:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

EDITED BY
Emre Pabuccu,
Ufuk University, Turkiye

REVIEWED BY
Yavuz Emre Sukdar,

Ankara University, Turkiye
Sabri Cavkaytar,

Uskiidar University, Turkiye

*CORRESPONDENCE
Ismail Guler
driguler@yahoo.com

RECEIVED 13 September 2023
accepTeD 03 October 2023
PUBLISHED 19 October 2023

CITATION

Guler |, Demirdag E, Akdulum MFC,

Polat M, Erdem A and Erdem M (2023)
Serum LH level prior to progestin
administration is significant on pregnancy
and live birth in programmed frozen-
thawed embryo transfer cycles.

Front. Endocrinol. 14:1293576.

doi: 10.3389/fendo.2023.1293576

COPYRIGHT
© 2023 Guler, Demirdag, Akdulum, Polat,
Erdem and Erdem. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or

reproduction in other forums is permitted,

provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Endocrinology

TvpPE Original Research
PUBLISHED 19 October 2023
D01 10.3389/fendo.2023.1293576

Serum LH level prior to progestin
administration is significant on
pregnancy and live birth in
programmed frozen-thawed
embryo transfer cycles

Ismail Guler*, Erhan Demirdag, Munire F. C. Akdulum,
Mert Polat, Ahmet Erdem and Mehmet Erdem

Gazi University School of Medicine, Department of Obstetrics and Gynecology, Ankara, Turkiye

Purpose: To evaluate the impact of serum LH levels prior to progestin
administration on the outcomes of programmed frozen-thawed embryo
transfer (FET) cycles.

Methods: Retrospective cohort study was conducted to compare the treatment
outcomes between four groups based on the 25 percentiles of serum LH levels
before progestin administration in 596 cycles of 518 patients undergoing artificial
endometrial preparation protocols for FET. Primary outcome measures were
ongoing and live birth rates. Secondary outcome measures were the pregnancy
rates, clinical pregnancy rates, and pregnancy loss rates.

Results: The trends in clinical pregnancy (CPR) and live birth rates (LBR) increased
from the first to the fourth quartile (Q1 to Q4) of serum LH levels prior to
progestin administration (37,0% to 48,3%, p = 0.042, and 22.6% to 39.5%,
respectively, p = 0.003). Pregnancy loss rates (PLR) were higher in group Q1,
although the difference was not statistically significant. Based on a multivariate
logistic regression analysis, a low serum LH level before progestin initiation was
found to be the most significant predictor associated with a negative effect on
live birth (OR: 0,421, 95% Cl 0,178 — 0,994, p=0,048). The day of estrogen
initiation was significantly correlated with serum LH levels and quartiles of serum
LH levels before progestin administration (r=0,200, p=0,015 and r=0,215,
p=0,009, respectively).

Conclusion: The serum LH level prior to progestin administration significantly
affects pregnancy and live birth rates in patients undergoing an artificial
endometrial preparation protocol for FET. LH monitoring should be
incorporated into the follow-up, in addition to assessing endometrial thickness
and morphology in artificial FET cycles.
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Introduction

Due to advances in vitrification methods, the elimination of
OHSS, and increased rates of preimplantation genetic testing,
frozen-thawed embryo transfers (FETs) are being performed
more prevalent than ever worldwide (1). So, ensuring that the
endometrium is ready for the implantation of frozen-thawed
embryos is crucial. Natural cycles or modified natural cycles by
the trigger of ovulation, letrozole ovulation induction, and artificial
endometrial preparation protocols can be used for the timing of
FET. The artificial FET cycle, using estrogen alone first and then its
combination with progestins to represent proliferative and
secretory phases of the endometrium, is a suitable protocol,
especially for oligo-anovulatory patients. It provides comparable
pregnancy rates and flexibility in clinics dealing with a high volume
of IVF cycles (2). FET in an artificial protocol is usually scheduled
after the endometrium with a trilaminar pattern is detected to be
more than 7mm thick with estrogen treatment (3). In addition,
some variations of the artificial protocol to optimize treatment
outcomes include down-regulation with GnRH agonists and
starting doses of estrogen in a fixed or incremental fashion, with
or without monitoring levels of serum steroid hormones.

In physiology, FSH selects the follicular cohort in the last few
days of the previous cycle, and then stimulates follicular growth and
estrogen synthesis from granulosa cells, which helps to proliferate
the endometrium (4). In the follicular phase, increased estrogen
levels first inhibit luteinizing hormone (LH) and then stimulate an
LH surge after reaching and remaining above a critical level.
Increased LH around midcycle has several well-known gonadal
effects by binding to its LH/hCG receptor (LHCG-R), including
ovulation of a mature oocyte, stimulation of androgen synthesis in
theca cells, and production of progesterone from the corpus luteum
to promote secretory changes in the endometrium for possible
embryo implantation. LHCG-Rs have also been shown in many
extragonadal tissues, including the endometrium in both its
epithelial and stromal cells, although their exact roles have yet to
be identified. However, preliminary studies suggest that LH and
endometrial LHCG-R may affect implantation, pregnancy
maintenance (5), endometrial vascular development, and the
modulation of uterine receptivity (6).

In some artificial FET cycles without desensitization, synthetic
estrogen increases serum LH levels just before progestin initiation,
like what happens in a natural midcycle. Only a few clinical trials
have assessed the importance of increased LH levels before
progestin supplementation in artificial FET cycles, revealing that
this is associated with similar (7, 8) or improved outcomes (9). This
context may also explain better pregnancy outcomes in artificial
FET cycles with unplanned, spontaneous follicular growth and
ovulation (10).

Although the timing of progestin initiation and FET in artificial
cycles after a period of estrogen treatment were mainly based on the
detection of sufficient endometrial thickness and trilaminar
morphology, the importance of LH levels just before the progestin
initiation may change daily practice. Therefore, we aimed to
investigate the effect of serum LH levels before progestin
administration on the outcomes of artificial FET cycles.
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Materials and methods

We reviewed the records of 2508 THAW - ET cycles in the IVF
Unit of Gazi University School of Medicine and Novaart IVF Center
between January 28, 2014, and October 14, 2022. In this retrospective
study, we included 596 cycles of 518 patients with an artificial
endometrial preparation protocol without desensitization. Exclusion
criteria included having protocols for frozen embryo transfer (FET)
other than programmed cycles. Cycles involving hypogonadotropic
patients, as well as those that underwent desensitization and were
canceled before embryo transfer due to endometrium-related factors
such as polyps, fluid, or irregularities, elevated progesterone levels,
embryo degeneration after thawing, and any patient-related factors
identified during the treatment follow-up period, were also excluded.
Treatment outcomes were compared between four groups regarding
25 percentiles of serum LH levels before progestin administration.
Institutional Review Board (IRB) approval was obtained from The
Institutional Review Board and Ethics Committee of Gazi University
School of Medicine.

In the study, all oocytes were fertilized with intracytoplasmic
sperm injection (ICSI), and embryos were cryopreserved with the
vitrification method. In the artificial endometrial preparation
protocol for transferring vitrified and thawed embryos, patients
started estradiol treatment (Estrofem 2mg, Novo Nordisk®,
Istanbul, Turkey) two or three times daily, depending on the

clinician’s preference, during their 27?4

of menstrual cycles
after the baseline evaluation. Patients were re-evaluated by
transvaginal ultrasonography 6-7 days later to check the
endometrium. If endometrial thickness was detected as >7mm
with a trilaminar pattern, serum LH, estradiol, and progestin
levels were measured. Then, initiation of vaginal progestin
(Crinone 8% gel 90mg, qd, Merck®, Istanbul, Turkey, or
Progestan capsule 200mg, 2q12h, Kogak Farma ®, Istanbul,
Turkey) was planned within a day. If the thickness and
morphology of the endometrium were insufficient, the dose and
duration of estradiol were readjusted accordingly. Patients
continued to be followed at 2-3 days intervals until the
endometrium reached the >7mm thickness for the initiation of
progestin. Although estrogen therapy was extended with the goal of
achieving an endometrial thickness of >7mm before initiating
progesterone, in cases where the endometrium did not reach
7mm, embryo transfer was also performed for patients who
achieved an endometrial thickness of 6mm or more. If serum
progesterone level was already elevated at the time of the decision
to start progestin administration or if the endometrial thickness
remained too thin < 6mm, the cycles were canceled. The duration of
progestin before FET was 3 or 5 days based on the age of cleavage or
blastocyst stage embryos, respectively. On the day of planned FET,
after the quality of thawed embryos was re-assessed based on the
Istanbul consensus (11), embryo transfer was performed with a
catheter (Wallace; CooperSurgical®, Ballerup, Denmark) under the
guidance of suprapubic pelvic ultrasonography. The maximum
number of transferred embryos was 2, depending on legal
regulation. A pregnancy test was measured on the 14™ day after
FET. The rate of positivity of pregnancy test and visible intrauterine
gestational sac with ultrasonography or pathology result of products
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TABLE 1 Clinical and hormonal characteristics and cycle outcomes of
cases in the study.

Variable Data
Age (years) 31,9 + 5,1
Duration of infertility (years) 5,05 + 3,75
BMI (kg/m?) 24,4 + 4,5
Diagnosis of Infertility Unexplained 40,5%
Female Factor 27%
Male Factor 26,1%
Both Female & Male 6,4%
Factor
Etiology of Female Infertility Unexplained 67,6%
Ovulatory Factor 24,9%
Tubal Factor 4,8%
Decreased Ovarian 2,7%
Reserve
Duration of Estrogen administration before progestin 8 (7, 10)
initiation (days)*
serum LH (mIU/mL) 17,17 + 9,41
On the day of Progestin serum Estradiol (pg/ml) 228,45 +
initiation, 108,18
endometrial thickness 10,08 + 3,95
Number of Transferred Embryos 1,6 £ 0,4
Cleavage 29,5%
Age of Transferred Embryos
Blastocyst 70,5%
Moderate & Good 83,7%
Quality of Transferred Embryos
Poor Quality 16,3%
Outcomes per cycle (n, Rate) Pregnancy Rate 318, 53,4%
Clinical Pregnancy Rate 245, 41,1%
Ongoing Pregnancy Rate 193, 32,4%
Live Birth Rate 172, 28,9%

Data are mean + standard deviation, * median (Q1, Q3) or rate %, BMI, body mass index; AFC,
antral follicle count; FSH, follicle stimulating hormone; E2, estradiol; LH, Luteinizing hormone.

of conception after an abortion indicate pregnancy and clinical
pregnancy rates, respectively. An ongoing pregnancy is defined as a
live fetus beyond the 20™ gestational week, and a live birth refers to
a baby who has survived for at least one week after birth.

The data were analyzed with Statistical Package for Social
Sciences (SPSS, Version 28, IBM, Chicago, IL, USA). Skewness,
kurtosis, and Kolmogorov-Smirnov tests were used as normality
tests. One-Way ANOVA and chi-squared tests were used to
compare parametric and categorical data between groups based
on 25 percentiles of serum LH levels before progestin initiation.
Multivariate logistic regression analysis was performed to identify
the most significant variables in predicting live birth. Primary
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TABLE 2 Values of 25 percentiles of serum LH prior to the progestin
initiation.

25th Soth 75th

Serum LH (mIU/mL) 10 ‘ 15,88 22,21

outcome measures were live birth rate (LBR) and ongoing
pregnancy rate (OPR). Secondary outcome measures included
pregnancy rate (PR), clinical pregnancy rate (CPR), biochemical
pregnancy loss rate, and clinical pregnancy loss rate. p < 0.05 was
used for statistical significance.

Results

Within the study period, among the 599 cases who received
programmed frozen-thawed embryo transfer cycle, we identified 55
cycles out of 741 (7,4%) that were canceled for various reasons.
Causes of cycle cancellation included endometrium-related factors
(such as a remaining thickness <6mm, polyp, fluid, or irregularity)
(n=22, 2,9%), elevated progesterone (n=11, 1,4%), degeneration of
embryos after thawing (n==8, 1%), and various patient-related factors
(n=14, 1,8%) detected during the follow-up period of treatment.
Cycles in which embryo transfer was canceled for these reasons, as
well as those with an absence of LH levels before progesterone
initiation, were excluded from the analysis. Finally, data from 596
cycles of 518 patients were included for analysis in this study.

The baseline characteristics of cases and cycle outcomes of the
FET with artificial endometrial preparation are listed in Table 1.
The median duration of Estrogen administration before progestin
initiation was 8 days.

Table 2 presents the 25 percentiles of serum LH values prior to
progestin initiation, while Table 3 compares characteristics and
cycle outcomes between groups based on these values. The group
with serum LH <25™ percentile had significantly lower rates of live
birth, ongoing pregnancy, clinical pregnancy, and pregnancy,
compared to other quartiles. Rates of PR, CPR, OPR, and LBR
increased from Q1 to Q4 of serum LH level before progestin
administration. However, biochemical, and clinical pregnancy loss
rates were similar among groups. Early initiation of estrogen
treatment was significantly associated with a higher likelihood of
being in the first quartile of serum LH before progestin
administration. There was a significant correlation between the
day of estrogen initiation and both the serum LH levels and
quartiles of serum LH level prior to progestin administration
(r=0,200, p=0,015 and r=0,215, p=0,009, respectively).

According to the results of the multivariable logistic regression
analysis, the most significant variable for predicting live birth was a
low level of serum LH (<25th percentile) prior to progestin start
(OR: 0,421, 95% CI 0,178 - 0,994, p=0,048), which outperformed
other factors, including age, BMI, endometrial thickness prior to
starting progestin, number of transferred embryos, embryo age, and
quality, Table 4.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1293576
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guler et al.

10.3389/fendo.2023.1293576

TABLE 3 Comparison of demographic variables and cycle outcomes between quartiles based on 25 percentiles of serum LH prior to the progestin initiation.

15T quartile 2" quartile 3™ quartile 4" quartile  p
Age (years) 31,3 £ 4,8 31,8 £ 5,1 33,0+53 31,3+ 5,0 0,011
BMI (kg/mz) 25,8 + 4,9 24,0 + 4,2 239+ 4,5 23,6 + 42 0,000
Infertility period (years) 52+ 37 54 + 44 49 + 34 4,5 + 3,2 0,224
Basal AFC 20,0 + 8,0 17,5 + 6,8 18,5 + 6,5 18,6 + 6,7 0,506
Day 2 39,1% 31,6% 31% 20%
Cycle day of estrogen initiation Day 3 34,8% 31,6% 31% 25,6% 0,009
Day 4 26,1% 36,8% 37,9% 45,7%
Prior to starting progestin, LH (mIU/mL) 7,09 £ 2,0 12,6 + 1,7 18,7 £ 1,9 30,07 +7,3 0,000
E2 (pg/ml) 233,0 £ 118,8 218,8 +100,9 235,9 £ 108,4 226,3 + 104,3 0,525
Progesterone (ng/mL) * 0,26 (0,13, 0,50) 0,3 (0,13, 0,70) 0,3 (0,15, 0,76) 0,3 (0,16, 0,60) 0,393
Endometrial Thickness 9,9+ 1,7 10,0 + 1,5 10,4 + 7,3 9,8 + 1,74 0,649
1 (n) 36,3% (53/146) 34,9% (53/152) 36,2% (54/149) 40,3% (60/149) 0,790
Number of transferred embryos
2 (n) 63,7% (93/146) 65,1% (99/152) 63,8% (95/149) 59,7% (89/149)
Age of Cleavage (n) 29,9% (43/144) 34,7% (52/150) 26,0% (38/146) 27,3% (39/143) ‘ 0,373
transferred embryos Blastocyst (n) 70,19%(101/144) 65,3% (98/150) 74,0% (108/146) 72,7%(104/143)
Moderate & Good (n) 84,1% (69/82) 85,7% (72/84) 81,5% (66/81) 83,3% (60/72) ‘ 0,905
Quality of transferred embryos
Poor (n) 15,9% (13/82) 14,3% (12/84) 18,5% (15/81) 16,7% (12/72)
Primary Outcomes
Live Birth Rate, (n) 22,6%, (33/146) 26,3%, (40/152) 28,2%, (42/149) 39,5%, (57/149) 0,003
Ongoing Pregnancy Rate, (n) 24%, (35/146) 32,9%, (50/152) 30,9%, (46/149) 41,6%, (62/149) 0,003
Secondary Outcomes
Clinical Pregnancy Rate, (n) 37,0%, (54/146) 38,2%, (58/152) 40,9%, (61/149) 48,3%, (72/149) 0,042
Pregnancy Rate, (n) 45,9%, (67/146) 49,3%, (75/152) 59,7%, (89/149) 58,4%, (87/149) 0,009
Biochemical Pregnancy Loss Rate, (n) 7,5%, (11/146) 9,2%, (14/152) 14,8%, (22/149) 8,7%, (13/149) 0,166
Clinical Pregnancy Loss Rate, 12,3%, (18/146) 5,9%, (9/152) 10,1%, (15/149) 7,4%, (11/149) 0,216

Data are mean =+ standard deviation, * median (Q1, Q3) or rate (%). One Way ANOVA or chi-squared test was used for comparisons as appropriate. BMI, body mass index; AFC, antral follicle
count; FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol. Statistically significant p values were written bold.

Discussion

Observations from daily clinical practice suggest that higher
levels of LH upon progestin initiation may result in increased
pregnancy rates during frozen embryo transfer cycles with an
artificial endometrial preparation protocol, despite a limited
number of relevant reports in the literature. Therefore, this study
was conducted to evaluate the impact of serum LH levels prior to
progestin administration on the outcomes of FET cycles that use an
artificial endometrial preparation protocol without desensitization.
Our data indicates that higher serum LH levels prior to progestin
initiation for FET were associated with increased rates of clinical
pregnancy and live birth. Furthermore, being in the first quartile of
LH levels prior to progestin initiation was found to be a significant
negative predictor for live birth in FET cycles with artificial
endometrial preparation protocol. Additionally, this study is
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unique in that it evaluates the impact of the cycle day of estrogen
therapy initiation on LH levels prior to progestin administration.
Our findings suggest that initiating estrogen therapy on cycle day 2
or 3, as opposed to cycle day 4, was associated with lower serum LH
levels prior to progestin administration.

The role of LH levels on FET outcomes during artificial cycles
has been evaluated in only a few studies. In the first study, which
evaluated the role of LH levels on FET outcomes during artificial
cycles, three study groups were established based on the 0-25th,
25th-75th, and 75th-100th percentiles of LH levels on day 14 of the
artificial cycle. The results showed statistically similar pregnancy
rates per ET among the groups, but CPRs increased from 12% to
16% from group 1 to group 3 (7). In the second study, which had a
different design, the authors examined the role of LH rise, as
measured by a doubling of LH levels on the 10™ day of estrogen
administration, in artificial FET cycles. They found that LH rise
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TABLE 4 Multivariate logistic regression analysis of possible predictors for live birth in frozen thawed embryo transfer cycles with artificial

endometrial preparation.

Variable Odds Ratio 95% Confidence Interval p
Age 1,006 0,950 - 1,065 0,838
BMI 0,957 0,890 - 1,029 0,237
LH levels prior to starting progestin* 1% quarter 0,421 0,178 - 0,994 0,048
2" quarter 0,719 0,334 — 1,547 0,410
3rd quarter 0,649 0,297 - 1,419 0,184
4™ quarter reference
Embryo Quality 1,384 0,582 - 3,294 0,462
Embryo Age 1,270 0,694 - 2,325 0,438
Endometrial thickness prior to starting progestin 1,027 0,855 - 1,232 0,779
Number of transferred Embryos 1,367 0,721 - 2,591 0,338

*Categorical Covariate, BMI, body mass index.
Statistically significant p value was written bold.

occurred in approximately 2/3 of cycles, but this did not
significantly impact cycle outcomes (8). The third study reported
that the group in the first quartile, based on the 25" percentile of
serum LH levels before the initiation of progestin, had a
significantly lower live birth rate (LBR) as the primary outcome
after an artificial (FET) cycle (9). Additionally, pregnancy loss rates
were found to be significantly higher in the first and second
quartiles compared to the other quartiles. Consistent with the
previous study, both pregnancy and live birth rates increased
from the first through fourth quartile of serum LH levels prior to
the day of progestin initiation in our study. Also, being in the first
quartile predicted a negative effect on live birth when other
confounders were considered in the regression analysis. However,
in contrast, pregnancy loss rates did not differ significantly among
the study groups.

This study and the previous trial mentioned above showed that
LH levels before the day of progestin administration may have
implications for implantation in women undergoing FET cycles.
Although we do not know exactly how the mid-cycle increase in
serum LH affects implantation, in addition to its well-known effects
on ovulation and oocyte maturation, there is evidence suggesting
possible mechanisms. In molecular studies, LH has been shown to
modulate implantation by binding to endometrial LHCG-Rs that
are strongly expressed during the implantation window in mice
(12). Increased expression of human endometrial LHCG-R in the
mid-luteal phase has also been demonstrated, suggesting cross-talk
between hCG and LH to enhance endometrial receptivity (13). LH
and LHCG-R may also regulate endometrial angiogenesis, which is
important for uterine receptivity and implantation (5, 6).

A recent systematic review on endometrial preparation for FET
showed that natural or modified natural cycles are superior to artificial
FET protocols (14). A significantly lower pregnancy loss rate was also
found in natural and letrozole FETs compared to programmed FETs
(15). It can be proposed that the superiority of natural and modified
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natural protocols over artificial FET cycles is related to LH function. All
natural, modified natural, and letrozole FETs depend on the LH rise,
but not all artificial FET cycles are associated with an LH rise. In a study
based on the theory of endometrial LHCG-R, subcutaneous injections
of low-dose hCG during the proliferative phase in artificial FET cycles,
with and without desensitization, were successful in increasing
endometrial thickness and receptivity in patients with a history of
recurrent implantation failure and thin endometrium (16). These
clinical results also indirectly support the effectiveness of LH in
implantation. In this context, it can be speculated that some methods
that reduce LH, such as pre-cycle oral contraceptive use or starting the
second artificial cycle without a break, may also be associated with
adverse pregnancy outcomes. Low pregnancy rates in GnRH agonist-
triggered fresh cycles may be related to an early and rapid rise and fall
in endogenous LH levels, which could be directly detrimental to the
endometrium in addition to causing early luteolysis (17).

To improve outcomes based on the significant findings of this
study, we can consider avoiding desensitization protocols, which can
suppress LH levels. Additionally, initiating estrogen on day 4 instead
of day 2 or 3 may be helpful in achieving the desired serum LH levels
prior to progestin initiation, as early onset of estrogen administration
may be associated with a rapid rise and subsequent fall of serum LH
levels. Patients with a history of recurrent implantation failure and
low serum LH levels prior to progestin initiation with preferred
endometrial thickness and morphology may benefit from natural,
modified natural, or letrozole ovulation induction protocols in FET
cycles. Another strategy is initiating low-dose subcutaneous hCG
injections concomitantly with progestin administration to activate
LHCG-R in the endometrium. While no study in the literature have
evaluated this, step-up estrogen administration may also offer a
potential alternative to the late initiation of estrogen therapy (on
the 4™ day instead of the 2"* or 3" day of menstruation) to achieve
higher levels of LH before progestin initiation. Although a recent
study compared two step-up estrogen protocols to a fixed-dose
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estrogen regimen without desensitization, it did not assess LH levels
before progestin initiation and estrogen was started on the 2™ or 3
day of menstruation (18). Nevertheless, the pregnancy rates were
comparable among all three groups.

In conclusion, while this study did not evaluate serum LH levels
throughout the period of estrogen supplementation, low LH levels
at the start of progestin administration may be indicative of an early
rise in LH, which may be in a downward trend or may have already
fallen and not yet risen. Nevertheless, this study, which is the second
of its kind in the literature, revealed a significant association
between low serum LH levels at the onset of progestin and
reduced pregnancy and live birth rates in programmed frozen
embryo transfer (FET) cycles. Given that early initiation of
estrogen therapy may be associated with lower LH levels prior to
progestin administration, delaying estrogen initiation until the 4th
day of the cycle may be a beneficial strategy for improving
pregnancy and live birth outcomes in frozen-thawed embryo
transfer cycles.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The
Institutional Review Board and Ethics Committee of Gazi
University School of Medicine. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

References

1. Fu Y, Chen D, Cai B, Xu Y, Zhu S, Ding C, et al. Comparison of two
mainstream endometrial preparation regimens in vitrified-warmed embryo
transfers after PGT. Reprod BioMed Online (2022) 44(2):239-46. doi: 10.1016/
j.rbmo.2021.09.009

2. Roelens C, Blockeel C. Impact of different endometrial preparation protocols
before frozen embryo transfer on pregnancy outcomes: a review. Fertil Steril (2022) 118
(5):820-27. doi: 10.1016/j.fertnstert.2022.09.003

3. Lensen S, Lantsberg D, Gardner DK, Sophian AD, Wandafiana N, Kamath MS.
The role of timing in frozen embryo transfer. Fertil Steril (2022) 118(5):832-38.
doi: 10.1016/j.fertnstert.2022.08.009

4. Macklon NS, Fauser BC. Follicle-stimulating hormone and advanced follicle
development in the human. Arch Med Res (2001) 32(6):595-600. doi: 10.1016/s0188-
4409(01)00327-7

5. Han SW, Lei ZM, Rao CV. Treatment of human endometrial stromal cells with
chorionic gonadotropin promotes their morphological and functional differentiation
into decidua. Mol Cell Endocrinol (1999) 147(1-2):7-16. doi: 10.1016/s0303-7207(98)
00240-8

6. Filicori M, Fazleabas AT, Huhtaniemi I, Licht P, Rao Ch V, Tesarik J, et al. Novel
concepts of human chorionic gonadotropin: reproductive system interactions and
potential in the management of infertility. Fertil Steril (2005) 84(2):275-84.
doi: 10.1016/j.fertnstert.2005.02.033

Frontiers in Endocrinology

10.3389/fendo.2023.1293576

Author contributions

IG: Writing - original draft, Writing - review & editing. ED: Data
curation, Writing - review & editing. MA: Data curation, Writing —
review & editing. MP: Data curation, Writing - review & editing. AE:
Methodology, Supervision, Writing - review & editing. ME: Data
curation, Methodology, Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

Acknowledgments

We thank Gazi University for supporting this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

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 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.

7. Griesinger G, Weig M, Schroer A, Diedrich K, Kolibianakis EM. Mid-cycle serum
levels of endogenous LH are not associated with the likelihood of pregnancy in artificial
frozen-thawed embryo transfer cycles without pituitary suppression. Hum Reprod
(2007) 22(10):2589-93. doi: 10.1093/humrep/dem207

8. Khoury S, Kadour-Peero E, Calderon L. The effect of LH rise during artificial
frozen-thawed embryo transfer (FET) cycles. Reprod Fertil (2021) 2(3):231-35.
doi: 10.1530/RAF-21-0017

9. Zhou R, Zhang X, Dong M, Huang L, Zhu X, Wang S, et al. Association between
endogenous LH level prior to progesterone administration and live birth rate in
artificial frozen-thawed blastocyst transfer cycles of ovulatory women. Hum Reprod
(2021) 36(10):2687-96. doi: 10.1093/humrep/deab172

10. Su'Y, Ji H, Jiang W, Xu L, Lu J, Zhao C, et al. Effect of unplanned spontaneous
follicular growth and ovulation on pregnancy outcomes in planned artificial frozen
embryo transfer cycles: a propensity score matching study. Hum Reprod (2021) 36
(6):1542-51. doi: 10.1093/humrep/deab059

11. Alpha Scientists in Reproductive M and Embryology E.S..G.O. The Istanbul
consensus workshop on embryo assessment: proceedings of an expert meeting. Hum
Reprod (2011) 26(6):1270-83. doi: 10.1093/humrep/der037

12. Gridelet V, Tsampalas M, Berndt S, Hagelstein MT, Charlet-Renard C, Conrath
V, et al. Evidence for cross-talk between the LH receptor and LH during implantation
in mice. Reprod Fertil Dev (2013) 25(3):511-22. doi: 10.1071/RD11241

frontiersin.org


https://doi.org/10.1016/j.rbmo.2021.09.009
https://doi.org/10.1016/j.rbmo.2021.09.009
https://doi.org/10.1016/j.fertnstert.2022.09.003
https://doi.org/10.1016/j.fertnstert.2022.08.009
https://doi.org/10.1016/s0188-4409(01)00327-7
https://doi.org/10.1016/s0188-4409(01)00327-7
https://doi.org/10.1016/s0303-7207(98)00240-8
https://doi.org/10.1016/s0303-7207(98)00240-8
https://doi.org/10.1016/j.fertnstert.2005.02.033
https://doi.org/10.1093/humrep/dem207
https://doi.org/10.1530/RAF-21-0017
https://doi.org/10.1093/humrep/deab172
https://doi.org/10.1093/humrep/deab059
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1071/RD11241
https://doi.org/10.3389/fendo.2023.1293576
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guler et al.

13. Choi J, Smitz J. Luteinizing hormone and human chorionic gonadotropin:
distinguishing unique physiologic roles. Gynecol Endocrinol (2014) 30(3):174-81.
doi: 10.3109/09513590.2013.859670

14. Mumusoglu S, Polat M, Ozbek IY, Bozdag G, Papanikolaou EG, Esteves SC, et al.
Preparation of the endometrium for frozen embryo transfer: A systematic review. Front
Endocrinol (Lausanne) (2021) 12:688237. doi: 10.3389/fend0.2021.688237

15. Godiwala P, Makhijani R, Bartolucci A, Grow D, Nulsen ], Benadiva C, et al.
Pregnancy outcomes after frozen-thawed embryo transfer using letrozole ovulation
induction, natural, or programmed cycles. Fertil Steril (2022) 118(4):690-98.
doi: 10.1016/j.fertnstert.2022.06.013

Frontiers in Endocrinology

07

10.3389/fendo.2023.1293576

16. Papanikolaou EG, Kyrou D, Zervakakou G, Paggou E, Humaidan P. "Follicular
HCG endometrium priming for IVF patients experiencing resisting thin endometrium.
A proof of concept study". ] Assist Reprod Genet (2013) 30(10):1341-5. doi: 10.1007/
s10815-013-0076-0

17. Humaidan P, Kol S, Papanikolaou EG. GnRH agonist for triggering of final
oocyte maturation: time for a change of practice? Hum Reprod Update (2011) 17
(4):510-24. doi: 10.1093/humupd/dmr008

18. Sukur YE, Aslan B, Ozmen B, Sonmezer M, Berker B, Atabekoglu CS, et al. Impact
of an estrogen replacement regimen on live birth rate in frozen-thawed good-quality
embryo transfer. Int ] Gynaecol Obstet (2023) 160(3):829-35. doi: 10.1002/ijgo.14366

frontiersin.org


https://doi.org/10.3109/09513590.2013.859670
https://doi.org/10.3389/fendo.2021.688237
https://doi.org/10.1016/j.fertnstert.2022.06.013
https://doi.org/10.1007/s10815-013-0076-0
https://doi.org/10.1007/s10815-013-0076-0
https://doi.org/10.1093/humupd/dmr008
https://doi.org/10.1002/ijgo.14366
https://doi.org/10.3389/fendo.2023.1293576
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Serum LH level prior to progestin administration is significant on pregnancy and live birth in programmed frozen-thawed embryo transfer cycles
	Introduction
	Materials and methods
	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


