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Objective: The aim of this study is to investigate, in ovulatory patients, whether there is

a difference in reproductive outcomes following frozen-thawed embryo transfer (FET) in

natural cycles (NC) compared to modified natural cycles (mNC).

Methods: This retrospective cohort study, performed at the public tertiary fertility clinic,

involved all infertile patients undergoing endometrial preparation prior to FET in NC and

mNC from January, 2017 to November, 2020. One thousand hundred and sixty-two

patients were divided into two groups: mNC group (n = 248) had FET in a NC after

ovulation triggering with human chorionic gonadotropin (hCG); NC group (n = 914) had

FET in a NC after spontaneous ovulation were observed. The primary outcome was live

birth rate. All pregnancy outcomes were analyzed by propensity score matching (PSM)

and multivariable logistic regression analyses.

Results: The NC group showed a higher live birth rate [344/914 (37.6%) vs. 68/248

(27.4%), P = 0.003; 87/240 (36.3%) vs. 66/240 (27.5%), P = 0.040] than the mNC

group before and after PSM analysis. Multivariable analysis also showed mNC to be

associated with a decreased likelihood of live birth compared with NC [odds ratio (OR)

95% confidence interval (CI) 0.71 (0.51–0.98), P = 0.039].

Conclusion: For women with regular menstrual cycles, NC-FET may have a higher

chance of live birth than that in the mNC-FET cycles. As a consequence, it’s critical to

avoid hCG triggering as much as possible when FETs utilize a natural cycle strategy for

endometrial preparation. Nevertheless, further more well-designed randomized clinical

trials are still needed to determine this finding.

Keywords: human chorionic gonadotropin, modified natural cycle, natural cycle, propensity score matching,

frozen-thawed embryo transfer (FET)
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INTRODUCTION

The last three decades have seen a growing trend toward
embryo vitrification technology, frozen-thawed embryo transfer
(FET) has become an indispensable part of assisted reproductive
technology (ART) (1, 2). The practice of FET has been bolstered

by substantial advancements in vitrification technology and the
reported excellent pregnancy and neonatal results (3, 4). When

there are enough embryos after fresh embryo transfer cycles,
when a freeze-all strategy is utilized after a gonadotrophin-
releasing hormone (GnRH) agonist trigger in GnRH antagonist
protocols for patients at risk of ovarian hyperstimulation
syndrome (OHSS), when late-follicular progesterone rise occurs,

and when there is embryo-endometrial asynchrony, FET is
accomplished (5).

Endometrial preparation is a pivotal link in FET technology,
of which natural cycle (NC), modified natural cycle (mNC) and
hormone replacement cycle are commonly used endometrial
preparation protocols before frozen-thawed embryo transfer
in clinical practice. There is no agreement to date about
what procedure leads to best pregnancy outcomes (6–8). For
patients with normal ovulation, NC is often used to prepare the
endometrium prior to FET, of which NC is closer to the state of
natural conception due to the avoidance of exogenous hormones
to prime the endometrium. This is in line with the requirements
of embryo implantation, has the advantages of less drug use and
easier to be accepted by patients. Hence, it has become a common
method of endometrial preparation (9). Nevertheless, NC-FET
requires close monitoring of follicular development, endometrial
thickness, and hormone levels, while mNC-FET only requires
regularmonitoring of ultrasound and serum luteinizing hormone
(LH) levels (10). Because the endogenous LH is not easy to be
measured accurately and the follicle may not be ruptured, hCG
is often used to simulate the endogenous LH peak to induce
ovulation. Due to the fact that hCG has a lengthy half-life and
a sustained luteotropic effect in the early luteal phase for up to 7
days after administration (11), luteal phase support (LPS) might
not be needed in mNC (10, 12). The use of exogenous estrogen
in hormone replacement cycles can achieve ideal endometrial
thickness in most patients, and it is also convenient to control the
timing of embryo transfer. However, long-term use of exogenous
estrogen and progesterone may increase the risk of thrombosis
and uterine fibroid recurrence (13). For patients with regular
menstruation and normal ovulation, the natural cycle is the safest
and most economical endometrial preparation program because
it avoids the use of exogenous hormones. The best-individualized
approach to endometrium preparation for FET is still a matter
of dispute, considering the growing interest in FET and tailored
approaches to reproductive medicine (14, 15). Some researchers
pay attention to the effect of hCG on the pregnancy outcomes of
FET in natural cycle, but there is no unified answer (16–18).

Successful embryo implantation requires a complex and
efficient interaction between the embryo and the endometrium
(19). Embryos and endometrium must be fully synchronized
within a certain time frame, which is the notion of “implantation
window period” or “endometrial receptivity” (20). However,
the question about the optimal method for the preparation

of endometrium remains unanswered (21). As a result, we
decided to perform this retrospective cohort study to compare
the pregnancy outcomes of NC and mNC patients undergoing
endometrial preparation for FET.

MATERIALS AND METHODS

Population and Study Design
In our retrospective cohort study, the study population included
women undergoing IVF treatment at the Reproductive and
Genetic Center of Integrated Medicine of the affiliated Hospital
of Shandong University of Traditional Chinese Medicine (TCM)
in the people’s Republic of China from January 2017 to November
2020. All patients were followed up for at least 1 year, and the
data were extracted from the electronic medical record system.
The study was approved by the Reproductive Ethics Committees
of the Affiliated Hospital of Shandong University of TCM (Ref
no. SDTCM-E20.12.1501) and was performed in accordance
with relevant guidelines and regulations. Informed consent was
abandoned because of the retrospective nature of the study.
Moreover, the recognition of participants by the research data
was absolutely omitted.

Patients who meet the following inclusion criteria are
considered qualified: Women who have had IVF embryo
freezing cycles; Having at least 1 day three vitrified embryos
for frozen-thawed embryo transfer; The first FET cycle;
Regular menstrual cycles (25–35 days).

Patients meeting the following exclusion criteria must be
disqualified: Undergoing the second FET or further frozen
cycles; Being older than 40 years at the time of embryo
vitrification; Sever endometriosis; History of recurrent
pregnancy loss; Pre-implantation genetic diagnosis/screening
cycle; Uterine pathology; Cycles canceled owing to embryo
thawing and survival failures.

Controlled Ovarian Stimulation Protocol
Each participant had had IVF/ICSI treatment as clinically
indicated. Additionally, a fixed GnRH antagonist (GnRH-ant)
regimen was used with 150–250 IU/day of recombinant FSH
(Cetrorelix; Merck Serono, Darmstadt, Germany) (Gonal-F,
Merck-Serono, Lyon, France). Moreover, doses of gonadotropin
were determined based on the characteristics of each individuals.
After triggering with recombinant hCG (250 µg, Ovitrelle R©,
Merck), oocyte retrieval was done under transvaginal ultrasound
guidance 34–36 h later, followed with standard IVF/ICSI as
previously reported (22). Following oocyte retrieval, fresh
embryo transfer and vitrification of surplus excellent available
embryos were performed, or a freeze-all strategy was used when
clinically recommended. During controlled ovarian stimulation
(COS), routine monitoring is needed. Vaginal ultrasonography
(to evaluate endometrial thickness and follicular growth) and
blood hormone tests are routinely performed [including estradiol
(E2), progesterone (P4) and LH plasma levels].

The choice of embryos for vitrification was expected to focus
on the inclusion of no<6 blastomeres with≤20% fragmentation.
Embryos that presented a fragmentation rate between 20 and 50%
were vitrified only when they had reached the 8-cell stage on Day
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3. The applied vitrification and warming procedure have been
described in detail previously (23).

Endometrial Preparation Protocols
and FET
The attending doctors choose the kind of endometrial
preparation for each patient at their discretion. Generally,
individuals who ovulated regularly were given NC or mNC
cycles. Additionally, NC-FET limits the capacity to manage the
workload in the ART laboratory, since the reproductive center
must be prepared to conduct embryo transfer on any given day
of the week. In what is known as mNC-FET, ovulation may be
induced with an hCG injection to enhance, at least partly, control
over FET operation planning.

No medical intervention occurs in the NC-FET group.
Transvaginal ultrasonography was used to assess follicle
development beginning on cycle day 8. When the diameter of the
dominant follicle reached 14mm, patients were followed daily
to identify ovulation and LH surge, defined as a blood hormone
level that was at least 1.8 times greater than the most recently
recorded serum value and continued to increase thereafter
(24). Whereas, blood tests were obtained the day following the
LH surge to confirm ovulation, a reduction in serum E2 and
a concurrent increase in serum P4 > 1.5 ng/ml was required.
Daily transvaginal ultrasound was used to establish the day of
spontaneous ovulation, and 3 days later FET was planned for
cleavage-stage embryos.

On days 8–10 of the menstrual cycle, patients with mNC-
FET had transvaginal ultrasonography. Follicular development
was assessed using transvaginal ultrasonography and serum LH
levels. When the dominant follicle attained an average diameter
of> 17mm and the serum LH concentration was 20 IU/L, highly
pure urinary hCG (10,000 IU, Pregnyl R©) was given to induce
oocyte ovulation. Transvaginal ultrasonography was performed
daily before to ovulation when serum LH levels exceeded 20 IU/L.
The day of ovulation was confirmed by vaginal ultrasonography,
after which FET was scheduled 3 days later for cleavage-
stage embryos. after which FET was scheduled 3 days later
for cleavage-stage embryos. For the purpose of synchronization
between embryos and endometrium, 2 days after the hCG trigger
corresponds to the day of oocyte retrieval in the fresh IVF-ET
cycles (21).

FET was planned 5 days after hCG administration for cleavage
stage embryos. Day 3 of the cleavage stage of vitrified embryos
was warmed in the morning, the day before embryo transfer.
Once warming was achieved, the viability of embryos was
measured morphologically. Chinese law allows the use of a
maximum of two embryos per FET. Prior to beginning the
procedure, the clinician determined that one or two embryos
should be transferred. In neither of the groups was additional LPS
administered. A pregnancy test was performed 14 days after FET.

Study Endpoints and Definitions
We compared the pregnancy outcomes of the mNC and
NC endometrial preparation protocols. Our primary outcome
measure was live birth, which we defined as the delivery of
at least one infant with breathing and heartbeat, regardless of

gestational age. Positive pregnancy, defined as a serum -hCG
level of at least 10 mIU/mL. After 10 gestational weeks, clinical
pregnancy is defined as an intrauterine gestational sac with
fetal heartbeat identified through transvaginal ultrasonography.
Biochemical pregnancy loss is described as undetected pregnancy
losses that are recorded only via a positive pregnancy test (serum-
hCG level 10 mIU/mL). Clinical pregnancy loss is defined as
the spontaneous loss of pregnancy before the completion of 20
gestational weeks that is recognized clinically. Ectopic pregnancy
is described as a pregnancy that occurs outside the uterine cavity.

Statistical Analysis
All data are analyzed using the SPSS software in version 26.0
(SPSS Inc., Chicago, USA). Hypotheses were tested using Chi-
square statistics, Mann-Whitney U-tests, or Student t-tests for
baseline characteristics and pregnancy outcomes according to
FET endometrium preparation protocols, depending on the
study question, the type and distribution of data, and the sample
size. A statistically significant P < 0.05 was taken into account.
Additionally, a propensity score matching (PSM) model was
developed to balance baseline attributes disparities between the
two groups. PSM is a research strategy that is often used in the
social sciences to eliminate confounding bias in observational
studies by combining variables linearly and compressing relevant
factors into a single score (25). We selected 14 covariates to
estimate the propensity score by logistic regression, including
female age, body mass index (BMI), infertility type (primary or
secondary), infertility duration, gravidity, parity, bFSH, initial
treatment (IVF or ICSI), numbers of oocytes retrieved, total
number of embryos, numbers of transferred embryos, protocol
in fresh cycle (fresh embryo transfer, freeze-all strategy), good-
quality embryos (yes, no) as well as endometrial thickness
before FET. The NC-FET group was paired 1:1 with the
mNC-FET group using the nearest-neighbor random matching
algorithm. In our study, we also used binary multivariate logistic
regression analysis to assess the association between endometrial
preparation protocols and pregnancy outcomes after adjusting
for 14 confounding variables such as female age (<37,≥37 years),
infertility duration, gravidity, parity, infertility type (primary,
secondary), BMI (<25,≥25 kg/m2), basic FSH (<10,≥10 UI/L),
initial treatment (IVF, ICSI), number of oocytes retrieved (≤3,
4–9, 10–15, >15), total number of embryos (<3, ≥3), number
of transferred embryos, protocol in fresh cycle (fresh embryo
transfer, freeze-all strategy), good-quality embryos (yes, no) and
endometrial thickness before FET. We calculated crude OR and
adjusted OR with 95% CI.

RESULTS

Demographic Patient and ART
Characteristics
Table 1 shows patient profiles before and after PSM. Concisely,
a total of 1,162 FET cycles (248 cycles in mNC group and 914
cycles in NC group) were screened from our database. The
PSM analysis strategy resulted in 240 matched pairs in each
group. As expected, no significant between-group differences
were found in post-matching analysis with regard to all
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TABLE 1 | Demographic characteristics of two groups before and after PSM.

Variables Before PSM After PSM

mNC (N = 248) NC (N = 914) P-value mNC (N = 240) NC (N = 240) P-value

Female age (years) 33.5 ± 4.5 32.9 ± 4.7 0.064a 33.5 ± 4.5 33.2 ± 4.8 0.422a

Infertility duration (years) 3.2 ± 2.2 3.2 ± 2.4 0.885a 3.2 ± 2.1 3.2 ± 2.4 0.067a

BMI (kg/m2 ) 23.3 ± 3.6 22.8 ± 3.3 0.051a 23.2 ± 3.5 22.7 ± 3.3 0.120a

Gravidity (n) 1 (0.2) 1 (0.2) 0.038c 1 (0.2) 1 (0.2) 0.909c

Parity (n) 0 (0.1) 0 (0.1) 0.087c 0 (0.1) 0 (0.1) 0.998c

Infertility type (n, %) 0.057b 0.778b

Primary infertility 90/248 (36.3%) 393/914 (43.0%) 90/240 (37.5%) 93/240 (38.8%)

Secondary infertility 158/248 (63.7%) 521/914 (57.0%) 150/240 (62.5%) 146/240 (61.2%)

bFSH (UI/L) 7.8 ± 3.2 7.8 ± 2.6 0.978a 7.8 ± 3.2 8.0 ± 3.1 0.466a

Initial treatment (n, %) 0.138b 0.751b

IVF 185/248 (76.4%) 722/914 (79.0%) 182/240 (75.8%) 179/240 (74.6%)

ICSI 63/248 (25.4%) 192/914 (21.0%) 58/240 (24.2%) 64/240 (25.4%)

Oocytes retrieved (n) 13.7 ± 7.9 13.4 ± 7.9 0.760a 13.6 ± 7.8 14.2 ± 8.5 0.390a

Total number of embryos (n) 4.7 ± 2.8 4.7 ± 2.9 0.836a 4.7 ± 2.8 4.7 ± 3.1 0.926a

Protocol in fresh cycle 0.342b 0.357 b

Fresh embryo transfer 32/248 (12.9%) 140/914 (15.3%) 37/240 (15.4%) 302/240 (12.5%)

Freeze-all strategy 216/248 (87.1%) 774/914 (84.7%) 203/240 (84.6%) 2,102/240 (87.5%)

Transferred embryos (n) 1.6 ± 0.5 1.9 ± 0.4 <0.001a 1.6 ± 0.5 1.7 ± 0.5 0.781a

Good-quality embryos 0.054b 0.920 b

Yes 143/248 (57.7%) 588/914 (64.3%) 171/240 (71.3%) 170/240 (70.8%)

No 105/248 (42.3%) 326/914 (35.7%) 69/240 (28.7%) 70/240 (29.2%)

Endometrial thickness before FET 10.5 ± 2.0 10.5 ± 2.0 0.610a 10.6 ± 2.0 10.6 ± 2.1 0.722 a

Data are presented as mean ± SD, n (%) or median (IQR).
at-test for Equality of Means.
b
χ
2-test.

c Independent-Samples Mann-Whitney U-Test.

PSM, Propensity score matching; NC, natural cycle; mNC, modified natural cycle; BMI, body mass index; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; bFSH, basic

follicle stimulating hormone; FET, frozen-thawed embryo transfer.

P < 0.05 indicated statistically significant differences between groups.

baseline characteristics, including female age, BMI, infertility
type and duration, gravidity, parity, basal FSH, initial treatment,
oocytes retrieved, total number of embryos, transferred embryos
as well as endometrial thickness before FET (P > 0.05;
see Table 1).

Pregnancy Outcome Measures
As demonstrated in Table 2, between-group comparisons in both
mNC and NC group revealed significant differences in positive
pregnancy rate (PPR), clinical pregnancy rate (CPR) and live
birth rate (LBR) after PSM. More specifically, following the PSM
analysis, CPR was 40.4% following NC-FET and 29.6% following
mNC-FET (P = 0.013). LBR was 27.5% for mNC-FET vs. 36.3%
for NC-FET (P= 0.040). PPR was 38.3% for mNC-FET vs. 48.3%
for NC-FET (P= 0.027). No significant differences were detected
between the two groups in terms of biochemical and clinical
pregnancy loss rate and ectopic pregnancy rate (all P > 0.05).

A binary logistic regression model was also used to assess
the association between endometrial preparation protocols and
pregnancy outcomes while adjusting for potential confounders
(Table 3). In the adjusted models, NC-FET was associated with
an increased likelihood of clinical pregnancy and live birth

compared with mNC-FET [OR 95% CI 0.66 (0.48–0.92), P =

0.014; OR 95% CI 0.71 (0.51–0.98), P = 0.039, respectively].

DISCUSSION

To our knowledge, just a few studies have examined the various
methods in which endometrium is prepared in women who
have regular menstrual cycles. In contrast to previous studies,
our practice can provide evidence-based recommendations
about the optimal endometrial preparation procedures for FET,
based on post-hoc randomization and a large sample size. We
evaluated two distinct endometrial preparation protocols for
frozen embryo transfer with NC and mNC in this retrospective
cohort study. The results indicated that the mNC-FET protocol
may have a decreased incidence of LBR than the NC-FET
protocol in women with regular menstrual cycles.

In this study, all the patients of the NC and the mNC had
regular menstruation and normal ovulation, and the intimal
transformation and endocrine changes of patients with natural
cycle were closer to the natural physiological state. If we can
accurately grasp the opportunity of “implantation window,” the
clinical outcome should be the best. Some studies have shown
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TABLE 2 | Pregnancy outcomes of FET cycles before and after PSM.

Outcomes Before PSM After PSM

mNC (N = 248) NC (N = 914) P-valuea mNC (N = 240) NC (N = 240) P-valuea

Positive pregnancy rate (n, %) 96/248 (38.7%) 440/914 (48.1%) 0.008 92/240 (38.3%) 116/240 (48.3%) 0.027

Clinical pregnancy rate (n, %) 72/248 (29.0%) 370/914 (40.5%) 0.001 71/240 (29.6%) 97/240 (40.4%) 0.013

Live birth rate, LBR (n, %) 68/248 (27.4%) 344/914 (37.6%) 0.003 66/240 (27.5%) 87/240 (36.3%) 0.040

Biochemical pregnancy loss (n, %) 21/96 (21.9%) 57/440 (13.0%) 0.025 19/92 (20.7%) 16/116 (13.8%) 0.189

Clinical Pregnancy loss rate (n, %) 4/72 (5.6%) 26/370 (7.0%) 0.801 5/71 (7.0%) 10/97 (10.3%) 0.463

Ectopic pregnancy rate (n, %) 3/96 (3.1%) 13/440 (3.0%) 1.000 2/92 (2.2%) 3/116 (2.6%) 1.000

a
χ
2-test.

PSM, Propensity score matching; NC, natural cycle; mNC, modified natural cycle; FET, frozen-thawed embryo transfer.

P < 0.05 indicated statistically significant differences between groups.

TABLE 3 | Relationship between endometrial preparation and pregnancy outcomes in different models.

Pregnancy outcomes Endometrial preparation Crude modela Adjusted modelb

OR (95% CI) P-value OR (95% CI) P-value

Positive pregnancy NC Reference Reference

mNC 0.68 (0.51–0.91) 0.008 0.76 (0.56–1.03) 0.077

Clinical pregnancy NC Reference Reference

mNC 0.60 (0.44–0.82) 0.001 0.66 (0.48–0.92) 0.014

Live birth NC Reference Reference

mNC 0.63 (0.46–0.85) 0.003 0.71 (0.51–0.98) 0.039

BMI, body mass index; FSH, follicle stimulating hormone; OR, odds ratio; CI, confidence interval; mNC, modified natural cycle; NC, natural cycle; FET, frozen-thawed embryo transfer.
aNo adjustments for other covariates.
bAdjusted for female age (<37 years, ≥37 years), infertility duration, gravidity, parity, infertility type (primary, secondary), BMI (<25, ≥25 kg/m2), basic FSH (<10, ≥10 UI/L), initial

treatment (IVF, ICSI), number of oocytes retrieved (≤3, 4–9, 10–15, >15), total number of embryos (<3, ≥3), number of transferred embryos, protocol in fresh cycle (fresh embryo

transfer, freeze-all strategy), good-quality embryos (yes, no) and endometrial thickness before FET.

P < 0.05 indicated statistically significant differences between groups.

that hCG trigger has an adverse effect on clinical pregnancy
rate in modified natural cycles (26, 27). Thus, it is an important
question to consider whether it is appropriate to add hCG trigger
in the modified natural cycle. In a pilot study, researchers found
that LH elevation ≥13 mIU/ml prior to hCG administration
may negatively affect clinical pregnancy rates in mNC for
single euploid blastocyst transfer (27). Similarly, Montagut et al.
indicated that natural cycles with a spontaneous LH peak had a
better reproductive success when compared to modified natural
cycles (28). This discrepancy may be explained by the fact that
certain individuals with modified natural cycles have elevated LH
on the day hCG is triggered, which is associated with decreased
pregnancy rates.

A number of investigations on the clinical pregnancy
outcomes of various endometrial preparations have been
reported, however the findings have been inconsistent. In a
retrospective study in 2016, patients with spontaneous LH
peaks in natural cycles had better reproductive outcomes than
modified natural cycles (28). Another study concluded that
natural endometrial preparation yielded better outcomes in
comparison to exogenous hormonal replacement cycles (9).
However, there are also a lot of studies show no statistically
significant differences in clinical outcomes between different
protocols (29–31). Several studies have shown that endometrial
thickness is a positive predictor of clinical outcomes (32, 33).

Recently, one study showed endometrial thickness on the day of
progesterone administration in natural cycles was thinner than
modified natural cycles (34). This may have adverse effects on
pregnancy outcomes of FET in natural cycles. Luteal support was
not used in the study of Mackens et al. which could have had a
negative impact on clinical pregnancy outcomes. These may be
the reasons for the different results (30, 35).

In the endometrium of ovulation induced by hCG, the
priority location of LH/CG receptor (LHCGR) has changed.
These results indicate that exposure to hCG for ovulation
induction impairs epithelial LHCGR staining in human ART
endometrium, but the staining around the endometrial spiral
arteries appears enhanced. Notably, maximum luminal epithelial
LHCGR expression occurs during the early-mid secretory phase
of the natural cycle, suggesting that the endometrium is best
prepared to react to embryonic signals (36). In conclusion,
the downregulation of LHCGR on the endometrial glandular
epithelium following chronic exposure to hCG may help explain
why the adoption of an hCG trigger to induce ovulation in
a modified natural cycle is detrimental to implantation (37,
38). Furthermore, Andersen et al. discovered that the early
luteal phase is hormonally abnormal and distinct from the
conditions observed during the natural menstrual cycle: the
timing of the hCG and progesterone rise is significantly faster
following an hCG trigger than during the natural menstrual
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cycle, and the timing of the peak progesterone concentration is
significantly advanced following an hCG trigger. Collectively, the
endometrium is likely to advance after an hCG trigger, reducing
the likelihood of optimum implantation (39).

In our current study, there are several remarkable aspects.
Firstly, the statistical capacity is guaranteed because of the large
sample size. Secondly, to make the results more reliable, we
adjust more variables. Thirdly, statistical methods are reasonable.
Last but not least, our study is focused on real clinical data
and not on radical trials, thus avoiding strict inclusion criteria
and exclusion criteria which may restrict studies’ representativity
and authenticity. There are some drawbacks to this study. To
begin, we are unable to examine other confounding variables,
such as exercise, nutritional supplements, or food, since this is
a retrospective investigation. Second, since this is not an RCT,
patients are allocated to different groups, which may introduce
selection bias. mNC-FET may be as a way to improve, at least
partially, control over the planning of FET operations.

However, we use PSM to control the confounding factors
between the two groups. Thirdly, since cleavage stage embryo
transfer is still a popular procedure in our clinic, the effectiveness
of FET in natural cycles for patients undergoing blastocyst
transfer requires further studies to be verified. Finally, it is
necessary to consider the cancellation of multiple FET cycles
due to no dominant follicle development or luteinization of
unruptured follicles in the NC plan, prolonging the time of
pregnancy and frequent visits, including ultrasound examination
and blood sampling, which may be unfriendly to patients.

CONCLUSION

Our findings show that the NC-FET without the hCG trigger
had a higher incidence of clinical pregnancy and live birth
than the mNC-FET. Therefore, caution is required while
administering NC-FET to prevent hCG triggering. However,
further prospective randomized clinical trials are expected to

validate theNC-FET protocol’s benefits. These research will result
in improved counseling and management of patients with FET.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://doi.org/10.
6084/m9.figshare.13641296.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Reproductive Ethics Committees of the
Affiliated Hospital of Shandong University of TCM. The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

Z-GS and J-YS conceived and designed the study and revised the
manuscript for important intellectual content. D-DG, X-XW, LL,
and YZ contributed to data collection. J-YS andD-DG performed
the statistical analysis. D-DG and LL wrote the manuscript. All
the authors analyzed, interpreted the data, and approved the final
version of the manuscript.

ACKNOWLEDGMENTS

The authors thank for the patient information provided
by Reproductive and Genetic Center of Integrated
Medicine, The Affiliated Hospital of Shandong University
of Traditional Chinese Medicine and all the staff of the
reproductive center.

REFERENCES

1. Cohen J, Simons RF, Fehilly CB, Fishel SB, Edwards RG, Hewitt J,

et al. Birth after replacement of hatching blastocyst cryopreserved at

expanded blastocyst stage. Lancet. (1985) 1:647. doi: 10.1016/S0140-6736(85)

92194-4

2. Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubaldi FM, et al.

Oocyte, embryo and blastocyst cryopreservation in ART: systematic review

and meta-analysis comparing slow-freezing versus vitrification to produce

evidence for the development of global guidance.Hum Reprod Update. (2017)

23:139–55. doi: 10.1093/humupd/dmw038

3. Wong KM, vanWelyM,Mol F, Repping S,Mastenbroek S. Fresh versus frozen

embryo transfers in assisted reproduction. Cochrane Database Syst Rev. (2017)

3:CD011184. doi: 10.1002/14651858.CD011184.pub2

4. Shi Y, Sun Y, Hao C, Zhang H, Wei D, Zhang Y, et al. Transfer of fresh

versus frozen embryos in ovulatory women. N Engl J Med. (2018) 378:126–

36. doi: 10.1056/NEJMoa1705334

5. Roque M, Valle M, Guimaraes F, Sampaio M, Geber S. Freeze-all policy:

fresh vs. frozen-thawed embryo transfer. Fertil Steril. (2015) 103:1190–

3. doi: 10.1016/j.fertnstert.2015.01.045

6. Cerrillo M, Herrero L, Guillen A, Mayoral M, Garcia-Velasco JA. Impact of

endometrial preparation protocols for frozen embryo transfer on live birth

rates. RambamMaimonides Med J. (2017) 8:297. doi: 10.5041/RMMJ.10297

7. Ghobara T, Gelbaya TA, Ayeleke RO. Cycle regimens for frozen-

thawed embryo transfer. Cochrane Database Syst Rev. (2017)

7:CD003414. doi: 10.1002/14651858.CD003414.pub3

8. Yu J, Ma Y, Wu Z, Li Y, Tang L, Li Y, et al. Endometrial

preparation protocol of the frozen-thawed embryo transfer in

patients with polycystic ovary syndrome. Arch Gynecol Obstet. (2015)

291:201–11. doi: 10.1007/s00404-014-3396-0

9. Levron J, Yerushalmi GM, Brengauz M, Gat I, Katorza E. Comparison

between two protocols for thawed embryo transfer: natural cycle versus

exogenous hormone replacement. Gynecol Endocrinol. (2014) 30:494–

7. doi: 10.3109/09513590.2014.900032

10. Casper R, Yanushpolsky E. Optimal endometrial preparation for frozen

embryo transfer cycles: window of implantation and progesterone support.

Fertil Steril. (2016) 105:867–72. doi: 10.1016/j.fertnstert.2016.01.006

11. Fauser B, de Jong D, Olivennes F, Wramsby H, Tay C, Itskovitz-Eldor J, et al.

Endocrine profiles after triggering of final oocyte maturation with GnRH

agonist after cotreatment with the GnRH antagonist ganirelix during ovarian

Frontiers in Medicine | www.frontiersin.org 6 October 2021 | Volume 8 | Article 691428

https://doi.org/10.6084/m9.figshare.13641296
https://doi.org/10.6084/m9.figshare.13641296
https://doi.org/10.1016/S0140-6736(85)92194-4
https://doi.org/10.1093/humupd/dmw038
https://doi.org/10.1002/14651858.CD011184.pub2
https://doi.org/10.1056/NEJMoa1705334
https://doi.org/10.1016/j.fertnstert.2015.01.045
https://doi.org/10.5041/RMMJ.10297
https://doi.org/10.1002/14651858.CD003414.pub3
https://doi.org/10.1007/s00404-014-3396-0
https://doi.org/10.3109/09513590.2014.900032
https://doi.org/10.1016/j.fertnstert.2016.01.006
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Gao et al. NC-FET vs. Modified NC-FET

hyperstimulation for in vitro fertilization. J Clin Endocrinol Metab. (2002)

87:709–15. doi: 10.1210/jcem.87.2.8197

12. Eftekhar M, Rahsepar M, Rahmani E. Effect of progesterone supplementation

on natural frozen-thawed embryo transfer cycles: a randomized controlled

trial. Int J Fertil Steril. (2013) 7:13–20.

13. Huang P, Wei L, Li X, Lin Z. Modified hMG stimulated: an effective

option in endometrial preparation for frozen-thawed embryo transfer in

patients with normal menstrual cycles. Gynecol Endocrinol. (2018) 34:772–

4. doi: 10.1080/09513590.2018.1460342

14. Glujovsky D, Dominguez M, Fiszbajn G, Papier S, Lavolpe M, Sueldo

C. A shared egg donor program: which is the minimum number

of oocytes to be allocated? J Assist Reprod Genet. (2011) 28:263–

7. doi: 10.1007/s10815-010-9511-7

15. Groenewoud E, Cantineau A, Kollen B, Macklon N, Cohlen B. What is

the optimal means of preparing the endometrium in frozen-thawed embryo

transfer cycles? A systematic review and meta-analysis. Hum Reprod Update.

(2017) 23:255–61. doi: 10.1093/humupd/dmw046

16. Chang EM, Han JE, Kim YS, Lyu SW, Lee WS, Yoon TK. Use

of the natural cycle and vitrification thawed blastocyst transfer

results in better in-vitro fertilization outcomes Cycle regimens of

vitrification thawed blastocyst transfer. J Assist Reprod Genet. (2011)

28:369–74. doi: 10.1007/s10815-010-9530-4

17. Weissman A, Horowitz E, Ravhon A, Steinfeld Z, Mutzafi R, Golan A,

et al. Spontaneous ovulation versus HCG triggering for timing natural-cycle

frozen-thawed embryo transfer: a randomized study. Reprod Biomed Online.

(2011) 23:484–9. doi: 10.1016/j.rbmo.2011.06.004

18. Ortega I, Garcia Velasco JA. Progesterone supplementation in the

frozen embryo transfer cycle. Curr Opin Obstet Gynecol. (2015) 27:253–

7. doi: 10.1097/GCO.0000000000000184

19. Fritz R, Jain C, Armant DR. Cell signaling in trophoblast-uterine

communication. Int J Dev Biol. (2014) 58:261–71. doi: 10.1387/ijdb.140011da

20. Teh W, McBain J, Rogers P. What is the contribution of embryo-endometrial

asynchrony to implantation failure? J Assist Reprod Genet. (2016) 33:1419–

30. doi: 10.1007/s10815-016-0773-6

21. Mackens S, Santos-Ribeiro S, van de Vijver A, Racca A, Van Landuyt

L, Tournaye H, et al. Frozen embryo transfer: a review on the optimal

endometrial preparation and timing. Hum Reprod (Oxford, England). (2017)

32:2234–42. doi: 10.1093/humrep/dex285

22. Song J, Xiang S, Sun Z. Frozen embryo transfer at the cleavage

stage can be performed within the first menstrual cycle following

the freeze-all strategy without adversely affecting the live birth rate:

a STROBE-compliant retrospective study. Medicine (Baltimore). (2019)

98:e17329. doi: 10.1097/MD.0000000000017329

23. Li L, Gao DD, Zhang Y, Song JY, Sun ZG. Comparison of stimulated cycles

with low dose r-FSH versus hormone replacement cycles for endometrial

preparation prior to frozen-thawed embryo transfer in young women with

polycystic ovarian syndrome: a single-center retrospective cohort study from

China. Drug Des Devel Ther. (2021) 15:2805–13. doi: 10.2147/DDDT.S317545

24. Testart J, Frydman R, Feinstein MC, Thebault A, Roger M,

Scholler R. Interpretation of plasma luteinizing hormone assay

for the collection of mature oocytes from women: definition of a

luteinizing hormone surge-initiating rise. Fertil Steril. (1981) 36:50–4.

doi: 10.1016/S0015-0282 (16)45617-7

25. Garrido M, Kelley A, Paris J, Roza K, Meier D, Morrison R, et al. Methods

for constructing and assessing propensity scores. Health Serv Res. (2014)

49:1701–20. doi: 10.1111/1475-6773.12182

26. Fatemi HM, Kyrou D, Bourgain C, Van den Abbeel E, Griesinger G, Devroey

P. Cryopreserved-thawed human embryo transfer: spontaneous natural cycle

is superior to human chorionic gonadotropin-induced natural cycle. Fertil

Steril. (2010) 94:2054–8. doi: 10.1016/j.fertnstert.2009.11.036

27. Litwicka K, Mencacci C, Arrivi C, Varricchio MT, Caragia A, Minasi

MG, et al. HCG administration after endogenous LH rise negatively

influences pregnancy rate in modified natural cycle for frozen-thawed euploid

blastocyst transfer: a pilot study. J Assist Reprod Genet. (2018) 35:449–

55. doi: 10.1007/s10815-017-1089-x

28. Montagut M, Santos-Ribeiro S, De Vos M, Polyzos N, Drakopoulos

P, Mackens S, et al. Frozen-thawed embryo transfers in natural

cycles with spontaneous or induced ovulation: the search for the

best protocol continues. Hum Reprod (Oxford, England). (2016)

31:2803–10. doi: 10.1093/humrep/dew263

29. Yarali H, Polat M, Mumusoglu S, Yarali I, Bozdag G. Preparation

of endometrium for frozen embryo replacement cycles: a

systematic review and meta-analysis. J Assist Reprod Genet. (2016)

33:1287–304. doi: 10.1007/s10815-016-0787-0

30. Mackens S, Stubbe A, Santos-Ribeiro S, Van Landuyt L, Racca A, Roelens

C, et al. To trigger or not to trigger ovulation in a natural cycle for frozen

embryo transfer: a randomized controlled trial.Hum Reprod. (2020) 35:1073–

81. doi: 10.1093/humrep/deaa026

31. Huberlant S, Vaast M, Anahory T, Tailland ML, Rougier N, Ranisavljevic

N, et al. Natural cycle for frozen-thawed embryo transfer: spontaneous

ovulation or triggering by HCG. Gynecol Obstet Fertil Senol. (2018) 46:466–

73. doi: 10.1016/j.gofs.2018.03.006

32. Bu Z, Wang K, Dai W, Sun Y. Endometrial thickness significantly

affects clinical pregnancy and live birth rates in frozen-thawed

embryo transfer cycles. Gynecol Endocrinol. (2016) 32:524–

8. doi: 10.3109/09513590.2015.1136616

33. Shi W, Zhang S, Zhao W, Xia X, Wang M, Wang H, et al. Factors related to

clinical pregnancy after vitrified-warmed embryo transfer: a retrospective and

multivariate logistic regression analysis of 2313 transfer cycles. Hum Reprod

(Oxford, England). (2013) 28:1768–75. doi: 10.1093/humrep/det094

34. Liu X, Shi W, Shi J. Natural cycle frozen-thawed embryo transfer in

young women with regular menstrual cycles increases the live-birth

rates compared with hormone replacement treatment: a retrospective

cohort study. Fertil Steril. (2020) 113:811–7. doi: 10.1016/j.fertnstert.2019.

11.023

35. Hill M, Whitcomb B, Lewis T, Wu M, Terry N, DeCherney A, et al.

Progesterone luteal support after ovulation induction and intrauterine

insemination: a systematic review and meta-analysis. Fertil Steril. (2013)

100:1373–80. doi: 10.1016/j.fertnstert.2013.06.034

36. Evans J, Salamonsen L. Too much of a good thing? Experimental

evidence suggests prolonged exposure to hCG is detrimental to

endometrial receptivity. Hum Reprod (Oxford, England). (2013)

28:1610–9. doi: 10.1093/humrep/det055

37. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S.

Evidence of impaired endometrial receptivity after ovarian stimulation for

in vitro fertilization: a prospective randomized trial comparing fresh and

frozen-thawed embryo transfer in normal responders. Fertil Steril. (2011)

96:344–8. doi: 10.1016/j.fertnstert.2011.05.050

38. Kyrou D, Kolibianakis EM, Fatemi HM, Grimbizis GF, Theodoridis

TD, Camus M, et al. Spontaneous triggering of ovulation versus HCG

administration in patients undergoing IUI: a prospective randomized

study. Reprod Biomed Online. (2012) 25:278–83. doi: 10.1016/j.rbmo.2012.

05.005

39. Andersen CY, Kelsey T, Mamsen LS, Vuong LN. Shortcomings

of an unphysiological triggering of oocyte maturation using

human chorionic gonadotropin. Fertil Steril. (2020) 114:200–

8. doi: 10.1016/j.fertnstert.2020.05.022

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.

Copyright © 2021 Gao, Li, Zhang, Wang, Song and Sun. 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 Medicine | www.frontiersin.org 7 October 2021 | Volume 8 | Article 691428

https://doi.org/10.1210/jcem.87.2.8197
https://doi.org/10.1080/09513590.2018.1460342
https://doi.org/10.1007/s10815-010-9511-7
https://doi.org/10.1093/humupd/dmw046
https://doi.org/10.1007/s10815-010-9530-4
https://doi.org/10.1016/j.rbmo.2011.06.004
https://doi.org/10.1097/GCO.0000000000000184
https://doi.org/10.1387/ijdb.140011da
https://doi.org/10.1007/s10815-016-0773-6
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.1097/MD.0000000000017329
https://doi.org/10.2147/DDDT.S317545
https://doi.org/10.1016/S0015-0282
https://doi.org/10.1111/1475-6773.12182
https://doi.org/10.1016/j.fertnstert.2009.11.036
https://doi.org/10.1007/s10815-017-1089-x
https://doi.org/10.1093/humrep/dew263
https://doi.org/10.1007/s10815-016-0787-0
https://doi.org/10.1093/humrep/deaa026
https://doi.org/10.1016/j.gofs.2018.03.006
https://doi.org/10.3109/09513590.2015.1136616
https://doi.org/10.1093/humrep/det094
https://doi.org/10.1016/j.fertnstert.2019.11.023
https://doi.org/10.1016/j.fertnstert.2013.06.034
https://doi.org/10.1093/humrep/det055
https://doi.org/10.1016/j.fertnstert.2011.05.050
https://doi.org/10.1016/j.rbmo.2012.05.005
https://doi.org/10.1016/j.fertnstert.2020.05.022
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Is Human Chorionic Gonadotropin Trigger Beneficial for Natural Cycle Frozen-Thawed Embryo Transfer?
	Introduction
	Materials and Methods
	Population and Study Design
	Controlled Ovarian Stimulation Protocol
	Endometrial Preparation Protocols and FET
	Study Endpoints and Definitions
	Statistical Analysis

	Results
	Demographic Patient and ART Characteristics
	Pregnancy Outcome Measures

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


