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embryo transfer among women with polycystic
ovary syndrome: a narrow systematic review
and meta-analysis of randomized controlled
trials
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Abstract

Background Frozen embryo transfer (FET) is usually recommended for women with polycystic ovary syndrome
(PCOS) undergoing In vitro fertilization (IVF). While there is no consensus as to the optimal protocol of endome-
trial preparation for FET. The effect of gonadotropin-releasing hormone agonist (GnRH-a) pretreatment for FET
among women with PCOS remains controversial.

Purpose We intend to explore whether GnRH-a pretreatment could improve clinical outcomes for women
with PCOS undergoing FET.

Methods PubMed, Embase, ClinicalTrials.gov, Cochrane Library, and Web of Science were searched up to May 16,
2024. Eligible studies involved patients with PCOS undergoing FET and receiving GnRH-a pretreatment for endo-
metrial preparation, with artificial cycle (AC) as the control therapy. Only randomized controlled trials (RCTs) pub-
lished in Chinese and English were included. Data extraction was performed independently by two authors. Effect
was quantified using odd ratios (ORs) with 95% confidence intervals (Cls) using random-effect models with the Man-
tel-Hansel (M-H) method in Revman software. Quality of outcomes was evaluated using the GRADEpro system.
Primary outcomes contained the clinical pregnancy rate, miscarriage rate, and live birth rate. Secondary outcomes
included the incidence of preterm labor and gestational diabetes mellitus (GDM).

Results Ninety-seven records were initially retrieved, with 21 duplicates and 65 articles excluded after title

and abstract screening. Seven studies were excluded due to retrospective design, leaving three RCTs with 709 partici-
pants. Among them, 353 received GnRH-a pretreatment as the intervention group and 356 received AC as the con-
trol group. No significant differences were observed in the clinical pregnancy rate (OR 1.09, 95% Cl 0.75 to 1.56,
P=0.66), miscarriage rate (OR 0.73,95% Cl 0.28 to 1.90, P=0.52), live birth rate (OR 0.87, 95% Cl 0.61 to 1.25, P=0.46),
and the risk of preterm labor (OR 1.45, 95% C1 0.79 to 2.65, P=0.23) and GDM (OR 0.73, 95% Cl 0.37 to 1.48, P=0.39)
between the two groups.
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Conclusions In this meta-analysis, GhRH-a pretreatment does not confer any advantages and appears unneces-
sary for women with PCOS undergoing FET. Additional RCTs should focus on maternal complications and the health

of offspring.

Keywords GnRH agonist, Polycystic ovary syndrome, Frozen embryo transfer, Pregnancy outcomes, Maternal and

neonatal outcomes, Artificial cycle, Endometrial preparation

Introduction

Polycystic ovary syndrome (PCOS) is a complex endo-
crine disorder that affects 11-13% of reproductive-aged
women worldwide [1]. It is clinically characterized by
ovulatory dysfunction, androgen excess, and polycys-
tic ovaries [2]. Women with PCOS often suffer from
impaired fertility, regardless of ovulation [3]. They also
face a higher risk of pregnancy complications, possibly
due to dysfunctional oocyte competence, endometrial
status, and abnormal trophoblast invasion and placenta-
tion [4—6]. In vitro fertilization (IVF) is an effective treat-
ment for infertile women with PCOS. However, the use
of ovulation-stimulating drugs in fresh embryo transfer
cycles can lead to elevated estrogen levels, potentially
affecting endometrial receptivity and embryo implan-
tation negatively [7]. Furthermore, ovarian stimulation
may result in enlarged ovaries and increased vascular
permeability, leading to the specific complication of
ovarian hyperstimulation syndrome (OHSS) [8]. The
2023 International Evidence-based Guideline for the
Assessment and Management of Polycystic Ovary Syn-
drome emphasizes that women with PCOS undergoing
IVF face a higher risk of OHSS and outlines the option
of freezing all embryos to mitigate this risk [9]. A large
clinical trial has demonstrated that frozen embryo trans-
fer (FET) offers a higher live birth rate and reduced risk
of OHSS for women with PCOS as compared to fresh
embryo transfer [10]. Recent studies have suggested that
FET could avoid supraphysiological estrogenic status
and facilitate the synchronization between embryo and
endometrium which is beneficial for PCOS women [11,
12]. As a result, FET is strongly recommended as a safer
approach for PCOS patients undergoing IVF [13].

The use of FET cycles has been steadily increasing
in Europe in recent years [14]. However, no consensus
exists on the most efficient and optimal endometrial
preparation protocol for FET [15]. Common endome-
trial preparation methods are typically divided into
three groups: artificial cycle (AC), natural cycle (NC),
and stimulated cycle [16]. AC, also known as hormo-
nal replacement treatment (HRT) cycles, involves the
use of exogenous estrogen supplements to promote
endometrial growth and inhibit follicular develop-
ment [17]. NC involves monitoring oocyte growth
and allowing the ovary to produce estrogen without

medical intervention before ovulation. The stimulated
cycle promotes follicle growth by generating endog-
enous estrogen through the use of letrozole, follicle-
stimulating hormone (FSH), or clomiphene [17]. Due
to the challenges posed by anovulation and the ease of
management with HRT, AC is the most commonly used
protocol for endometrial preparation in women with
PCOS. [18, 19].

The administration of estrogen does not always effec-
tively suppress pituitary function, leading to the subse-
quent occurrence of a dominant follicle in the ovaries.
To address this, gonadotropin-releasing hormone ago-
nist (GnRH-a) is used to down-regulate the pituitary
and inhibit oocyte growth before HRT [15]. Several
retrospective studies have indicated that GnRH-a pre-
treatment for women with PCOS undergoing FET is
associated with a higher live birth rate and lower miscar-
riage rate [20—23]. However, one study has suggested that
GnRH-a pretreatment may not improve the live birth
rate for PCOS patients [24]. Another study observed
that GnRH-a pretreatment was associated with a lower
risk of preterm birth compared to PCOS women without
GnRH-a pretreatment. [20]. So, whether GnRH-a pre-
treatment is beneficial to pregnancy outcomes or neona-
tal outcomes remains controversial. We aim to conduct
a meta-analysis of randomized controlled trials (RCTs)
to explore the effect of GnRH-a pretreatment for FET
among women with PCOS.

Methods

This study followed Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) report-
ing guideline [25]. The Number of registration on
PROSPERO website was CRD42024558354.

Search strategy

We conducted thorough searches in the PubMed,
EMBASE, ClinicalTrials.gov, Cochrane Library and Web
of Science databases up to May 16, 2024. Our search
strategy adhered to the PICOS format, encompassing
participants, interventions, comparisons, outcomes, and
study design [25]. The detailed search strategies for each
database were provided in the supplement (eMethods).
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Study selection and data extraction

After removing the duplicates, Wu and Tu indepen-
dently reviewed the titles and abstracts of the remain-
ing articles, excluding those that did not meet the
exclusion and inclusion criteria. Then Wu and Tu
independently retrieved the eligible studies by reading
the full text. Any discrepancies were discussed by two
reviewers and resolved by the third reviewer. Inclu-
sion criteria: PCOS diagnosis was according to the
Rotterdam criteria or other standard diagnostic crite-
ria; research involved the use of GnRH-a as an inter-
vention and AC as the control; participants underwent
FET; methodology of the studies was limited to RCT.
Exclusion criteria: studies with missing data or lost to
follow-up; study not published in English or Chinese.
Data were extracted from included studies by Wu and
Tu. The characteristics of eligible studies that poten-
tially related to the outcomes were extracted as follows:
first author, publication year, site, diagnostic criteria of
PCOS, total number of women in the intervention and
control group, and other baseline features: age, body
mass index (BMI) and endometrium thickness. The pri-
mary outcome measures were the clinical pregnancy
rate, miscarriage rate, and live birth rate. The second-
ary outcome measure was the incidence of gestational
diabetes mellitus (GDM) and preterm labor. Clini-
cal pregnancy rate was defined as the total number of
cases with at least one sac on ultrasound divided by the
total number of initiated cycles. The miscarriage rate
was defined as the total number of cases with at least
one clinical pregnancy that was subsequently spon-
taneously miscarried divided by the total number of
initiated cycles. The live birth rate was defined as the
total number of cases with at least one baby born after
28 weeks of gestation divided by the total number of
initiated cycles.

Data analysis

We analyzed the data and calculated treatment effects
using odds ratios (ORs) with 95% confidence intervals
(CIs). We used random-effect models with the Man-
tel-Haenszel (M-H) method in Review Manager, ver-
sion 5 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). We assessed heteroge-
neity across the studies using the I? statistic; I*>50%
indicated substantial heterogeneity. We considered
a comparison to have a significant difference if the P
value (test for effect) was < 0.05. We conducted sensitiv-
ity analysis using a one-by-one elimination method. If
there were more than 5 studies, we intended to use a
funnel plot to evaluate publication bias.
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Risk of bias and quality assessment

The Risk of bias was evaluated by Wu and Tu using
the Cochrane Handbook methods [26]. Each study
was assessed for low, high, or unclear risk of various
biases, and the results were combined into a summary
graph. We used the GRADEpro system to assess the
methodological quality of eligible studies and created
a 'Summary of Outcomes’ table to indicate the quality
of evidence (high, moderate, or low) for each outcome
[27].

Results

Description of studies

Search results

The flow of the eligible studies identification process was
shown in Fig. 1. Total 97 records with retrieval initially,
21 duplicates and 65 articles were excluded after screen-
ing title and abstract. 7 studies were excluded through
full-text reading because of their retrospective design
(eTable in the supplement). Ultimately, 3 RCTs [28-30]
with 709 participants were included in this meta-analysis.
lustratively the team of Luo et al. published a second-
ary article on maternal and infant outcomes [31]. 353
participants were randomly assigned to receive GnRH-a
pretreatment in the intervention group, while 356 par-
ticipants used AC in the control group.

Baseline characteristics

All studies obeyed the Rotterdam criteria for diagno-
sis of PCOS. The baseline data of the included studies
were seen in Table 1. The detailed interventions were
presented in Table 2. Three studies reported the clinical
pregnancy rate and miscarriage rate. Two study reported
the live birth rate, incidence of GDM and preterm labor.

Quality and risk of bias

The quality of outcomes was evaluated by GRADE-
pro as shown in Fig. 2. The risk of bias was assessed by
Cochrane Handbook as followed in Fig. 3.

Outcomes

Clinical pregnancy rate

Three studies reported the clinical pregnancy rate, as a
total of 353 participants in the GnRH-a pretreatment
group and 356 participants in the control group. There
was no significant difference (OR 1.09, 95% CI 0.75 to
1.56, 709 participants, I?=26%, P=0.66) in clinical
pregnancy rate between the two groups (Fig. 4).

Miscarriage rate
Three studies were pooled when analyzing the out-
come of the miscarriage rate. The group that received
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Identification of studies via databases

Studies included in review
(n=4)

_E Records identified from Records removed before
'§ Databases screening:
E (PubMed =28 Embase =6 | Duplicate records removed by a
€ Cochrane =17 Web of science automation tool and checked by
§ =32 ClinicalTrials.gov=14) a human (n=21)
A 4
Records screened Records excluded after
"~ I screening title and abstract
(n=76) -
(n =65)
\ 4
- Reports sought for retrieval Reports not retrieved
g (n=11) (n=0)
s
o
g
& v
Reports assessed for eligibility
(n=11) Reports excluded:
Retrospective design: (n =7)
\4

Fig. 1 The study flow diagram. This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta analyses (PRISMA)

guidelines

GnRH-a pretreatment showed no significant effect (OR
0.73, 95% CI 0.28 to 1.90, 709 participants, I*=55%,
P=0.52) on the miscarriage rate when compared to the
control group (Fig. 4).

Live birth rate

This comparison included only two studies with 265
patients in the GnRH-a pretreatment group and 266
patients in the control group. There was no evidence of
a significant difference (OR 0.87, 95% CI 0.61 to 1.25,
531 participants, I*=0%, P=0.46) in the live birth rate
between the two groups (Fig. 4).

Incidence of GDM and preterm labor

This outcome included two studies with 531 partici-
pants. There was also no evidence of a difference in
the incidence of GDM (OR 0.73, 95% CI 0.37 to 1.48,

1?=0%, P=0.39) (Fig. 4) and preterm labor (OR 1.45,
95% CI 0.79 to 2.65, I*=0%, P=0.23) (Fig. 4) between
the GnRH-a pretreatment group and the control

group.

Sensitivity analysis

The sensitivity analysis showed there was no association
with outcomes of the clinical pregnancy rate or mis-
carriage rate between the two groups by omitting each
included study (Table 3).

Heterogeneity

Statistical heterogeneity

We found that I? statistically in comparison of the clini-
cal pregnancy rate, live birth rate, and incidence of GDM
and preterm labor was lower than 50%, while I* was 55%
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Table 2 The detailed interventions of included studies

Author Year Dose and duration of intervention

Marzieh 2020 Two dose of GnRH agonist (Diphereline S.R. 3.75 mg, IPSEN Pharmaceutical Co. Fance)
with an interval of 4 weeks

Luox 2020 A depot of long-acting GnRH agonist (1.0 mg, Triptorelin, Ferring GmbH, Kiel, Germany)

Salemi 2021 Daily 500 pg of Suprefact (buserelin) (Sanofi Aventis, Frankfurt, Germany) for 14 days

*The study of Jie 2023 was the subsequent follow-up research of Luo 2020

Effect of GnRH-a pretreatment for women with PCOS undergoing FET

Patient or population: Women with PCOS undergoing FET
Settings: RCT
Intervention: GnRH-a pretreatment

Comparison: Artificial cycle

lllustrative comparative risks* (95% CI)

Assumed risk Corresponding risk
HRT GnRHa
Clinical pregnancy rate Study population OR 1.09 709 ©600
492 per 1000 513 per 1000 (0.75 to 1.56) (3 studies) moderate'
(420 t0 601)
Moderate
356 per 1000 376 per 1000
(293 to 463)
Miscarriage rate Study population OR0.73 709 2000
90 per 1000 67 per 1000 (0.28101.9) (3 studies) low'?3
(27 to 158)
Moderate
89 per 1000 67 per 1000
(27 t0 157)
Live birth rate Study population
425 per 1000 391 per 1000
(31110 480)
OR 0.87 531 2000
Moderate
(0.61t0 1.25) (2 studies) moderate'*
380 per 1000 348 per 1000
(27210 434)
Preterm labour Study population OR 1.45 531 ©000
75 per 1000 105 per 1000 (0.79 to 2.65) (2 studies) moderate'*
(600 177)
Moderate
66 per 1000 93 per 1000
(53 to 158)
Gestational diabetes mellitus Study population OR0.73 531 ©000
75 per 1000 56 per 1000 (0.37 to 1.48) (2 studies) moderate'*
(2910 107)
Moderate
68 per 1000 51 per 1000
(2610 97)
“The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The ling risk (and its 95% confi interval) is based on the assumed risk

in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: Confidence interval; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

*95% confidence interval includes both 1) no effect and 2) appreciable benefit or appreciable harm.
2|25 55% and the p value for heterogeneity is less than 0.05.

* Total number of events is less than 300.

Fig. 2 The summary of outcomes. The evidence quality of each outcome was assessed by GRADEpro system and was shown high, moderate
or low

when comparing the miscarriage rate, indicating substan-  Clinical heterogeneity

tial statistical heterogeneity. Therefore, we used random-  The diagnosis of PCOS in all studies was based on the

effect models throughout. Rotterdam criteria. While the participants were not
categorized based on different PCOS phenotypes. In
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Fig. 3 Risk of bias graph. Every study was shown 'low’ 'high’
or 'unclear’risk of different bias and was pooled into a summary
graph of bias

addition, only Luo et al. and Salemi et al. reported the live
birth rate and incidence of GDM and preterm labor. It is
crucial to note that these two studies lacked a clear defi-
nition of GDM and preterm labor, potentially resulting in
clinical heterogeneity.

Methodological heterogeneity

The diversity in intervention methods was primarily
attributed to methodological heterogeneity. All included
studies used GnRH-a medication, but there was incon-
sistency in the specific interventions. Marzieh et al.
administered two doses of GnRH-a with a 4-week inter-
val for down-regulation. Luo et al. selected a long-acting
depot form of GnRH-a, whereas Salemi et al. applied a
daily 500 pg dose of GnRH-a for 14 days.
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Discussion

This systematic review and meta-analysis investigated
the impact of GnRH-a pretreatment on pregnancy out-
comes and maternal and neonatal complications in
PCOS patients undergoing FET. We analyzed data from
three recent RCTs with a total of 709 participants. The
results revealed that GnRH-a pretreatment did not show
any significant association with pregnancy outcomes or
maternal and neonatal complications. This finding con-
tradicted the results of previous retrospective studies and
highlighted the need for further research in this area.

Long-acting GnRH-a administration induces down-
regulation of the pituitary, which suppresses the secre-
tion of endogenous estrogen, endometrial growth, and
follicle development [32]. Some retrospective studies
with favorable results suggest that a lower level of estro-
gen might lengthen the 'window of implantation’ [33]. In
addition, a decrease in LH surge might improve endome-
trial receptivity, and an increase of cytokines could aid in
embryo adhesion [21, 23]. Furthermore, PCOS women
undergoing FET using NC and AC for endometrial prep-
aration exhibit higher rates of miscarriage, GDM, and
neonatal complications compared to non-PCOS women
[34]. A study of pre-implantation genetic diagnosis found
that PCOS was related to an elevated risk of miscarriage
following euploid embryo transfer via artificial cycles
[35]. These findings highlighted the benefits of GnRH-a
pretreatment among PCOS patients undergoing FET.

The disparity in our findings compared to prior retro-
spective studies may be attributed to the inherent bias in
design of researches. Retrospective studies might encom-
pass patients who likely experienced FET failure, accom-
panied by enhanced subsequent treatment compared to
the control group. Based on our meta-analysis, changes in
hormonal profile did not affect the pregnancy outcomes
and maternal and neonatal complications. Moreover, the
use of GnRH-a will exacerbate body pain, increase finan-
cial burden, and lengthen the time of ‘take a baby home’
Therefore, it appears unnecessary to administer GnRH-a
pretreatment for patients with PCOS undergoing FET.

Additionally, research shows that stimulated cycles
are superior to artificial cycles (AC) in terms of hav-
ing a higher live birth rate, lower miscarriage rate, and
decreased incidence of preterm birth and preeclampsia
[36]. The observation supported the scientific hypothesis
that absence of corpus luteum may result in preeclampsia
[11]. The miscarriage rate of women with PCOS under-
going FET might decrease when using stimulated cycles
with letrozole compared to AC [37]. A retrospective
study also found that the stimulation cycle among PCOS
patients was associated with a lower risk of having large
for gestational age (LGA) infants [38]. This evidence indi-
cates that FET conducted on stimulated cycles is not only
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GnRH-a AC
_Study or Subgroup  Events Total Events Total Weight
1.1.1 Clinical pregnancy rate
Luo 2020 109 172 111 171 44.0%
Marzieh 2020 42 88 32 90 28.4%
Salemi 2021 29 93 32 95 27.6%
Subtotal (95% CI) 353 356 100.0%
Total events 180 175

Heterogeneity: Tau? = 0.03; Chi* = 2.72, df = 2 (P = 0.26); I> = 26%
Test for overall effect: Z = 0.44 (P = 0.66)

1.1.2 Miscarriage rate

Luo 2020 16 172 13 171 44.9%
Marzieh 2020 1 88 8 90 15.6%
Salemi 2021 9 93 1 95  39.5%
Subtotal (95% CI) 353 356 100.0%
Total events 26 32

Heterogeneity: Tau? = 0.38; Chi? = 4.48, df = 2 (P = 0.11); I> = 55%
Test for overall effect: Z = 0.64 (P = 0.52)

1.1.3 Live birth rate

Luo 2020 85 172 92 171 727%
Salemi 2021 20 93 21 95 27.3%
Subtotal (95% CI) 265 266 100.0%

Total events 105 113
Heterogeneity: Tau? = 0.00; Chi* = 0.11, df =1 (P = 0.73); I’ = 0%
Test for overall effect: Z = 0.74 (P = 0.46)

1.1.4 Preterm labor

Luo 2020 22 172 17 171 81.6%
Salemi 2021 6 93 3 95 18.4%
Subtotal (95% CI) 265 266 100.0%

Total events 28 20
Heterogeneity: Tau? = 0.00; Chi* = 0.34, df = 1 (P = 0.56); I’ = 0%
Test for overall effect: Z = 1.19 (P = 0.23)

1.1.5 GDM

Luo 2020 13 172 16 171 83.5%
Salemi 2021 2 93 4 95 16.5%
Subtotal (95% CI) 265 266 100.0%
Total events 15 20

Heterogeneity: Tau? = 0.00; Chi* = 0.23, df = 1 (P = 0.63); I’ = 0%
Test for overall effect: Z = 0.87 (P = 0.39)

M-H, Rand:
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Odds Ratio Odds Ratio

95% ClI M-H, Random, 95% CI

0.94 [0.60, 1.45]
1.65[0.91, 3.02]
0.89[0.48, 1.64]
1.09 [0.75, 1.56]

1.25 [0.58, 2.68]
0.12[0.01, 0.96]
0.82[0.32, 2.08]
0.73[0.28, 1.90]

0.84 [0.55, 1.28]
0.97 [0.48, 1.93]
0.87 [0.61, 1.25]

1.33[0.68, 2.60]
2.11[0.51, 8.72]
1.45[0.79, 2.65]

0.79[0.37, 1.70]
0.50 [0.09, 2.80]
0.73 [0.37, 1.48]

T

F
k

+ +
0.01 0.1 1 10 100
Favours GnRH-a Favours AC

4 y

Fig. 4 Forest plot of comparison of clinical outcomes: GnRH-a pretreatment versus artificial cycle (AC)

Table 3 Sensitivity analysis by omitting each included study

Given named study OR (95% CI) of clinical OR (95% Cl)

was omitting pregnancy rate of miscarriage
rate

Marzieh 2020 0.92(0.63,1.32) 1.05 (0.58, 1.90)

Luo 2020 1.22 (0.66, 2.23) 0.39(0.06, 2.58)

Salemi 2021 1.20 (0.69, 2.08) 047 (0.05,4.84)

more effective but also safer than AC, while more RCTs
are needed to confirm these results.

The biggest limitation of this meta-analysis was the
limited number of eligible studies. If we did not con-
strain the type of literature design and included retro-
spective studies, 7 articles with 3620 participants would
have been included. Nevertheless, as RCTs are more
dependable, we ultimately excluded retrospective stud-
ies which made our results more convincing. Another
limitation was the existing heterogeneity, mainly due to
the various pretreatment durations and PCOS diagno-
sis not being based on different phenotypes. Previous

studies always focused on live births with no concerns
on maternal and infant outcomes. We preferred to
explore the long-term effect of GnRH-a pretreatment.
Due to only two RCTs providing data on partial mater-
nal and neonatal outcomes, our investigation was con-
fined to comparing the risk of GDM and preterm labor.
Further RCTs should focus on maternal complications
and the health of offspring.

Conclusion

In this meta-analysis, GnRH-a pretreatment does not
confer any advantages and seems unnecessary for women
with PCOS undergoing FET.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512958-024-01293-9.

[ Supplementary Material 1. }



https://doi.org/10.1186/s12958-024-01293-9
https://doi.org/10.1186/s12958-024-01293-9

Wau et al. Reproductive Biology and Endocrinology ~ (2024) 22:121

Acknowledgements
We thank all authors contributing for this meta-analysis.

Authors’ contributions

Dan Zhang had full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis. Dan Zhang
and Yiging Wu designed this study together. Yiging Wu and Mixue Tu searched
and screened the articles, and assessed the quality and bias risk of included
articles. Yifeng Liu addressed the disagreement and achieved the consensus
on final included studies and quality and bias risk assessment. Yiging Wu

and Mixue Tu retrieved and analyzed data. Yiging Wu drafted the article. Dan
Zhang revised the article. All authors were involved in article writing and
achieved the final version.

Funding
This work was supported by grants from Natural Science Foundation of Zheji-
ang Province (No. LTGD23H040001).

Availability of data and materials
The data about this article are available in the article and in its online sup-
plementary material.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Women's Reproductive Health Research Key Laboratory of Zhejiang Province
and Department of Reproductive Endocrinology, Women's Hospital, Zhejiang
University School of Medicine, Hangzhou, Zhejiang 310006, People’s Republic
of China. 2Key Laboratory of Reproductive Genetics (Zhejiang University),
Ministry of Education, Hangzhou, Zhejiang 310006, People’s Republic of China.

Received: 1 August 2024 Accepted: 29 September 2024
Published online: 08 October 2024

References

1. Stener-Victorin E, Teede H, Norman RJ, Legro R, Goodarzi MO, Dokras
A, et al. Polycystic ovary syndrome. Nat Rev Dis Primers. 2024;10(1):27.
https://doi.org/10.1038/541572-024-00511-3.

2. Hoeger KM, Dokras A, Piltonen T. Update on PCOS: Consequences,
Challenges, and Guiding Treatment. J Clin Endocrinol Metab.
2021;106(3):e1071-83. https://doi.org/10.1210/clinem/dgaa839.

3. Palomba S. s fertility reduced in ovulatory women with polycystic ovary
syndrome? An opinion paper Hum Reprod. 2021,36(9):2421-8. https.//
doi.org/10.1093/humrep/deab181.

4. Palomba S, Piltonen TT, Giudice LC. Endometrial function in women
with polycystic ovary syndrome: a comprehensive review. Hum Reprod
Update. 2021;27(3):584-618. https://doi.org/10.1093/humupd/dmaa051.

5. PalombaS, de Wilde MA, Falbo A, Koster MP, La Sala GB, Fauser BC. Preg-
nancy complications in women with polycystic ovary syndrome. Hum
Reprod Update. 2015;21(5):575-92. https://doi.org/10.1093/humupd/
dmv029.

6. Palomba S, Daolio J, La Sala GB. Oocyte Competence in Women with
Polycystic Ovary Syndrome. Trends Endocrinol Metab. 2017,28(3):186-98.
https://doi.org/10.1016/j.tem.2016.11.008.

7. Choux C, CarmignacV, Bruno C, Sagot P, Vaiman D, Fauque P. The
placenta: phenotypic and epigenetic modifications induced by Assisted
Reproductive Technologies throughout pregnancy. Clin Epigenetics.
2015;7(1):87. https://doi.org/10.1186/513148-015-0120-2.

10.

20.

21.

22.

23.

Page 9 of 10

Tang H, Mourad SM, Wang A, Zhai SD, Hart RJ. Dopamine agonists for
preventing ovarian hyperstimulation syndrome. Cochrane Database Syst
Rev. 2021;4(4):D8605. https://doi.org/10.1002/14651858.CD008605.pub4.
Teede HJ, Tay CT, Laven J, Dokras A, Moran LJ, Piltonen TT, et al. Recom-
mendations from the 2023 International Evidence-based Guideline for
the Assessment and Management of Polycystic Ovary Syndrome. FERTIL
STERIL. 2023;120(4):767-93. https://doi.org/10.1016/j fertnstert.2023.07.
025.

Chen ZJ, ShiY, Sun'Y, Zhang B, Liang X, Cao Y, et al. Fresh versus Frozen
Embryos for Infertility in the Polycystic Ovary Syndrome. N Engl J Med.
2016;375(6):523-33. https://doi.org/10.1056/NEJMoa1513873.

. Palomba S, Costanzi F, Caserta D, Vitagliano A. Pharmacological and non-

pharmacological interventions for improving endometrial receptivity

in infertile patients with polycystic ovary syndrome: a comprehensive
review of the available evidence. Reprod Biomed Online. 2024. https://
doi.org/10.1016/j.rbmo.2024.104381.

Palomba S, Costanzi F, Nelson SM, Caserta D, Humaidan P. Interventions
to prevent or reduce the incidence and severity of ovarian hyper-
stimulation syndrome: a systematic umbrella review of the best clinical
evidence. Reprod Biol Endocrinol. 2023;21(1):67. https://doi.org/10.1186/
$12958-023-01113-6.

Roque M, HaahrT, Geber S, Esteves SC, Humaidan P. Fresh versus elective
frozen embryo transfer in IVF/ICSI cycles: a systematic review and meta-
analysis of reproductive outcomes. Hum Reprod Update. 2019;25(1):2-14.
https://doi.org/10.1093/humupd/dmy033.

De Geyter C, Calhaz-Jorge C, Kupka MS, Wyns C, Mocanu E, Motrenko T,
et al. ART in Europe, 2015: results generated from European registries by
ESHRE. Hum Reprod Open. 2020;2020(1):z38. https://doi.org/10.1093/
hropen/hoz038.

Groenewoud ER, Cantineau AE, Kollen BJ, Macklon NS, Cohlen BJ. What
is the optimal means of preparing the endometrium in frozen-thawed
embryo transfer cycles? A systematic review and meta-analysis. Hum
Reprod Update. 2013;19(5):458-70. https://doi.org/10.1093/humupd/
dmt030.

Glujovsky D, Pesce R, Sueldo C, Quinteiro RA, Hart RJ, Ciapponi A. Endo-
metrial preparation for women undergoing embryo transfer with frozen
embryos or embryos derived from donor oocytes. Cochrane Database
Syst Rev. 2020;10(10):D6359. https://doi.org/10.1002/14651858.CD006
359.pub3.

Mackens S, Santos-Ribeiro S, van de Vijver A, Racca A, Van Landuyt L, Tour-
naye H, et al. Frozen embryo transfer: a review on the optimal endome-
trial preparation and timing. Hum Reprod. 2017;32(11):2234-42. https://
doi.org/10.1093/humrep/dex285.

Zhang J, Wei M, Bian X, Wu L, Zhang S, Mao X, et al. Letrozole-induced
frozen embryo transfer cycles are associated with a lower risk of hyper-
tensive disorders of pregnancy among women with polycystic ovary
syndrome. Am J Obstet Gynecol. 2021;225(1):51-9. https://doi.org/10.
1016/j.2j09.2021.01.024.

ManY, BianY, Zhao S, Zhao R, Xu X, Wei D, et al. The effect of different
endometrial preparations on women with polycystic ovary syndrome
undergoing initial frozen embryo transfer: A historical cohort analysis.
Acta Obstet Gynecol Scand. 2021;100(6):1116-23. https://doi.org/10.
1111/a0gs.14058.

Wang Y, Hu WH, Wan Q, Li T, Qian Y, Chen MX, et al. Effect of artificial cycle
with or without GnRH-a pretreatment on pregnancy and neonatal out-
comes in women with PCOS after frozen embryo transfer: a propensity
score matching study. Reprod Biol Endocrinol. 2022;20(1):56. https://doi.
0rg/10.1186/512958-022-00929-y.

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? J Ovarian Res. 2023;16(1):197. https://doi.org/10.1186/
$13048-023-01277-0.

LiM, Xu L, Zhao H, Du'Y, Yan L. Effects of artificial cycles with and without
gonadotropin-releasing hormone agonist pretreatment on frozen
embryo transfer outcomes in patients with adenomyosis. Sci Rep.
2021;11(1):19326. https://doi.org/10.1038/541598-021-98918-5.

PanY, Li F, Yang CX, Sun'Y, Zhang CW, Zhang SM, et al. Correlation
between different endometrial preparation protocols and pregnancy
outcome of frozen embryo transfer in patients with polycystic ovary
syndrome: a retrospective study. Gynecol Endocrinol. 2023;39(1):2217260.
https://doi.org/10.1080/09513590.2023.2217260.


https://doi.org/10.1038/s41572-024-00511-3
https://doi.org/10.1210/clinem/dgaa839
https://doi.org/10.1093/humrep/deab181
https://doi.org/10.1093/humrep/deab181
https://doi.org/10.1093/humupd/dmaa051
https://doi.org/10.1093/humupd/dmv029
https://doi.org/10.1093/humupd/dmv029
https://doi.org/10.1016/j.tem.2016.11.008
https://doi.org/10.1186/s13148-015-0120-2
https://doi.org/10.1002/14651858.CD008605.pub4
https://doi.org/10.1016/j.fertnstert.2023.07.025
https://doi.org/10.1016/j.fertnstert.2023.07.025
https://doi.org/10.1056/NEJMoa1513873
https://doi.org/10.1016/j.rbmo.2024.104381
https://doi.org/10.1016/j.rbmo.2024.104381
https://doi.org/10.1186/s12958-023-01113-6
https://doi.org/10.1186/s12958-023-01113-6
https://doi.org/10.1093/humupd/dmy033
https://doi.org/10.1093/hropen/hoz038
https://doi.org/10.1093/hropen/hoz038
https://doi.org/10.1093/humupd/dmt030
https://doi.org/10.1093/humupd/dmt030
https://doi.org/10.1002/14651858.CD006359.pub3
https://doi.org/10.1002/14651858.CD006359.pub3
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.1016/j.ajog.2021.01.024
https://doi.org/10.1016/j.ajog.2021.01.024
https://doi.org/10.1111/aogs.14058
https://doi.org/10.1111/aogs.14058
https://doi.org/10.1186/s12958-022-00929-y
https://doi.org/10.1186/s12958-022-00929-y
https://doi.org/10.1186/s13048-023-01277-0
https://doi.org/10.1186/s13048-023-01277-0
https://doi.org/10.1038/s41598-021-98918-5
https://doi.org/10.1080/09513590.2023.2217260

Wau et al. Reproductive Biology and Endocrinology

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

(2024) 22:121

Liu X, Shi J, Bai H, Wen W. Pretreatment with a GnRH agonist and hor-
mone replacement treatment protocol could not improve live birth rate
for PCOS women undergoing frozen-thawed embryo transfer cycles.
BMC Pregnancy Childbirth. 2021;21(1):835. https://doi.org/10.1186/
512884-021-04293-4.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71.
Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al.
Updated guidance for trusted systematic reviews: a new edition of the
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane
Database Syst Rev. 2019;10(10):D142. https://doi.org/10.1002/14651858.
ED000142.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,

et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;336(7650):924—6. https://doi.
0rg/10.1136/bmj.39489.470347.AD.

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(4):667-74.
https://doi.org/10.1111/1471-0528.16461.

Aghahoseini M, Alyasin A, Rashidi S, Samaei-Nouroozi A, Saeidi H,
Shabani-Nashtaei M. The efficacy of gonadotropin-releasing hormone
(GNRH) agonist before frozen embryo transfer in improving pregnancy
outcome and decreasing miscarriage rate in hyperandrogenic polycystic
ovary syndrome women: a randomized clinical trial. Minerva Ginecol.
2020;72(4):212-8. https://doi.org/10.23736/50026-4784.20.04467-6.
Salemi S, Yahyaei A, Vesali S, Ghaffari F. Endometrial preparation for
vitrified-warmed embryo transfer with or without GnRH-agonist pre-
treatment in patients with polycystic ovary syndrome: a randomized
controlled trial. Reprod Biomed Online. 2021;43(3):446-52. https://doi.
0rg/10.1016/j.rbmo.2021.06.006.

Jie H, Hu R, Zhang L, Dong K, Wu C, Wang Q, et al. Obstetric and
neonatal outcomes after programmed frozen embryo transfer with

or without GnRH agonist for polycystic ovary syndrome: secondary
analysis results from a randomized controlled trial. AJOG global reports.
2023;3(2):100201. https://doi.org/10.1016/j.xagr.2023.100201.

Conn PM, Crowley WJ. Gonadotropin-releasing hormone and its analogs.
Annu Rev Med. 1994,45:391-405. https://doi.org/10.1146/annurev.med.
45.1.391.

Ma WG, Song H, Das SK, Paria BC, Dey SK. Estrogen is a critical determi-
nant that specifies the duration of the window of uterine receptivity for
implantation. Proc Natl Acad Sci U S A. 2003;100(5):2963-8. https://doi.
0rg/10.1073/pnas.0530162100.

Ni Z, Mei S, You S, Lin Y, Cheng W, Zhou L, et al. Adverse Effects of
Polycystic Ovarian Syndrome on Pregnancy Outcomes in Women With
Frozen-Thawed Embryo Transfer: Propensity Score-Matched Study. Front
Endocrinol (Lausanne). 2022;13:878853. https://doi.org/10.3389/fendo.
2022.878853.

Luo L, GuF, Jie H, Ding C, Zhao Q, Wang Q, et al. Early miscarriage rate in
lean polycystic ovary syndrome women after euploid embryo transfer - a
matched-pair study. Reprod Biomed Online. 2017;35(5):576-82. https://
doi.org/10.1016/j.rbmo.2017.07.010.

Zhang Y, Wu L, Li TC, Wang CC, Zhang T, Chung J. Systematic review
update and meta-analysis of randomized and non-randomized con-
trolled trials of ovarian stimulation versus artificial cycle for endometrial
preparation prior to frozen embryo transfer in women with polycystic
ovary syndrome. Reprod Biol Endocrinol. 2022;20(1):62. https://doi.org/
10.1186/512958-022-00931-4.

Zeng MF, Zhou X, Duan JL. Stimulated cycle versus artificial cycle for
frozen embryo transfer in patients with polycystic ovary syndrome: a
Meta-analysis. Gynecol Endocrinol. 2021;37(4):294-9. https://doi.org/10.
1080/09513590.2020.1867976.

ZhangY, Fu X, Gao S, Gao S, Gao S, Ma J, et al. Letrozole use in vitrified
single-blastocyst transfer cycles is associated with lower risk of large

for gestational age infants in patients with polycystic ovary syndrome.

J Assist Reprod Genet. 2023;40(12):2885-94. https://doi.org/10.1007/
$10815-023-02956-z.

Page 10 of 10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s12884-021-04293-4
https://doi.org/10.1186/s12884-021-04293-4
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1111/1471-0528.16461
https://doi.org/10.23736/S0026-4784.20.04467-6
https://doi.org/10.1016/j.rbmo.2021.06.006
https://doi.org/10.1016/j.rbmo.2021.06.006
https://doi.org/10.1016/j.xagr.2023.100201
https://doi.org/10.1146/annurev.med.45.1.391
https://doi.org/10.1146/annurev.med.45.1.391
https://doi.org/10.1073/pnas.0530162100
https://doi.org/10.1073/pnas.0530162100
https://doi.org/10.3389/fendo.2022.878853
https://doi.org/10.3389/fendo.2022.878853
https://doi.org/10.1016/j.rbmo.2017.07.010
https://doi.org/10.1016/j.rbmo.2017.07.010
https://doi.org/10.1186/s12958-022-00931-4
https://doi.org/10.1186/s12958-022-00931-4
https://doi.org/10.1080/09513590.2020.1867976
https://doi.org/10.1080/09513590.2020.1867976
https://doi.org/10.1007/s10815-023-02956-z
https://doi.org/10.1007/s10815-023-02956-z

	GnRH agonist pretreatment for frozen embryo transfer among women with polycystic ovary syndrome: a narrow systematic review and meta-analysis of randomized controlled trials
	Abstract 
	Background 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Study selection and data extraction
	Data analysis
	Risk of bias and quality assessment

	Results
	Description of studies
	Search results
	Baseline characteristics
	Quality and risk of bias


	Outcomes
	Clinical pregnancy rate
	Miscarriage rate
	Live birth rate
	Incidence of GDM and preterm labor
	Sensitivity analysis

	Heterogeneity
	Statistical heterogeneity
	Clinical heterogeneity
	Methodological heterogeneity

	Discussion
	Conclusion
	Acknowledgements
	References


