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Abstract
Purpose To compare aneuploidy rates in early aborted tissues or blastocysts between in vitro fertilization (IVF) cycles after 
the gonadotropin-releasing hormone (GnRH) antagonist (GnRH-ant) protocol or the GnRH agonist (GnRH-a) long protocol.
Methods This was a retrospective cohort study from a university-affiliated fertility center. In total, 550 early miscarriage 
patients who conceived through IVF/intracytoplasmic sperm injection (ICSI) after receiving the GnRH-ant or GnRH-a long 
protocol were analyzed to compare aneuploidy rates in early aborted tissues. To compare aneuploidy rates in blastocysts, 
404 preimplantation genetic testing for aneuploidy (PGT-A) cycles with the GnRH-ant protocol or GnRH-a long protocol 
were also analyzed.
Results For early miscarriage patients who conceived through IVF/ICSI, compared to the GnRH-a long protocol group, 
the GnRH-ant protocol group had a significantly higher rate of aneuploidy in early aborted tissues (48.51% vs. 64.19%). 
Regarding PGT-A cycles, the rate of blastocyst aneuploidy was significantly higher in the GnRH-ant protocol group than 
the GnRH-a long protocol group (39.69% vs. 52.27%). After stratification and multiple linear regression, the GnRH-ant 
regimen remained significantly associated with an increased risk of aneuploidy in early aborted tissues and blastocysts [OR 
(95% CI) 1.81 (1.21, 2.71), OR (95% CI) 1.65 (1.13, 2.42)]. Furthermore, the blastocyst aneuploidy rate in the GnRH-ant 
protocol group was significantly higher but only in young and normal ovarian responders [OR (95% CI) 5.07 (1.99, 12.92)].
Conclusion Compared to the GnRH-a long protocol, the GnRH-ant protocol is associated with a higher aneuploidy rate in 
early aborted tissues and blastocysts. These results should be confirmed in a multicenter, randomized controlled trial.

Keywords GnRH antagonist (GnRH-ant) protocol · GnRH agonist (GnRH-a) long protocol · Aneuploidy · Early abortion · 
Preimplantation genetic testing (PGT)
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Introduction

Aneuploidy is one of the most detrimental factors causing 
failed implantation, miscarriage, and disordered embryo 
development [1]. The vast majority of human aneuploi-
dies arise from errors in the first meiotic division of the 
oocyte, which is initiated prenatally and is not complete 
until ovulation [2]. Recent studies have confirmed that 
both young and older women have high rates of aneuploidy 
[1, 3]. However, the proportions of human preimplanta-
tion embryos with aneuploidy are increased in patients of 
advanced maternal age [4, 5]. In addition to maternal age, 
chromosome abnormalities in embryos may be induced 
by factors involved in assisted reproductive technology 
(ART), including embryo culture conditions [6]. Ovar-
ian stimulation plays a crucial role in ART. The goal of 
ovarian stimulation is to induce ongoing development 
of multiple dominant follicles and obtain many mature 
oocytes to improve the chances of conception [7]. How-
ever, the potential deleterious effect of ovarian stimulation 
on oocyte and embryo euploidy is still the subject of lively 
debate. In 2020, Gang Li et al. confirmed that the long-act-
ing gonadotropin-releasing hormone (GnRH)-a protocol 
after follicular phase (FP) stimulation resulted in a lower 
aneuploidy blastocyst rate than the short-acting GnRH 
agonist (GnRH-a) protocol after luteal phase (LP) stimu-
lation [8]. It was also found that the duration of ovarian 
stimulation treatment was correlated with the aneuploidy 
rate: patients requiring more days of stimulation presented 
a lower rate of aneuploid embryos[9]. However, Filippo 
Maria Ubaldi et al. [10] demonstrated no differences in 
the aneuploidy blastocyst rate after FP and LP stimulations 
using follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH) in combination with GnRH-ant in patients 
with reduced ovarian reserve.

The GnRH agonist and GnRH-ant protocols are well-
established methods for controlled ovarian hyperstimula-
tion among patients who are receiving assisted reproduc-
tive technology (ART) [11]. The GnRH-a protocol was 
developed in the 1980s and is used to prevent premature 
LH outpouring, thereby increasing the number of retrieved 
oocytes and pregnancy rates. The GnRH-a protocol has 
become the gold standard for IVF. The GnRH-ant pro-
tocol was introduced in the 1990s; it can competitively 
block GnRH receptors and cause a rapid suppression of Gn 
release. The GnRH-ant protocol results in a lower risk of 
severe ovarian hyperstimulation syndrome (OHSS) and is 
more convenient for patients because of the shorter dura-
tion of Gn administration and lower Gn dose [11, 12].

Current reports are not consistent in comparing the 
clinical outcomes of the GnRH-a and GnRH-ant pro-
tocols based on prior meta-analysis and system review 

studies. Wang et al. [12] and Xiao et al. [13] showed that 
compared with the standard long GnRH-a protocol, the 
GnRH-ant protocol resulted in similar ongoing pregnancy 
and live birth rates. Yang et al. [11] revealed that the long-
acting GnRH-a protocol was beneficial in improving the 
clinical pregnancy rate and live birth rate compared with 
the GnRH antagonist protocol. Accounting for various 
patient populations, C.B. Lambalk et al. [14] systemati-
cally reviewed the GnRH-ant and GnRH-a long protocols 
in IVF. This meta-analysis confirmed that compared to 
the GnRH-a long protocol, the GnRH-ant protocol was 
associated with lower ongoing pregnancy rates in a general 
IVF population but did not seem to compromise ongo-
ing pregnancy rates in individuals with polycystic ovar-
ian syndrome (PCOS) and poor responders. Studies also 
suggest that embryos conceived after GnRH antagonists 
may have higher early pregnancy loss rates [15–17]. Fur-
thermore, the Chinese birth cohort study on ART and birth 
defects published in The Lancet Regional Health, 2021, 
showed that the GnRH-ant regimen for ovulation induction 
in women was associated with an increased risk of birth 
defects in their offspring [18]. It is evident that aneuploidy 
is a major factor that results in pregnancy loss and birth 
defects [19–21]. However, to date, no study has compared 
the effects of the GnRH-ant protocol and GnRH-a long 
protocol on embryo aneuploidy.

Prior to analyze the embryo aneuploidy, we first compared 
the abortion rates of the GnRH-a long protocol or GnRH-
ant protocol in our center. In the multivariable model, when 
maternal age, paternal age, and potential influencing factors, 
including the basal estradiol (E2) level, infertility diagnosis, 
infertility factors, total dose of Gn, and duration of Gn, were 
considered, the GnRH-ant regimen remained significantly 
associated with an increased risk of nonpregnancy and mis-
carriage [(OR 1.16, 95% CI 1.04–1.29, P = 0.0094) and (OR 
1.40, 95% CI 1.11–1.77, P = 0.0044)] (Supplemental Table 1).

The key of this study is aim to analyze the aneuploidy 
rate in early aborted tissues after receiving the GnRH-ant 
or GnRH-a long protocol. We elucidated whether women 
who received the GnRH-ant protocol for ovarian stimula-
tion generate different aneuploid embryos than those who 
received the GnRH-a long protocol. These findings help to 
reveal the different effects of the GnRH-ant and GnRH-a 
long protocols on blastocyst aneuploidy and provide guid-
ance for clinical treatment.

Materials and methods

Inclusion and exclusion criteria

This was a retrospective study to investigate the effect of 
ovarian stimulation on embryo aneuploidy. The data were 
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collected at a single tertiary reproductive medical center 
between January 2017 and December 2020. This study 
included two separate cohorts: miscarriage patients result-
ing from IVF/ICSI and patients underwent preimplantation 
genetic testing (PGT). Miscarriage patients with multiple 
pregnancies, second trimester abortions, unexplained infer-
tility, basic data deficiency, and chromosomal abnormity 
were excluded. In total, 550 patients with a singleton preg-
nancy and early miscarriage (gestational age 6–12 weeks) 
undergoing IVF/ICSI were included. PGT patients with 
chromosomal abnormities who underwent PGT for chro-
mosomal structural rearrangement (PGT-SR) and patients 
who underwent PGT for aneuploidy (PGT-A) but embryo 
amplification failure, mosaic embryos, or basic data defi-
ciency were also excluded. In total, 1476 blastocysts from 
404 cycles undergoing PGT for aneuploidy (PGT-A) were 
included. The GnRH-a long protocol or the GnRH-ant proto-
col was used for ovarian stimulation. A flow chart of the data 
processing procedure is provided in Supplemental Fig. 1.

This study was approved by the ethics committee of the 
Tang Du Hospital of the Air Force Military Medical Univer-
sity, China (K202108-09).

Clinical characteristics

Baseline demographic parameters, including age (in years, 
y) of the maternal and paternal subjects, body mass index 
(BMI) (kg/m2), infertility factors, and infertility diagnosis, 
were collected. Baseline IVF-specific data, including the 
basal plasma FSH level (mIU/mL), basal LH level (mIU/
mL), and basal E2 level (pg/mL), all measured on menstrual 
cycle day 2 or day 3, were also collected. Anti-Mullerian 
hormone (AMH) levels (ng/mL) measured on any day of the 
menstrual cycle were also documented. Controlled ovarian 
stimulation (COS) parameters documented for all patients 
included the ovulation-inducing scheme, duration of ovar-
ian stimulation (days), and total dose of gonadotropins (IU). 
Chromosomal aneuploidy of embryo or early aborted tissues 
after next-generation sequencing (NGS) diagnosis.

COS protocols and oocyte retrieval

For the GnRH-a long protocol, subcutaneous injection 
of 0.05–0.1 mg triptorelin acetate for injection (IPSEN, 
France) was started between the 18th and 21st day of the 
menstrual cycle before the IVF/ICSI cycle and was contin-
ued for 12–14 days. Downregulation was confirmed by a 
linear endometrium, as observed by ultrasonography, and 
suppressed ovaries, as indicated by a concentration of serum 
estradiol < 50 pg/mL. Recombinant human follitropin alpha 
for injection (rFSH, Merck Serono, USA) stimulation com-
menced with a dose of 50–300 IU from the 2nd to 5th days 

in the menstrual period in the IVF/ICSI treatment cycle and 
was continued until oocyte retrieval.

For the GnRH-ant protocol, the initial dose of rFSH 
ranged from 112.5 to 200 IU per day on day 2 or day 3 of the 
menstrual cycle. A gonadotropin-releasing hormone antago-
nist (cetrorelix acetate, Baxter Oncology GmbH, Germany) 
at a daily dose of 250 µg was started after 4–5 days of rFSH 
initiation until the day of hCG administration.

For both protocols, the initial dose of rFSH was based 
on age, antral follicle count, and basal FSH levels, and the 
ovarian response was monitored through serum sex steroids 
and serial transvaginal ultrasound examinations during stim-
ulation. Gonadotropin doses were adjusted when needed. 
Human menopausal gonadotropin (Lizhu, China) or recom-
binant Human Lutropin Alfa for Injection (Merck Serono, 
USA) could be added. Urinary human chorionic gonado-
tropin was administered at a dose of 5000 to 10,000 IU to 
induce oocyte maturation when two or more follicles meas-
ured 17 mm or more. Oocyte retrieval was performed 34 
to 36 h later. A subsequent frozen-thawed embryo transfer 
(FET) under hormone replacement treatment (HRT) was 
subsequently undertaken.

IVF and embryo culture

Semen samples were collected by masturbation after 
3–7 days of sexual abstinence, on the day of ovum pick-up. 
After sperm density gradient centrifugation (Vitrolif, Göte-
borg, Sweden), fertilization was performed by IVF, intracy-
toplasmic sperm injection (ICSI), or a combination of IVF 
and ICSI, either by an active choice of half IVF and half ICSI 
or passive use of rescue ICSI; the latter was applied when 
conventional IVF failure was confirmed by the fact that two 
polar bodies could not be observed 6 h after insemination. 
All normally fertilized embryos were cultured in sequential 
medium, and the culture fluid was replaced on the third day 
of embryo culture (CM/BM, Cook, Sydney). Embryo vitrifi-
cation and warming were performed in accordance with the 
method reported by Ozgur and colleagues [22].

Biopsy and PGT

In PGT patients, blastocyst biopsy was performed by remov-
ing five to eight trophectoderm cells from day 5 or day 6 fully 
expanded blastocysts through a small opening in the zona 
pellucida, which was created by laser, with a pipette. The 
biopsied trophoblasts were lysed, and DNA was extracted 
and amplified by the SurePlex DNA amplification system 
(Illumina, USA). Chromosomal aneuploidy screening was 
performed using NGS-based technology with preimplanta-
tion chromosomal aneuploidy detection kit-semiconductor 
sequencing (Suzhou Basecare Medical Co., Ltd., China). 
Each sample met the 0.1-fold average sequencing depth.
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Acquisition of and testing early aborted tissues

The early aborted tissues of early miscarriage patients as 
long as fetal or villous tissue is present were rinsed with 
0.9% saline solution, and then DNA was extracted from 0.5 
 cm3 sections with a QIAamp DNA Mini Kit (Qiagen, Ger-
many). Chromosomal aneuploidy screening was performed 
using a MiSeq® Dx Reagent Kit V3 (Illumina, USA). Each 
sample met the 0.25-fold average sequencing depth.

Statistical analysis

Data processing and statistical analysis were performed 
using EmpowerStats software (www. empow ersta ts. com) 
and the statistical software package R.

Categorical variables are expressed as the number (n) and 
percentage (%), and continuous variables are expressed as 
the mean ± standard deviation (SD). Normality was assessed 
through the Shapiro–Wilk normality test in addition to vis-
ual inspection of the distribution. Subject characteristics in 
the GnRH-a long protocol group and the GnRH-ant protocol 
group are described separately. Student’s t test was applied 
for the primary comparison between the two groups. To 
assess the odds ratio (OR) of aneuploidy in the two groups, a 
multivariable regression model was established with poten-
tial confounding factors as the variables and adjusted for 
maternal age, maternal BMI, paternal age, infertility diag-
nosis, infertility factors, basal plasma levels of FSH, LH 
and E2, menstrual cycle day 2 or day 3, AMH, duration of 
ovarian stimulation, and total dose of gonadotropins. Strati-
fied analysis by AMH (< 1.3 ng/mL, ≥ 1.3 ng/mL < 3.36 ng/
mL, ≥ 3.36 ng/mL) and maternal age (< 35 years, ≥ 35 years) 
was also conducted to assess the primary outcome of embryo 
aneuploidy in PGT patients between the two COS groups. 
Differential types of chromosome aneuploidy in early 
aborted tissues from the two COS groups were examined 
using chi-square analysis.

Results

Effect of the ovarian stimulation protocol 
on the rate of aneuploidy in early aborted tissues 
in patients receiving IVF/ICSI

Baseline characteristics of early miscarriage patients

In total, 550 early miscarriage patients conceived through 
IVF/ICSI, and the demographics and clinical characteristics 
of those who received the GnRH-ant and GnRH-a long pro-
tocols were compared. A total of 402 patients in the GnRH-
a long protocol group and 148 patients in the GnRH-ant 
protocol were analyzed. The baseline characteristics of 

the patients are presented in Table 1. As shown in Table 1, 
the rate of aneuploidy in early aborted tissues in patients 
in the GnRH-ant protocol group was significantly higher 
than that in patients in the GnRH-a long protocol group 
[95 (64.19%) vs. 195 (48.51%)]. In addition, women in the 
GnRH-ant protocol group had a higher basal plasma FSH 
level but received a shorter duration of ovarian stimulation. 
In addition, there was a statistically significant distribution 
of infertility factors between the two groups.

GnRH antagonists increase the aneuploidy rate in early 
aborted tissues in patients receiving IVF/ICSI

We assessed whether any specific infertility diagnosis or 
clinical characteristic was associated with the risk of ane-
uploidy in aborted tissues. We observed significant asso-
ciations of aneuploidy with maternal and paternal ages 
(Supplemental Tables 2). When assessing specific ovarian 
stimulation procedures, the GnRH-ant protocol was associ-
ated with an increased risk of aneuploidy compared with 
the GnRH-a long protocol (OR 1.90, 95% CI 1.29–2.81, 
P = 0.0012) (Supplemental Table 2). We observed weak 
associations of aneuploidy with other exposures.

Due to the significant relationship between aneuploidy in 
early aborted tissues and the GnRH-ant protocol observed, 
multivariable regression analysis was performed to corrobo-
rate the impact of the GnRH-ant protocol on aneuploidy. In 
the multivariable model, when maternal age, paternal age, 
and potential influencing factors, including the basal E2 
level, infertility diagnosis, and total dose of Gn, were con-
sidered, the GnRH-ant regimen remained significantly asso-
ciated with an increased risk of aneuploidy in early aborted 
tissues (P = 0.0037) with an adjusted odds ratio of 1.81 (95% 
confidence interval, 1.21–2.71) (Table 3).

Effect of the ovarian stimulation protocol 
on blastocyst aneuploidy in PGT cycles

Baseline characteristics of blastocysts from PGT cycles

In the present study, a total of 1476 blastocysts from 404 
cycles were obtained, of which 1212 blastocysts were 
obtained from 323 cycles receiving the GnRH-a long proto-
col and 264 blastocysts were obtained from 81 cycles receiv-
ing the GnRH-ant protocol. The baseline characteristics of 
the patients are presented in Table 2. As shown in Table 2, 
significant differences were observed in the rate of aneu-
ploidy between the GnRH-a long protocol and GnRH-ant 
protocol groups, and the rate of aneuploidy was significantly 
higher in the GnRH-ant protocol group [138(52.27%) vs. 
481(39.69%)].
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GnRH antagonists increase the blastocyst aneuploidy rate 
in PGT cycles

We assessed whether any specific infertility diagnosis or 
clinical characteristic was associated with the risk of blas-
tocyst aneuploidy. We observed significant associations 
of blastocyst aneuploidy with maternal and paternal ages 
(Supplemental Table 3). When assessing specific ovarian 
stimulation procedures, the GnRH-ant protocol was associ-
ated with an increased risk of aneuploidy compared with 
the GnRH-a long protocol (OR 1.66, 95% CI 1.13–2.44, 
P = 0.0094) (Supplemental Table 3). We observed null asso-
ciations of aneuploidy with other clinical factors.

Multivariable regression analysis was performed to cor-
roborate the impact of the GnRH-ant protocol on the ane-
uploidy of blastocysts. In the multivariable model, when 

maternal age, paternal age, and potential influencing factors, 
including basal E2 level, PGT indications, and total dose of 
Gn, were considered, the GnRH-ant regimen remained sig-
nificantly associated with an increased risk of aneuploidy in 
blastocysts from PGT cycles (P = 0.0102) with an adjusted 
odds ratio of 1.65 (95% confidence interval, 1.13–2.42) 
(Table 3).

Comparison of blastocyst aneuploidy in PGT patients 
receiving the two stimulation protocols stratified by AMH 
and age using multivariable regression analysis

The ovarian response to gonadotropins may be related to 
oocyte aneuploidy, and advanced maternal age is the deter-
mining factor of embryo aneuploidy. AMH is a key pre-
dictive biomarker for the ovarian response. The aneuploidy 

Table 1  Baseline characteristics 
of the early miscarriage patients 
undergoing IVF/ICSI (n = 550)

Values are mean ± SD or number (percentage)
BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; AMH, 
anti-Mullerian hormone; PCOS, polycystic ovarian syndrome; POR, poor ovarian reserve; Gn, gonadotro-
phin; GnRH, gonadotrophin releasing hormone; IVF, in  vitro fertilization; ICSI, intracytoplasmic single 
sperm injection. A summary of the baseline characteristics of the study population and a crude comparison 
of the clinical outcomes between the two GnRH analogs. Student’s t test was applied for the primary com-
parison between the two groups. Statistical significance was reached at P < 0.05

GnRH agonist GnRH antagonist P value

Patient number, n 402 148
Maternal age, y 31.87 ± 4.11 32.53 ± 3.96 0.089
Maternal BMI, kg/m2 22.38 ± 2.92 22.08 ± 2.90 0.294
Paternal age, y 33.29 ± 5.04 33.64 ± 4.82 0.464
Paternal BMI, kg/m2 24.71 ± 3.24 24.17 ± 3.56 0.097
Basal FSH, mIU/mL 7.01 ± 2.31 7.57 ± 3.44 0.030
Basal LH, mIU/mL 5.47 ± 3.81 5.21 ± 4.18 0.491
Basal E2, pg/mL 52.41 ± 31.64 50.62 ± 33.18 0.563
AMH, ng/mL 3.64 ± 2.58 3.78 ± 3.46 0.607
Infertility factors, n (%) 0.003
 Tubal factor 194 (48.26%) 60 (40.54%)
 Male factor 140 (34.83%) 45 (30.41%)
 PCOS 27 (6.72%) 19 (12.84%)
 POR 7 (1.74%) 10 (6.76%)
 Maternal and Paternal factor 34 (8.46%) 14 (9.46%)

Infertility diagnosis, n (%) 0.859
 Primary infertility 203 (50.50%) 76 (51.35%)
 Secondary infertility 199 (49.50%) 72 (48.65%)

Total gonadotropin dose, IU 2274.21 ± 1150.74 2482.07 ± 1159.25 0.061
Duration of Gn, d 12.03 ± 2.31 11.59 ± 1.97 0.037
Fertilization method, n (%) 0.779
 IVF 257 (63.93%) 96 (64.86%)
 ICSI 123 (30.60%) 42 (28.38%)
 IVF/ICSI 22 (5.47%) 10 (6.76%)

NGS diagnosis, n (%) 0.001
 Euploidy 207 (51.49%) 53 (35.81%)
 Aneuploidy 195 (48.51%) 95 (64.19%)
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rate between the two groups was stratified by AMH and 
maternal age. We stratified the patients into expected 
low (AMH < 1.30  ng/mL), medium (AMH ≥ 1.30  ng/

mL, and AMH < 3.36 ng/mL), and high (AMH ≥ 3.36 ng/
mL) response groups and two age groups (< 35  years 
and ≥ 35 years).

Table 2  Baseline characteristics 
of the embryos from PGT 
cycles (n = 404 cycles, 1476 
blastocysts)

Values are mean ± SD or number (percentage)
BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; AMH, 
anti-Mullerian hormone; RIF, repeated implantation failure; RPL, recurrent pregnancy loss; Gn, gonado-
trophin; GnRH, gonadotrophin releasing hormone. A summary of the baseline characteristics of the study 
population and a crude comparison of the clinical outcomes between the two GnRH analogs. Student’s t 
test was applied for the primary comparison between the two groups. Statistical significance was reached at 
P < 0.05

GnRH agonist GnRH antagonist P value

Patient number, n 323 81
Maternal age, y 31.84 ± 3.52 32.11 ± 3.96 0.545
Paternal age, y 32.97 ± 4.26 33.58 ± 4.59 0.254
Maternal BMI, kg/m2 22.23 ± 3.03 22.63 ± 3.19 0.388
Basal FSH, mIU/Ml 6.02 ± 2.02 6.15 ± 1.81 0.592
Basal LH, mIU/mL 5.24 ± 4.02 5.23 ± 4.50 0.978
Basal E2, pg/mL 58.04 ± 76.98 43.40 ± 27.59 0.093
AMH, ng/mL 3.43 ± 2.56 3.72 ± 2.78 0.373
PGT indication, n (%) 0.507
 PRL 159 (48.23%) 38 (46.91%)
 Monogenic disorders 51 (15.79%) 10 (12.35%)
 Unfavorable pregnancy histories 37 (11.46%) 7 (8.64%)
 Severe male infertility 70 (21.67%) 23 (28.40%)
 RIF 6 (1.86%) 3 (3.70%)

Total Gn dose, IU 2182.30 ± 1165.44 2397.50 ± 1132.91 0.136
Duration of Gn, d 11.48 ± 1.93 11.33 ± 2.13 0.543
Infertility diagnosis, n (%) 0.197
 Primary infertility 95 (29.41%) 18 (22.22%)
 Secondary infertility 228 (70.59%) 63 (77.78%)

Oocytes retrieved number, n 10.86 ± 5.75 11.25 ± 7.06 0.586
Blastocyst number, n 5.29 ± 4.23 5.33 ± 5.03 0.675
NGS PGT number, n 1212 264
NGS PGT diagnosis, n (%)  < 0.001
 Euploidy 731 (60.31%) 126 (47.73%)
 Aneuploidy 481 (39.69%) 138 (52.27%)

Table 3  Outcomes of multivariable regression analysis of the impact of the stimulation protocol on aneuploidy in early miscarriage patients 
undergoing IVF/ICSI (n = 550) and aneuploidy in 404 PGT cycles (n = 1476 blastocysts)

adj, adjusted; CI, confidence interval; OR, odds ratio
a OR and P value were calculated using univariate logistic regression
b OR adjusted based on maternal age, paternal age, basal E2, infertility diagnosis (miscarriage patients), PGT indications (PGT patients), total 
dose of Gn
c P values were calculated using multivariate logistic regression

ORa 95% CI P  valuea OR  adjb 95% CI P value  adjc

Aborted tissues GnRH agonist 1.0 1.0
GnRH antagonist 1.90 1.29, 2.81 0.0012 1.81 1.21, 2.71 0.0037

PGT blastocysts GnRH agonist 1.0 1.0
GnRH antagonist 1.66 1.13, 2.44 0.0094 1.65 1.13, 2.42 0.0102
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As shown in Table 4, the multivariable regression strati-
fied analysis showed that women younger than 35 years 
and with an AMH concentration between 1.30 and 3.36 ng/
mL had a significantly higher rate of blastocyst aneuploidy 
after receiving the GnRH-ant protocol (P = 0.0007) with 
an adjusted odds ratio of 5.07 (95% confidence interval, 
1.99–12.96). This tendency was not observed in other 
groups.

Interactions between the AMH subgroups and the stimu-
lation protocols were tested in two subgroups according to 
maternal age, and the results showed that all the AMH sub-
groups failed to have an interaction effect with the stimula-
tion protocol on blastocyst aneuploidy.

Discussion

The present study suggested that the GnRH-ant protocol 
group had a significantly higher rate of aneuploidy in early 
aborted tissues than the GnRH-a long protocol group. This 
study also demonstrated that the GnRH-ant protocol was 
associated with a higher blastocyst aneuploidy rate than 
the GnRH-a long protocol in patients receiving PGT-A 
cycles. Furthermore, this study showed that the blastocyst 
aneuploidy rate in the GnRH-ant protocol was significantly 
higher than that in the GnRH-a long protocol in young and 
normal ovarian responders. These results suggest that an 
increased blastocyst aneuploidy rate may account for the 
higher early pregnancy loss rate associated with the GnRH-
ant protocol. This is the first study that evaluated whether a 
difference in aneuploidy rates exists between the GnRH-ant 
protocol and GnRH-a long protocol.

Aneuploidy is one of the most detrimental factors 
causing failed implantation, miscarriage, and disor-
dered embryo development [23]. Many researchers have 
explored the influencing factors of embryonic aneuploidy. 

Several studies in animal oocytes have suggested increased 
aneuploidy rates after ovulation induction [24, 25]. In 
humans, studies have also reported that the proportions 
of human preimplantation embryos with aneuploidy are 
increased by ovarian stimulation [26, 27]. Studies have 
also suggested that a higher daily dose of gonadotropin 
during IVF is associated with greater aneuploidy rates 
than a lower daily dose of gonadotropin [28, 29]. It was 
also found that patients requiring more days of stimula-
tion presented a lower rate of aneuploidy embryos [9]. 
Conversely, Labarta et al. showed that ovarian stimula-
tion did not significantly increase the embryo aneuploidy 
rate in IVF-derived human embryos compared with an 
unstimulated cycle (24). Three retrospective studies of 
Preimplantation Genetic Screening (PGS) outcome data 
showed that the total dose of exogenous gonadotropins 
was not significantly associated with blastocyst ane-
uploidy and that a high dosage of gonadotropin did not 
affect euploidy or pregnancy rates [30–32]. A retrospec-
tive cohort study that included 2230 embryos conceived 
from IVF that underwent PGT-A also demonstrated that 
the gonadotropin dosage, duration of ovarian stimula-
tion, estradiol level, follicle size at ovulation trigger, and 
number of oocytes retrieved, within certain ranges, do not 
appear to significantly influence euploidy rates, regardless 
of the woman’s age [33]. Therefore, the potential deleteri-
ous effect of ovarian stimulation on oocyte and embryo 
euploidy is still the subject of lively debate. The conflict-
ing results may be attributed to the operation of different 
physicians in different IVF centers. It has been found that 
euploidy rates for embryos created using donor oocytes 
can vary significantly between different IVF centers and 
even between donors treated by different physicians at the 
same IVF center [26, 34]. Studies have also demonstrated 
different mosaicism rates between IVF centers, implicating 
differences in stimulation protocols as a potential reason. 

Table 4  Comparison of 
embryos aneuploidy of GnRH 
agonist long protocol vs. 
GnRH antagonist protocol 
using multivariable regression 
analysis in PGT patients 
stratified by AMH and age 
(n = 1476 blastocysts)

a OR adjusted based on maternal age, paternal age, basal E2, PGT indications, total dose of Gn
b P values were calculated using multivariate logistic regression. Generalized estimate equation was used; 
the type is independence

n = 1476 OR  adja 95% CI P value  adjb P interaction

Maternal age < 35 y 1122
 AMH, ng/mL 0.2662

 < 1.30 92 2.78 0.54, 14.34 0.2219
 ≥ 1.30, < 3.36 482 5.07 1.99, 12.92 0.0007
 ≥ 3.36 548 1.24 0.74, 2.07 0.4078
Maternal age ≥ 35 y 354
 AMH, ng/mL 0.2417
 < 1.30 85 5.25 0.76, 36.18 0.0923
 ≥ 1.30, < 3.36 159 1.18 0.42, 3.31 0.7484

 ≥ 3.36 110 2.39 0.40, 14.20 0.3384
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Therefore, in the present study, we compared the effects 
of the GnRH-ant protocol and GnRH-a long protocol on 
embryo aneuploidy.

It has been reported that in a general IVF population, the 
GnRH-ant protocol is associated with lower ongoing preg-
nancy rates than the GnRH-a long protocol [14, 35]. Studies 
have also suggested that embryos conceived after receiv-
ing GnRH antagonists may be associated with higher early 
pregnancy loss rates [15–17]. It is evident that aneuploidy 
is a major factor that results in early pregnancy loss [19]. 
However, the rate of aneuploidy in early aborted tissues was 
not evaluated in patients who conceived after receiving the 
GnRH-ant or GnRH-a long protocol. In the present study, 
we noted a difference in aneuploidy rates between our two 
cohorts and found that the GnRH-ant protocol was associ-
ated with a significantly higher aneuploidy rate. Univariable 
analysis revealed that maternal age and paternal age were 
associated with the aneuploidy rate in aborted tissues. Fur-
thermore, after regression analysis controlling for age, the 
basal E2 level, infertility diagnosis, and the total dose of 
Gn, this difference in aneuploidy rates between the GnRH-
ant and GnRH-a long protocol groups was still statistically 
significant. The higher aneuploidy rate may be a major detri-
mental factor that results in the increased risk of miscarriage 
in the GnRH-ant group.

We proposed that the higher aneuploidy rates in aborted 
tissues in the GnRH-ant protocol group may be derived from 
the preimplantation embryo. Based on this hypothesis, we 
compared the rates of aneuploidy in blastocysts treated 
with GnRH antagonists and long agonists in PGT-A cycles. 
Given the potential variation in different PGT-A testing plat-
forms, we evaluated blastocysts using NGS only [34]. The 
rate of blastocyst aneuploidy was significantly higher in the 
GnRH-ant protocol group. In the multivariable model, when 
maternal age, paternal age, and potential influencing fac-
tors, including PGT indications, the basal E2 level, and the 
total dose of Gn, were considered, the GnRH-ant regimen 
remained significantly associated with an increased risk of 
blastocyst aneuploidy in women receiving PGT cycles. It 
also found that women younger than 35 years and with a 
normal AMH concentration had a significantly higher rate 
of blastocyst aneuploidy after receiving the GnRH-ant pro-
tocol than after receiving the GnRH-a long protocol. Previ-
ous studies reported that embryonic aneuploidy rates were 
not influenced by the dose of gonadotropins used in ovarian 
stimulation [30, 31]. Our study results reinforce the idea of 
their findings, showing that blastocyst aneuploidy is inde-
pendent of the dose of gonadotropins in both the GnRH-ant 
and GnRH-a long protocols. Previous data have indicated 
that the aneuploidy rates in embryos produced from eggs 
collected from ovarian stimulation are between 39.1 and 
53.2%, which are higher than the proportion of eggs with 
abnormal chromosomes in young women during the natural 

cycle (17%) [4, 36]. Our present data indicate that the ane-
uploidy rate in embryos produced from the GnRH-ant pro-
tocol is 52.27%, excluding mosaic and amplification failure.

The effect of the hormones administered during stimula-
tion at the cellular level is still unknown. It has been reported 
that mitochondrial dysfunction that causes a decrease in 
ATP and/or an increase in reactive oxygen species (ROS) is 
sufficient to disrupt meiotic spindles [37, 38]. The percent-
age of mitochondria that were vacuolated in oocytes was 
significantly increased after ovarian stimulation in mice [39]. 
Moreover, the ratio of activated mitochondria to inactivated 
mitochondria and ATP synthesis in mouse oocytes decreased 
after ovarian stimulation [39]. Evidence has also demon-
strated that repeated superovulation has adverse effects 
on the mitochondrial function of cumulus cells in rhesus 
monkeys or mice [40, 41]. Evidence has also indicated that 
repeated superovulation induces oxidative stress by elevating 
ROS levels in oocytes [42]. A significant decrease in ATP 
generation and increase in ROS caused by ovarian stimula-
tion may adversely affect chromosomal segregation and mei-
otic spindle adjunction, which result in embryo aneuploidy 
[43, 44]. It has been reported that the use of antagonists 
may present an endocrinologically unfavorable scenario in 
which the suppression of endogenous pituitary gonadotro-
pin secretion may be insufficient [14]. The nonphysiologi-
cal microenvironment caused by GnRH-ant may result not 
only in abnormal follicular fluid biochemistry but also aber-
rant oocyte cytoplasmic development, which compromises 
mitochondrial function. However, no report has compared 
the effects of the GnRH-ant and GnRH-a long protocols 
on mitochondria and metabolism in human oocytes. In the 
future, it will be necessary to analyze the effects of GnRH 
antagonists on oocyte mitochondria and ATP synthesis.

Our study has several strengths and a few limitations. 
Strengths included its relatively large sample size from a 
single state over several years, which included 550 early 
miscarriage patients and a total of 404 cycles after receiving 
the GnRH-ant or GnRH-a long protocol. We controlled for 
maternal age, paternal age, basal E2 level, infertility diag-
nosis, PGT indications, and total dose of Gn as confounders 
in the study.

This study has some limitations. First, it was retrospective 
in nature, and some key statistical parameters may not have 
been calculated. Second, the analyses performed in the study 
showed associations between an increased rate of embry-
onic aneuploidy and the GnRH-ant protocol, but they did not 
establish causality. In addition, this study was performed at 
a single IVF center, which may limit its generalizability. As 
euploidy rates for embryos created using donor oocytes can 
vary significantly between different IVF centers and even 
between donors treated by different physicians at the same 
IVF center [26, 34], a multicenter, randomized controlled 
trial would be the optimal strategy to confirm these results.
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Conclusion

This study demonstrated that during IVF, the aneuploidy 
rate in early aborted tissues and blastocysts was signifi-
cantly higher after receiving the GnRH-ant protocol than 
after receiving the GnRH-a long protocol. GnRH antago-
nists may be associated with detrimental effects on embryo 
quality, and the higher early pregnancy loss rates associ-
ated with GnRH antagonists may originate from the higher 
aneuploidy rate. Prospective, multicenter, and randomized 
controlled trials are needed to corroborate these findings 
and obviate the problems of bias and confounding by inter-
dependent variables.
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