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Objective: For patients with polycystic ovary syndrome (PCOS) to undergo in vitro fertilization (IVF) and embryo transfer (ET), 
there has been no consensus regarding which protocol is the most optimal for live birth rate in fresh cycles. We sought to evaluate 
depot gonadotropin-releasing hormone (GnRH) agonist protocol versus GnRH antagonist protocol in IVF outcomes for PCOS patients 
in a single fertility center.
Methods: In this retrospective cohort, PCOS patients who visited the Second Hospital of Hebei Medical University reproductive 
center between February 2012 and December 2019 were screened, and 533 PCOS infertility patients were included undergoing their 
first IVF cycle, with 470 in the depot GnRH agonist group and 63 in the GnRH antagonist group. The primary of this study outcome 
was the fresh live birth rate (LBR).
Results: PCOS women in the depot GnRH agonist group had a higher LBR (49.79%) than those in the GnRH antagonist group 
(34.92%, p = 0.027). The multivariable logistic regression also confirmed that women in the depot GnRH agonist group had a higher 
LBR than those in the GnRH antagonist group (OR = 1.83, 95% CI 1.05~3.18, p = 0.032). After propensity score matching (PSM), the 
LBR in the depot GnRH agonist group was higher (50.32%) than that of the GnRH antagonist group (35.48%), p = 0.033. The ovarian 
hyperstimulation syndrome (OHSS) rates were similar between the two groups, with 35 in the depot GnRH group and 6 in the GnRH 
antagonist group (p = 0.561).
Conclusions: For PCOS patients in fresh embryo transfer cycles, the depot GnRH agonist protocol may lead to a higher LBR than the 
antagonist protocol with satisfied lower OHSS rates.
Keywords: PCOS, depot gonadotropin-releasing hormone agonist protocol, gonadotropin-releasing hormone antagonist protocol, 
cumulative live birth rate, live birth rate

Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder among women of reproductive age and is one of the 
most common causes of female infertility due to anovulation.1 With many PCOS patients needing assisted reproductive 
technology (ART),2 making safe and efficient ovulation induction protocols for PCOS patients is essential. Many COH 
protocols have been implemented for PCOS patients receiving IVF.3–5 A meta compared represented that the GnRH 
antagonist protocol was safer and more cost-effective than the long GnRH agonist protocol for PCOS without 
compromising the clinical outcomes.6 Two types of GnRH agonist patterns can prevent premature luteinization: a low 
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(0.1 mg) daily dose of GnRH agonist or a single higher dose (3.75 mg) of long-acting GnRH agonist analog. The latter is 
called the follicular phase depot GnRH agonist.7 The depot GnRH agonist protocol has better clinical outcomes, lower 
luteinizing hormone (LH), and estradiol/oocyte ratio.8 However, the moderate or severe Ovarian hyperstimulation 
syndrome (OHSS) rates were higher in the depot GnRH agonist group than in the long GnRH agonist group.9 As 
GnRH antagonist can block pituitary LH instantly,10 reduce stimulation duration, decrease the usage of gonadotropin, and 
lower the risk of OHSS,11 therefore GnRH antagonist protocol can improve PCOS patients’ acceptance, but with fewer 
follicles and oocytes, as well as the incidence of premature LH surge.6

The common strategy for PCOS patients was the GnRH antagonist protocol followed by frozen embryo transfer.12 

Meanwhile, a proportion of patients still prefer fresh embryo transfer when the risk of OHSS is under control. However, 
there remains no consensus on which protocol is the most optimal treatment for PCOS patients to achieve a maximal live 
birth rate in fresh treatment cycles. In the present study, we sought to evaluate the follicular phase depot GnRH agonist 
protocol versus the GnRH antagonist protocol in terms of the fresh live birth rate (LBR) and OHSS rate for PCOS 
patients in a single fertility center.

Methods
Ethics
This was a retrospective cohort at a single center. The Reproductive Ethics Committee approved the study protocol of the 
Second Hospital of Hebei Medical University (Approval number: 2021-P042).

Subjects Enrollment
PCOS patients who visited the human reproductive center of the Second Hospital of Hebei Medical University between 
February 2012 and December 2019 were screened. The diagnosis of PCOS was established following the Rotterdam 
consensus criteria.2,13 Individuals meeting at least 2 of the 3 Rotterdam consensus criteria and without phenotypically 
similar androgen excess disorders such as congenital adrenal hyperplasia (CAH), androgen-secreting tumors, Cushing 
syndrome, thyroid dysfunction, and hyperprolactinemia, were diagnosed with PCOS.

1. Hyperandrogenism - either clinically by skin manifestations of androgen excess OR hyperandrogenemia (high 
testosterone in a blood test); 2. Ovulation dysfunction (ie Oligo/Anovulation); 3. Polycystic ovaries on ultrasound.

Inclusion Criteria
1. Infertile women between 21 and 38 years old
2. Had either depot GnRH agonist protocol or GnRH antagonist protocol
3. First IVF or ICSI cycle
4. Oocytes no more than 20

Exclusion Criteria
1. Women with endometriosis, hydrosalpinx, uterine malformation, endometrial polyp, history of unilateral oophor-

ectomy or karyotyping.
2. Women with thyroid disease, diabetes mellitus, hyperprolactinemia, congenital adrenal hyperplasia, or other 

endocrine or metabolic diseases.

Data were retrieved on patients’ age, BMI (kg/m2), classification of infertility, duration of infertility, and antral 
follicle counting. All included subjects had been tested for baseline serum levels of follicle-stimulating hormone (FSH) 
(μIU/mL), luteinizing hormone (LH) (μIU/mL), estradiol (E2) (pg/mL), progesterone (P) (ng/mL), testosterone (T) (ng/ 
mL), and prolactin (PRL) (ng/mL) using commercial kits (Siemens Healthcare Diagnostics) with an automatic chemi-
luminescence immunoassay analyzer. Exogenously added LH, total GnRH dosage, and numbers of retrieved oocytes 
were recorded, and the endometrial thickness was measured on the day of triggering with human chorionic gonadotropin 
(hCG). Patients with PCOS were allocated to either the depot GnRH agonist protocol or the GnRH antagonist protocol, 
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with the decision influenced by physician preferences, discussions between doctors and patients, or the availability of 
pertinent supplementary medications.

Depot GnRH Agonist Protocol
In the depot, GnRH agonist protocol, patients received 3.75 mg long-acting GnRH agonist on the first to third days of the 
menstruation for pituitary down-regulation. After 30 days of down-regulation, the endometrium thickness <5 mm, 
a follicular diameter < 10 mm, and pituitary desensitization was achieved, as indicated by low levels of FSH (≤5 
μIU/mL), estradiol (≤20 pg/mL) and LH (≤5 μIU/mL), 150–225 IU of gonadotropin were given. The dosage and duration 
of gonadotropin were adjusted according to follicle development and serum endocrine. When at least two dominant 
follicles reached 18 mm, 10,000 IU human chorionic gonadotropin (hCG) (Livzon)/250 μg Ovidrel (Merck Serono) was 
administered.

GnRH Antagonist Protocol
In the antagonist protocol, patients received gonadotropin on the second day of menstruation, and once daily last for five 
days. Subsequently, antagonist 0.25 mg cetrorelix acetate (Merck Serono) was given to the modulate serum LH (≥5 μIU/ 
mL) as part of a flexible strategy. The gonadotropin dosage was adjusted according to follicular development, and the 
antagonist was used until the hCG day.

Oocytes were retrieved 36–38 hours after hCG triggering and were fertilized by either IVF or intracytoplasmic sperm 
injection (ICSI). There were no differences in semen parameters between both depot and antagonist groups. All embryos 
were cultured by a standard protocol in the embryo lab. Fresh embryo transfers were performed 3–5 days after oocyte 
retrieval based on embryo quality and patients’ overall conditions. The transfer was cancelled if the oocyte retrieval was 
more than twenty or patients were at other high risk for OHSS, or P was over 2 ng/mL on the hCG triggering day. Then 
luteal-phase support was implemented [90 mg progesterone gel (Merck Serono) plus 20 mg/day dydrogesterone].

Outcomes
The primary outcome was live birth after the first fresh-cycle embryo transfer. A blood hCG test was taken 14 days post- 
embryo transfer. The positive hCG result was confirmed as a biochemical marker of pregnancy.14 Clinical intrauterine 
pregnancy was defined by the observation of fetal cardiac activity by sonograph 30 days after the embryo transfer, which 
included ectopic pregnancy.14 Both the chemical pregnancy and the clinical pregnancy were secondary outcomes. LBR 
was defined as the number of delivery cycles that resulted in at least one live-born baby/number of embryo transfer 
cycles.15 The outcomes also included miscarriage and a pregnancy loss before 28 weeks.15 Severe OHSS was 
characterized by one of the following criteria: ascites, hydrothorax, and dyspnea.16 The use of abdominal puncture to 
release ascites was recorded.

Statistical Analysis
Continuous variables with normal distribution were presented as the mean, followed by standard deviation. The non- 
normal distribution of continuous variables was presented as the median, followed by the interquartile range (IQR). 
Student’s t-test and Wilcoxon rank-sum test were used for normally and non-normally distributed quantitative data for 
inter-group comparisons. Categorical variables at baseline were analyzed using the Chi-square or Fisher’s exact test for 
inter-group baseline comparisons.

Multivariate logistic regression analysis and Cox regression were performed to identify the associations between 
dependent and independent variables. The results are expressed as adjusted odds ratios (ORs) or hazard ratios (HRs) with 
95% confidence intervals (95% CIs).

Assuming a live birth rate of 30% in the GnRH Antagonist group and 50% in the Depot GnRH Agonist group, with 
an α (Type I error) of 0.05 and a β (Type II error) of 0.2, and with a group ratio of 1:5, the necessary sample size for the 
GnRH Antagonist group was 57, while for the Depot GnRH Agonist group, it was 285.

To obtain comparable groups, propensity score matching was performed to match patients of the GnRH antagonist 
group with the depot GnRH agonist group. The propensity score model was constructed using the multivariable logistic 
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regression model, which included age, spouse age, BMI, infertility type, duration of infertility, natural cycle, baseline 
FSH level, baseline E2 level, baseline P level, baseline PRL level, baseline LH level, baseline T level, antral follicle 
count (AFC) level, and intimal thickness.

For the primary endpoint, logistic regression was used to assess the association between live births and the two 
treatment regimens. The model was adjusted by female age, infertility type, baseline PRL, retrieved oocytes, and 
treatment regimens. Propensity score-matched data were analyzed for sensitivity analysis for the entire cohort. The 
caliper width is equivalent to 0.2 of the pooled standard deviation of the logit of the propensity score. Patients in the 
GnRH antagonist group were matched 1:5 to patients in the Depot GnRH agonist group.

All hypothesis tests were two-sided, and values of <0.05 were considered statistically significant.
Stata SE 13 (Serial number 401306302851), R software version 3.6.1 (http://cran.r-project.org/), easy-R (www.empower 

stats.com), and prism (https://www.graphpad.com/scientific-software/prism/) were applied for the data analysis.

Results
Baseline of All the Participants
The flow chart of the study is shown in Figure 1. Between February 2012 and December 2019, a total of 14,443 eligible 
primary infertility patients underwent IVF/ICSI for their first cycle. Of them, 1289 patients were diagnosed with PCOS. 
Three hundred and twenty-nine patients were excluded from this analysis because of hydrosalpinx, malformation, 
endometriosis, or previous uterine/ovary surgery. Another 270 patients were excluded due to a lack of a fresh embryo 
transplant (ET) cycle, and 157 patients were excluded due to incomplete data. The final analysis included 533 eligible 
women, with 470 in the depot GnRH agonist group and 63 in the GnRH antagonist group. Baseline characteristics were 
comparable between the groups, including age, spouse age, infertility type, BMI, duration of infertility, and the cycle of 
pregnancy. The baseline E2 level in the depot GnRH agonist group was 64.88 ± 63.80 (median 43) pg/mL, while it was 
45.21 ± 34.70 (median 41) pg/mL in the GnRH antagonist group (p = 0.024). The baseline P level in the depot GnRH 
agonist group was 1.43 ± 3.38 (median 0.71) pg/mL, while it was 0.82 ± 1.11 (median 0.60) pg/mL in the GnRH 
antagonist (p = 0.007). There were no statistical differences in age, spouse age, stimulate cycle, BMI, baseline serum 
FSH, baseline serum LH, baseline serum PRL, baseline serum T, AFC, and endometrium thickness (EMT). All details of 
the study parameters are shown in Table 1.

ART Outcomes for All 533 Subjects
The total gonadotropin (Gn) dose was higher in the depot GnRH agonist group (median 2475) than that in the GnRH 
antagonist group (median 1800) because of protocol differences (p < 0.001).

There was no statistically significant difference in the number of oocytes retrieved (p = 0.849), clinical pregnancy rate 
(p = 0.975), and OHSS rate (p = 0.561) between the two groups. For the fresh cycle, 234 of 470 (49.79%) women in the 
depot GnRH agonist group had a live birth, while 22 of the 63 (34.92%) women in the GnRH antagonist group had 
a fresh live birth (p = 0.027) (Table 2).

Multivariable logistic regression showed that women in the depot GnRH agonist group had a higher LBR than those 
in the GnRH antagonist group (OR = 1.83, p = 0.032, 95% CI 1.05 ~ 3.18) (Table 3 and Figure 2).

The biochemical pregnancy rate was 62.39% in the Depot GnRH Agonist group and 66.67% in the GnRH Antagonist 
group, whereas the clinical pregnancy rate stood at 58.94% for the Depot GnRH Agonist group and 58.73% for the 
GnRH Antagonist group (as indicated in Table S1).

Restricted cubic spline analyses generated a curve (Figure 3) showing the relationship between endometrial thickness 
(EMT) and the probability of LBR, adjusted age, infertility type, duration of infertility, natural cycle, BMI, baseline FSH, 
E2, P, PRL, LH, T, AFC, LH, the total dose of Gn, and the number of oocytes retrieved. The turning point of endometrial 
thickness in the depot GnRH agonist group was 11 mm, and the live birth rate of fresh cycle attempts increased after this 
point. In contrast, women in the GnRH antagonist group had a peak live birth rate of 40% when the endometrial 
thickness was approximately 12 mm.
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Figure 1 Patients recruiting flow diagram, according to treatment groups.
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ART Outcomes for 372 PSM Subjects
After PSM, the baseline characteristics between the two groups were comparable in female age, spouse age, duration of 
infertility, natural cycle, BMI, FSH, E2, P, PRL, LH, T, AFC, and endometrium thickness on hCG day (Table 4). The LBR 
between the two treatment groups differed. Of the 156 of 310 (50.32%) patients in the depot GnRH agonist group had a live 

Table 1 Baseline Characteristics for All 533 Subjects

Depot GnRH Agonist 
Group (n=470)

GnRH Antagonist 
Group (N=63)

t or z or χ2 p-value

Female age (years) Mean(SD) 28.12(3.18) 28.06(3.35) t= −0.1247 0.901

Spouse age (years) Mean(SD) 28.83(3.42) 28.95(3.67) t=0.2650 0.791

Duration of infertility (years) Mean(SD) 4.23(2.51) 4.00(2.50) z= −0.739 0.460
Median (IQR) 4(2–5) 4(2–5)

Natural cycle (%) Nature cycle 464(98.7) 61(96.8) 0.242

Others 6(1.3) 2(3.2)
BMI (kg/m2) Mean(SD) 25.97(3.87) 26.11(3.96) t=0.2794 0.780

Baseline FSH (mIU/mL) Mean(SD) 6.71(1.82) 6.77(1.93) t=0.2287 0.819
Baseline E2 (pg/mL) Mean(SD) 64.88(63.80) 45.21(34.70) z= −2.258 0.024

Median (IQR) 43(30–73.40) 41(23–55)

Baseline P (ng/mL) Mean(SD) 1.43(3.38) 0.82(1.11) z= −2.695 0.007
Median (IQR) 0.71(0.44–1.33) 0.60(0.35–0.85)

Baseline PRL (ng/mL) Mean(SD) 13.49(8.58) 13.51(10.05) z=0.078 0.938

Median (IQR) 11.66(8.62–15.82) 11.73(9.07–15.83)
Baseline LH (mIU/mL) Mean(SD) 9.36(6.52) 9.33(10.06) z= −0.895 0.371

Median (IQR) 7.39(4.82–12.73) 7.04(4.89–10.32)

Baseline T (ng/mL) Mean(SD) 0.94(1.14) 0.65(0.28) z= −1.634 0.102
Median (IQR) 0.67(0.47–0.96) 0.61(0.45–0.78)

AFC total Mean(SD) 22.67(3.37) 22.11(4.92) t= −1.1576 0.248

Endometrium thickness on 
hCG day (mm)

Mean(SD) 11.24(1.74) 10.86(1.80) t= −1.6266 0.104

Abbreviations: SD, standard deviation; IQR, the interval of quartile range (Q1-Q3).

Table 2 ART Outcomes for All 533 Subjects

Depot GnRH Agonist 
Group (n=470)

GnRH Antagonist 
Group (N=63)

t or z or χ2 p-value

Gn total dose Mean(SD) 2717.10(1198.34) 2300.71(1372.14) t= −2.5441 0.011

Median (IQR) 2475(1806.25–3300) 1800(1575–2700) z= −3.627 <0.001

Number of oocytes retrieved Mean(SD) 12.15(5.13) 12.13(5.25) t= −0.038 0.970

Median (IQR) 12(8–16) 11(8–16) z= −0.190 0.849

Clinical pregnancy rate Yes 277 (58.94%) 37 (58.73%) χ2= 0.0010 0.975

No 193 (41.06%) 26 (41.27%)

LBR Yes 234 (49.79%) 22 (34.92%) χ2=4.919 0.027

No 236 (50.21%) 41 (65.08%)

OHSS Yes 35 (7.4%) 6 (8.5%) χ2=0.340 0.561
No 435 (92.6%) 57 (90.5%)

Abbreviations: ART, assisted reproductive technology; SD, standard deviation; IQR, the interval of quartile range (Q1-Q3); LBR, live birth rate; OHSS, ovarian 
hyperstimulation syndrome.
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birth, while 22 of 62 (35.48%) women in the GnRH antagonist group had a live birth (p = 0.033). The number of oocytes 
retrieved and the clinical pregnancy rate between the two groups were comparable (Table 5). The depot GnRH agonist group 
has a higher LBT than the GnRH antagonist group (OR = 1.84, 95% CI 1.05%~3.24%, p = 0.034) (Table 6).

Table 3 Single Factor Analysis and Logistic Regression for Fresh Cycle for All 533 Subjects

Univariate Analysis Multivariate Logistic 
Regression Analysis

n (%) OR (95% CI) P OR (95% CI) P

Female age (>35 years) 8(1.50) 0.15(0.02, 1.24) 0.0783 0.15(0.02, 1.28) 0.084

Infertility type (Secondary infertility) 6(1.13) 5.50(0.64, 47.38) 0.1209 4.82(0.56, 41.86) 0.154

BMI (>24 kg/m2) 356(66.79) 1.23(0.85, 1.76) 0.2686

Duration of infertility (>3 years) 285 (53.47) 0.86(0.61, 1.21) 0.3959
Natural cycle(others) 8 (1.50) 0.65(0.15, 2.73) 0.5511

AFC total (>22) 389 (72.98) 1.37(0.93, 2.01) 0.1116

Gn total dose (>2900IU) 178(33.40) 0.75(0.52, 1.08) 0.1189
Baseline FSH (>8.78 mIU/mL) 58(10.88) 0.68(0.39, 1.19) 0.1782

Baseline E2(>40 pg/mL) 291(54.60) 0.92(0.65, 1.29) 0.6299

Baseline P (>1.52 ng/mL) 102(19.14) 0.91(0.59, 1.40) 0.6609
Baseline PRL (>26.7 ng/mL) 31(5.82) 1.34(0.64, 2.77) 0.4356 1.28(0.61, 2.70) 0.512

Baseline LH (Baseline LH -Baseline FSH>0 mIU/mL) 313(58.72) 0.85(0.60, 1.20) 0.3477

Baseline T (>0.75 ng/mL) 190(35.65) 0.87(0.61, 1.24) 0.4411
Endometrium thickness on hCG day (>14 millimeters) 25(4.69) 1.18(0.53, 2.64) 0.6843

Treatment protocol (Depot GnRHa) 470(88.18) 1.85(1.07, 3.20) 0.0283 1.83(1.05, 3.18) 0.032

Number of oocytes retrieved
Group 1 (0–5) 50(9.38) Ref.

Group 2 (6–10) 161 (30.21%) 1.21(0.64, 2.31) 0.5568 1.20(0.63, 2.32) 0.578
Group 3 (11–15) 178 (33.40%) 1.60(0.85, 3.04) 0.1460 1.50(0.79, 2.86) 0.218

Group 4 (16 above) 144 (27.02%) 1.50(0.78, 2.88) 0.2238 1.43(0.74, 2.77) 0.292

0.01 0.1 1 10 100

Group 4 (16 above)

Group 3 (11-15)

Group 2 (6-10)

Number of oocytes retrieved (0-5)

Depot GnRH Agonist group

Baseline PRL (>26.7ng/ml)

Infertility type (Secondary)

Female age (>35 years)

OR (95% CI)

0.15 (0.02,1.28)

4.82 (0.56,41.86)

1.28 (0.61,2.70)

1.83 (1.05,3.18)

1.20 (0.63,2.32)

1.50 (0.79,2.86)

1.43 (0.74,2.77)

Figure 2 Multivariable logistic regression showed the depot GnRH agonist group had a higher LBR than those in the GnRH antagonist group.
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OHSS
Both depot GnRH agonist and GnRH antagonist groups used hCG for ovulation triggering. Because we froze all the 
embryos when more than 20 oocytes were retrieved, no significant differences were observed in severe OHSS rates 
between the two protocols (35 in the depot GnRH agonist group, 6 in the GnRH antagonist group, p = 0.561).

Figure 3 Relationship between the endometrial thickness (EMT) and the probability of LBR. Restricted cubic spline curve of the relationship between EMT and the 
probability of LBR, adjusted age; infertility type; duration of infertility; natural cycle; BMI; baseline FSH, E2, P, PRL, LH, T, and AFC; whether LH was added; total dose of Gn; 
and the number of oocytes retrieved.

Table 4 Baseline Characteristics for 372 PSM Subjects

Depot GnRH Agonist 
Group (n=310)

GnRH Antagonist 
Group (n=62)

p-value SMD

Female age Mean(SD) 28.12(3.12) 28.11(3.35) 0.994 0.001

Spouse age (years) Mean(SD) 28.90(3.26) 29.05(3.62) 0.754 0.042

Duration of infertility (years) Mean(SD) 4.23(2.56) 4.05(2.49) 0.617 0.070

Natural cycle (%) Nature cycle 304(98.1) 61(98.4) 1.000 0.024

Others 6(1.9) 1(1.6)

BMI (kg/m2) Mean(SD) 26.00(3.81) 26.16(3.97) 0.765 0.041

Baseline FSH (mIU/mL) Mean(SD) 6.66(1.72) 6.79(1.93) 0.601 0.070

Baseline E2 (pg/mL) Mean(SD) 42.11(23.56) 45.10(34.98) 0.404 0.101

Baseline P (ng/mL) Mean(SD) 0.73(0.55) 0.82(1.12) 0.316 0.107

Baseline PRL (ng/mL) Mean(SD) 13.25(8.53) 13.51(10.13) 0.827 0.029

Baseline LH (mIU/mL) Mean(SD) 9.25(6.65) 9.24(10.11) 0.986 0.002

Baseline T (ng/mL) Mean(SD) 0.61(0.28) 0.65(0.28) 0.330 0.135

AFC total Mean(SD) 22.28(3.73) 22.08(4.95) 0.717 0.046

Endometrium thickness on hCG day (mm) Mean(SD) 11.08(1.64) 10.85(1.82) 0.336 0.129

Abbreviations: SD, standard deviation; SMD, standard mean difference.
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Discussion
The present study is a retrospective cohort that evaluated the LBR of GnRH antagonist and depot GnRH agonist 
protocols in PCOS patients for their first ART cycle. The LBR was higher using the depot GnRH agonist protocol than 
the GnRH antagonist protocol for fresh embryo transfer. The main reasons for the higher LBR of the depot GnRH agonist 
protocol with fresh transfer cycles are as follows.

Firstly, it may be possible due to the progesterone level elevation. PCOS patients with a high number of oocytes retrieved 
tended to have premature luteinization17 and indicating an increased progesterone concentration (≥1.3 ng/mL) on the day of 
hCG administration so that the implantation window would shift forward.18 The fact that LBR is better in the depot GnRH 
agonist protocol may be associated with a reduction in P level on the day of hCG administration for pituitary down-regulation 
before gonadotrophin stimulation. Secondly, another possible factor is that a high level of LH can lead to follicular atresia. The 
depot GnRH agonist protocol can decrease LH levels and reduce follicular atresia, so it may increase the number of oocytes 
retrieved.19 The lower LBR with the GnRH antagonist may be due to the LH surge not being suppressed entirely and the fact 
that these surges occurred before the antagonist started.20 Thirdly, the beneficial effect of the depot GnRH agonist protocol for 
a fresh cycle might be due to endometrial receptivity.21 A study showed that GnRH agonist protocol has a beneficial impact on 
endometrial receptivity by regulates IL-6 and IL-11 expression.22 Other studies have shown that GnRH agonist protocol may 
improve endometrial receptivity by protecting the expression of HOXA10, MEIS1, and LIF receptivity markers.23

Many studies have shown that the OHSS rate was significantly lower when the antagonist was used.24–26 The GnRH 
antagonist protocol can reduce OHSS because GnRH antagonists decrease VEGF mRNA expression.27 As the risk of 
OHSS is due to the effect of hCG,28 using GnRH agonist protocols to trigger ovulation and reducing hCG usage can 
reduce OHSS in the GnRH antagonist protocol.29,30 For our center, there were only a few mild OHSS cases in the two 
groups. Those patients with a high potential risk of OHSS occurrence on embryo transfer day will not have fresh cycle 
implementation. The criteria for evaluating potential risks of OHSS occurrence included ovary size, ascitic fluid, and 
symptoms of abdominal distension, which have been implemented at our site for the past 20 years.

Additionally, we freeze all embryos if the number of retrieved follicles is greater than 20. A systematic review 
showed that, in fresh cycles, LBR reaches a plateau or even declines when more than 15–20 oocytes are retrieved, and 
therefore, freeze-all embryos can eliminate severe OHSS.31 A multicenter RCT demonstrated that frozen embryo transfer 
could effectively reduce the risk of OHSS.32

Our restricted cubic spline figure indicates that the depot GnRH agonist protocol generated better LBR than the 
GnRH antagonist protocol at any EMT, which explains why the depot GnRH agonist protocol was more advantageous in 

Table 5 ART Outcomes for 372 PSM Subjects

Depot GnRH Agonist 
Group (n=310)

GnRH Antagonist 
Group (n=62)

t or χ2 p-value

Number of oocytes retrieved Mean(SD) 11.90 (5.05) 12.19 (5.27) 0.411 0.682

Fresh Live Birth Rate No 154 (49.7) 40 (64.5) 4.559 0.033

Yes 156 (50.3) 22 (35.5)
Clinical Pregnancy Rate No 128 (41.3) 25 (40.3) 0.020 0.888

Yes 182 (58.7) 37 (59.7)

Abbreviations: ART, assisted reproductive technology; SD, standard deviation; IQR, the interval of quartile range (Q1-Q3); LBR, live birth rate; OHSS, ovarian 
hyperstimulation syndrome.

Table 6 Live Birth Rate of Fresh Cycle for PSM Subjects

OR (95% CI) Std. Error P-value

Treatment protocol

Depot GnRH Agonist vs GnRH Antagonist

1.84 (1.05, 3.24) 0.29 0.034
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fresh embryo transfer cycles. In the GnRH antagonist group, the EMT cut-off value was 12 mm. When the EMT was less 
than 12 mm, LBR increased with EMT, indicating that EMT acts as a good indicator for fresh live birth rate outcomes. 
When the EMT was thicker than 12 mm, LBR decreased coupled with EMT increase, suggesting that the GnRH 
antagonist protocol had a gradually negative effect on LBR as EMT increased. The restricted cubic spline figure 
shows that, in the GnRH agonist group, the EMT cut-off value was 11 mm. Before the cut-off value, LBR decreased 
slightly as EMT increased. After the cut-off values, LBR increased as EMT increased.

Our results demonstrated that with fresh transfer cycles, the live birth rate was significantly lower in the GnRH 
antagonist group than in the depot GnRH agonist group. Still, close attention to the endometrial thickness on hCG day 
might allow the pregnancy rate of fresh transfer cycles to reach a similar level between the GnRH antagonist and depot 
GnRH agonist protocols. We should try to improve endometrial receptivity to increase the pregnancy rate of fresh 
embryo transfer with the GnRH antagonist protocol in PCOS patients because the GnRH antagonist protocol has a lower 
OHSS rate.

For PCOS patients to ensure the pregnancy rate and decrease the incidences of moderate and severe OHSS, it is better 
to undergo frozen-thawed embryo transfer after GnRH antagonist protocol-induced ovulation.

For PCOS patients whose oocyte retrieving was under 20 and willing to have fresh embryo transfers, the depot GnRH 
agonist protocols can be applied directly. In contrast, the GnRH antagonist protocols need to be implemented for those 
whose EMT is around 12 mm.

As a retrospective study, this work has several limitations. Our analysis depends on previously recorded data, and not 
all PCOS patients were analyzed based on the inclusion and exclusion criteria. Therefore, some patients could not be 
collected, which may have led to bias and confounding. To overcome this issue, we used multiple statistical strategies 
(multivariable adjustment, propensity score matching) to adjust for the differences in the baseline that may influence the 
outcomes. More studies are needed to evaluate the safety issues surrounding OHSS and birth defects. This study is based 
on fresh cycles, we need further study about frozen cycles.

Conclusion
In our center, the depot GnRH agonist protocol provides a higher LBR than the antagonist protocol in fresh cycles among 
those PCOS patients whose retrieved oocytes were no more than 20, together with a satisfying low OHSS rate.
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