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Abstract

Background: This study aimed to investigate the effect of gonadotropin (Gn) stimulation duration on the oocyte maturation rate in
patients with normal ovarian reserve undergoing a gonadotropin-releasing hormone agonist (GnRHa) protocol. Methods: Data were
retrospectively collected from patients with normal ovarian reserve who underwent a GnRHa protocol at the Reproductive Center of
Changzhou Maternity and Child Health Care Hospital between January 1, 2017, and December 31, 2022. A total of 2840 cycles were
included and categorized into three groups based on stimulation duration: <7 days, 7–10 days, and >10 days. Results: The results
showed that patients with a Gn stimulation duration of ≥7 days exhibited significantly higher metaphase II (MII) oocyte rates, clinical
pregnancy rates, and live birth rates compared with those with a stimulation duration of <7 days. Correlation and linear regression
analyses identified Gn stimulation duration as an independent predictor of the MII oocyte rate. Curve fitting analysis demonstrated that
when the stimulation duration was <7 days, the MII oocyte rate increased with longer Gn stimulation. Conclusions: For patients with
normal ovarian reserve undergoing a GnRHa regimen, the optimal Gn stimulation duration is at least 7 days. Gn stimulation duration was
positively correlated with the MII oocyte rate and independently predicted oocyte maturation. These findings provide valuable evidence
for optimizing clinical management in this patient population.
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1. Introduction

With the continuous advancement of assisted repro-
ductive technology, a variety of controlled ovulation stim-
ulation protocols have been increasingly adopted in clin-
ical practice. These include gonadotropin-releasing hor-
mone agonist (GnRHa) protocols, GnRH antagonist proto-
cols, and mild stimulation protocols [1,2]. Among these,
the GnRHa protocol remains widely used, particularly in
reproductive centers in China, due to its ability to promote
synchronized follicular development and provide consistent
treatment outcomes. The GnRHa protocol is primarily used
in patients with normal ovarian reserve. Following a 14-
day pituitary downregulation phase, an individualized start-
ing dose of Gonadotropin (Gn) is selected based on the pa-
tient’s clinical characteristics. Gn is then administered to
stimulate follicular development following follicle recruit-
ment, and oocyte retrieval is performed after ovulation trig-
gering once the majority of follicles have reached maturity
[3]. The optimal duration of Gn stimulation for maximiz-
ing oocyte maturation and improving clinical outcomes re-
mains an important consideration in reproductive medicine.

Should high doses of Gn be administered to promote rapid
follicular growth, or should lower doses be used to support
more gradual follicular development?

The duration of Gn stimulation plays a crucial role
in follicular growth, oocyte maturation, embryo develop-
ment, and endometrial development. Insufficient Gn ex-
posure may result in incomplete nuclear and cytoplasmic
oocyte maturation [4,5], whereas prolonged exposure may
lead to oocyte postmaturation and granulosa cell apoptosis
[6]. Elevated levels of progesterone (P4) and estradiol (E2)
may also adversely affect endometrial receptivity [7,8,9].
However, few studies have been conducted on the corre-
lation between follicular phase duration and in vitro fertil-
ization (IVF) outcomes [5,10,11], and the available find-
ings have been inconsistent [12]. Previous study have re-
ported no significant differences in clinical pregnancy rate
among patients with varying Gn stimulation durations [13].
However, other studies have suggested that both prolonged
stimulation (>13 days) or short stimulation (<6 days) may
adversely affect clinical outcomes [11,14].

Previous studies have shown that the ovarian stimula-
tion protocol is an independent factor influencing Gn stimu-
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lation duration, with the GnRHa protocol generally requir-
ing a longer stimulation period than the GnRH antagonist
protocol [15]. Therefore, the present study aimed to inves-
tigate the effect of Gn stimulation duration on the oocyte
maturation rate in patients with normal ovarian reserve un-
dergoing GnRHa protocol.

2. Methods
2.1 Study Design

This study and its protocols were approved by the
Ethics Committee of Changzhou Maternity and Child
Health Care Hospital (Approval No.: 202403). Data for
this retrospective analysis were collected from patients who
underwent standard IVF treatment at the Reproductive Cen-
ter of ChangzhouMaternity and Child Health Care Hospital
between January 1, 2017, and December 31, 2022. A total
of 2840 treatment cycles were included, all of which em-
ployed the long GnRHa luteal protocol. Written informed
consent was obtained from all participating couples. The
study was conducted in accordance with the Declaration of
Helsinki.

The inclusion criteria were as follows: (1) age <
38 years; (2) anti-Müllerian hormone (AMH) level >1.2
ng/mL; (3) antral follicle count (AFC) >5; and (4) retrieval
of at least 5 oocytes. A total of 3145 treatment cycles were
included.

The exclusion criteria were as follows: (1) chromoso-
mal abnormalities in either partner (15); (2) ovarian cysts
detected at the initiation of ovarian stimulation (23); (3) ab-
normal uterine cavity, ovarian insufficiency, or other sys-
temic diseases (12); (4) body mass index (BMI) ≥30 kg/m2

(120); and (5) polycystic ovary syndrome (PCOS) or en-
dometriosis (135).

Patients were categorized into three groups based on
the duration of ovarian stimulation: <7 days, 7–10 days, and
>10 days. This stratification was performed to evaluate the
effect of stimulation duration on IVF clinical outcomes.

2.2 Ovarian Stimulation
This study employed a flexible GnRHa protocol. The

procedure was implemented as follows: patients received
a daily injection of 0.1 mg triptorelin (Decapeptyl, Ipsen,
Paris, France) for 21 days, beginning on day 3 of the men-
strual cycle to achieve pituitary downregulation. Follow-
ing downregulation, the initial Gn dose, ranging from 100
to 225 IU, was determined based on patient age, BMI, and
AMH levels.

Ovarian stimulation was performed using recombi-
nant follicle-stimulating hormone (FSH) (rFSH; Gonal-f®,
Merck-Serono, Geneva, Switzerland). Follicular devel-
opment was monitored via transvaginal ultrasonography
and serum hormone measurements, including E2, P4, and
luteinizing hormone (LH). The Gn dose was adjusted ac-
cording to the hormonal profile and follicular growth. Fi-
nal oocyte maturation was triggered when at least three fol-

licles reached a mean diameter of ≥18 mm and hormonal
levels were considered appropriate. The trigger consisted
of a combination of 5000 IU urinary  human chorionic go-
nadotropin (hCG) and 250 µg recombinant hCG. Oocyte
retrieval was performed 36–38 hours after hCG administra-
tion.

2.3 IVF and Embryo Culture
Retrieved oocytes were fertilized by either conven-

tional IVF or intracytoplasmic sperm injection (ICSI), de-
pending on semen parameters. Cleavage-stage embryos
were evaluated according to previously established crite-
ria [16], focusing on the number and regularity of blas-
tomeres and the degree of fragmentation. Embryos clas-
sified as grade I or II were considered top-quality embryos.
Blastocysts were assessed using the Gardner scoring system
[17], which evaluates the degree of expansion, as well as the
quality of the inner cell mass and trophectoderm. Based on
embryo quality and patient’s clinical status, a single high-
quality blastocyst was selected for transfer on day 5 or 6,
when clinically appropriate.

2.4 Hormone Analysis
Serum samples were collected on the morning of day

3 of the menstrual cycle and on the day of hCG administra-
tion. Serum levels of FSH, LH, E2, testosterone (T), and
P4 were routinely measured using commercially available
chemiluminescence immunoassay kits (Abbott Biologicals
B.V., Olst, Overijssel, the Netherlands). The lower limits
of detection were 0.06 mIU/mL FSH; 0.09 mIU/mL LH;
10 pg/mL E2; and 0.1 ng/mL P4. The intra- and inter-assay
coefficients of variation (CVs) were 3.8% and 6.4% for LH,
21.0% and 12.0% for E2, and 9.6% and 11.2% for P4, re-
spectively.

2.5 Statistical Analysis
Statistical analyses were performed using SPSS soft-

ware version 26.0 (IBM, Armonk, NY, USA). The nor-
mality of continuous variables was assessed using the
Kolmogorov-Smirnov test. Normally distributed continu-
ous variables were expressed as the mean ± standard devia-
tion (SD) and between-group comparisons were performed
using Student’s t-test. Continuous variables with a non-
normal distribution or unequal variances were expressed
as the median and interquartile range (IQR; P25, P75),
and group comparisons were performed using the Mann-
Whitney U test. Categorical variables were compared us-
ing the chi-square test. Fisher’s exact test was used when
the expected count was <5 or the total sample size was <40.
All statistical tests were two-sided, and a p-value < 0.05was
considered statistically significant.

For comparisons among the three groups, the Kruskal-
Wallis test was used for non-normally distributed data, fol-
lowed by Dunn’s test for pairwise comparisons. One-way
analysis of variance (ANOVA) was used for normally dis-
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tributed data, followed by the LSD-t test for pairwise com-
parisons. The chi-square test was used for categorical data,
and the chi-square segmentation method was applied for
pairwise comparisons.

Propensity score matching (PSM) was performed to
balance baseline characteristics among the three groups (<7
days, 7–10 days, and >10 days). Propensity scores were
estimated using the logistic regression models, with group
assignment as the dependent variable and the following
factors as independent variables: female age, AMH level,
BMI, duration and type of infertility, infertility factors, LH
and E2 levels on stimulation initiation, and the initial and
total Gn dosages. Nearest neighbor matching was applied
at 1:1:1 ratio with a caliper width of 0.05 SD of the logit of
the propensity score. Generalized propensity scores were
estimated simultaneously for the three groups using multi-
ple logistic regression, followed by multivariate matching
algorithm to achieve 1:1:1 matching. The caliper width was
set at 0.05 times the logit SD of the propensity score. After
matching, covariate balance was assessed by comparing the
SDs of the independent variables among the groups, with
an SD difference of <0.1 indicating adequate balance [18].
Generalized linear regression analysis was then employed
to investigate the dose-response relationship between the
duration of Gn stimulation and the rates of metaphase II
(MII) oocytes, clinical pregnancy, and live birth.

3. Results
3.1 Comparison of Baseline Characteristics Among the
Three Groups Before and After PSM

Patients were categorized into three groups according
to the duration of Gn stimulation: <7 days, 7–10 days, and
>10 days. PSMwas performed using 1:1:1 nearest neighbor
matching with a caliper width of 0.05. Prior to PSM, sta-
tistically significant differences were observed among the
three groups in age, AMH level, E2 level at stimulation ini-
tiation day, initial Gn dose, and total Gn dose (p < 0.05).
After PSM, 104 patients were successfully matched in each
group. Followingmatching, no significant differences were
observed among the three groups in age, BMI, duration of
infertility, type of infertility, infertility factors, AMH level,
LH and E2 levels at stimulation initiation, initial Gn dose, or
total Gn dose (p > 0.05), as detailed in Table 1. Before PSM,
the standardized mean differences (SMDs) for age, AMH
level, E2 level at stimulation initiation, initial Gn dose, and
total Gn dose exceeded 0.1. After PSM, the SMD values
for all baseline variables were all less than 0.1, indicating
satisfactory covariate balance following PSM (Table 1 and
Fig. 1).

3.2 Comparison of Laboratory and Clinical Outcomes
Among the Three Groups After PSM

After PSM, the numbers of retrieved oocytes, ma-
ture oocytes, normally fertilized oocytes rate, and cleavage-

stage embryos rate were significantly higher in the <7 days
group than in the 7–10 days and >10 days groups (p <
0.05). No statistically significant differences were ob-
served between 7–10 days and >10 days groups in the num-
bers of retrieved oocytes, mature oocytes, normally fer-
tilized oocytes, or cleavage-stage oocytes (all p > 0.05).
Conversely, the rates of MII oocytes, normal fertilization,
cleavage, high-quality cleavage embryos, blastocyst forma-
tion, high-quality blastocysts, available embryos, clinical
pregnancy, and live birth were significantly lower in the <7
days group than in the other two groups (p < 0.05). No sig-
nificant differences were observed in these outcomes be-
tween the 7–10 days and >10 days groups (all p > 0.05), as
detailed in Table 2.

3.3 Correlation Between Gn Stimulation Duration and MII
Oocyte Rate

The correlation analysis results showed that the dura-
tion of Gn stimulation was significantly positively corre-
lated with the MII oocyte rate (r = 0.20, p < 0.001), clinical
pregnancy rate (r = 0.11, p = 0.003), and live birth rate (r =
0.12, p = 0.016), as shown in Table 3 and Fig. 2.

3.4 Multiple Linear Regression Analysis of the MII Oocyte
Rate

Multiple linear regression analysis was performed
with the metaphase (MII) oocyte rate as the dependent out-
come variable and the duration of Gn stimulation as the in-
dependent variable. After adjusting for potential confound-
ing factors, including age, BMI, infertility duration, infer-
tility type, infertility factors, AMH level, and LH and E2 at
stimulation day, initial Gn dose, and total Gn dosage, the
duration of Gn stimulation remained an independent pre-
dictor of the MII oocyte rate (p = 0.019), as shown in Table
4.

3.5 Curve Fitting Analysis of Gn Stimulation Duration and
the MII Oocyte Rate

Curve fitting analysis of Gn stimulation duration and
the MII oocyte rate revealed that a sigmoidal model pro-
vided a better fit than a linear regression model (R2 = 0.488,
F = 296.012, p < 0.001 vs. R2 = 0.400, F = 206.890, p <
0.001). The analysis revealed that when the duration of Gn
stimulation was <7 days, the MII oocyte rate increased with
increasing Gn stimulation duration. However, when the du-
ration of Gn stimulation was ≥7 days, further increases in
stimulation duration were not associated with a significant
increase in the MII oocyte rate. In addition, generalized
linear regression analysis showed that the duration of Gn
stimulation was significantly associated with both clinical
pregnancy rate (odds ratio [OR] = 1.133 [1.015, 1.157], p <
0.001) and the live birth rate (OR = 1.082 [1.004, 1.132], p
< 0.01), as shown in Figs. 2,3.
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Table 1. Baseline characteristics of three patient groups before and after PSM.

Variables
Before PSM After PSM

Gn <7 days
(n = 183)

7 days ≤ Gn ≤ 10 days
(n = 2344)

Gn >10 days
(n = 313)

p-value
Gn <7 days
(n = 104)

7 days ≤ Gn ≤ 10 days
(n = 104)

Gn >10 days
(n = 104)

p-value

Age (years) 33.530 ± 2.010 32.010 ± 1.930 34.510 ± 2.170 <0.001 32.130 ± 1.750 32.410 ± 1.690 32.140 ± 1.720 0.975
BMI (kg/m2) 22.140 ± 3.220 22.310 ± 2.780 22.500 ± 2.920 0.654 22.280 ± 2.520 22.390 ± 2.710 22.400 ± 2.470 0.813
Duration of infertility
(years)

2.200 (1.200, 5.500) 2.100 (1.100, 5.300) 2.200 (1.400, 5.800) 0.773 2.200 (1.300, 5.800) 2.200 (1.000, 5.400) 2.100 (1.100, 5.700) 0.642

Infertility type (%) / / / 0.996 / / / 0.856
Primary infertility 104 (56.830) 1338 (57.080) 178 (56.870) / 59 (56.730) 55 (52.880) 57 (54.810) /
Secondary infertility 79 (43.170) 1006 (42.920) 135 (43.130) / 45 (43.270) 49 (47.120) 47 (45.190) /
Diagnosis (%) / / / 0.813 / / / 0.890
Tubal factor 86 (46.990) 1067 (45.520) 138 (44.090) / 49 (47.120) 46 (44.230) 47 (45.190) /
Ovulatory dysfunction 47 (25.683) 678 (28.920) 83 (26.518) 26 (25.000) 24 (23.077) 22 (21.154)
Uterine factors 23 (12.568) 347 (14.804) 45 (14.377) 16 (15.385) 17 (16.346) 14 (13.462)
Others 27 (14.754) 252 (10.751) 47 (15.016) / 13 (12.500) 17 (16.346) 21 (20.192) /
AMH (ng/mL) 4.180 ± 0.710 3.130 ± 0.470 1.903 ± 0.500 <0.001 2.740 ± 0.420 2.580 ± 0.370 2.660 ± 0.400 0.775
LH level on Gn starting
day (mIU/mL)

1.550 (1.140, 2.110) 1.560 (1.170, 2.910) 1.580 (1.160, 2.030) 0.905 1.520 (1.120, 2.030) 1.500 (1.070, 2.420) 1.510 (1.110, 2.130) 0.878

E2 level on Gn starting
day (ng/L)

26.260 (21.340, 33.220) 19.070 (11.890, 26.490) 16.970 (8.090, 22.030) <0.001 21.440 (18.170, 25.630) 20.320 (16.770, 26.720) 19.880 (17.140, 25.130) 0.402

Gn starting dose (IU) 120.000 (105.500,
167.500)

150.000 (112.500,
187.500)

150.000 (120.500,
197.500)

<0.001 150.000 (105.000,
175.500)

150.500 (110.500,
170.000)

150.500 (110.000,
175.500)

0.274

Total Gn (IU) 1047 (942, 1162) 1601 (1274, 1905) 1921 (1433, 2105) <0.001 1574 (1223, 1812) 1581 (1238, 1825) 1601 (1283, 1895) 0.628
PSM, propensity score matching; BMI, body mass index; Gn, gonadotropin; AMH, anti-Müllerian hormone; E2, estradiol; LH, luteinizing hormone.
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Fig. 1. Love plot of SMD before and after PSM. The x-axis represents the SMD values, and the y-axis represents the baseline
covariates. Red symbols represent SMD values for each covariate before PSM, whereas green dots indicate the SMD after PSM. PSM,
propensity score matching; BMI, body mass index; Gn, gonadotropin; AMH, anti-Müllerian hormone; E2, estradiol; LH, luteinizing
hormone; SMD, standardized mean difference.

4. Discussion

Our results demonstrated that patients with a Gn stim-
ulation duration of more than 7 days presented significantly
greater MII oocyte, normal fertilization, high-quality em-
bryo, blastocyst formation, clinical pregnancy, and live
birth rates than those with a stimulation duration of less than
7 days. Correlation and multiple linear regression analy-
ses revealed that the duration of Gn stimulation was cor-
related with and an independent influencing factor of the
MII oocyte rate. Curve fitting analysis showed that the
MII rate increased with increasing Gn stimulation duration
when stimulation lasted <7 days. However, when the du-
ration of Gn stimulation was ≥7 days, further increases in
stimulation duration were not associated with a significant
improvement in the MII oocyte rate. It is well established
that the duration of ovarian stimulation has a significant im-
pact on oocyte maturation, embryo quality, and endome-
trial receptivity, with both excessively short and prolonged
stimulation durations adversely affecting these outcomes

[4,12]. An insufficient stimulation period may not provide
adequate time for optimal oocyte and endometrial develop-
ment, thereby compromising clinical outcomes. Consistent
with this, a previous study in normal responders reported
that the oocyte maturation rate was significantly lower in
the 6-day stimulation group than in other groups and in-
creased progressively with stimulation duration (≤6 days:
67%; 7–8 days: 80%; 9–10 days: 85%; and ≥11 days:
87%; p = 0.02) [12]. Conversely, another study indicated
that women with a short stimulation duration of 6–8 days
had comparable ongoing pregnancy rates to those of women
with longer stimulation durations, regardless of whether
ovarian stimulation was performed with corifollitropin alfa
or daily recombinant FSH [19]. In the present study, Gn
stimulation duration was identified as an independent pre-
dictor of the MII oocyte rate, and a stimulation duration
exceeding 7 days was associated with improved IVF clin-
ical outcomes. Regarding prolonged stimulation, previous
research has associated extended stimulation duration with
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Table 2. Comparison of laboratory and clinical outcomes among the three groups after PSM.

Variables
Gn <7 days
(n = 104)

7 days ≤ Gn ≤ 10 days
(n = 104)

Gn >10 days
(n = 104)

p-value

No. of oocytes retrieved [M
(P25, P75), n]

17.500 (15.000, 20.500) 11.000 (9.500, 16.000)# 9.500 (6.000, 11.500)# <0.001

MII oocytes [M (P25, P75), n] 11.000 (7.500, 13.000) 10.500 (8.000, 14.500) 8.500 (7.000, 10.500)# 0.038
MII oocyte rate (%) 75.310 ± 5.530 94.710 ± 4.280# 93.940 ± 3.760# <0.001
2PN oocytes [M (P25, P75), n] 10.500 (8.500, 12.000) 10.000 (7.500, 13.500) 8.000 (7.500, 10.000)# 0.041
2PN oocyte rate, n (%) 72.450 ± 4.760 92.550 ± 4.220# 92.970 ± 4.530# <0.001
Cleavage embryo number [M
(P25, P75), n]

10.000 (8.000, 11.500) 10.000 (7.000, 13.000) 7.500 (6.500, 9.500)# 0.028

Cleavage embryo rate, (%) 73.780 ± 5.120 94.610 ± 4.660# 94.010 ± 2.870# <0.001
High-quality cleavage embryo
rate, n (%)

41.5200 ± 2.88 62.450 ± 3.620# 61.180 ± 3.440# <0.001

Blastocyst formation [M (P25,
P75), n]

5.00 (3.00, 8.00) 5.500 (3.500, 8.500) 4.500 (2.500, 6.500) 0.058

Blastocyst formation rate (%) 48.470 ± 3.550 65.770 ± 4.870# 64.210 ± 3.970# <0.001
High-quality blastocyst
formation rate (%)

22.420 ± 2.310 41.720 ± 3.210# 40.970 ± 3.520# <0.001

Available embryo rate (%) 60.220 ± 4.970 84.510 ± 5.650# 83.490 ± 4.970# <0.001
Clinical pregnancy rate [n (%)] 42 (40.380) 59 (56.730)# 56 (53.846)# 0.042
Miscarriage rate [n (%)] 11 (26.190) 11 (18.640) 9 (16.070) 0.444
Live birth rate [n (%)] 31 (29.810) 48 (46.150)# 47 (45.190)# 0.026
Endometrial thickness [M (P25,
P75), mm]

8.500 (6.700, 10.000) 9.00 (6.100, 10.500) 9.20 (6.300, 10.200) 0.864

# Compared with Gn <7 days group, the difference was statistically significant.
PSM, propensity score matching; 2PN, two pronucleus; MII, metaphase II.

increased blastomere asymmetry and fragmentation, as well
as an elevated risk of endometrial maturation [3]. Chuang et
al. [3] reported that a Gn stimulation duration of ≥13 days
was an independent negative predictor of assisted reproduc-
tive technology (ART) success [11]. In contrast, our study
revealed no significant decline in theMII oocyte maturation
rate or clinical outcomes when the Gn stimulation duration
reached ≥10 days. This discrepancy may be attributed to
the inclusion of only patients with normal ovarian reserve
in our study, resulting in a minimal proportion of poor re-
sponders.

The duration of ovarian stimulation is closely corre-
lated with ovarian response. Patients with a high ovarian
response typically exhibit faster follicular development and
therefore require a shorter stimulation duration [7]. Con-
versely, patients with a low ovarian response often experi-
ence slower follicular growth and require prolonged stim-
ulation. In summary, when uniform criteria for triggering
final oocyte maturation are applied, ovarian response is in-
trinsically related to the duration of ovarian stimulation [6].
Our results revealed that patients with a Gn stimulation du-
ration of <7 days presented with elevated AMH levels and
higher E2 levels on the initiation day. Despite receiving a
comparable initial Gn dose, this group yielded significantly
more retrieved oocytes than the other groups. However,
their MII oocyte maturation rate was significantly lower.

We therefore hypothesize that, in patients with elevated
AMH levels, reducing the daily Gn dose may prolong the
stimulation duration beyond 7 days, thereby allowing suf-
ficient time for both nuclear and cytoplasmic oocyte matu-
ration. Adequate follicular development and oocyte matu-
ration involve complex, tightly coordinated processes. The
acquisition of oocyte developmental competence requires
synchronized nuclear and cytoplasmic maturation [20,21].
Nuclear maturation involves germinal vesicle breakdown,
resumption of meiosis, extrusion of the first polar body,
and subsequent arrest at theMII stage [14,22]. Cytoplasmic
maturation, although more difficult to assess, is crucial for
oocyte developmental competence. Abnormalities in this
process oftenmanifest later as impaired embryo cleavage or
implantation failure [14,23]. Consistent with this concept,
our findings demonstrated that embryonic developmental
potential and clinical outcomes were poorer in the <7 days
group compared with the≥7 days groups. This discrepancy
likely reflects the fact that MII oocyte assessment is based
solely on the extrusion of the first polar body, which does
not necessarily indicate that cytoplasmic maturation has oc-
curred synchronously with nuclear maturation.

Correlation analysis, multivariate linear regression
analysis, and curve fitting consistently revealed that the du-
ration of Gn stimulation was significantly positively cor-
related with the MII oocyte rate, clinical pregnancy rate,
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Table 3. Correlation analysis between Gn stimulation duration and the MII oocyte rate.

Variables
Gn days (n) 2PN oocytes rate, n

(%)
Cleavage rate (%) High-quality cleavage

embryos rate, n (%)
Blastocyst

formation rate (%)
High-quality blastocyst
formation rate (%)

Available embryo rate
(%)

r p r p r p r p r p r p r p

MII oocytes
rate (%)

0.200 <0.001 0.250 <0.001 0.160 <0.001 0.120 0.007 0.150 0.001 0.230 0.001 0.280 <0.001

Clinical
pregnancy rate
(%)

0.110 0.003 0.01 0.750 0.100 0.003 0.080 0.010 0.110 0.026 0.130 0.001 0.02 0.002

Live birth rate
(%)

0.120 0.016 0.08 0.078 0.070 0.110 0.070 0.089 0.080 0.057 0.160 <0.001 0.130 0.002
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Table 4. Multiple linear regression analysis of MII oocyte rate.
Variables 95% CI SD t Beta (95% CI) p

Age (years) –0.121 0.014 –3.629 –0.121 (–0.080, –0.025) <0.001
BMI (kg/m2) –0.187 0.017 –9.582 –0.187 (–0.194, –0.128) <0.001
Duration of infertility (years) –0.041 0.144 –2.222 –0.041 (–0.603, –0.038) 0.038
Diagnosis –0.002 0.039 –0.051 –0.002 (–0.079, 0.075) 0.960
AMH (ng/mL) –0.023 0.068 –0.676 –0.023 (–0.179, 0.087) 0.499
LH level on Gn starting day (mIU/mL) 0.018 0.016 0.566 0.018 (–0.022, 0.04) 0.572
E2 level on Gn starting day (ng/L) –0.064 0.039 –1.102 –0.064 (–0.118, 0.033) 0.271
Gn starting dose (IU) –0.012 0.154 –0.643 –0.012 (–0.401, 0.203) 0.520
Total Gn (IU) –0.031 0.126 –1.616 –0.031 (–0.451, 0.044) 0.106
Gn days (n) 0.077 0.009 2.347 0.077 (0.004, 0.040) 0.019

Fig. 2. Correlation analysis between the duration of Gn andMII oocyte rate. Heatmap showing the magnitude of Pearson correlation
coefficients. The color gradient represents the strength of correlation; all correlation values are positive. The numbers in squares represent
the correlation coefficients (r). The horizontal and vertical axes represent each correlation factor. The color gradient from blue to red
indicates the degree of correlation, ranging from low to high. MII, metaphase II; Gn, gonadotropin.

and live birth rate and was an independent predictor of the
MII oocyte rate. TheMII oocyte rate increased significantly

with increasing Gn stimulation duration; however, no fur-
ther significant improvement was observed once the dura-
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Fig. 3. Curve fitting of Gn usage time and MII oocyte rate. The x-axis represents the number of Gn days, the y-axis represents the
MII oocyte rate, and the dashed line in the figure is the linear regression fitting line for Gn days and MII oocyte rate. The dashed lines
represent the fitting lines for Gn days and MII oocyte rate using a Sigmoid curve. Gn, gonadotropin; MII, metaphase II.

tion was >7 days. These findings confirmed the use of 7
days as a key indicator of Gn stimulation, and it is necessary
to use the GnRHa regimen to promote ovulation for 7 days
for patients with a normal ovarian reserve. Consistent with
our findings, Mardešič et al. [19] reported that women with
a short duration of stimulation of only 6–8 days achieved
pregnancy rates comparable to those of women with longer
stimulation durations. Previous studies have reported that
a stimulation duration of less than 6 days is associated with
poorer IVF outcomes, consistent with our results, although
those studies included more heterogeneous patient popula-
tions with respect to ovarian reserve and ovarian stimula-
tion protocols [12]. Furthermore, unlike our study, which
focused primarily on the MII oocyte maturation rate as the
primary outcome, most previous studies used clinical out-
come as the main research index.

This study has several notable advantages. First, the
use of both multivariate linear regression analysis and PSM
in this retrospective study strengthened the validity of the

findings by controlling for potential confounding factors
that could have influenced the clinical outcomes, such as
the total Gn dose, the initial Gn dose, and the levels of LH
and E2 at the stimulation initiation. This approach allowed
the specific effect of Gn stimulation duration on follicular
development during ovarian stimulation to be evaluated in-
dependently of other influential factors. Collectively, these
methodological strengths increase the rigor and internal va-
lidity of the study, providing valuable evidence for the re-
lationship between Gn stimulation duration and the MII
oocyte maturation rate. Second, we selected the MII oocyte
maturation rate as the primary research outcome, whereas
most previous studies have focused mainly on clinical out-
comes, such as the clinical pregnancy rate and live birth
rate. The principal objective of optimizing ovarian stimula-
tion protocols is to maximize the yield of mature oocytes, as
this is a critical determinant of IVF success [24,25]. Many
factors affect the clinical outcome, including oocyte qual-
ity as well as sperm quality and endometrial factors. Third,
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the type of ovarian stimulation protocol may also indepen-
dently influence the duration of stimulation regardless of
the ovarian reserve. Previous studies have suggested that
the GnRH antagonist protocols typically require a shorter
stimulation duration than GnRHa protocols [15]. A possi-
ble explanation is that the GnRH antagonist protocol does
not require pituitary downregulation before ovarian stimu-
lation. However, in the present study, all enrolled patients
received the same GnRHa protocol, allowing the effect of
different Gn stimulation durations to be evaluated within a
uniform stimulation protocol.

Limitations

However, this study has several limitations that should
be acknowledged. First, the retrospective nature of the
study may have introduced imbalances in baseline patient
clinical characteristics. To mitigate this, multivariable re-
gression analysis and PSM were utilized to minimize the
potential effects of confounders. Second, this was a single-
center study with a relatively small sample size, which may
limit the generalizability of the findings. Further valida-
tion with subgroup analysis and a larger multicenter sam-
ple is warranted to validate these results. Third, the rela-
tively short follow-up period prevented the assessment of
maternal and neonatal outcomes and the long-term health
of offspring. Future studies with extended follow-up peri-
ods are needed to provide a more comprehensive evaluation
of these outcomes. Finally, although GnRH antagonist pro-
tocols are popular worldwide, our center continues to focus
on conventional GnRHa protocols, with relatively limited
use of antagonist protocols. Consequently, the applicability
of our findings to GnRH antagonist cycles remains to be es-
tablished. Despite these limitations, this study still provides
valuable insights into the effect of the Gn stimulation dura-
tion on clinical outcomes in patients with normal ovarian
reserve undergoing the conventional long GnRHa protocol.

5. Conclusions
In conclusion, patients with normal ovarian reserve

undergoing a GnRHa protocol should receive at least 7 days
of Gn stimulation. The duration of Gn stimulation was cor-
related with and independently predicted the MII oocyte
rate. These findings contribute to optimizing clinical strate-
gies and improving outcomes for normal‑ovarian‑reserve
patients undergoing GnRHa treatment.

Availability of Data and Materials
The data used during the current study are available

from the corresponding author on reasonable request.

Author Contributions
CY, YW and LC conceived and designed this study.

YW, CZ, LZ, JJ and HY collected and analyzed the data.
CY, YW and CZ interpreted the data. YW, CZ, LZ, JJ

and HY drafted the manuscript. CY and LC reviewed and
edited the manuscript. All authors read and approved the
final manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
(1) The study and the protocols used were approved

by the Ethics Committee of the Changzhou Maternity and
Child Health Care Hospital (202403). Written informed
consent was obtained from the infertile couples participat-
ing in the study. The study was conducted according to the
Declaration of Helsinki for medical research. (2) This study
was a retrospective study with data from the reproductive
center case system, and no clinical trial registration was re-
quired.

Acknowledgment
We are grateful to everyone participating in this study.

Funding
Fundamental research project of Changzhou Medi-

cal Center, Nanjing Medical University (CMCB202309);
Clinical research project of Changzhou Medical Center,
Nanjing Medical University (CMCC202206); The Key
Project funded by Changzhou Clinical Medical Center
(CMCM202203).

Conflicts of Interest
The authors declare no conflicts of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/CEOG48905.

References
[1] Howie R, Kay V. Controlled ovarian stimulation for in-vitro fer-

tilization. British Journal of Hospital Medicine (London, Eng-
land : 2005). 2018; 79: 194–199. https://doi.org/10.12968/hm
ed.2018.79.4.194

[2] Ovarian Stimulation TEGGO, Bosch E, Broer S, Griesinger G,
Grynberg M, Humaidan P, et al. ESHRE guideline: ovarian
stimulation for IVF/ICSI†. Human Reproduction Open. 2020;
2020: hoaa009. https://doi.org/10.1093/hropen/hoaa009

[3] Chuang M, Zapantis A, Taylor M, Jindal SK, Neal-Perry GS,
Lieman HJ, et al. Prolonged gonadotropin stimulation is associ-
ated with decreased ART success. Journal of Assisted Reproduc-
tion and Genetics. 2010; 27: 711–717. https://doi.org/10.1007/
s10815-010-9476-6

[4] Depalo R, Jayakrishan K, Garruti G, Totaro I, Panzarino M,
Giorgino F, et al. GnRH agonist versus GnRH antagonist in
in vitro fertilization and embryo transfer (IVF/ET). Reproduc-
tive Biology and Endocrinology : RB&E. 2012; 10: 26. https:
//doi.org/10.1186/1477-7827-10-26

[5] Depalo R, Lorusso F, Palmisano M, Bassi E, Totaro I, Vacca
M, et al. Follicular growth and oocyte maturation in GnRH

10

https://doi.org/10.31083/CEOG48905
https://doi.org/10.31083/CEOG48905
https://doi.org/10.12968/hmed.2018.79.4.194
https://doi.org/10.12968/hmed.2018.79.4.194
https://doi.org/10.1093/hropen/hoaa009
https://doi.org/10.1007/s10815-010-9476-6
https://doi.org/10.1007/s10815-010-9476-6
https://doi.org/10.1186/1477-7827-10-26
https://doi.org/10.1186/1477-7827-10-26
https://www.imrpress.com


agonist and antagonist protocols for in vitro fertilisation and
embryo transfer. Gynecological Endocrinology : the Offi-
cial Journal of the International Society of Gynecological
Endocrinology. 2009; 25: 328–334. https://doi.org/10.1080/
09513590802617762

[6] Tao T, Robichaud A, Nadeau S, Savoie R, Gallant B, Ouellette
RJ. Optimized hormonal stimulation is critical for production of
viable embryos and establishment of subsequent implantation.
Journal of Assisted Reproduction and Genetics. 2006; 23: 23–
28. https://doi.org/10.1007/s10815-005-9005-1

[7] Kalakota NR, George LC, Morelli SS, Douglas NC, Babwah
AV. Towards an Improved Understanding of the Effects of El-
evated Progesterone Levels on Human Endometrial Receptiv-
ity and Oocyte/Embryo Quality during Assisted Reproductive
Technologies. Cells. 2022; 11: 1405. https://doi.org/10.3390/ce
lls11091405

[8] Kolibianakis EM, Bourgain C, Papanikolaou EG, Camus M,
Tournaye H, Van Steirteghem AC, et al. Prolongation of follic-
ular phase by delaying hCG administration results in a higher
incidence of endometrial advancement on the day of oocyte re-
trieval in GnRH antagonist cycles. Human Reproduction (Ox-
ford, England). 2005; 20: 2453–2456. https://doi.org/10.1093/
humrep/dei069

[9] Huang CC, Lien YR, Chen HF, Chen MJ, Shieh CJ, Yao YL, et
al. The duration of pre-ovulatory serum progesterone elevation
before hCG administration affects the outcome of IVF/ICSI cy-
cles. Human Reproduction (Oxford, England). 2012; 27: 2036–
2045. https://doi.org/10.1093/humrep/des141

[10] Labarta E, Martínez-Conejero JA, Alamá P, Horcajadas JA, Pel-
licer A, Simón C, et al. Endometrial receptivity is affected in
women with high circulating progesterone levels at the end of
the follicular phase: a functional genomics analysis. Human
Reproduction (Oxford, England). 2011; 26: 1813–1825. https:
//doi.org/10.1093/humrep/der126

[11] Martin JR, Mahutte NG, Arici A, Sakkas D. Impact of dura-
tion and dose of gonadotrophins on IVF outcomes. Reproduc-
tive Biomedicine Online. 2006; 13: 645–650. https://doi.org/10.
1016/s1472-6483(10)60654-2

[12] Yang YC, Li YP, Pan SP, Chao KH, Chang CH, Yang JH, et al.
The different impact of stimulation duration on oocyte matura-
tion and pregnancy outcome in fresh cycles with GnRH antag-
onist protocol in poor responders and normal responders. Tai-
wanese Journal of Obstetrics & Gynecology. 2019; 58: 471–
476. https://doi.org/10.1016/j.tjog.2019.05.007

[13] Purandare N, Emerson G, Kirkham C, Harrity C, Walsh D, Mo-
canu E. The duration of gonadotropin stimulation does not alter
the clinical pregnancy rate in IVF or ICSI cycles. Irish Journal of
Medical Science. 2017; 186: 653–657. https://doi.org/10.1007/
s11845-016-1526-3

[14] Sarkar P, Ying L, Plosker S, Mayer J, Ying Y, Imudia AN.
Duration of ovarian stimulation is predictive of in-vitro fertil-

ization outcomes. Minerva Ginecologica. 2019; 71: 419–426.
https://doi.org/10.23736/S0026-4784.19.04455-1

[15] Wang R, Lin S, Wang Y, Qian W, Zhou L. Comparisons of
GnRH antagonist protocol versus GnRH agonist long proto-
col in patients with normal ovarian reserve: A systematic re-
view and meta-analysis. PloS One. 2017; 12: e0175985. https:
//doi.org/10.1371/journal.pone.0175985

[16] Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology. The Istanbul consensus work-
shop on embryo assessment: proceedings of an expert meeting.
Human Reproduction. 2011; 26: 1270–1283. https://doi.org/10.
1093/humrep/der037

[17] Gardner DK, Vella P, Lane M, Wagley L, Schlenker T, School-
craft WB. Culture and transfer of human blastocysts increases
implantation rates and reduces the need for multiple embryo
transfers. Fertility and Sterility. 1998; 69: 84–88. https://doi.or
g/10.1016/s0015-0282(97)00438-x

[18] Austin PC. Optimal caliper widths for propensity-score match-
ing when estimating differences in means and differences in
proportions in observational studies. Pharmaceutical Statistics.
2011; 10: 150–161. https://doi.org/10.1002/pst.433

[19] Mardešič T, Mannaerts B, Abuzeid M, Levy M, Witjes H,
Fauser BC. Short follicular phase of stimulation following cori-
follitropin alfa or daily recombinant FSH treatment does not
compromise clinical outcome: a retrospective analysis of the
Engage trial. Reproductive BioMedicine Online. 2014; 28: 462–
468. https://doi.org/10.1016/j.rbmo.2013.12.009

[20] Eppig JJ. Coordination of nuclear and cytoplasmic oocyte mat-
uration in eutherian mammals. Reproduction, Fertility, and
Development. 1996; 8: 485–489. https://doi.org/10.1071/rd
9960485

[21] Jurema MW, Nogueira D. In vitro maturation of human oocytes
for assisted reproduction. Fertility and Sterility. 2006; 86: 1277–
1291. https://doi.org/10.1016/j.fertnstert.2006.02.126

[22] Fulka J, Jr, First NL, Moor RM. Nuclear and cytoplasmic deter-
minants involved in the regulation of mammalian oocyte matu-
ration. Molecular Human Reproduction. 1998; 4: 41–49. https:
//doi.org/10.1093/molehr/4.1.41

[23] Moor RM, Dai Y, Lee C, Fulka J, Jr. Oocyte maturation and
embryonic failure. Human Reproduction Update. 1998; 4: 223–
236. https://doi.org/10.1093/humupd/4.3.223

[24] Sunkara SK, Rittenberg V, Raine-Fenning N, Bhattacharya S,
Zamora J, Coomarasamy A. Association between the number of
eggs and live birth in IVF treatment: an analysis of 400 135 treat-
ment cycles. Human Reproduction (Oxford, England). 2011; 26:
1768–1774. https://doi.org/10.1093/humrep/der106

[25] Fatemi HM, Doody K, Griesinger G, Witjes H, Mannaerts B.
High ovarian response does not jeopardize ongoing pregnancy
rates and increases cumulative pregnancy rates in a GnRH-
antagonist protocol. Human Reproduction (Oxford, England).
2013; 28: 442–452. https://doi.org/10.1093/humrep/des389

11

https://doi.org/10.1080/09513590802617762
https://doi.org/10.1080/09513590802617762
https://doi.org/10.1007/s10815-005-9005-1
https://doi.org/10.3390/cells11091405
https://doi.org/10.3390/cells11091405
https://doi.org/10.1093/humrep/dei069
https://doi.org/10.1093/humrep/dei069
https://doi.org/10.1093/humrep/des141
https://doi.org/10.1093/humrep/der126
https://doi.org/10.1093/humrep/der126
https://doi.org/10.1016/s1472-6483(10)60654-2
https://doi.org/10.1016/s1472-6483(10)60654-2
https://doi.org/10.1016/j.tjog.2019.05.007
https://doi.org/10.1007/s11845-016-1526-3
https://doi.org/10.1007/s11845-016-1526-3
https://doi.org/10.23736/S0026-4784.19.04455-1
https://doi.org/10.1371/journal.pone.0175985
https://doi.org/10.1371/journal.pone.0175985
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1016/s0015-0282(97)00438-x
https://doi.org/10.1016/s0015-0282(97)00438-x
https://doi.org/10.1002/pst.433
https://doi.org/10.1016/j.rbmo.2013.12.009
https://doi.org/10.1071/rd9960485
https://doi.org/10.1071/rd9960485
https://doi.org/10.1016/j.fertnstert.2006.02.126
https://doi.org/10.1093/molehr/4.1.41
https://doi.org/10.1093/molehr/4.1.41
https://doi.org/10.1093/humupd/4.3.223
https://doi.org/10.1093/humrep/der106
https://doi.org/10.1093/humrep/des389
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Design
	2.2 Ovarian Stimulation
	2.3 IVF and Embryo Culture
	2.4 Hormone Analysis
	2.5 Statistical Analysis

	3. Results
	3.1 Comparison of Baseline Characteristics Among the Three Groups Before and After PSM
	3.2 Comparison of Laboratory and Clinical Outcomes Among the Three Groups After PSM
	3.3 Correlation Between Gn Stimulation Duration and MII Oocyte Rate
	3.4 Multiple Linear Regression Analysis of the MII Oocyte Rate
	3.5 Curve Fitting Analysis of Gn Stimulation Duration and the MII Oocyte Rate

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Supplementary Material
	References

