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Over the last decades, the gonadotropin-releasing hormone (GnRH) antagonist
protocol has become widely used for prevention of premature luteinizing
hormone surge during ovarian stimulation with exogenous gonadotropins.
Literature has shown its efficacy and safety, while maintaining similar live birth
rates compared to agonist protocols. Clinicians occasionally notice a drop in
serum estradiol levels after GnRH antagonist initiation. This study aimed to
analyze the impact of a drop in serum estradiol levels after the administration
of a GnRH antagonist on clinical outcomes in in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) cycles. The results showed that estradiol
drop was related to lower ongoing pregnancy, live birth and cumulative live birth
rates. Estradiol drop was less frequent in cycles using gonadotropins containing
luteinizing hormone (LH) activity and cycles with a drop showed a larger decrease
in serum LH after the first GnRH antagonist administration, resulting in lower
serum values on the day of ovulation triggering. These findings suggest that future
prospective research could focus on potential optimization of luteinizing
hormone (LH) levels and this study might also add to the discussion that
estradiol monitoring could be useful in detecting cycles with an increased risk
of less favorable outcomes.

KEYWORDS

assisted reproductive technology, estradiol, GnRH antagonist, in vitro fertilization,
ovarian stimulation

1 Introduction

Infertility is a significant global issue, affecting around one in six couples worldwide (1)
and high quality care is required. Assisted reproductive technologies (ART), such as in vitro
fertilization (IVF), have progressed tremendously, with a total of 2.8 million ART cycles
performed worldwide in 2016 (2).
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Over the last decades, the gonadotropin-releasing hormone
(GnRH) antagonist protocol has become widely used for
prevention of premature luteinizing hormone (LH) surge during
ovarian stimulation (OS) with exogenous gonadotropins (3). The
latest ESHRE guideline on OS recommends the use of the antagonist
protocol over the agonist protocol, given its comparable efficacy and
higher safety (4, 5). Meta-analyses showed similar live birth rates in
antagonist and long agonist protocols, with the antagonist protocol
associated with a lower incidence of ovarian hyperstimulation
syndrome (OHSS) and being more patient friendly due to its
immediate pituitary suppression (6, 7).

In order to monitor ovarian response to the chosen treatment
protocol, serum estradiol can support ultrasound findings and
assess follicular growth and oocyte maturation (8). Literature on
serum estradiol levels in GnRH antagonist cycles focuses mainly on
the timing of initial antagonist administration and estradiol levels
on the day of ovulation triggering (9-11). The timing of the initial
administration depends on whether the patient receives a fixed or
flexible antagonist protocol. In the fixed protocol, the GnRH
antagonist is started on day five or six of OS. In a flexible
protocol, antagonist administration is started when a dominant
follicle reaches a diameter of at least 14 or 15 mm and/or serum
estradiol levels surpass a threshold (6). There is no clear consensus
yet on whether a fixed or flexible protocol is optimal (12). However,
the meta-analysis of Al-Inany et al. found that starting antagonist
administration when serum estradiol levels are below 300 pg/ml
might be associated with an estradiol drop or impaired estradiol
increase (6).

One phenomenon remains a gap in the literature. In cycles
treated with an antagonist protocol, clinicians occasionally notice a
drop in serum estradiol levels after antagonist initiation. In
physiological conditions, theca cells produce androgens under the
influence of LH and are converted to estrogens in the granulosa cells
by aromatase driven by the action of follicle-stimulating hormone
(FSH). However, administration of GnRH antagonists leads to
immediate suppression of endogenous LH and FSH secretion
(13). Because the patient administers FSH during ovarian
stimulation, the conversion from androgens to estrogens is
usually not a problem, but most gonadotropin preparations
contain very little amounts of LH and/or LH activity and
meanwhile endogenous LH levels can be very low throughout
ovarian stimulation cycles. There has been very little research on
the impact of GnRH antagonists on estradiol levels. The only
research findings are observations along dose findings studies for
GnRH antagonists that show that the higher the dose of the GnRH
antagonist, the lower the serum LH and estradiol levels throughout
the stimulation phase (14, 15). Because our previous research
showed a significant decrease in serum LH in GnRH antagonist
cycles, both with recombinant FSH and human menopausal
gonadotropin (hMG) and because no decrease in serum LH in
GnRH agonist long cycles was detected (16), we were triggered to
examine the potential impact of the GnRH antagonist on estradiol
levels throughout the ovarian stimulation cycle and its relation
with LH.

Regular monitoring consisting of ultrasound and hormonal
blood analysis allows us to observe this estradiol drop shortly
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after the initial antagonist administration. The ESHRE guideline
on OS states that the addition of estradiol measurements to
ultrasound monitoring is probably not recommended (4).
However, it also mentions that this recommendation is based on
a meta-analysis of six studies, of which four used exclusively GnRH
agonists and two used both agonist and antagonist protocols (17).
One could ask if this advice is valid in GnRH antagonist protocols.

This study analyzed clinical outcomes of cycles with an estradiol
drop after GnRH antagonist initiation and the association between
estradiol drop and cycle characteristics.

2 Materials and methods
2.1 Design and study population

This was a retrospective, non-interventional cohort study of
patients receiving ART. Patients were treated at the Center for
Reproductive Medicine of the Antwerp University Hospital.
Women between 20 and 45 years of age were included, and they
were treated for IVF/intracytoplasmic sperm injection (ICSI),
preimplantation genetic testing (PGT) or oocyte vitrification for
fertility preservation purposes. Exclusion criteria were oocyte
vitrification for oncologic purposes due to potential confounders
related to oncology treatments, the use of clomiphene citrate and
the use of a GnRH agonist protocol.

The primary endpoint of the study was cumulative live birth
rate (CLBR) in cycles with estradiol drop compared to cycles
without estradiol drop. Secondary objectives included other
clinical outcomes and the analysis of the potential association
between cycle related characteristics and estradiol drop. Clinical
outcomes analyzed were cycle cancellation rate, percentage of cycles
with zero oocytes retrieved, number of oocytes retrieved, number of
two-pronuclei (2PN) fertilized oocytes, utilization rate, embryo
transfer, positive beta human chorionic gonadotropin (B-hCQG),
ongoing pregnancy and live birth rate. Cycle related characteristics
included age category at the start of the cycle, type of gonadotropin,
oral contraceptive pill (OCP) pretreatment, first day of GnRH
antagonist administration, total dose of FSH, rank of the
antagonist cycle, anti-Miillerian hormone (AMH) value, serum
LH at the start of the cycle, difference in serum LH before and
after first antagonist administration, serum LH on the day of
ovulation triggering and serum progesterone on the day of
ovulation triggering.

The study protocol was approved by the Institutional Review
Board at the Antwerp University Hospital (EC 20/18/240). The
study was performed according to the Strengthening the reporting
of observational studies in epidemiology (STROBE) guidelines (18).

2.2 Stimulation protocols

The choice of protocol was made by the treating physician,
based on a case-by-case evaluation of patient characteristics. An
OCP was used in case of irregular cycles or for scheduling purposes.

Patients received a GnRH antagonist for pituitary suppression
in order to prevent a premature LH surge. Ovarian stimulation was
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performed using either h(MG (Menopur®, Ferring, Germany) or a
recombinant follicle-stimulation hormone (rec-FSH o (Gonal—F®,
Merck, Italy; Bemfola®, Gedeon Richter, Hungary), B (Puregon®,
Organon, The Netherlands), & (Rekovelle®, Ferring, Germany),
corifollitropin o (Elonva®, Organon, The Netherlands) or
follitropin o + lutropin o (Pergoveris®, Merck, Italy).

Patients underwent a baseline evaluation (ultrasound and
hormonal analysis), after which they started FSH stimulation on
day three of the menstrual cycle or after a washout of at least five
days after discontinuation of the OCP.

The starting dose of FSH was determined based on age and serum
AMH level. Patients younger than 37 years with an AMH level of 1-4
pg/L received 150 IU per day, those with AMH > 4 ug/L received
112.5 IU per day, and those with AMH <1 pg/L received 225 IU per
day. All patients aged 37 years or older received 225 IU per day with
AMH levels < 4 pg/L or 150 IU per day with AMH > 4 ug/L.

Dosing adjustments were made according to follicular response.
The GnRH antagonist was administered in a flexible protocol,
meaning it was started when the estradiol level was > 250 ng/L
and/or ultrasound showed a follicle with a diameter of >14 mm.
Ovulation triggering was performed with hCG or a GnRH agonist.
Cycles were cancelled because of premature LH rise, poor ovarian
response, Covid infection or non-medical reasons.

2.3 Hormone assays

Blood analysis was used to measure serum FSH, LH, hCG,
estradiol and progesterone at the baseline evaluation and LH,
estradiol and progesterone throughout the follicular phase of the
OS. The last follicular phase measurements were performed on the
day of ovulation triggering. All blood analyses were performed in
the morning, immediately followed by ultrasound monitoring. LH
values were analyzed using chemiluminescent 2-site sandwich
immunoassay and were expressed in IU/L. Estradiol and
progesterone were both analyzed using electrochemiluminescence
sandwich assays and expressed in respectively ng/L and pg/L.

Serum estradiol levels were measured using the Elecsys
Estradiol III immunoassay (Roche Diagnostics) with a limit of
detection of 5 pg/mL. Intra-assay CV ranged from 1.2% to 2.4%,
with a CV of 8.4% at the lower detection level. Inter-assay precision
ranged from 1.7% to 2.7%, with a coefficient of variation (CV) of
12.3% at the lower detection level (18.7 pg/ml). Serum LH was
analyzed using the Atellica IM LH chemiluminescent two-site
sandwich immunoassay with an analytical sensitivity of < 0.07 IU/L,
an intra-assay CV between 1.1% and 1.8% and an inter-assay CV
ranging from 2.1% to 3.4%.

Progesterone was measured with Elecsys Progesterone III
immunoassay (Roche Diagnostics) with a limit of detection of
0.05 ng/mL. The intra-assay CV ranged from 1.1% to 2.7% and
the inter-assay CV ranged from 1.7% to 6.2% with a CV of 43.9% at
the lower detection level (0.054 ng/mL). AMH levels were measured
with Elecsys AMH Plus (Roche Diagnostics) with a detection limit
of 0.01 ng/mL, an intra-assay CV between 0.8% and 2.1% and an
inter-assay CV between 2.8% and 3.8%. All hormonal assays were
subjected to routine internal quality control procedures.
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2.4 Statistical analysis

Data were extracted from medical records in two databases that
were consecutively used at the Center for Reproductive Medicine.
Data cleaning was performed and input errors that could be
corrected with the use of reliable source data, were corrected
manually. Data that could not be corrected were marked as
missing. A comprehensive list of all data handling was created.

Descriptive statistics were used to describe patient and cycle
characteristics. Continuous data were checked for normal
distribution through statistical tests (Shapiro-Wilk test) and
graphical representation (histogram and quantile-quantile plot).
As data were not normally distributed, descriptive statistics were
presented as median and interquartile range [q1 to q3]. Categorical
variables were presented with counts and percentages.

To determine if a drop in serum estradiol levels was present, the
difference between estradiol levels before and after the first GnRH
antagonist administration was calculated. Ideally, the last
measurement before the start of the antagonist was used, but
when this value was not available, the value up to three days
before was used. The value after was ideally from a blood analysis
performed two days after the start of the antagonist, but values up to
four days after were used when needed. When the value of estradiol
after the start of the antagonist was lower than the value before, the
cycle was marked as having an estradiol drop. Estradiol drop was
analyzed as a binary variable.

Cumulative live birth (CLB) was defined as at least one live birth
per aspirated ART cycle, according to the International Committee
for Monitoring Assisted Reproductive Technologies (ICMART)
definition (19). Cycles were included for analysis of CLB when a
live birth had been achieved or if all embryos from that aspiration
cycle had been transferred.

Due to the database containing multiple cycles per patient, the
primary outcome CLBR was analyzed with a generalized estimating
equations (GEE) model with subject as clustering variable
(correcting for cycles of the same patient) with an exchangeable
correlation structure and a logit link function. In this model there
was adjusted for age class at the start of the cycle (<35y, 35-
39y, 240y).

For the secondary binary clinical outcomes the same model was
fitted as for the primary outcome. For the numeric clinical
outcomes a linear mixed-effects model (including subject as a
random intercept to correct for cycles of the same patient) was
used with adjustment for age class at the start of the cycle.

Model assumptions were evaluated for both linear mixed-effects
models and GEE models. For mixed models, residuals were visually
inspected for normality, homoscedasticity, and linearity. For GEE
models, QIC values guided the choice of correlation structure.
Multicollinearity was explored using VIFs.

To evaluate potential confounding, several separate models were
evaluated adding a priori selected clinically relevant covariates one by
one to a base model that included estradiol drop and age at the start
of the cycle. A variable was considered a confounder if its inclusion
changed the B-coefficient (regression coefficient in the log odds
model) of estradiol drop by more than ten percent.
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As we expect an estradiol increase during OS, any decrease in
estradiol was defined as drop. To challenge this arbitrary cutoff, a
sensitivity analysis was performed for the main analysis defining
estradiol drop as all decreases or increases not exceeding five
percent (binary outcome named “expanded estradiol drop”).

Additionally, to further explore the impact of ranges of estradiol
drop on CLBR, a second sensitivity analysis was performed
categorizing the percent change in estradiol (no drop, 0-10%
drop, 10-20% drop and > 20% drop). To visualize the association
between percentage change in estradiol levels after GnRH
antagonist initiation and CLBR, predicted probabilities for
different age categories were derived from the GEE model using
the logit link. The probabilities were plotted with 95% confidence
intervals (CI’s) across a range of a drop of 100% to an increase
of 10%.

To analyze whether patient and cycle characteristics
(explanatory variables) were associated with the occurrence of an
estradiol drop GEE models were used using estradiol drop as
outcome and subject as clustering variable with an exchangeable
correlation structure and a logit link function.

We visualized estradiol and LH evolution throughout the
follicular phase of OS by plotting the mean estradiol (ng/L) or LH
value (IU/L) against the day of GnRH antagonist administration,
with 95% CT’s. Day 1 on the x-axis represents the first day of GnRH
antagonist administration and estradiol/LH was plotted from day
ten before start of antagonist until day ten of administration. CI’s
were plotted when there were at least three measurements at a
certain time point. Linear mixed-effects models (using subject as
random effect) with and without interaction between cycle day and
estradiol drop were compared to assess whether estradiol profiles
differed between cycles with and without estradiol drop.

To evaluate whether the impact of estradiol drop could be
visualized by ultrasound monitoring, follicle measurements were
analyzed. The mean diameter of the same number of leading
follicles right before and right after the first administration of the
GnRH antagonist (the same days as used to calculate estradiol drop)
was calculated for cycles with estradiol drop.

Statistical analysis was performed using R Studio version 4.3.0.
P-values of less than 0.05 indicated statistical significance.

2.5 Missing data handling

For use of OCP pre-treatment and serum AMH value
substantial percentages of missing data were detected (38.9% and
47.7% respectively). Therefore, missing data for both were imputed
using multiple imputations under the assumption of data missing at
random. Multiple imputation was performed using the Multivariate
Imputation by Chained Equations package in R. In the imputation
method the variables OCP, AMH, age at the start of the cycle, type
of treatment, type of gonadotropin, total dose of gonadotropins,
start day of the GnRH antagonist, rank of the cycle, LH level at the
start of the cycle, LH and progesterone levels at ovulation triggering,
date of oocyte retrieval and presence of estradiol drop were used.
These variables were selected as they could be associated with OCP
use and AMH levels. Subject and cycle identifiers were included to
allow for clustering.
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Predictive mean matching was used for continuous variables,
logistic regression for binary variables and polytomous regression
for categorical variables with more than two levels. Twenty
imputation datasets were generated using five iterations per
dataset. Distributions of the variables before and after imputation
are presented in Supplementary Table 1.

Two models were fitted with each imputed dataset: a GEE
model with estradiol drop as outcome and AMH as independent
variable and a GEE model with estradiol drop as outcome and OCP
independent variable. An exchangeable working correlation matrix
was specified to account for within-subject correlation across cycles
(clustered by subject identifier). Pooled parameter estimates from
twenty imputations were calculated using Rubin’s rules.

To assess potential confounders in the association between
estradiol drop and CLBR, additional GEE models were fitted in
the imputed datasets. An exchangeable working correlation matrix
was again specified to account for within-subject correlation. Pooled
parameter estimates were obtained across the twenty imputed
datasets using Rubin’s rules.

2.6 Sample size

This study used a sample of convenience, including all patients
treated with a GnRH antagonist for IVF/ICSI in our center between
January 1st 2015 and November 1st 2022.

3 Results
3.1 Patient and cycle characteristics

We analyzed 1678 cycles in 1143 unique patients, as described
in the flow diagram in Figure 1. For the analysis of CLBR 1331
cycles could be included. Cycle characteristics are listed in Table 1.

The median number of days between measures of estradiol
levels before and after the first GnRH antagonist administration was
2 [2 to 3]. The presence of estradiol drop could be calculated in 1552
cycles, of which 153 cycles (9.9%) showed a drop. The median
decrease in estradiol levels in these drop cycles was -122 [-247 to
-39] ng/L, which translates to a mean decrease of -21.72 [-36.93 to
-8.99] %. The expanded estradiol drop was found in 181 cycles
(11.7%), with a median decrease in estradiol levels of -71 [-223 to
-16] ng/L. This was a median decrease of -16.02 [-33.55 to -3.31] %.
Figure 2 shows the estradiol evolution throughout the follicular
phase of ovarian stimulation. Estradiol profiles were statistically
different over time between cycles with and without estradiol drop
(p < 0.0001).

3.2 Association between estradiol drop and
clinical outcomes

The percentage of cancelled cycles was significantly higher in
the estradiol drop group (5.9%) than in the group without estradiol
drop (1.9%, OR 3.30, 95% CI [1.46, 7.45], p = 0.004) as well as the
number of cycles in which zero oocytes were retrieved estradiol
(4.2% versus 1.0%, OR 4.08, 95% CI [1.48, 11.25], p = 0.007).
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1678 cycles included
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A4

v

1624 cycles with oocyte
retrieval

54 cycles cancelled

\ 4

1561 cycles with
planned insemination
of oocytes

63 cycles with
cryopreservation of oocytes
(55 planned; 8 no
spermatozoa)

A 4

v

1033 cycles with
embryo transfer

v

407 cycles with positive
beta hCG

\ 4

280 cycles with ongoing
pregnancy

\ 4

279 cycles with live
birth of at least one
baby

FIGURE 1
Flow diagram of cycles through treatment steps.

207 PGT cycles
164 “freeze all embryo” cycles
157 no embryo for transfer

However, no association was found for the mean number of oocytes
retrieved, mean number of 2PN fertilized oocytes and
utilization rate.

The percentage of cycles in which at least one embryo was
transferred in the fresh cycle was significantly lower in the cycles
with estradiol drop (69.2% versus 77.2%, OR 0.64, 95% CI [0.42,
0.98], p = 0.04). Ongoing pregnancy rates were significantly lower in

Frontiers in Endocrinology

estradiol drop cycles (16.9%) than in cycles without estradiol drop
(28.0%, OR 0.52, 95% CI [0.29, 0.95], p = 0.03). The percentage of
cycles with a live birth also differed significantly (27.9% versus
16.9%, OR 0.52, 95% CI [0.29, 0.95], p = 0.03). Cumulative live birth
rate was significantly lower in the estradiol drop group (20.0%)
compared to the group without drop (38.7%, OR 0.37, 95% CI [0.23,
0.60], p < 0.0001) (Table 2, Figure 3).
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TABLE 1 Cycle characteristics and association with estradiol drop (univariable analysis).

Cycle characteristic

Cycles without

10.3389/fendo.2026.1722379

Cycles with E,

E> drop drop

Age at the start of the cycle 33 [30 - 37] 33 [30 - 36] 33 [30 - 38] 0.67
Age category at the start of the cycle 0.73

< 35y 1046 (62.3) 885 (63.3) 94 (61.4)

35 - 3%y 418 (24.9) 347 (24.8) 38 (24.8)

> 40y 214 (12.8) 167 (11.9) 21 (13.7)

Total 1678 1399 153
Rank of the antagonist cycle (until live birth) 1[1-2] 1[1-2] 1[1-2] 0.09
Type of treatment cycle 0.53

IVF 645 (38.4) 535 (38.2) 55 (35.9)

ICSI 640 (38.1) 530 (37.9) 66 (43.1)

IVE + ICSI 124 (7.4) 102 (7.3) 8 (5.2)

PGT 214 (12.8) 183 (13.1) 23 (15.0)

cryopreservation of oocytes 55(3.3) 49 (3.5) 1(0.7)

Total 1678 1399 153
Use of OCP pre-treatment 023"

yes 211 (20.6) 186 (21.3) 9 (10.11)

no 814 (79.4) 687 (78.7) 80 (89.9)

Total 10257 873 89
Type of FSH <0.0001

hMG 708 (42.2) 623 (44.5) 19 (12.4)

follitropine o/p 417 (24.9) 338 (24.2) 50 (32.7)

follitropine & 80 (4.8) 72 (5.1) 6 (3.9)

corifollitropin o (+hMG/rec-FSH) 388 (23.1) 292 (20.9) 74 (48.4)

follitropine o + lutropine o 85 (5.1) 74 (5.3) 4(2.6)

Total 1678 1399 153
Total dose of FSH (IU) 1688 [1350 — 2215] 1688 [1350 - 2215] 1800 [1540 - 2270] 0.24
First day of GnRH antagonist administration 0.32

day 6 of stimulation 1025 (61.1) 861 (61.5) 99 (64.7)

later than day 6 of stimulation 653 (38.9) 538 (38.5) 54 (35.3)

Total 1678 1399 153
Serum estradiol before antagonist initiation (ng/L) 533 [321 - 825] 526 [321 - 803] 627 [333 - 1079] <0.0001
Serum estradiol after antagonist initiation (ng/L) 936 [604 - 1383] 981 [666 — 1441] 475 [225 - 853] <0.0001
Serum LH at the start of the cycle (IU/L) 3.50 [1.80, 5.30] 3.50 [1.80 - 5.30] 3.60 [1.80 - 5.10] 0.26
Difference in serum LH before and after start of GnRH
antagonist (IU/L) -1.00 [-2.30 - -0.30] -0.90 [-2.10 - -0.30] -2.40 [-5.95 - -0.90] <0.0001
Serum LH on day of triggering (IU/L) 1.10 [0.50 - 2.20] 1.20 [0.60 - 2.30] 0.70 [0.20 - 1.50] 0.03
Serum progesterone on day of triggering (pg/L) 0.43 [0.25 - 0.70] 0.43 [0.25 - 0.69] 0.40 [0.24 - 0.82] 0.32
AMH at start of treatment (ug/L) 1.89 [0.87 - 3.66] 1.98 [0.92 - 3.72] 1.53 [0.49 - 2.52] 082"

Continuous variables are reported as median [IQR], categorical variables are reported as n (%).

'p-value derived from pooled analyses across the imputed datasets (20 imputations).

“Discrepancy in sample size due to non-systematic recording in early study years.

When adjusting for potential confounders, the association

between estradiol drop and CLBR remained highly significant across

all models. The B-coefficients after adjustments for individual

3.3 Sensitivity analyses

When analyzing the association between the expanded

covariates remain comparable and the 95% ClIs show a similar  estradiol drop and clinical outcomes, the percentage of cancelled

range of clinical meaningful differences (Supplementary Table 2). cycles, as well as the percentage of cycles with zero oocytes
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Estradiol profile in GnRH

antagonist cycles (nh = 1552)
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no oestradiol drop (n=1399)

e O€Stradiol drop (n=153)

FIGURE 2

Day of GnRH antagonist administration

Estradiol profiles in GnRH antagonist cycles according to presence of estradiol drop. Data are expressed as mean + 95% ClI.

retrieved remained significantly higher (respective p-values =
0.0002 and 0.02). CLBR remained significantly lower in cycles
with estradiol drop (23.1% versus 38.7% in cycles without
estradiol drop, OR 0.45, 95% CI [0.29, 0.69], p < 0.0001). All
outcomes analyzed with the expanded estradiol drop are shown in
Supplementary Table 3.

In a sensitivity analysis categorizing the percent change in
estradiol (no drop, 0-10%, 10-20%, and >20%), this estradiol
difference remained significantly associated with CLBR (p = 0.003).
Using cycles without estradiol drop (n = 1138 (90.5%)) as a reference,
declines exceeding 10% were associated with significantly lower odds
of cumulative live birth (10-20% (n = 32 (2.5%)): OR 0.28, 95% CI
[0.11,0.72]; >20% (n = 56 (4.5%)): OR 0.59, 95% CI [0.39, 0.88]). The

TABLE 2 Association between estradiol drop and clinical outcomes.

Total N

Variable 5 No E, drop

cycles

0-10% category (n = 32 (2.5%)) was not significantly associated with
CLBR (OR 0.57, 95% CI [0.26, 1.23]).

Predicted probabilities of cumulative live birth decreased
progressively with increasing estradiol drop, with consistently lower
probabilities observed in older age groups (Supplementary Figure 1).

3.4 Association between treatment and
cycle characteristics and estradiol drop

All variables that were analyzed for possible association with
estradiol drop are listed in Table 1.

Estradiol drop appeared to be significantly associated with the
different types of gonadotropin (p < 0.0001). Using follitropin o or

diff. in LS
means
[95% ClIj 7

OR [95% Cl]

Cycles cancelled (n (%)) 1552 26 (1.9) 9 (5.9) 0.004 3.30 [1.46,7.45]
Cycles with zero oocytes retrieved (n(%)) ! 1517 14 (1.0) 6 (4.2) 0.007 4.08 [1.48, 11.25]
Number of oocytes retrieved (LS mean + SE) ! 1517 8.26 + 0.22 7.66 + 0.49 0.22 0.59 [-0.36, 1.54]
Number of 2PN fertilized (LS mean + SE) * 1461 4.76 £ 0.16 421 +£0.35 0.12 0.55 [-0.14, 1.24]
Utilization rate (LS mean + SE (%)) * 1258 469 £ 1.16 423 +£3.11 0.15 4.64 [-1.63, 10.9]
Embryo transfer (n (%)) 1258 878 (77.2) 83 (69.2) 0.04 0.64 [0.42, 0.98]
Positive B-hCG (n (%)) 4 961 352 (40.1) 25 (30.1) 0.09 0.64 [0.39, 1.07]
Ongoing pregnancy (n (%)) 4 961 246 (28.0) 14 (16.9) 0.03 0.52 [0.29, 0.95]
Live birth (n (%)) * 961 245 (27.9) 14 (16.9) 0.03 0.52 [0.29, 0.95]
Cumulative live birth rate * (%) 1238 38.7 20.0 < 0.0001 0.37 [0.23, 0.60]

!Calculated on all cycles with oocyte retrieval.

*Calculated on all cycles with oocyte retrieval, excluding cryopreservation of oocytes.
*Calculated on all cycles with oocyte retrieval, excluding cryopreservation of oocytes and PGT.
“Calculated on all cycles with embryo transfer.

*Number of cycles for which presence of estradiol drop could be calculated.

°Adjusted for age at the start of the cycle.

7 Applicable only for numeric outcomes.
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B as a reference, both hMG and follitropin o + lutropin o were
associated with significantly lower odds of estradiol drop (hMG: OR
0.22, 95% CI [0.13, 0.39], p < 0.0001; follitropin o + lutropin o: OR
0.33, 95% CI [0.11, 0.97], p = 0.04). In contrast, corifollitropin o
showed significantly higher odds (OR 1.99, 95% CI [1.32,2.99], p =
0.001), while no statistically significant difference was observed for
follitropin & (OR 0.62, 95% CI [0.24, 1.62], p = 0.33).

Serum LH levels seemed to be associated with estradiol drop.
Cycles exhibiting an estradiol drop showed a larger decrease in LH
after the first GnRH antagonist administration (-2.40 [-5.95 to
-0.90] TU/L, versus -0.90 [-2.10 to -0.30] in cycles without drop, p <
0.0001), resulting in lower serum LH values on the day of ovulation
triggering (0.70 [0.20 to 1.50] IU/L, versus 1.20 [0.60 to 2.30] IU/L
in cycles without drop, p = 0.03). Figure 4 shows the evolution of
serum LH throughout ovarian stimulation for cycles with and
without estradiol drop.

3.5 Follicle measurements in estradiol drop

The mean follicle diameter of the leading group of follicles was
compared before and after the first GnRH antagonist administration
in 148 of 153 cycles with estradiol drop. Of these cycles, 14 (9.5%)
showed a stagnation of follicle growth after antagonist initiation.

4 Discussion

In our study, 9.9% of cycles showed an estradiol drop after the
first GnRH antagonist administration. Significantly more cycles were
cancelled in the estradiol drop group and the number of cycles in
which no oocytes were retrieved was also significantly higher. For the
cycles in which an oocyte retrieval was performed, ongoing
pregnancy, live birth and cumulative live birth rates were all
significantly lower in cycles that presented with an estradiol drop.
To our knowledge, these findings have not been published yet in
existing literature.

Frontiers in Endocrinology

Although no statistically significant associations were observed
for the number of oocytes retrieved, number of 2PN fertilized
oocytes, utilization rate and positive B-hCG, the direction of the
effect of the estimates was consistent with the observed reduction in
CLBR. While the confidence intervals were largely aligned with the
hypothesized direction, their width reflects limited precision and
clinically relevant effects of a smaller magnitude, or even no effect
cannot be excluded.

4.1 Factors associated with estradiol drop

With respect to cycle specific characteristics, the type of
gonadotropin used for OS was associated with the presence of an
estradiol drop. Significantly lower percentages of estradiol drop
cycles were detected in cycles stimulated with hMG and follitropin
o + lutropin o, both of which contain a form of LH activity (20).

Serum LH measurements were associated with estradiol drop.
Although there was no significant association between serum LH at
the start of the cycle, the decrease in LH after first antagonist
administration was significantly larger in cycles with estradiol drop,
resulting in a lower serum LH value on the day of ovulation triggering.

The association between suppressed LH and impaired estradiol
synthesis may be explained by the two-cell, two-gonadotropin
system. In the early follicular phase, LH receptors are primarily
expressed in theca cells, where LH stimulates the conversion of
cholesterol into androgens. These androgens subsequently diftuse to
granulosa cells, in which FSH promotes their aromatization into
estrogens. Suppression of LH may therefore reduce theca cell
androgen output, limiting substrate availability for aromatization
and consequently impairing estradiol synthesis.

In the late follicular phase FSH induces the expression of LH
receptors in granulosa cells, allowing LH to augment FSH-mediated
steroidogenesis and thereby enhance estradiol production (21). By
acquiring LH responsiveness, the maturing follicle becomes
increasingly dependent on adequate LH support (22-24).
Excessive LH suppression during this stage may therefore
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compromise optimal steroidogenic activity, follicular maturation
and potentially oocyte competence. Our previous research showed a
significant decrease in serum LH in GnRH antagonist cycles, which
was significantly more pronounced in cycles were recombinant FSH
was used than in cycles with hMG (Janssens et al., 2022). In that
study we did not detect a decrease in LH in GnRH agonist long
cycles, suggesting this may be of benefit for the patients that suffer
from estradiol drop. The role of LH in ovarian stimulation has been
a longstanding topic of discussion in literature and yet no ideal
range of serum levels has been defined. Many studies have been
performed comparing FSH preparations with and without LH
activity in terms of follicular response and clinical outcomes (25-
27). A meta-analysis found that FSH alone might result in a higher
number of oocytes, but added LH activity improved oocyte and
embryo quality (28). Exogenous LH may partially counteract
antagonist-induced suppression of endogenous LH. By restoring
theca cell androgen production and maintaining adequate substrate
availability for aromatization, LH supplementation may preserve
intrafollicular steroidogenesis and thereby support oocyte
competence. This mechanism could explain why LH-containing
gonadotropins appear to mitigate the negative impact of profound
LH suppression induced by the GnRH antagonist on clinical outcomes.

The benefit of LH supplementation during OS in several specific
patient populations has been demonstrated by a growing number of
studies, but no consensus exists on its universal application (29).
Furthermore, variations in LH bioactivity highlight the significance
of a precise case-by-case refinement of serum LH levels in order to
obtain optimal clinical outcomes (29-31).

4.2 How to handle estradiol drop?
Significantly more cycles with estradiol drop were cancelled

before oocyte retrieval and in cycles with oocyte retrieval, the
incidence of retrieving no oocytes was significantly higher. The

Frontiers in Endocrinology

mean number of oocytes retrieved, number of 2PN fertilized
oocytes and the utilization rate were not significantly different
between both groups. So how do we handle this drop and should
we cancel the cycle?

As Quaas et al. stated, ART is very result-driven and both patient
and clinician may anticipate that changing the stimulation protocol
will lead to a better outcome (3). From our research we may speculate
that the use of gonadotropins with LH activity or a long agonist
protocol might protect patients from estradiol drop and related
poorer clinical outcomes. Nevertheless, we might be overestimating
the effect of the protocol and simply giving the patient another chance
might be more important than the protocol itself (3). The decision to
cancel or continue the cycle might also be influenced by the
reimbursement policy. The risk of losing a reimbursed attempt to a
cycle with poor outcomes might add to the choice to cancel the cycle.

4.3 Do we need to measure serum
estradiol?

Regarding estradiol measurements, our findings might add to
the discussion that estradiol monitoring could be useful in detecting
cycles with an increased risk of poor outcome given the observation
that in cycles with an estradiol drop a stagnation of follicle growth
was only detected by ultrasound monitoring in 9.5% of the drop
cycles. Estradiol secretion by the granulosa cells of these follicles
could already be impaired (32), without it being detectable by
ultrasound tracking and serum estradiol measurements might be
a more sensitive method to identify compromised cycles.

4.4 Limitations and wider implications
Given the retrospective design, we were unable to correct for all

possible confounders in one model. However, adjustment for
repeated cycles per patient was performed using linear mixed
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models and generalized estimating equations models. Because
absolute numbers of estradiol drop were low this caused a
limitation to perform an optimal multivariable analysis and to
confirm a statistically valid threshold for percentage of estradiol
drop. In addition, residual confounding by unmeasured factors such
as body mass index or infertility diagnosis cannot be excluded.

While the median time window between estradiol measurements
was narrow (2 [2-3] days), the timing was not standardized across
cycles. A 3-day offset prior to GnRH antagonist initiation was
required only in a very small proportion of cycles and none of
these were classified as having an estradiol drop. The vast majority of
cycles with a drop had estradiol measured on the day of antagonist
initiation. Therefore, it is unlikely that minor variability in timing
influenced cycle classification. While small differences in the exact
magnitude of the estradiol change cannot be entirely excluded, the
presence of an estradiol drop itself represents a clinically relevant
observation during ovarian stimulation.

Although the study was retrospective and used a convenience
sample, the effect estimate of 0.37 shows about 63% lower odds on
CLBR in cycles with estradiol drop compared to cycles without
estradiol drop with the 95% confidence interval allowing the true
effect to range of 40% to 77% lower odds, which regardless of the
precise value, represents a clinical important difference. We
acknowledge that a prospective study with an a priori sample size
calculation, standardized methodology and appropriate adjustment
for potential confounders is needed to validate and generalize
study findings.

No consensus exists on the added value of estradiol
measurements in addition to ultrasound monitoring during
ovarian stimulation. The findings of this study might add to the
discussion that estradiol monitoring could be useful in detecting
cycles with an increased risk of less favorable outcomes. It should be
acknowledged that ultrasound assessment is inherently operator-
dependent and subject to some degree of intra- and interobserver
variability (17, 33). In this study, ultrasound monitoring was
performed by the same team of senior clinicians following
standardized protocols, which likely limited measurement
variability. An analysis of the combined predictive value of
ultrasound monitoring and estradiol measurements may further
clarify their complementary roles in optimizing ovarian stimulation
strategies.In conclusion, estradiol drop after GnRH antagonist
administration was associated with lower cumulative live birth
rates. Regarding treatment and cycle characteristics, estradiol
drop was associated with type of gonadotropin and changes in
luteinizing hormone. Prospective research could focus on potential
optimization of LH levels, which could possibly ameliorate
clinical outcomes.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

Frontiers in Endocrinology

10.3389/fendo.2026.1722379

number(s) can be found below: Figshare DOI 10.6084/
m9.figshare.30307567.

Ethics statement

The studies involving humans were approved by Antwerp
University Hospital Institutional Review Board. The studies were
conducted in accordance with the local legislation and institutional
requirements. As this study was retrospective, no written informed
consent was required.

Author contributions

LJ: Writing - review & editing, Visualization, Software, Writing
- original draft, Formal analysis, Conceptualization, Data curation,
Methodology, Investigation. ER: Formal analysis, Visualization,
Writing - review & editing, Resources, Data curation,
Methodology. CB: Conceptualization, Supervision, Writing -
review & editing. DD: Resources, Supervision, Conceptualization,
Methodology, Writing - review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

The authors gratefully acknowledge the contribution of Elyne
Scheurwegs of the Department of Informatics, Antwerp University
Hospital, Drie Eikenstraat 655, B-2650 Edegem, Belgium.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

frontiersin.org


https://doi.org/10.3389/fendo.2026.1722379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Janssens et al.

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the

References

1. World Health Organization. Infertility prevalence estimates. Geneva: World Health
OrganizationWorld Health Organization. (2023). pp. 1990-2021.

2. Kupka MS, Chambers GM, Dyer S, Zegers-Hochschild F, de Mouzon J, Ishihara O,
et al. International Committee for Monitoring Assisted Reproductive Technology
world report: assisted reproductive technology, 2015 and 2016. Fertil steril. (2024)
122:875-93. doi: 10.1016/j.fertnstert.2024.07.009

3. Quaas AM. Ovarian stimulation protocols: Don’t immediately change a losing team.
Fertil Steril. (2021) 116:664-5. doi: 10.1016/j.fertnstert.2021.06.038

4. The ESHRE Guideline Group On Ovarian Stimulation. ESHRE guideline: ovarian
stimulation for IVF/ICSI. (2020).

5. LiuC, Tian T, Lou Y, Li ], Liu P, Li R, et al. Live birth rate of gonadotropin-releasing
hormone antagonist versus luteal phase gonadotropin-releasing hormone agonist
protocol in IVF/ICSI: a systematic review and meta-analysis. Expert Rev Mol Med.
(2023) 26:€2. doi: 10.1017/erm.2023.25

6. Al-Inany HG, Youssef MA, Ayeleke RO, Brown J, Lam WS, Broekmans FJ.
Gonadotrophin-releasing hormone antagonists for assisted reproductive technology.
Cochrane Database Syst Rev. (2016) 4:Cd001750. doi: 10.1002/14651858.CD001750.pub4

7. Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg R, et al. GnRH
antagonist versus long agonist protocols in IVF: a systematic review and meta-analysis
accounting for patient type. Hum Reprod Upd. (2017) 23:560-79. doi: 10.1093/
humupd/dmx017

8. Garnett E, Bruno-Gaston J, Cao J, Zarutskie P, Devaraj S. The importance of
estradiol measurement in patients undergoing in vitro fertilization. Clin Chim Acta.
(2020) 501:60-5. doi: 10.1016/j.cca.2019.09.021

9. Joo BS, Park SH, An BM, Kim KS, Moon SE, Moon HS. Serum estradiol levels
during controlled ovarian hyperstimulation influence the pregnancy outcome of in
vitro fertilization in a concentration-dependent manner. Fertil Steril. (2010) 93:442-6.
doi: 10.1016/j.fertnstert.2009.02.066

10. Kosmas IP, Kolibianakis EM, Devroey P. Association of estradiol levels on the day
of hCG administration and pregnancy achievement in IVF: a systematic review. Hum
Reprod. (2004) 19:2446-53. doi: 10.1093/humrep/deh473

11. Serna J, Cholquevilque JL, Cela V, Martinez-Salazar J, Requena A, Garcia-Velasco JA.
Estradiol supplementation during the luteal phase of IVF-ICSI patients: a randomized,
controlled trial. Fertil Steril. (2008) 90:2190-5. doi: 10.1016/j.fertnstert.2007.10.021

12. Venetis CA, Storr A, Chua SJ, Mol BW, Longobardi S, Yin X, et al. What is the
optimal GnRH antagonist protocol for ovarian stimulation during ART treatment? A
systematic review and network meta-analysis. Hum Reprod Upd. (2023) 29:307-26.
doi: 10.1093/humupd/dmac040

13. Taylor HS, Pal L, Seli E. Speroff’s clinical gynecologic endocrinology and infertility.
9th ed. Philadelphia, Pennsylvania, U.S.: Lippincott Williams & Wilkins (LWW (2019).

14. Huirne JA, van Loenen AC, Schats R, McDonnell J, Hompes PG, Schoemaker J, et al.
Dose-finding study of daily gonadotropin-releasing hormone (GnRH) antagonist for the
prevention of premature luteinizing hormone surges in IVF/ICSI patients: antide and
hormone levels. Hum Reprod. (2004) 19:2206-15. doi: 10.1093/humrep/deh357

15. The ganirelix dose-finding study group. A double-blind, randomized, dose-finding
study to assess the efficacy of the gonadotrophin-releasing hormone antagonist
ganirelix (Org 37462) to prevent premature luteinizing hormone surges in women
undergoing ovarian stimulation with recombinant follicle stimulating hormone
(Puregon). Hum Reprod. (1998) 13:3023-31. doi: 10.1093/humrep/13.11.3023

16. Janssens L, Roelant E, De Neubourg D. The LH endocrine profile in gonadotropin-
releasing hormone analogue cycles. Gynecol Endocrinol. (2022) 38:831-9. doi: 10.1080/
09513590.2022.2116424

17. Kwan I, Bhattacharya S, Kang A, Woolner A. Monitoring of stimulated cycles in
assisted reproduction (IVF and ICSI). Cochrane Database Syst Rev. (2014) 2014:
Cd005289. doi: 10.1002/14651858.CD005289.pub3

Frontiers in Endocrinology

11

10.3389/fendo.2026.1722379

reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2026.
1722379/full#supplementary-material

18. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ. (2007) 335:806-8.
doi: 10.1136/bmj.39335.541782.AD

19. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon ], Sokol R,
et al. The international glossary on infertility and fertility care, 2017. Fertil Steril. (2017)
108:393-406. doi: 10.1016/j.fertnstert.2017.06.005

20. Casarini L, Riccetti L, Paradiso E, Benevelli R, Lazzaretti C, Sperduti S, et al. Two
human menopausal gonadotrophin (hMG) preparations display different early
signaling in vitro. Mol Hum Reprod. (2020) 26:894-905. doi: 10.1093/molehr/gaaa070

21. Esteves SC, Alviggi C. The role of LH in controlled ovarian stimulation. In:
Ghumman S, editor. Principles and practice of controlled ovarian stimulation in ART.
Springer India (2015).

22. Zeleznik AJ, Hillier SG. The role of gonadotropins in the selection of the
preovulatory follicle. Clin Obstetr Gynecol. (1984) 27:927-40. doi: 10.1097/00003081-
198412000-00014

23. Campbell BK. The modulation of gonadotrophic hormone action on the ovary by
paracrine and autocrine factors. Anatomia Histol Embryol. (1999) 28:247-51.
doi: 10.1046/j.1439-0264.1999.00200.x

24. Sullivan MW, Stewart-Akers A, Krasnow ]S, Berga SL, Zeleznik AJ. Ovarian
responses in women to recombinant follicle-stimulating hormone and luteinizing
hormone (LH): a role for LH in the final stages of follicular maturation. J Clin
Endocrinol Metab. (1999) 84:228-32. doi: 10.1210/jcem.84.1.5389

25. Andersen AN, Devroey P, Arce JC. Clinical outcome following stimulation with
highly purified hMG or recombinant FSH in patients undergoing IVF: a randomized
assessor-blind controlled trial. Hum Reprod. (2006) 21:3217-27. doi: 10.1093/humrep/
del284

26. Bosch E, Alama P, Romero JL, Mari M, Labarta E, Pellicer A. Serum progesterone is
lower in ovarian stimulation with highly purified HMG compared to recombinant FSH
owing to a different regulation of follicular steroidogenesis: a randomized controlled
trial. Hum Reprod. (2024) 39:393-402. doi: 10.1093/humrep/dead251

27. Devroey P, Pellicer A, Nyboe Andersen A, Arce JC. A randomized assessor-blind
trial comparing highly purified hMG and recombinant FSH in a GnRH antagonist cycle
with compulsory single-blastocyst transfer. Fertil Steril. (2012) 97:561-71. doi: 10.1016/
jfertnstert.2011.12.016

28. Santi D, Casarini L, Alviggi C, Simoni M. Efficacy of follicle-stimulating hormone
(FSH) alone, FSH + Luteinizing hormone, human menopausal gonadotropin or
FSH + Human chorionic gonadotropin on assisted reproductive technology
outcomes in the “Personalized” Medicine era: A meta-analysis. Front Endocrinol
(Laus). (2017) 8:114. doi: 10.3389/fendo.2017.00114

29. Toner JP, Pirtea P. Luteinizing hormone’s critical role in ovarian stimulation. Fertil
Steril. (2025) 123:31-40. doi: 10.1016/j.fertnstert.2024.11.005

30. Choi J, Smitz J. Luteinizing hormone and human chorionic gonadotropin: origins
of difference. Mol Cell Endocrinol. (2014) 383:203-13. doi: 10.1016/j.mce.2013.12.009

31. Nair AK, Peegel H, Menon KM. The role of luteinizing hormone/human chorionic
gonadotropin receptor-specific mRNA binding protein in regulating receptor
expression in human ovarian granulosa cells. J Clin Endocrinol Metab. (2006)
91:2239-43. doi: 10.1210/jc.2005-2739

32. Gougeon A. Dynamics of follicular growth in the human: A model from
preliminary results. Hum Reprod. (1986) 1:81-7. doi: 10.1093/
oxfordjournals.humrep.a136365

33. Scheffer GJ, Broekmans FJM, Bancsi LF, Habbema JDF, Looman CWN, Te Velde
ER. Quantitative transvaginal two- and three-dimensional sonography of the ovaries:
reproducibility of antral follicle counts. Ultras Obstetr Gynecol. (2002) 20:270-5.
doi: 10.1046/j.1469-0705.2002.00787.x

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2026.1722379/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2026.1722379/full#supplementary-material
https://doi.org/10.1016/j.fertnstert.2024.07.009
https://doi.org/10.1016/j.fertnstert.2021.06.038
https://doi.org/10.1017/erm.2023.25
https://doi.org/10.1002/14651858.CD001750.pub4
https://doi.org/10.1093/humupd/dmx017
https://doi.org/10.1093/humupd/dmx017
https://doi.org/10.1016/j.cca.2019.09.021
https://doi.org/10.1016/j.fertnstert.2009.02.066
https://doi.org/10.1093/humrep/deh473
https://doi.org/10.1016/j.fertnstert.2007.10.021
https://doi.org/10.1093/humupd/dmac040
https://doi.org/10.1093/humrep/deh357
https://doi.org/10.1093/humrep/13.11.3023
https://doi.org/10.1080/09513590.2022.2116424
https://doi.org/10.1080/09513590.2022.2116424
https://doi.org/10.1002/14651858.CD005289.pub3
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1016/j.fertnstert.2017.06.005
https://doi.org/10.1093/molehr/gaaa070
https://doi.org/10.1097/00003081-198412000-00014
https://doi.org/10.1097/00003081-198412000-00014
https://doi.org/10.1046/j.1439-0264.1999.00200.x
https://doi.org/10.1210/jcem.84.1.5389
https://doi.org/10.1093/humrep/del284
https://doi.org/10.1093/humrep/del284
https://doi.org/10.1093/humrep/dead251
https://doi.org/10.1016/j.fertnstert.2011.12.016
https://doi.org/10.1016/j.fertnstert.2011.12.016
https://doi.org/10.3389/fendo.2017.00114
https://doi.org/10.1016/j.fertnstert.2024.11.005
https://doi.org/10.1016/j.mce.2013.12.009
https://doi.org/10.1210/jc.2005-2739
https://doi.org/10.1093/oxfordjournals.humrep.a136365
https://doi.org/10.1093/oxfordjournals.humrep.a136365
https://doi.org/10.1046/j.1469-0705.2002.00787.x
https://doi.org/10.3389/fendo.2026.1722379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A drop in serum estradiol levels during GnRH antagonist cotreatment in cycles stimulated with gonadotropins is associated with lower cumulative live birth rates
	1 Introduction
	2 Materials and methods
	2.1 Design and study population
	2.2 Stimulation protocols
	2.3 Hormone assays
	2.4 Statistical analysis
	2.5 Missing data handling
	2.6 Sample size

	3 Results
	3.1 Patient and cycle characteristics
	3.2 Association between estradiol drop and clinical outcomes
	3.3 Sensitivity analyses
	3.4 Association between treatment and cycle characteristics and estradiol drop
	3.5 Follicle measurements in estradiol drop

	4 Discussion
	4.1 Factors associated with estradiol drop
	4.2 How to handle estradiol drop?
	4.3 Do we need to measure serum estradiol?
	4.4 Limitations and wider implications

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


