
to be confirmed by large-scale prospective randomized con-
trolled trials in the future. It is also necessary to analyse pa-
tients in groups according to different infertility etiologies.
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