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Abstract

Introduction

Women with PCOS have been reported with low pregnancy rate and high OHSS risk in IVF
programs due to the decreased endometrial receptivity and high ovarian reserve. The GnRH
antagonist (GnRH-ant) protocol has been widely accepted as a prominent intervention to reduce the
risk of OHSS, and the depot GnRH agonist (dGnRH-a) protocol are believed to improve endometrial
receptivity and increase the pregnancy rate of fresh embryo transfer.

Material and methods

This study was a retrospective cohort study that included 2164 women with PCOS undergoing
assisted reproductive technology (ART) treatment from January 2014 to April 2019. The two groups
were matched by propensity scores with a ratio of 4:1 accounting for potential confounding factors.

Results

The live birth per treatment cycle was higher in the dGnRH-a group than in the GnRH-ant group
(58.22% vs. 41.78%, P=0.0004), the same with live birth per fresh transfer (64.42% vs. 44.64%,
P=0.0045). There were no significant differences in the incidence of moderate-to-severe OHSS
(4.28% vs. 2.05%, P=0.333) and the cost of COH (RMB: 7736.9 vs. 8046.54, P=0.113) between the
two groups.

Conclusions

Our results indicated that the dGnRH-a protocol has a higher live birth rate than GnRH-ant protocol,
and the difference is mainly due to fresh embryo transfer. For safety and economic cost, the
incidence of moderate-to-severe OHSS and cost of COH is similar in two groups. Nevertheless, the
incidence of moderate-to-severe OHSS in the dGnRH-a group is numerically higher than GnRH-ant
protocol with no statistical difference. A subsequent prospective randomized controlled study is
needed to confirm these results.
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ABSTRACT

Introduction: Women with polycystic ovary syndrome (PCOS) have been reported with low
pregnancy rate and high ovarian hyperstimulation syndrome (OHSS) risk in in vitro fertilization
(IVF) programs due to the decreased endometrial receptivity and high ovarian reserve. The GnRH
antagonist (GnRH-ant) protocol has been widely accepted as a prominent intervention to reduce
the risk of OHSS, and been recommended as preferred protocol. The depot GnRH agonist
(dGnRH-a) protocol are believed to improve endometrial receptivity and increase the pregnancy

rate of fresh embryo transfer. There have been no previous studies comparing the two protocol.

Material and methods: This study was a retrospective cohort study that included 2164 women
with PCOS undergoing assisted reproductive technology (ART) treatment from January 2014 to
April 2019. Among them, 2018 women received dGnRH-a protocol treatment and 146 women
received GnRH-ant protocol treatment. The two groups were matched by propensity scores with a
ratio of 4:1 accounting for potential confounding factors. The primary outcomes were the live
birth rate (LBR), incidence of moderate-to-severe OHSS and the cost of controlled ovarian
hyperstimulation (COH). LBR was defined as live birth per treatment cycle after first fresh or

frozen embryo transfer.

Results: The live birth per treatment cycle was higher in the dGnRH-a group than in the
GnRH-ant group (58.22% vs. 41.78%, P=0.0004), the same with live birth per fresh transfer
(64.42% vs. 44.64%, P=0.0045). However, the live birth per frozen transfer was similar in two
groups. There were no significant differences in the incidence of moderate-to-severe OHSS
(4.28% vs. 2.05%, P=0.333), the incidence of severe OHSS (0.17% vs. 0%, P=1) and the cost of
COH (RMB: 7736.9 vs. 8046.54, P=0.113) between the two groups.

Conclusion: Our results indicated that the dGnRH-a protocol has a higher live birth rate than
GnRH-ant protocol, and the difference is mainly due to fresh embryo transfer. For safety and
economic cost, the incidence of moderate-to-severe OHSS and cost of COH is similar in two
groups. Nevertheless, the incidence of moderate-to-severe OHSS in the dGnRH-a group is
numerically higher than GnRH-ant protocol with no statistical difference. A subsequent

prospective randomized controlled study is needed to confirm these results.

Keywords: polycystic ovary syndrome; in vitro fertilization; GnRH antagonist protocol; depot

GnRH agonist protocol; propensity score matching

INTRODUCTION
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Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women,
affecting 8-13% women of childbearing age. The primary pathophysiology of PCOS is insulin
resistance, rebound hyperinsulinemia and hyperandrogenemia [1]. These actions result in several
clinical features such as persistent anovulation, polycystic ovarian changes, hirsutism, acne and
obesity [2].

For infertile women with PCOS, in vitro fertilization / intracytoplasmic sperm injection and
embryo transfer (IVF/ICSI-ET) technique offers an effective approach after a failure of 1% line
lifestyle interventions or ovulation induction treatment. However, recent studies find that women
with PCOS suffering from endocrine and metabolic abnormalities often show decreased
endometrial receptivity, which leads to a lower pregnancy rate [3,4]. Moreover, the high antral
follicular count (AFC) leads to abundant oocyte yield and high estradiol levels, which stimulate
the occurrence of ovarian hyperstimulation syndrome (OHSS) [5]. Low success rate and high

OHSS rate have always been problems faced by reproductive doctors.

The GnRH antagonist (GnRH-ant) protocol has been widely used as an effective strategy to
reduce the risk of OHSS [6]. The main advantages of the antagonist protocol are that it does not
need pituitary down-regulation, and requires a low dose of exogenous gonadotropin and fewer
days of ovarian stimulation [7]. Additionally, the risk of OHSS can be further reduced by using the
GnRH agonist trigger and freezing all strategies in the antagonist protocol [8]. Therefore, the

GnRH-ant protocol has always been the mainstream protocol for PCOS.

GnRH agonist is commonly used to down-regulate the pituitary-gonadal system and prevent
premature luteinization. There are two types of GnRH agonist administration methods:
short-acting agonist with daily low-dose (0.1 mg) injections for 14 days in luteal phase (standard
long protocol) and long-acting agonist with a high-dose (3.75 mg, depot) injection on day 2 of the
menstrual cycle (depot GnRH agonist protocol, also known as the early follicular phase
long-acting regimen). Research reports that the depot GnRH agonist (dGnRH-a) protocol can
increase the pregnancy rate, which could be explained by positive effect on endometrial

receptivity [9-12].

The balance between the desire for pregnancy and the patients’ safety is a top priority. From
the existing evidence, the GnRH antagonist protocol is beneficial in reducing the risk of OHSS
[13]. However, no study has investigated the clinical outcome of the dGnRH-a protocol in women
with PCOS. In this study, the two protocols were compared in detail in terms of safety,

effectiveness and economic cost, hoping to find the best treatment for PCOS.

MATERIALS AND METHODS

Subjects and study design

In this retrospective cohort study, medical records were reviewed for patients who underwent
IVF/ICSI-ET treatment from January 2014 to April 2019 in the Reproductive Medicine Center of

**% We analyzed clinical and economic outcomes of women with PCOS with GnRH-ant or
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dGnRH-a protocol (Figure 1). PCOS is diagnosed according to the Rotterdam criteria [14]. This
study was approved by the Institutional Review Board of ***,

The depot GnRH agonist protocol (dGnRH-a)

A long-acting GnRH agonist (Diphereline, Beaufour Ipsen, France) was injected with 3.75 mg on
day 2 or 3 of the menstrual cycle. The patients returned back to hospital 28 days later and
underwent transvaginal ultrasonography and endocrine examination. If pituitary down-regulation
(endometrial thickness < 5 mm, serum follicle-stimulating hormone (FSH) < 5 mlU/ml,
luteinizing hormone (LH) < 5 mIU/ml, estradiol (E2) < 50 pg/ml) was confirmed, administration
of exogenous gonadotropin (Gn) was used to initiate the controlled ovarian hyperstimulation
(COH). Exogenous Gn included recombinant human FSH (Gonal-F®, Merck Serono, Switzerland)
and human menopausal gonadotrophin (HMG, Zhu Hai Livzon, China). During stimulation, the
ovarian response was monitored by assessing serum E2, progesterone (P4) and LH, as well as
serial transvaginal ultrasonographic examinations. Gn dosages were adjusted when needed. 250 pg
of recombinant human choriogonadotropin (HCG, Merck Serono, Switzerland) was administered
until at least one follicle with a diameter > 19 mm or 2 follicular diameters > 18 mm were
observed (Fig 2).

The GnRH antagonist protocol

Exogenous Gn was started on day 2 or 3 of the menstrual cycle. The starting dosage was
determined based on age, body mass index (BMI), AFC, anti-Miillerian hormone (AMH) and
previous ovarian response. These doses were adjusted according to the ovarian response, as
monitored on ultrasonography and the measurement of serum sex hormone levels. GnRH
antagonist (Cetrorelix, Merck Serono, Switzerland) at a daily dose of 250 pg was started when the

largest follicle exceeded 12 mm. The HCG trigger process is the same as described above.
QOocyte retrieval

Oocytes were retrieved 36 hours after HCG trigger by transvaginal ultrasound-guided puncture of

follicles.
Embryo transfer strategy

The embryo transfer strategy was determined based on the number, quality of embryos, the risk of
OHSS and the patient's constitution. The standards of embryo transfer strategy are as follows. If
more than 15 oocytes were retrieved or the level of E2 exceeded 3000 pg/ml, the patient with
ovarian diameter > 7 cm and/or reported abdominal distension or bloating would be recommended
to freeze all the embryos. If the number of good-quality embryos > 2 and the number of
transferable embryos > 4 on Day 3, blastocyst culture and single blastocyst transfer was selected. If
the patient has a deformed uterus or scar uterus (with history of cesarean section or
hysteromyomectomy), and/or the BMI is less than 18.5 or greater than 28, only one embryo is

allowed to be transferred.

Outcome assessment
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Good-quality embryos on day 3 should consist of 7-10 blastomeres with a uniform size, no
multiple nuclei and the fragment proportion should be less than 20%. Transferable embryos on
day 3 should consist of more than 6 blastomeres, and the fragment proportion should be less than
40%. Serum B-HCG level was measured at 13 days after embryo transfer. When the serum f-HCG
level exceeds SIU/L, a positive result is indicated. Clinical pregnancy was defined as the presence
of a gestational sac in the uterine cavity at 30 days after embryo transfer, as detected on
transvaginal ultrasonography. The primary outcome of effectiveness was the live birth rate per
started treatment cycle, which was defined as delivery of any viable infant at 28 weeks or more of
gestation during the first embryo transfer cycle. OHSS was defined according to the Golan criteria
[15]. The cost of COH was mainly composed of long-acting GnRH agonist, GnRH antagonist

medication, FSH medication, transvaginal ultrasonography and endocrine examination.
Propensity score matching

A PS was calculated by using multivariate logistic regression with age, body mass index, duration
of infertility, AFC, proportion of pelvic or tubal factors, scar uterus, history of IVF/ICSI. The
nearest neighbor match without replacement was used in PSM with a 4:1 ratio. An automated
matching procedure was performed to match participants by using SAS software, version 9.4. To
detect the power of matching, the percentage distribution of propensity scores and the comparison

of demographic information before and after matching were implemented.
Statistical analysis

Statistical analysis was carried out by SAS version 9.4. Categorical data were described by
frequency and percentage, chi-square test was used to compare the differences between the study
groups, with the use of Fisher’s exact test for expected frequencies of less than 5.
Kolmogorov-Smirnov and Shapiro-Wilk test were used to test the normality of the data.
Continuous data that conform to a normal or approximate normal distribution were described as
means (£SD) and compared by independent t test. Non-normal distributed data were described as
median (IQR) and compared by Mann-Whitney U test. For a small number of missing values
(such as hormone levels), the list deletion method is used. Statistical analysis was tested on

two-sided settings, with p < 0.05 considered as statistically significant.

RESULTS

Baseline characteristics before and after PSM

Baseline characteristics in dGnRH-a group and GnRH-ant group before PSM were presented in
Table 1. Before PSM, duration of infertility, history of IVF/ICSI, scar uterus, and AFC were
significantly different between two groups (P< 0.05). After matching, all baseline characteristics
became very similar between the two groups (Table 1). The percentage distribution histogram of
propensity scores before and after PSM was plotted (Figure 3). The percentage distribution of

propensity scores between groups became nearly identical after matching.
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Ovarian stimulation and laboratory embryos culture outcome

The results of COH and laboratory indicators were presented in Table 2. The dGnRH-a protocol
had a longer duration of ovarian stimulation (12.89 vs. 10.58, P < 0.0001) and a higher dosage of
Gn (2074.40 vs. 1704.78, P < 0.0001) with a higher dose of HMG (933.09 vs. 322.60, P < 0.0001)
compared with GnRH-ant protocol. The serum levels of E2 (2590.61 vs. 3224.80, P =0.0022), LH
(0.77 vs. 2.37, P < 0.0001) and P4 (0.69 vs. 0.85, P < 0.0001) on HCG injection day in the
dGnRH-a group were lower than those in the GnRH-ant group. Meanwhile, dGnRH-a group had a
thicker endometrium on HCG injection day (10.84 vs. 9.62, P < 0.0001). For laboratory embryos
culture outcome, the dGnRH-a group had more transferable day 3 embryos (7 vs. 5, P = 0.0219).
More blastocyst and less number of embryos were transferred in the dGnRH-a group. Furthermore,
compared with the GnRH-ant group, the rate of fresh embryo transfer was significantly higher in
the dGnRH-a group (63.53% vs. 38.36%, P <0.0001).

Clinical outcome and economic indicators

The effectiveness, safety and economic cost indicators were presented in Table 3. The dGnRH-a
protocol had an increased biochemical pregnancy rate (76.71% vs. 62.33%, P=0.0004), clinical
pregnancy rate (67.81% vs. 52.74%, P=0.0007), implantation rate(56.05% vs. 43.44%, P=0.0068)
and live birth rate (58.22% vs. 41.78%, P=0.0004) compared with the GnRH-ant protocol. The
high live birth rate of dGnRH-a protocol was mainly due to the low cancellation rate (4.45% vs.
10.27%, P=0.0063) and the high live birth rate per fresh transfer (64.42% vs. 44.64%, P=0.0045).
There were no significant differences in the incidence of moderate-to-severe OHSS (4.28% vs.
2.05%, P=0.3327) and multiple pregnancy rate between the two groups. For the cost of COH, the
total cost was comparable between groups, whereas, dGnRH-a spent less on GnRH
agonist/antagonist (1299.2 vs. 1872.15, P<.0001) and exogenous Gn (4084.28 vs. 4355.08,
P<.0001), and spent more on transvaginal ultrasonography (1010.62 vs. 717.67, P<.0001) and
endocrine examination (1342.81 vs. 1101.64, P<.0001).

DISCUSSION

Controlled ovarian hyperstimulation (COH) is still a big challenge in women with PCOS due to
the abnormal endocrine and metabolic environment. The GnRH-ant protocol has been widely
accepted as a prominent intervention to reduce the risk of OHSS [13], and been recommended by
WHO as a COH choice for PCOS patients [16]. At present, most of the studies on the comparison
of COH protocol in PCOS women have focused on the GnRH antagonist protocol and the
standard long protocol (short-acting agonist with daily low-dose (0.1 mg) injections for 14 days in
luteal phase) [17]. This study was the first one to compare the dGnRH-a ptotocol (long-acting
agonist with a high-dose (3.75 mg, depot) injection on day 2 of the menstrual cycle) and the
GnRH-ant protocol from aspects of effectiveness, safety and economic cost. Although this was a
retrospective study, the power was greatly improved by using PMS statistical methods to adjust
for potential non-similarities between groups. At last, our study showed that the dGnRH-a

protocol could achieve a higher live birth rate after first embryo transfer, and there were no
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significant differences in the incidence of OHSS or the cost of COH process when compared with
GnRH-ant protocol.

Long-acting GnRH agonist is mainly utilized for the treatment of endometriosis by injecting 2-6
doses (3.75 mg) and has obtained relatively high pregnancy rates [9,18,19]. Later, the dGnRH-a
protocol with only one injection has emerged in China and is gradually used in non-endometriotic
infertile patients [20]. But the evidence of better clinical outcome from dGnRH-a protocol is
limited. In 2014, Ren et al. [11] observed a higher live birth rate (55.56% vs. 45.73%, P=0.006) in
women who had normal ovarian response with the dGnRH-a protocol when compared with the
standard long protocol. Similarly, compared with standard long protocol, this superiority was also
found in patients with PCOS (60.13% vs. 48.95%, P=0.025) [10]. Moreover, Fei Gong et al. [12]
reported a higher clinical pregnancy rate (77.94% vs. 61.29%, P=0.039) in patients suffering from
PCOS using dGnRH-a protocol than those who used standard long protocol and our study further
showed a higher live birth (58.22% vs. 41.78%, P=0.0004). However, mechanisms of the results
are currently unclear. Some studies reported endometrial receptivity as the main limitation of
gestation for women suffering from PCOS [12], and HOXA10, MEIS1 and LIF mRNA and
protein expression in endometrium all showed significantly higher in the dGnRH-a protocol than
in the GnRH-ant protocol and standard long protocol [21], suggesting a significant priority of

dGnRH-a protocol on improving endometrial receptivity for patients with PCOS.
Baseline characteristics

We used the propensity score matching method to control the potential confounders between
dGnRH-a group and GnRH-ant group. The PSM method was first described in the 1980s by
Rosenbaum and Rubin [22], but it was not widely used by statisticians until the 2000s, especially
in medicine. This method is useful for observational studies in which treatment allocation is
non-random and can be viewed as an approach seeking to replicate random assignment in
conventional randomized controlled trials [23]. The other advantage of the PSM method for this
study is that it allows parallel comparisons among the three main outcomes instead of multiple
logistic regression for each end point. Before matching, the GnRH-ant group had a longer duration
of infertility, more AFC and higher proportion of IVF treatment history and scar uterus. After

matching, the difference in those characteristics between groups became very small.
Ovarian stimulation and embryos culture outcomes

In our study, the dGnRH-a protocol had a longer follicular stimulation period, more Gn dosages
and lower serum E2, LH and P4 levels on the HCG trigger day than GnRH-ant protocol. One of
the possible explanations is that a long-acting GnRH-a injection could deeply suppress the
pituitary-ovarian axis. In GnRH-ant protocol, the ovarian stimulation period was short, which
might be attributed to the rapid inhibition of the endogenous LH release without pituitary
desensitization [7]. In addition, because of a higher E2 level on the HCG trigger day (3224.8 vs.
2590.6), the proportion of frozen embryo transfer in the GnRH-ant group should be higher than
that in the dGnRH-a group to take precautions against the occurrence of OHSS.
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An increasing number of transferable embryos and cycles with transferable embryos were
observed in dGnRH-a group. This might benefit from GnRH agonist, which reduced cancellation
rate by preventing premature LH surge, and increased the number of oocytes and embryos
transferred [24]. Animal studies showed that GnRH agonist increased the proportion of mouse
embryos that reached the blastocyst stage in vitro [25]. Casan et al. [26] found the expression of
GnRH and its receptor in human preimplantation embryos. Even so, direct evidence supporting

the role of GnRH agonist in human embryo remains limited.

Previous studies [11,18] observed a thicker endometrium in prolonged GnRH agonist
protocol than that in other protocols, which was consistent with our data. Endometrium thickness
has been used as a marker of the uterine receptivity to embryos, and as a predictor of IVF-ET
success [27,28]. Although related mechanisms are still unclear, it could be associated with the
hypothesis of endometrial recovery. A break of constant menstrual cycling by prolonged

down-regulation may restore full function to the steroid-sensitive systems [29].
Clinical outcome and economic indicators

Unlike other studies, our study defined the live birth rate as live birth per treatment cycle after first
fresh or frozen embryo transfer. As we all know, the advantages of dGnRH-a protocol can only be
reflected in the fresh transfer cycle. Therefore, it is not comprehensive to simply compare
outcomes of fresh or frozen transfer cycle alone. Cumulative live birth rate (CLBR) was suggested
as a suitable way to report success of an IVF treatment [30]. However, follow-up time of two
years is too long and difficult to achieve. The live birth rate after first fresh or frozen embryo
transfer is an intermediate choice; it does not require all embryos to be transferred, and it can take

into the account outcomes of both the fresh transfer and frozen transfer.

Women with PCOS who require IVF treatment are at particular risk of OHSS. A systematic
review with 9 RCTs published before 2012 [31] showed PCOS patients with the GnRH-ant
treatment had a lower severe OHSS rate (5.52% [35/634] vs. 12.42% [82/660]) than treated with
standard long protocol. In 2016, Chen et al. [32] reported a lower moderate or severe OHSS rate
(1.3% [10/746] vs.7.1% [54/762]) in the frozen-embryo group than that in the fresh-embryo group.
Therefore, the GnRH-ant protocol combined with freeze-all embryo can minimize the occurrence
of OHSS. In our study, the dGnRH-a group had a moderate to severe OHSS rate of 4.28% (25/584)
and a severe OHSS rate of 0.17% (1/584), which were relatively higher than the GnRH-ant group

(2.05% and 0%, respectively), but the difference was not significant.

For economic indicators, remarkably, our data significantly favored higher total dosages of
exogenous Gn in the dGnRH-a group, but the costs were lower than expected, the reason for
which was that patients in the dGnRH-a group received more HMG injections. HMG contains the
same dosage of LH and FSH, which may be one of the sources of exogenous LH. Too low serum
LH level in COH may affect follicular development, which directly influenced the potentiality of
oocyte and embryo [33]. Previous studies have reported that the LH level during ovarian
stimulation should neither be too high nor too low [34,35]. Thus, patients in the dGnRH-a group
with low serum LH levels after prolonged pituitary depression usually used HMG instead of rFSH
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or added recombinant LH when serum LH levels were <1 TU/L.
Limitations

An apparent defect of this study was that there were only 146 patients in the GnRH-ant group. For
the live birth rate outcome, this sample size is enough to detect a statistical significance because of
a large effect size. For economic outcomes, the power of independent t-test was acceptable for
data following continuous normal distribution with a relatively small standard deviation. However,
there were only 3 patients with moderate-to-severe OHSS in the GnRH-ant group. The
contingency of this probability suggests that more research with larger sample sizes should be
conducted. It is estimated that GnRH-ant protocol would achieve a lower OHSS rate by expanding

the sample size.

In conclusion, this retrospective study shows that the depot GnRH agonist protocol produced
significant improvement in the live birth rate compared with the GnRH antagonist protocol. There
was no significant difference in the incidence of moderate to severe OHSS between two groups in
this study, but this conclusion still needs to be verified by large sample studies. The depot GnRH
agonist protocol spent less on drug costs and more on transvaginal ultrasonography and endocrine

tests compared with GnRH antagonist protocol, but the total costs of COH is similar.

AUTHOR CONTRIBUTIONS

LZX and LFT contributed equally to this work. LZX: conception of the idea, study design, data
analysis and drafting of the manuscript. LFT: study design, interpretation of data analysis results
and revising of the manuscript. JT: revising of the manuscript. SSZ: revising of the manuscript.
QFW: guidance on the research design, revising of the manuscript and final approval of the

version to be published.

Conflict of interest

The authors declare no conflict of interest.

References

1. Chang WY, Knochenhauer ES, Bartolucci AA, Azziz R. Phenotypic spectrum of polycystic
ovary syndrome: clinical and biochemical characterization of the three major clinical
subgroups. Fertil Steril. 2005;83:1717-1723.

2. Ainehchi N, Khaki A, Ouladsahebmadarek E, Hammadeh M, Farzadi L, Farshbaf-Khalili A,
Asnaashari S, Khamnei HJ, Khaki AA, Shokoohi M. The effect of clomiphene citrate, herbal
mixture, and herbal mixture along with clomiphene citrate on clinical and para-clinical
parameters in infertile women with polycystic ovary syndrome: a randomized controlled
clinical trial. Arch Med Sci. 2020;16:1304-1318.

3. Lopes IM, Baracat MC, Simoes MJ, Simoes RS, Baracat EC, Soares JJ. Endometrium in



295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

10.

11.

12.

13.

14.

15.

16.

17.

18.

women with polycystic ovary syndrome during the window of implantation. Rev Assoc Med
Bras (1992). 2011;57:702-709.

Schulte MM, Tsai JH, Moley KH. Obesity and PCOS: the effect of metabolic derangements
on endometrial receptivity at the time of implantation. Reprod SCI. 2015;22:6-14.

Ng EHY, Tang OS, Ho PC. The significance of the number of antral follicles prior to
stimulation in predicting ovarian responses in an IVF programme. Hum Reprod.
2000;15:1937-1942.

Lin H, Li Y, Li L, Wang W, Yang D, Zhang Q. Is a GnRH antagonist protocol better in
PCOS patients? A meta-analysis of RCTs. Plos One. 2014;9:€91796.

Toftager M, Bogstad J, Bryndorf T, Lossl K, Roskaer J, Holland T, Praetorius L, Zedeler A,
Nilas L, Pinborg A. Risk of severe ovarian hyperstimulation syndrome in GnRH antagonist
versus GnRH agonist protocol: RCT including 1050 first IVF/ICSI cycles. Hum Reprod.
2016;31:1253-1264.

Hwang JL, Chen SU, Chen HJ, Chen HF, Yang YS, Chang CH, Seow KM, Tzeng CR, Lin
YH. Feasibility of corifollitropin alfa/GnRH antagonist protocol combined with GhRH
agonist triggering and freeze-all strategy in polycystic ovary syndrome patients. J Formos
Med Assoc. 2018;117:535-540.

Nakamura K, Oosawa M, Kondou I, Inagaki S, Shibata H, Narita O, Suganuma N, Tomoda Y.
Menotropin stimulation after prolonged gonadotropin releasing hormone agonist
pretreatment for in vitro fertilization in patients with endometriosis. J Assist Reprod Genet.
1992;9:113-117.

TuJ, Lin G, Lu C, Gong F. A novel modified ultra-long agonist protocol improves the
outcome of high body mass index women with polycystic ovary syndrome undergoing
IVF/ICSI. Gynecol Endocrinol. 2014; 30:209-212.

Ren J, Sha A, Han D, Li P, Geng J, Ma C. Does prolonged pituitary down-regulation with
gonadotropin-releasing hormone agonist improve the live-birth rate in in vitro fertilization
treatment? Fertil Steril. 2014;102:75-81.

Gong F, Li X, Zhang S, Ma H, Cai S, Li J, Lin GE, Lu G. A modified ultra-long pituitary
downregulation protocol improved endometrial receptivity and clinical outcome for infertile
patients with polycystic ovarian syndrome. Exp Ther Med. 2015;10:1865-1870.

Mourad S, Brown J, Farquhar C. Interventions for the prevention of OHSS in ART cycles. an
overview of Cochrane reviews. Cochrane Database Syst Rev. 2017;1.D012103.

Rotterdam. Revised 2003 consensus on diagnostic criteria and long-term health risks related
to polycystic ovary syndrome. Fertil Steril. 2004;81:19-25.

Golan A, Ron-el R, Herman A, Soffer Y, Weinraub Z, Caspi E. Ovarian hyperstimulation
syndrome: an update review. Obstet Gynecol Surv. 1989;44:430-40.

Balen AH, Morley LC, Misso M, Franks S, Legro RS, Wijeyaratne CN, Stener-Victorin E,
Fauser BC, Norman RJ, Teede H. The management of anovulatory infertility in women with
polycystic ovary syndrome: an analysis of the evidence to support the development of global
WHO guidance. Hum Reprod Update. 2016;22:687-708.

Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg R, van der Veen F,
van Wely M. GnRH antagonist versus long agonist protocols in IVF: a systematic review
and meta-analysis accounting for patient type. Hum Reprod Update. 2017;23:560-579.
Surrey ES, Silverberg KM, Surrey MW, Schoolcraft WB. Effect of prolonged



339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

gonadotropin-releasing hormone agonist therapy on the outcome of in vitro
fertilization-embryo transfer in patients with endometriosis. Fertil Steril. 2002;78:699-704.
Zikopoulos K, Kolibianakis EM, Devroey P. Ovarian stimulation for in vitro fertilization in
patients with endometriosis. Acta Obstet Gynecol Scand. 2004;83:651-655.

Tian LF, Tan J, Zou Y, Su Q, Li Y, Xu DF, Wu QF. Mild starting dosage ovarian stimulation
combined with a modified prolonged GnRH-a protocol improved IVF/ICSI outcomes in
normal ovarian responders. Arch Med Sci. 2019;15:1294-1300.

Xu B, Geerts D, Hu S, Yue J, Li Z, Zhu G, Jin L. The depot GnRH agonist protocol improves
the live birth rate per fresh embryo transfer cycle, but not the cumulative live birth rate in
normal responders: a randomized controlled trial and molecular mechanism study. Hum
Reprod. 2020;35:1306-1318.

Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies
for causal effects. Biometrika. 1983;70:41-55.

Cao H, Li H, Zhu X, Wang L, Yi M, Li C, Chen L, Shi Y. Three non-invasive ventilation
strategies for preterm infants with respiratory distress syndrome: a propensity score analysis.
Arch Med Sci. 2020;16:1319-1326.

Hughes EG, Fedorkow DM, Daya S, Sagle MA, Van de Koppel P, Collins JA. The routine
use of gonadotropin-releasing hormone agonists prior to in vitro fertilization and gamete
intrafallopian transfer: a meta-analysis of randomized controlled trials. Fertil Steril.
1992;58:888-896.

Lin LS, Roberts VJ, Yen SS. Expression of human gonadotropin-releasing hormone receptor
gene in the placenta and its functional relationship to human chorionic gonadotropin
secretion. J Clin Endocrinol Metab. 1995;80:580-585.

Casan EM, Raga F, Polan ML. GhRH mRNA and protein expression in human
preimplantation embryos. Mol Hum Reprod. 1999;5:234-239.

Nishihara S, Fukuda J, Ezoe K, Endo M, Nakagawa Y, Yamadera R, Kobayashi T, Kato K.
Does the endometrial thickness on the day of the trigger affect the pregnancy outcomes after
fresh cleaved embryo transfer in the clomiphene citrate-based minimal stimulation cycle?
Reprod Med Biol. 2020 Jan 6;19(2):151-157.

Onogi S, Ezoe K, Nishihara S, Fukuda J, Kobayashi T, Kato K. Endometrial thickness on the
day of the LH surge: an effective predictor of pregnancy outcomes after modified natural
cycle-frozen blastocyst transfer. Hum Reprod Open. 2020;2020:hoaa060.

Edwards RG. Clinical approaches to increasing uterine receptivity during human
implantation. Hum Reprod. 1995;10 Suppl 2:60-66.

Maheshwari A, McLernon D, Bhattacharya S. Cumulative live birth rate: time for a
consensus? Hum Reprod. 2015;30:2703-2707.

Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg R, van der Veen F,
van Wely M. GnRH antagonist versus long agonist protocols in IVF: a systematic review
and meta-analysis accounting for patient type. Hum Reprod Update. 2017;23:560-579.

Chen ZJ, Shi Y, Sun Y, Zhang B, Liang X, Cao Y, Yang J, Liu J, Wei D, Weng N et al. Fresh
versus Frozen Embryos for Infertility in the Polycystic Ovary Syndrome. N Engl J Med.
2016;375:523-533.

Benmachiche A, Benbouhedja S, Zoghmar A, Humaidan P. Low LH Level on the Day of
GnRH Agonist Trigger Is Associated With Reduced Ongoing Pregnancy and Live Birth



383
384
385
386
387
388
389
390
391
392

393

394

395

396
397
398

Rates and Increased Early Miscarriage Rates Following IVF/ICSI Treatment and Fresh
Embryo Transfer. Front Endocrinol (Lausanne). 2019;10:639.

34. Raju GA, Chavan R, Deenadayal M, Gunasheela D, Gutgutia R, Haripriya G, Govindarajan
M, Patel NH, Patki AS. Luteinizing hormone and follicle stimulating hormone synergy: A
review of role in controlled ovarian hyper-stimulation. J Hum Reprod Sci. 2013;6:227-34.

35. Westergaard LG, Laursen SB, Andersen CY. Increased risk of early pregnancy loss by
profound suppression of luteinizing hormone during ovarian stimulation in
normogonadotrophic women undergoing assisted reproduction. Hum Reprod. 2000
May;15(5):1003-8.

Caption description of figure

Fig 1 Flow chart of the study.
Fig 2 Brief explanation of the modified prolonged GnRH agonist protocol.

Fig 3 The percentage distribution histogram of propensity scores before and after
PSM.



Table 1 Baseline characteristics in dGnRH-a group and GnRH-ant group before and after propensity score matching

Characteristic

Age(years)?
BMI(kg/m?)?

Duration of
infertility(years)®

Previous conception®

Concomitant

infertility factors

Pelvic or tubal factors®

Endometriosis?

Advanced age (>=40)¢

History of IVF/ICSI®

Intrauterine
adhesions®

Scar uterus®

Male factors®

Before matching

After matching

dGnRH-a GnRH-ant dGnRH-a GnRH-ant

(n=2018) (n=146) P-value (n=584) (n=146) P-value
27.9743.81 28.4843.76 0.1159 28.73+4.03 28.4843.76 0.4915
23.0943.59 23.6243.63 0.0871 23.86+3.86 23.6243.63 0.4870
4[3,5] 4.58[3,6] 0.0101 4[3,6] 4.58[3,6] 0.6673
809/2018(40.09%)  57/146(39.04%)  0.8029 252/584(43.15%)  57/146(39.04%)  0.3687
1017/2018(50.4%)  65/146(44.52%)  0.1703 248/584(42.47%)  65/146(44.52%)  0.6536
38/2018(1.88%)  4/146(2.74%) 0.5255 10/584(1.71%) 4/146(2.74%) 0.4960
15/2018(0.74%)  2/146(1.37%) 0.3200 0/584(1.54%) 2/146(1.37%) 1.0000
110/2018(5.45%)  19/146(13.01%)  0.0002 62/584(10.62%) 10/146(13.01%)  0.4094
77/2018(3.82%)  5/146(3.42%) 0.8111 21/584(3.6%) 5/146(3.42%) 0.9205
118/2018(5.85%)  17/146(11.64%)  0.0052 79/584(13.53%) 17/146(11.64%)  0.5469
498/2018(24.68%)  41/146(28.08%)  0.3584 136/584(23.29%)  41/146(28.08%)  0.2266



Basal AFC? 21.83+4.84 23.14£7.56 0.0471 22.85+5.41 23.14£7.56 0.7130

Basal T(ng/dI)® 40.39[29.77,54.1] 42.82[34.5,57.18]  0.0821 41.96[30.3,56.64] 42.82[34.5,57.18] 0.4076
Basal LH(mIU/mI)

1.35[0.88,2.04] 1.52[0.89,2.02] 0.3668 1.42[0.88,2.11] 1.52[0.89,2.02] 0.6587
/ FSH(IU/L)®
Basal E2(pg/ml)° 36.97[27.49,48.9] 37.53[27.6,49] 0.9574 36.43[27.52,48] 37.53[27.6,49] 0.8059

3Independent t test  °Mann-Whitney U test  °Chi-square test 9Fisher’s exact test

BMI: Body Mass Index; IVF/ICSI: in vitro fertilization / intracytoplasmic sperm injection; Scar uterus: history of cesarean section or
hysteromyomectomy; AFC: antral follicular count; T: testosterone; LH: luteinizing hormone; FSH: follicle-stimulating hormone;
E2:estradiol.



Table 2 Results of COH and Laboratory indicators between two groups

Items dGnRH-a (n=584) GnRH-ant (n=146) P-value
Days of stimulation? 12.89+3.34 10.5842.63 <.0001
Dose of exogenous
2074.40+1077.66 1704.78+819.60 <.0001
Gn(lv)?
rFSH(IU)? 1141.324+338.10 1382.17+577.44 <.0001
HMG(IU)? 933.09+1132.10 322.60+712.28 <.0001
E2 on HCG trigger
2590.61[1693,3943] 3224.8[2037,4952.37] 0.0022
day(ng/ml)°
LH on HCG trigger
0.77[0.47,1.15] 2.37[1.41,4.59] <.0001
day(mlU/ml)®
P4 on HCG trigger
0.69[0.46,0.95] 0.85[0.59,1.19] <.0001
day(pg/ml)°
Endometrium
thickness on HCG 10.84+2.36 9.62+2.40 <.0001
trigger day(mm)?
No. of oocytes
. 15[11,21] 17[9,22] 0.6908
retrieved®
Good-quality embryos
2[1,4] 2[0,4] 0.6700
on Day 3°
Transferable embryos
7[4,11] 5[3,10] 0.0219
on Day 3°
Phase of embryo
0.0016
transfer®
Cleavage embryo 475/558(85.13%) 125/131(95.42%)
Blastocyst 83/558(14.87%) 6/131(4.58%)
No. of embryos
0.0054
transferred®
1 140/558(25.09%) 18/131(13.74%)
2 418/558(74.91%) 113/131(86.26%)
Fresh/frozen embryo
<.0001
transfer®
Cycles without
26/584(4.45%) 15/146(10.27%)
transferable embryos®
Fresh transfer 371/584(63.53%) 56/146(38.36%)
Freezing-all 187/584(32.02%) 75/146(51.37%)

3Independent t test  °Mann-Whitney U test  °Chi-square test

Gn: gonadotropin; FSH:
gonadotrophin; E2:estradiol; HCG: human choriogonadotropin; LH: luteinizing hormone; P4:

follicle-stimulating hormone; HMG: human menopausal



progesterone;



Table 3 The effectiveness, safety, and economic indicators between two groups

Items dGnRH-a (n=584) GnRH-ant (n=146) P-value
Effectiveness index
Biochemical pregnancy rate® 448/584(76.71%)  91/146(62.33%) 0.0004
Clinical pregnancy rate” 396/584(67.81%)  77/146(52.74%) 0.0007
Implantation rate® 547/976(56.05%)  106/244(43.44%)  0.0004
Live birth rate per treatment cycle® 340/584(58.22%)  61/146(41.78%) 0.0004
Cancel transfer® 26/584(4.45%) 15/146(10.27%)  0.0063
Live birth per fresh transfer® 239/371(64.42%) 25/56(44.64%) 0.0045
Live birth per frozen transfer® 101/187(54.01%) 36/75(48%) 0.3786
Live birth per cleavage embryos
287/475(60.42%) 58/125(46.4%) 0.0048
transfer®
Live birth per blastocyst transfer¢ 53/83(63.86%) 3/6(50%) 0.6663
Safety index
Incidence of OHSS® 0.6361
Mild 21/584(3.6%) 6/146(4.11%)
Moderate 24/584(4.11%) 3/146(2.05%)
Severe 1/584(0.17%) 0/146(0%)
Incidence of moderate-to-severe OHSS® 25/584(4.28%) 3/146(2.05%) 0.3327
Multiple pregnancy rate® 157/396(39.65%)  30/77(38.96%) 0.9104
Economic index
The cost of COH ($)
GnRH agonist/antagonist? 201.12+7.92 289.81+101.98 <.0001
Exogenous Gn? 632.25+165.48 674.17+£240.87 0.0482
rFSH? 594.88+188.5 661.25+247.23 0.0026
HMG? 37.36+45.33 12.92+28.52 <.0001
Transvaginal ultrasonography? 156.44+34.08 111.1+£31.28 <.0001
Endocrine examination? 207.87£57.77 170.53+51.38 <.0001
Total cost? 1197.67+£210.92 1245.6+£348.15 0.1132

3Independent t test °Chi-square test “Fisher’s exact test

OHSS: ovarian hyperstimulation syndrome; COH: controlled ovarian hyperstimulation; Gn:

gonadotropin; FSH: follicle-stimulating hormone; HMG: human menopausal gonadotrophin.
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Fig 3 The percentage distribution histogram of propensity scores before and after PSM.
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