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Purpose: To investigate potential differences in pregnancy outcomes among
patients with regular menstruation who underwent frozen-thawed embryo
transfer using natural cycle (NC) or hormone replacement therapy (HRT).

Methods: This study retrospectively analyzed 2672 patients with regular
menstruation who underwent FET from November 2015 to June 2021 at the
single reproductive medical center. A one-to-one match was performed
applying a 0.02 caliper with propensity score matching. Independent factors
influencing the live birth and clinical pregnancy rates were screened and
developed in the nomogram by logistic regression analysis. The efficacy of live
birth rate and clinical pregnancy rate prediction models was assessed with the
area under the ROC curve, and the live birth rate prediction model was internally
validated within the bootstrap method.

Results: The NC protocol outperformed the HRT protocol in terms of clinical
pregnancy and live birth rates. The stratified analysis revealed consistently higher
live birth and clinical pregnancy rates with the NC protocol across different
variable strata compared to the HRT protocol. However, compared to the HRT

Abbreviations: AFC, antral follicle count; AMH, antimulllerian hormone; AUC, area under the curve; BMI,
body mass index; CI, confidence interval; FET, frozen-thawed embryo transfer; FSH, follicle-stimulating
hormone; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; HRT, hormone
replacement therapy; LBW, low birth weight; NC, natural cycle; OR, odds ratio; PGT-A, preimplantation
genetic testing for aneuploidies; pPROM, preterm premature rupture of the membrane; PSM, propensity

score matching; PTB, preterm birth.
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treatment, perinatal outcomes indicated that the NC protocol was related to a
higher probability of gestational diabetes. Multifactorial logistic regression
analysis demonstrated independent risk factors for live birth rate and clinical
pregnancy rate. To predict the two rates, nomogram prediction models were
constructed based on these influencing factors. The receiver operating
characteristic curve demonstrated moderate predictive ability with an area
under curve (AUC) of 0.646 and 0.656 respectively. The internal validation of
the model for live birth rate yielded an average AUC of 0.646 implying the stability
of the nomogram model.

Conclusion: This study highlighted that NC yielded higher live birth and clinical
pregnancy rates in comparison to HRT in women with regular menstruation who
achieved successful pregnancies through frozen-thawed embryo transfer.

However, it might incur a higher risk of developing gestational diabetes.

KEYWORDS

hormone replacement therapy, natural cycle, pregnancy outcomes, propensity score
matching analysis, predictive model

Introduction

The publication of the initial case of frozen-thawed embryo transfer
(FET) in 1983 marked a significant milestone (1). Over the past four
decades, the utilization of embryo freezing has steadily increased in
China, Europe, and the United States, with frozen cycles accounting for
over 40% of total cycles (2). Moreover, a comprehensive clinical multi-
center study has discovered that FET substantially improves the live
birth rate and reduces the probability of ovarian hyperstimulation
syndrome (OHSS) versus fresh-cycle transfer (3). OHSS is an
iatrogenic disease caused by overstimulation of the ovaries with
exogenous gonadotropins during ovulation induction.

Endometrial preparation plays a crucial role in FET as it
determines endometrial receptivity and coordinates the development
of both the endometrium and embryo (4). Currently, numerous kinds
of endometrial preparation protocols are employed for FET including
the natural cycle, hormone replacement therapy, and promoting
ovulation cycle with the NC and HRT being the most commonly
used. Consequently, our objective was to discover the most beneficial
endometrial preparation method for patients utilizing frozen embryos.

To date, multiple studies have endeavored to explore the clinical
results of various endometrial preparation protocols, yet the
conclusions remain inconsistent and controversial. Notably, when
compared to HRT, NC has been revealed to offer a higher
opportunity of live birth in young patients with regular cycles of
menstruation (5, 6). However, several have reported that NC and HRT
have similar outcomes and are equally effective (7, 8). Meanwhile, the
repercussions of these two procedures on prenatal and neonatal
outcomes have been the subject of a multitude of research.
Retrospective investigations have indicated that there is a higher
chance of adverse perinatal outcomes when receiving HRT (9-12).
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Conversely, Saito et al. demonstrated that the risk of gestational
diabetes mellitus (GDM) was lower in HRT pregnancies (11).
Consequently, there is no consensus regarding the safety and
efficiency of the two endometrial preparation protocols.

In summary, the objective of this research project was to
examine, the clinical and perinatal results between the NC and
HRT protocols after FET in infertile patients with regular
menstruation. The findings might provide valuable guidance to
clinicians in selecting individualized protocols for FET patients.

Materials and methods
Study participants

This cohort study reviewed clinical information of patients
receiving frozen-thawed cycles from November 2015 to June 2021
at the Reproductive Medicine Center of the First Affiliated Hospital
of Zhengzhou University. The anonymous data were gathered from
our center’s data entry systems. This research was approved by the
hospital’s Institutional Review Board and Ethics Committee
(reference number: 2023-KY-1115-002). On account of the study
being retrospective, informed permission was not required. Every
procedure was executed in compliance with applicable rules
and legislation.

The research included individuals who fulfilled the subsequent
criteria: 1) adoption of either the HRT or NC protocol;
2) compliance with the 2017 American Society for Reproductive
Medicine consensus diagnostic criteria for infertility (13). The
following were criteria for exclusion: 1) patients with other factors
affecting pregnancy like ovarian insufficiency, adenomyosis,
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endometriosis, uterine abnormalities, uterine adhesions, cervical
insufficiency or hydrosalpinx; 2) chromosomal abnormalities in the
patient or spouse; 3) recurrent implantation failures; 4) abnormal
male reproductive function; 5) irregular menstrual cycles (<21 or
>35 days); 6) incomplete clinical information.

Study procedures

Endometrial preparation protocols

Every method performed to prepare the endometrium for this
research was meticulously documented. Patients were allocated to
either the NC group or the HRT group based on their individual
circumstances and the experience of the clinician.

NC protocol

For patients in the NC group, on the eighth and ninth day of the
menstrual cycle, transvaginal ultrasounds were implemented to
monitor follicular development and endometrial growth. Once
the dominant follicle reached 14 mm in mean diameter,
transvaginal ultrasounds and the level of urinary luteinizing
hormone (LH) level were monitored every day. On the day of
ovulation (Day 1, D1), 400mg of vaginal progesterone soft capsules
(Utrogestan, Cyndea Pharma, S.L, Spain) was administered once
daily, and three days later, oral dydrogesterone (Duphaston; Abbott,
Netherlands) was implemented. In accordance with the fact that the
optimal endometrial receptivity usually occurs between the fourth
and sixth days after ovulation, cleavage-stage embryos and
blastocysts were implanted on D4 and D5 respectively (14).

HRT protocol

For patients undergoing the HRT protocol, estradiol valerate 4mg

(Progynova®

; Bayer, Leverkusen, Germany) was taken every day
beginning on the menstrual cycle’s third day. Every four days, the
oral dosage was modified based on the thickness of the endometrium.
Once the endometrium thickness reached 7mm, intramuscular
progesterone (60mg) was administered to the protocol to transform
the endometrium (Day 1, D1). The following day, a dose of 10 mg/day
of oral dydrogesterone was applied and the dose was raised to 30 mg/
day after three days. Cleavage-stage embryos and blastocysts were

transferred on D5 and D6 respectively.

Embryo selection and evaluation

We selected one or two good-quality blastocyst and cleavage
embryos to transfer for each patient. The following are the criteria for
transfer. Embryos were evaluated according to Peter’s criteria: grade I
and grade II were considered high quality (15). Blastocysts were scored
according to the Gardner criteria: high-quality embryos are those with 2
scores of B and above for inner cell mass and trophectoderm (16).
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Luteal phase support and confirmation
of pregnhancy

Under the supervision of an ultrasonography, up to two
embryos were implanted into the uterus. Starting from the day of
embryo transplantation, daily administration of 90mg progesterone
sustained-release vaginal gel (Crinone 8%; Merck Serono,
Switzerland) or 400mg progesterone soft capsules and 20mg of
oral dydrogesterone was initiated. But in HRT protocol, 10mg
estradiol valerate is required in addition to the above medications.
The serum human chorionic gonadotropin (hCG) levels were tested
two weeks following the transfer of the embryo. Upon surpassing 50
IU/L in blood hCG, the luteal phase was continued. In the fifth week
following the embryo transfer, transvaginal ultrasound was
conducted to clinically confirm pregnancy. If pregnancy occurred,
the luteal phase was still continued. Progesterone sustained-release
vaginal gel or progesterone soft capsules was discontinued in the
45th day after transportation and oral dydrogesterone was
discontinued in the 65th day after transportation.

Definition of clinical outcomes

Every patient received follow-up for no fewer than a year. Live
birth was defined as the delivery of at least one live child beyond 22
weeks of pregnancy. Clinical pregnancy was defined as the presence
of one or more gestational sacs observed by ultrasonography or the
presence of clear clinical indicators of pregnancy. A preterm birth
occurred after 22 weeks but before the full 37 weeks of gestation.
Low-birth-weight infants and macrosomia were defined as those
with a birth weight of less than 2,500 g and a weight of more than
4,000 g respectively.

Statistical analysis

This study was statistically analyzed using SPSS 25.0 software
and the R language software statistical package (R version 4.1.3).
Dichotomous variables were expressed as percentages (%), while
mean + standard deviation is the presentation format for
continuous variables with a normally distributed distribution.
Comparisons of two independent samples of dichotomous
variables were evaluated using the chi-square test, and Fisher’s
exact test or chi-square test was employed to assess the count data.
For normally distributed continuous variables that met the
assumption of equal variances, the independent t-test was
employed. Propensity score matching (PSM) was employed to 1:1
match baseline data with statistically significant differences within
either of the groups with a caliper value of 0.02. The variables used
for matching included female age, infertility duration, infertility
type, gravity, parity, NO. of miscarriages, BMI, basal serum FSH,
AMH, AFC, type of embryo transferred and NO. of embryo
transferred. The study performed univariate logistic regression
analysis to ascertain independent and confounding factors.
Moreover, the multivariate logistic regression analysis
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incorporated variables from the univariate study that were
correlated to the two clinical outcomes. The study conducted
stratified analyses based on female age, infertility duration, BMI,
AFC, the type of embryo transferred, number of embryos
transferred, endometrial thickness, and triple-line endometrial
pattern on the day of progesterone administration, to observe the
effects of the two protocols in different subgroup.

The independent variables affecting the rates of clinical
pregnancy and live births were identified by the multifactorial
logistic regression analysis. Incorporating these factors as
modeling variables, predictive nomogram models were built using
the R statistical software. The bootstrap sampling method was
employed for internal validation of the model, and the predictive
power of the model was assessed by calculating the area under the
curve (AUC) and the receiver operating characteristic (ROC) curve.
The statistical significance was identified by applying a two-sided
significance criterion of 0.05. Supplementary Figure 1 illustrated the
study’s data collection methodology.

Results

The research comprised 3,569 patients who underwent FET
between November 2015 and June 2021. Of those, 1,914 patients
were in the HRT group and 1,655 individuals belonged to the NC
group. After conducting propensity score-matched (PSM), 1,336
infertile patients with regular menstruation were included in
each group.

Baseline characteristics and clinical
outcome characteristics before and
after matching

Baseline characteristics were illustrated in Table 1. Before
matching, the NC and HRT groups had statistically significant
differences in terms of female age, infertility duration, infertility
type, gravity, parity, number of miscarriages, BMI, AMH, number
of AFC, number of embryos transferred, and type of embryos
transferred. Following PSM, all these variables were balanced
between the two groups. The clinical outcomes before and after
matching were also presented in Table 1. Before PSM, the NC group
exhibited better endometrial thickness and higher incidence of live
birth and clinical pregnancy and single pregnancy. After PSM, these
differences remained significant, with the NC group consistently
exhibiting higher rates of live birth, clinical pregnancy and thicker
endometrium versus the HRT group.

Relationship and stratification of
endometrial preparation protocols with live
birth rate and clinical pregnancy rate

The influence of different variables was evaluated utilizing
univariate and multivariate analysis (Supplementary Table 1). The
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results revealed that female age, infertility duration, and the
endometrial preparation protocol were associated with the live
birth rate and clinical pregnancy rate negatively. Conversely,
AFC, NO. of embryos transferred, type of embryos transferred,
and endometrial thickness on the day of progesterone
administration were positively associated with them. To ascertain
whether there was a consistent correlation across several subgroups
between the live birth rate and various endometrial preparation
protocols, stratified analyses were performed based on female age,
infertility duration, BMI, AFC, the type of embryo transferred,
number of embryo transferred, endometrial thickness and triple-
line endometrial pattern on the day of progesterone administration
(Table 2). The NC group had an increased chance of achieving
clinical pregnancy and live births in the subgroup that female age
<35 years, BMI <24kg/m’, AFC >15, the number of embryos
transferred was one, transferred any embryo type, the
endometrial thickness <10mm, and B endometrial pattern. It
appeared that there was no interaction between any of the
subgroups (p > 0.05).

Adverse pregnancy outcomes and
perinatal outcomes

There was a substantial increase in the likelihood of gestational
diabetes when comparing the two protocols (Table 3). However,
there were no statistical differences observed in gestational
hypertension, premature rupture of membranes, or other adverse
outcomes, including anemia during pregnancy, oligohydramnios,
meconium stained amniotic fluid, fetal distress, and placental
abruption. Among the 1,193 newborns involved in the research,
no statistically significant differences existed within the two groups
in preterm birth rate, newborn weights, cesarean section rate, or
weights of single and twin pregnancies.

Construction and internal validation of the
predictive model for nomogram

The independent variables influencing the live birth rate were
uncovered by the multifactorial logistic regression analysis. The
results revealed that the endometrial preparation protocol, female
age, infertility duration, AFC, type of embryos transferred and
number of embryos transferred were significant factors
(Figure 1A). The predictive model for the live birth rate was
evaluated using the ROC curve, and an area under the curve of
0.646 (95% CI: 0.626-0.667) was obtained, indicating a moderate
predictive power. Moreover, the predictive ability of the nomogram
model with that of each individual indicator was also compared
using ROC curves (Figure 1B). The nomogram model
outperformed each indicator in terms of predictive ability. In
addition, A computer simulation of repeated sampling was
executed to further validate the model internally. The ROC curve
was employed for calculating the model’s predictive performance
after 1000 repeated samples, resulting in an average AUC = 0.646
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TABLE 1 Comparison of baseline characteristics and pregnancy outcomes between NC and HRT before and after PSM.

Before propensity score matching (n After propensity score
= 3,569) matching (n = 2,672)
Characteristics
n=1658) | (natoty | PYaUe | o NSig  (otaze | Pvalue
Female age (y) 31.25 + 4.60 30.38 + 4.80 <0.001 31.10 + 4.60 30.95 + 4.89 0.408
Infertility duration (y) 420 +3.16 3.90 + 2.94 0.003 4.13 +3.04 4.04 +3.13 0.471
Infertility type, n (%) <0.001 0.485
Primary 733 (44.29) 1,013 (52.93) 612 (45.81) 630 (47.16)
Secondary 922 (55.71) 901 (47.07) 724 (54.19) 706 (52.84)
Gravidity 0.96 + 1.18 0.81 + 1.15 <0.001 093 + 1.16 092 + 121 0.782
Parity 0.27 + 0.50 0.19 + 0.4 <0.001 0.24 + 0.47 0.22 + 0.47 0.306
No. of miscarriages 0.46 + 0.76 0.40 + 0.79 0.026 0.46 + 0.76 0.46 + 0.82 0.903
BMI (kg/m?) 2232 +2.89 2276 + 3.20 <0.001 2247 +2.93 2259 + 3.17 0.284
Basal serum FSH (mIU/ml) 6.71 + 1.84 6.84 + 2127 0.812 6.61 + 1.81 6.51 + 1.89 0.154
AMH (ng/ml) 3.49 + 236 435 +3.03 <0.001 3.63 +2.42 371 +2.33 0.376
AFC 14.40 + 5.73 16.18 + 6.04 <0.001 15.01 + 5.71 15.37 + 5.98 0.113
‘ No. of embryos transferred, n(%) ‘ <0.001 ‘ ‘ 0.431
1 692 (41.81) 692 (36.15) 535 (40.04) 555 (41.54)
2 963 (58.19) 1,222 (63.85) 801 (59.96) 781 (58.46)
‘ Type of embryo transferred, n(%) ‘ 0.187 ‘ ‘ 0.333
Cleavage stage 854 (51.60) 1,030 (53.81) 695 (52.02) 670 (50.15)
Blastocyst stage 801 (48.40) 884 (46.19) 641 (47.98) 666 (49.85)

Endometrial thickness on the day of progesterone
administration (mm) 10.33 £ 1.93 9.62 + 1.64 <0.001 10.24 £ 1.92 9.56 + 1.61 <0.001

Triple-line endometrial pattern on the day

of progesterone administration, n(%) <0.001 <0.001
B 1,330 (80.36) 1,814 (94.78) 1,080 (80.84) 1,267 (94.84)
B-C 146 (8.82) 34 (1.78) 126 (9.43) 29 (2.17)
C 179 (10.82) 66 (3.45) 130 (9.73) 40 (2.99)
Biochemical pregnancy rate, n(%) 1,020 (61.63) 1,130 (59.04) 0.114 828 (61.98) 761 (56.96) 0.008
Clinical pregnancy rate, n(%) 957 (57.82) 1,031 (53.87) 0.018 779 (58.31) 683 (51.12) <0.001
Live-birth rate, n(%) 797 (48.16) 849 (44.36) 0.023 642 (48.05) 551 (41.24) <0.001
Single pregnancy rate, n(%) 625 (37.76) 659 (34.43) 0.039 500 (37.43) 437 (32.71) 0.011
Twin pregnancy rate, n(%) 172 (10.39) 190 (9.93) 0.646 142 (10.63) 114 (8.53) 0.066
Miscarriage rate, n(%) 140 (8.46) 162 (8.46) 0.996 118 (8.83) 119 (8.91) 0.946
Ectopic pregnancy rate, n(%) 16 (0.97) 21 (1.10) 0.701 16 (1.20) 14 (1.05) 0.713

AFC, antral follicle count; AMH, antimullerian homone; BMI, body mass index; FSH, follicle-stimulating hormone; HRT, hormone replacement therapy; NC, natural cycle; PSM, propensity
score matching.

(95% CI: 0.629-0.663) (Figure 1C). The AUC remained essentially DiSCUSSion

unchanged after internal validation, indicating the stability of the

model. Additionally, we also constructed the nomogram prediction The FET cycle has grown in favor all around the world in light
model for the clinical pregnancy rate and leveraged the ROC curve  of its ability to reduce the incidence of ovarian stimulation
with the AUC of 0.656 (95% CI: 0.635-0.677). syndrome, preserve female fertility, and provide other advantages
(Supplementary Figure 2) (17, 18). Consequently, research on the effects of various
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TABLE 2 Impact of two endometrial preparation protocols on live birth rate and clinical pregnancy rate in each subgroup?.

Live birth rate

Clinical pregnancy rate

Subgroups . p p P
patients OR(95% Cl) value | . for _ OR(95% ClI) value . for .
interaction interaction

Female age (y) 0.225 0.298
<35 2211 0.80 (0.67,0.96) 0.019 0.79 (0.66,0.95) 0.010
>35 461 0.63 (0.40,0.97) 0.038 0.73 (0.44,1.22) 0.227

Infertility duration (y) ‘ 0.186 0.351
<3 1,460 0.68 (0.54,0.86) 0.001 0.72 (0.57,0.90) 0.004
>3 1212 0.87 (0.68,1.12) 0.283 0.86 (0.67,1.11) 0.247

BMI(kg/m2) ‘ 0.502 0.420
<24 1,949 0.75 (0.62,0.91) 0.004 0.75 (0.62,0.91) 0.003
>24 723 0.81 (0.58,1.12) 0.200 0.86 (0.62,1.20) 0.386

AFC ‘ 0.498 0.629
<15 1,376 0.83 (0.66,1.05) 0.121 0.81 (0.64,1.03) 0.090
>15 1,296 0.70 (0.55,0.89) 0.004 0.74 (0.58,0.93) 0.011

No. of embryos transferred ‘ 0.095 0.279
1 1,090 0.65 (0.49,0.84) 0.001 0.70 (0.53,0.91) 0.008
2 1,582 0.86 (0.69,1.06) 0.157 0.84 (0.67,1.03) 0.098

Type of embryo transferred ‘ 0.187 0.936
Cleavage stage 1,365 0.85 (0.67,1.07) 0.168 0.79 (0.62,1.00) 0.049
Blastocyst stage 1,307 0.68 (0.54,0.87) 0.002 0.76 (0.60,0.96) 0.022
<10 1,798 0.73 (0.59,0.89) 0.002 0.018
>10 874 0.81 (0.61,1.09) 0.165 0.75 (0.56,1.00) 0.051
B 2,347 0.75 (0.63,0.90) 0.001 0.80 (0.67,0.95) 0.011
B-C 155 1.07 (0.44,2.59) 0.881 0.69 (0.29,1.62) 0.397
C 170 0.84 (0.38,1.86) 0.661 0.52 (0.23,1.17) 0.112

AFC, antral follicle count; AMH, antimullerian homone; BMI, body mass index; CI, confidence interval; FSH, follicle-stimulating hormone; OR, odds ratio.
“Adjusted for female age, infertility duration, infertility type, AFC, BMI, FSH, AMH, endometrial thickness, number of transferred embryos, type of embryo transferred, triple-line
endometrial pattern.

endometrial preparation protocols on the result of pregnancy is
becoming more and more popular. Our investigation demonstrated
that the NC protocol produced greater rates of clinical pregnancy
and live births.

Currently, the most appropriate protocol for endometrial
preparation is still no consensus. Our observations are
substantiated by recent published articles. Within the patient
subgroup with D5/D6 blastocyst embryo transfer, the NC group
revealed a trend toward greater clinical pregnancy and live birth
rates, according to a large retrospective cohort analysis (19). Two

Frontiers in Endocrinology

other studies reached similar conclusions (20, 21). Another study
with low-quality evidence elucidated that for double embryo
transfer, the modified NC group had dramatically superior
clinical outcomes compared to the HRT group (22). However,
several relevant studies displayed no distinction in clinical
outcomes within the two protocols (23-26). Consistent
conclusions have also been presented in two high-quality
Cochrane analyses. Ghobara et al. presumed that in patients with
regular menstruation but low fertility, there was inadequate data to
prove the superiority of one endometrial preparation protocol over
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TABLE 3 Perinatal outcomes and neonatal outcomes based on
endometrial preparation protocols.

Characteristics @ =N1%36) o EE—ZSG) P value
PTB, n(%) 85 (6.36) 79 (5.91) 0.629
Cesarean section rate,

n(%) 466 (34.88) 423 (31.66) 0.077
Perinatal outcomes

GDM, n(%) 23 (1.72) 11 (0.82) 0.038

HDP, n(%) 27 (2.02) 33 (2.47) 0.433

pPROM, n(%) 24 (1.80) 18 (1.35) 0.351

Others, n(%) 26 (1.95) 25 (1.87) 0.888
Single pregnancy

3,395.02 3,431.62

Birthweight (g) + 468.59 + 528.82 0.262

LBW, n(%) 19 (1.42) 15 (1.12) 0.490

Macrosomia, n(%) 30 (2.25) 42 (3.14) 0.152
Twin pregnancy

2,803.06 2,762.89
Higher weight(g) +401.45 + 496.35 0.475
2,494.65 2,434.53

Lower weight(g) + 406.86 +422.04 0.249

All weight <2500, n(%) 21 (1.57) 18 (1.35) 0.628

All weight >2500, n(%) 83 (6.21) 64 (4.79) 0.107

HDP, hypertensive disorders of pregnancy; HRT, hormone replacement therapy; GDM,
gestational diabetes mellitus; LBW, low birthweight; NC, natural cycle; pPROM, preterm
premature rupture of the membrane; PTB, preterm birth.

Others: anemia during pregnancy, oligohydramnios, meconium stained amniotic fluid, fetal
distress, and placental abruption.

another (27). Similarly, Glujovsky et al. indicated a lack of evidence
regarding specific interventions for endometrial preparation in
patients receiving frozen embryo transfers (28). Nevertheless, in
our research, all FET cycles were included for embryo transfer, and
women with low fertility were excluded to minimize the
interference of confounding factors. This might explain why the
NC group in our cohort achieved optimal clinical outcomes.

In light of the underlying mechanism, it might be related to the
type of embryo transferred. It has been warranted that fresh
blastocyst transfers had a higher probability of live birth and
clinical pregnancy than fresh cleavage stage transfers (29). While
many studies prefer blastocyst transfers, the optimal endometrial
preparation protocol for blastocyst transfers remains inconsistent
(7, 20). Researchers are convinced that only surviving embryos will
undergo self-selection, and blastocysts undergo a reselection
program during the developmental block at the eight-cell stage to
eliminate embryos with inadequate potential for development (30).
Therefore, blastocyst transfer might be a superior choice for
research purposes. However, there have also been cohort studies
that revealed no disparity in cumulative live birth rate regarding the
transfer of blastocysts and cleavage (31). In our study, no distinction
was made between the cleavage stage and blastocyst embryos, but
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stratified analysis revealed that the NC protocol was inclined to
achieve remarkable clinical benefits in both groups.

In addition, the embryo must be implanted in the endometrium
at the “window of implantation”, which represents the period of
highest receptivity for trophoblast-endometrium interactions (4). A
study similar to ours transferred cleavage embryos one day earlier
than our center but reached the same conclusion that the live birth
rate increased as a result of the NC protocol (21). Another low-
quality analysis performed with both cleavage and blastocyst
transfers one day earlier than our center found no distinction
between the two protocols about the clinical pregnancy outcomes
(25). Other research has indicated that prolonged progesterone
supplementation is linked to an increased incidence of biochemical
pregnancy (32). However, the ideal length of time to use
progesterone supplements remains a subject of debate, as
prolonged supplementation might narrow the window of
implantation, while a too-short period could raise the chance of
losing a pregnancy too soon (32-35). Taken together, the intricate
process of implantation comprises both intercellular and
extracellular matrix interactions as well as spatiotemporally
regulated endocrine, paracrine, and autocrine interactions (36).
Furthermore, every center has a varied choice of when to
schedule the transfer day depending on the width of the
implantation window. At our center, despite developing two days
apart, the blastocysts and cleavage stage embryos were transferred
one day apart. This is due to the fact that our center accidentally
discovered that transplanting one day apart may resulted in better
pregnancy outcomes in 2016 (37-39).

Furthermore, endometrial preparation protocols might also
impact obstetric and perinatal outcomes. Administering the HRT
protocol might raise the risk of hypertensive disorders in pregnant
women with preeclampsia and other hypertensive diseases (10, 40—
42). According to a high-quality review, the NC protocol was
related to lower rates of macrosomia, hypertensive disorders of
pregnancy, and early pregnancy loss (43). Nevertheless, no
differences in neonatal and perinatal outcomes were found within
either of the groups in our research, which could be brought about
by the tiny sample size. Additionally, we observed a higher risk of
developing gestational diabetes mellitus (GDM) in the NC group,
consistent with a study by Saito et al. (11). A review of the data has
demonstrated that maternal peripheral insulin resistance is a critical
event in the occurrence of GDM. The HRT protocol might reduce
the release of insulin-resistant hormones from the placenta,
potentially reducing the incidence of GDM (44). However, other
studies have displayed no difference in the risk of developing GDM
between the two groups (45, 46). Therefore, the placenta may also
play an indispensable role in adverse neonatal and perinatal
outcomes, necessitating further exploration in future large-
scale studies.

Our study possesses several noteworthy strengths. Firstly, this
study is the first PSM cohort study to analyze the effects of natural
versus hormone replacement cycles on pregnancy outcomes and
perinatal outcomes with a huge sample size used to guarantee
robust statistical power. Additionally, the study population
included people whose average was thirty years and was not
limited by age, thereby enhancing the generalizability of the
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FIGURE 1

Construction and internal validation of the predictive model for live birth rate. (A) The nomogram exhibited six characteristics of a patient (NO. of
transferrable embryo = 2, Type of embryo transferred = Blastocyst stage, AFC = 18, Infertility duration = 9, Female age = 31, Endometrial Preparation
Protocol = HRT), with a total score of 399 points, and the predicted probability of live birth was 53.7%. (B) The area under the curve of the
nomogram model was 0.646 (95% Cl: 0.626-0.667), indicating medium predictive power. (C) Internal validation with 1000 repeated sampling was
carried out to predict the effectiveness of the model, resulting in an average AUC = 0.646 (95% Cl: 0.629-0.663). AFC, antral follicle count; AUC,
area under the curve; Cl, confidence interval; HRT, hormone replacement therapy; NC, natural cycle; ROC, receiver operating characteristic curve.

findings to a wide range of patients. Moreover, patients with regular
menstruation were specifically selected to minimize selection bias.
In addition, to control confounding factors, we implemented
stratified analysis and logistic regression making conclusions
more dependable. Finally, we internally validated the nomogram
prediction model, and the ROC curves and AUC supported the
model’s sensitivity and accuracy.

However, this research does have its limitations. To begin with,
given that the study was a retrospective cohort, confounders besides the
variables collected in the study could not be investigated, such as
lifestyle habits (smoking or non-smoking) and adjustments made by
clinicians during the study period. Secondly, the data were solely
derived from the same center, and future studies should involve
multiple centers for broader analysis and further prospective
randomized controlled trials. Thirdly, the protocol criteria exclude
most gynecological conditions that could potentially influence
endometrial receptivity. Therefore, these results might not encompass

Frontiers in Endocrinology

patients with impaired endometrial receptivity. Fourthly, this analysis
didn’t perform preimplantation genetic testing for aneuploidies (PGT-
A) because of the restricted data accessibility, thus transfer failure due to
aneuploid embryos could not be excluded. If euploid embryos were
being transferred, the findings would be more robust.

Conclusions

This study demonstrated that natural cycles yield higher rates of
live birth and clinical pregnancy by contrasting hormone
replacement cycles in women with regular menstruation
undergoing frozen-thawed embryo transfer. However, it was vital
to note that natural cycles were linked to a greater incidence of
gestational diabetes. Based on our findings, we recommend the use
of natural cycles as the preferred option for performing FET.
However, it will take more superior prospective randomized
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controlled studies to identify and validate the most appropriate
endometrial preparation strategy.

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 Ethics
Committee of Scientific Research and Clinical Trials of the First
Affiliated Hospital of Zhengzhou University. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.

Author contributions

LS: Data curation, Formal analysis, Software, Writing — original
draft. BY: Data curation, Software, Visualization, Writing — original
draft. ZY: Writing - review & editing. CZ: Writing - review & editing.
JL: Writing — review & editing. SL: Writing - review & editing. YC:
Writing - review & editing. FW: Writing - review & editing. WD:
Writing - review & editing. ZB: Writing — review & editing. YZ:
Conceptualization, Data curation, Funding acquisition, Resources,
Supervision, Writing — review & editing.

Funding

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

References

1. Trounson A, Mohr L. Human pregnancy following cryopreservation, thawing and
transfer of an eight-cell embryo. Nature. (1983) 305:707-9. doi: 10.1038/305707a0

2. Jewett A, Mardovich S, Zhang Y, Sunderam M, DeSantis C, Cofie A, et al. Assisted
Reproductive Technology Fertility Clinic and National Summary Report (2020). Available
online at: https://www.cdc.gov/art/reports/2020/index.html (Accessed January 1, 2020).

3. He Y, Lu Y, Zhu Q, Wang Y, Lindheim SR, Qi J, et al. Influence of metabolic
syndrome on female fertility and in vitro fertilization outcomes in PCOS women. Am |
Obstet Gynecol. (2019) 221:138.e1-138.12. doi: 10.1016/j.ajog.2019.03.011

4. Casper RF, Yanushpolsky EH. 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

5. LiJ, Sun Q, Zhang M, Fu X, Zhang Y, Gao §, et al. Natural cycles achieve better
pregnancy outcomes than artificial cycles in non-PCOS women undergoing vitrified
single-blastocyst transfer: a retrospective cohort study of 6840 cycles. J Assist Reprod
Genet. (2022) 39:639-46. doi: 10.1007/s10815-022-02424-0

6. Liu J, Zheng J, Lei YL, Wen XF. Effects of endometrial preparations and
transferred embryo types on pregnancy outcome from patients with advanced

Frontiers in Endocrinology

10.3389/fendo.2024.1416841

was supported by grant 32271169 from the National Natural
Science Foundation of China.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.
1416841/full#supplementary-material

SUPPLEMENTARY FIGURE 1
The flowchart of participants. HRT, hormone replacement therapy; NC,
natural cycle.

SUPPLEMENTARY FIGURE 2

Construction of the predictive model for clinical pregnancy rate. The
nomogram revealed five characteristics of a patient (NO. of transferrable
embryo = 2, Type of embryo transferred = Blastocyst stage, AFC = 18,
Infertility duration = 9, Female age = 31, Endometrial Preparation Protocol
= HRT), with a total score of 329 points, and the predicted probability of
clinical pregnancy rate was 70.5%. The area under the curve of ROC for the
nomogram model was 0.656 (95% Cl: 0.635-0.677). AFC, antral follicle
count; Cl, confidence interval; HRT, hormone replacement therapy; NC,
natural cycle; ROC, receiver operating characteristic curve.

maternal age. Syst Biol Reprod Med. (2019) 65:181-6. doi: 10.1080/
19396368.2018.1501114

7. Jin Z, Shi H, Bu Z, Guo Y, Su Y, Song H, et al. Live birth rates after natural cycle
versus hormone replacement therapy for single euploid blastocyst transfers: a
retrospective cohort study. Reprod BioMed Online. (2021) 43:1002-10. doi: 10.1016/
j.rbmo.2021.09.003

8. Carosso AR, Brunod N, Filippini C, Revelli A, Evangelisti B, Cosma S, et al.
Reproductive and obstetric outcomes following a natural cycle vs. Artificial endometrial
preparation for frozen-thawed embryo transfer: A retrospective cohort study. J Clin
Med. (2023) 12:4032. doi: 10.3390/jcm12124032

9. von Versen-Hoynck F, Schaub AM, Chi YY, Chiu KH, Liu J, Lingis M, et al.
Increased preeclampsia risk and reduced aortic compliance with in vitro fertilization
cycles in the absence of a corpus luteum. Hypertension. (2019) 73:640-9. doi: 10.1161/
HYPERTENSIONAHA.118.12043

10. Ginstréom Ernstad E, Wennerholm UB, Khatibi A, Petzold M, Bergh C. Neonatal
and maternal outcome after frozen embryo transfer: Increased risks in programmed
cycles. Am ] Obstet Gynecol. (2019) 221:126.e1-126.e18. doi: 10.1016/j.ajog.2019.03.010

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1416841/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1416841/full#supplementary-material
https://doi.org/10.1038/305707a0
https://www.cdc.gov/art/reports/2020/index.html
https://doi.org/10.1016/j.ajog.2019.03.011
https://doi.org/10.1016/j.fertnstert.2016.01.006
https://doi.org/10.1007/s10815-022-02424-0
https://doi.org/10.1080/19396368.2018.1501114
https://doi.org/10.1080/19396368.2018.1501114
https://doi.org/10.1016/j.rbmo.2021.09.003
https://doi.org/10.1016/j.rbmo.2021.09.003
https://doi.org/10.3390/jcm12124032
https://doi.org/10.1161/HYPERTENSIONAHA.118.12043
https://doi.org/10.1161/HYPERTENSIONAHA.118.12043
https://doi.org/10.1016/j.ajog.2019.03.010
https://doi.org/10.3389/fendo.2024.1416841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Sun et al.

11. Saito K, Kuwahara A, Ishikawa T, Morisaki N, Miyado M, Miyado K, et al.
Endometrial preparation methods for frozen-thawed embryo transfer are associated
with altered risks of hypertensive disorders of pregnancy, placenta accreta, and
gestational diabetes mellitus. Hum Reprod. (2019) 34:1567-75. doi: 10.1093/humrep/
dez079

12. GuF, Wu Y, Tan M, Hu R, Chen Y, Li X, et al. Programmed frozen embryo
transfer cycle increased risk of hypertensive disorders of pregnancy: a multicenter
cohort study in ovulatory women. Am ] Obstet Gynecol MFM. (2023) 5:100752.
doi: 10.1016/j.2j0gmf.2022.100752

13. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J, Sokol R,
et al. The international glossary on infertility and fertility care, 2017. Hum Reprod.
(2017) 32:1786-801. doi: 10.1093/humrep/dex234

14. Lessey BA, Young SL. What exactly is endometrial receptivity? Fertil Steril.
(2019) 111:611-7. doi: 10.1016/j.fertnstert.2019.02.009

15. Fragouli E, Alfarawati S, Spath K, Wells D. Morphological and cytogenetic
assessment of cleavage and blastocyst stage embryos. Mol Hum Reprod. (2014) 20:117-
26. doi: 10.1093/molehr/gat073

16. Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB. Blastocyst score
affects implantation and pregnancy outcome: towards a single blastocyst transfer. Fertil
Steril. (2000) 73:1155-8. doi: 10.1016/S0015-0282(00)00518-5

17. ShiY, Sun Y, Hao C, Zhang H, Wei D, Zhang Y, et al. Transfer of fresh versus
frozen embryos in ovulatory women. N Engl ] Med. (2018) 378:126-36. doi: 10.1056/
NEJMoal705334

18. Roque M, Haahr T, Geber S, Esteves SC, Humaidan P. Fresh versus elective frozen
embryo transfer in IVF/ICSI cycles: a systematic review and meta-analysis of reproductive
outcomes. Hum Reprod Update. (2019) 25:2-14. doi: 10.1093/humupd/dmy033

19. QianY, Wan Q, BuX-Q, Li T, Tang X-J, Jia Y, et al. Pregnancy outcomes of four
different cycle protocols for frozen embryo transfer: a large retrospective cohort study.
Reprod Dev Med. (2023) 7:135-41. doi: 10.1097/RD9.0000000000000052

20. Li X, Gao Y, Shi J, Shi W, Bai H. Natural cycle increases the live-birth rate
compared with hormone replacement treatment for frozen-thawed single euploid
blastocyst transfer. Front Endocrinol (Lausanne). (2022) 13:969379. doi: 10.3389/
fendo.2022.969379

21. 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

22. Guan Y, Fan H, Styer AK, Xiao Z, Li Z, Zhang J, et al. A modified natural cycle
results in higher live birth rate in vitrified-thawed embryo transfer for women with
regular menstruation. Syst Biol Reprod Med. (2016) 62:335-42. doi: 10.1080/
19396368.2016.1199064

23. Agha-Hosseini M, Hashemi L, Aleyasin A, Ghasemi M, Sarvi F, Shabani
Nashtaei M, et al. Natural cycle versus artificial cycle in frozen-thawed embryo
transfer: A randomized prospective trial. Turk ] Obstet Gynecol. (2018) 15:12-7.
doi: 10.4274/tjod.47855

24. Sahin G, Acet F, Calimlioglu N, Meseri R, Tavmergen Goker EN, Tavmergen E.
Live birth after frozen-thawed embryo transfer: which endometrial preparation
protocol is better? ] Gynecol Obstet Hum Reprod. (2020) 49:101782. doi: 10.1016/
j.jogoh.2020.101782

25. Cardenas Armas DF, Penarrubia J, Goday A, Guimera M, Vidal E, Manau D,
et al. Frozen-thawed blastocyst transfer in natural cycle increase implantation rates
compared artificial cycle. Gynecol Endocrinol. (2019) 35:873-7. doi: 10.1080/
09513590.2019.1600668

26. Kalem Z, Namli Kalem M, Bakirarar B, Kent E, Gurgan T. Natural cycle versus
hormone replacement therapy cycle in frozen-thawed embryo transfer. Saudi Med J.
(2018) 39:1102-8. doi: 10.15537/smj.2018.11.23299

27. 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

28. Glujovsky D, Pesce R, Sueldo C, Quinteiro Retamar AM, Hart R], Ciapponi A.
Endometrial preparation for women undergoing embryo transfer with frozen embryos or
embryos derived from donor oocytes. Cochrane Database Syst Rev. (2020) 10:CD006359.
doi: 10.1002/14651858.CD006359.pub3

29. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, Blake D.
Cleavage stage versus blastocyst stage embryo transfer in assisted reproductive

Frontiers in Endocrinology

10

10.3389/fendo.2024.1416841

technology. Cochrane Database Syst Rev. (2016) 6:CD002118. doi: 10.1002/
14651858.CD002118.pub5

30. Glujovsky D, Quinteiro Retamar AM, Alvarez Sedo CR, Ciapponi A, Cornelisse
S, Blake D. Cleavage-stage versus blastocyst-stage embryo transfer in assisted
reproductive technology. Cochrane Database Syst Rev. (2022) 5:CD002118.
doi: 10.1002/14651858.CD002118.pub6

31. De Croo I, Colman R, De Sutter P, Stoop D, Tilleman K. No difference in cumulative
live birth rates between cleavage versus blastocyst transfer in patients with four or fewer
zygotes: results from a retrospective study. Hum Reprod Open. (2022) 2022:hoac031.
doi: 10.1093/hropen/hoac031

32. Escriba MJ, Bellver ], Bosch E, Sanchez M, Pellicer A, Remohi J. Delaying the
initiation of progesterone supplementation until the day of fertilization does not
compromise cycle outcome in patients receiving donated oocytes: a randomized
study. Fertil Steril. (2006) 86:92-7. doi: 10.1016/j.fertnstert.2005.12.048

33. Roelens C, Santos-Ribeiro S, Becu L, Mackens S, Van Landuyt L, Racca A, et al.
Frozen-warmed blastocyst transfer after 6 or 7 days of progesterone administration:
impact on live birth rate in hormone replacement therapy cycles. Fertil Steril. (2020)
114:125-32. doi: 10.1016/j.fertnstert.2020.03.017

34. Yang X, Bu Z, Hu L. Live birth rate of frozen-thawed single blastocyst transfer
after 6 or 7 days of progesterone administration in hormone replacement therapy
cycles: A propensity score-matched cohort study. Front Endocrinol (Lausanne). (2021)
12:706427. doi: 10.3389/fendo.2021.706427

35. Liu L, Zhou H, Hu J, Sun X, Liu D, Huang G. Association between duration of
progesterone supplementation and clinical outcomes in artificial frozen-thawed
embryo transfer cycles. Front Endocrinol (Lausanne). (2023) 14:1193826.
doi: 10.3389/fend0.2023.1193826

36. Tranguch S, Daikoku T, Guo Y, Wang H, Dey SK. Molecular complexity in
establishing uterine receptivity and implantation. Cell Mol Life Sci. (2005) 62:1964-73.
doi: 10.1007/s00018-005-5230-0

37. Song L, Bu Z, Sun Y. Endometrial thickness and early pregnancy complications after
frozen-thawed embryo transfers. Front Endocrinol (Lausanne). (2023) 14:1066922.
doi: 10.3389/fendo.2023.1066922

38. Song W, Zhang F, Wang Y, Shi H, Sun N, Jin H, et al. Effective protection: the
embryonic development and clinical outcomes of emergency vitrification of 1246
oocytes and Day 0-Day 5 embryos in a natural disaster. Hum Reprod. (2023) 38:2412—
21. doi: 10.1093/humrep/dead210

39. BuZ, 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

40. Zong L, Liu P, Zhou L, Wei D, Ding L, Qin Y. Increased risk of maternal and
neonatal complications in hormone replacement therapy cycles in frozen embryo
transfer. Reprod Biol Endocrinol. (2020) 18:36. doi: 10.1186/s12958-020-00601-3

41. Asserhoj LL, Spangmose AL, Aaris Henningsen AK, Clausen TD, Ziebe S, Jensen
RB, et al. Adverse obstetric and perinatal outcomes in 1,136 singleton pregnancies
conceived after programmed frozen embryo transfer (FET) compared with natural
cycle FET. Fertil Steril. (2021) 115:947-56. doi: 10.1016/j.fertnstert.2020.10.039

42. Busnelli A, Schirripa I, Fedele F, Bulfoni A, Levi-Setti PE. Obstetric and perinatal
outcomes following programmed compared to natural frozen-thawed embryo transfer
cycles: a systematic review and meta-analysis. Hum Reprod. (2022) 37:1619-41.
doi: 10.1093/humrep/deac073

43. Busnelli A, Di Simone N, Levi-Setti PE. Artificial cycle frozen embryo transfer and
obstetric adverse outcomes: association or causation? Hum Reprod Update. (2023) 29:694-6.
doi: 10.1093/humupd/dmad020

44. Olmos-Ortiz A, Flores-Espinosa P, Diaz L, Velazquez P, Ramirez-Isarraraz C,
Zaga-Clavellina V. Immunoendocrine dysregulation during gestational diabetes
mellitus: the central role of the placenta. Int ] Mol Sci. (2021) 22:8087. doi: 10.3390/
ijms22158087

45. Zhao Z, Chen Y, Deng H, Huang L, Lu D, Shen X, et al. The influence of embryo
stage on obstetric complications and perinatal outcomes following programmed
compared to natural frozen-thawed embryo transfer cycles: a systematic review and
meta-analysis. Front Endocrinol (Lausanne). (2023) 14:1186068. doi: 10.3389/
fendo.2023.1186068

46. Xu J, Zhou H, Zhou T, Guo Y, Liang S, Jia Y, et al. The impact of different
endometrial preparation protocols on obstetric and neonatal complications in frozen-
thawed embryo transfer: a retrospective cohort study of 3,458 singleton deliveries.
Reprod Biol Endocrinol. (2022) 20:141. doi: 10.1186/s12958-022-01009-x

frontiersin.org


https://doi.org/10.1093/humrep/dez079
https://doi.org/10.1093/humrep/dez079
https://doi.org/10.1016/j.ajogmf.2022.100752
https://doi.org/10.1093/humrep/dex234
https://doi.org/10.1016/j.fertnstert.2019.02.009
https://doi.org/10.1093/molehr/gat073
https://doi.org/10.1016/S0015-0282(00)00518-5
https://doi.org/10.1056/NEJMoa1705334
https://doi.org/10.1056/NEJMoa1705334
https://doi.org/10.1093/humupd/dmy033
https://doi.org/10.1097/RD9.0000000000000052
https://doi.org/10.3389/fendo.2022.969379
https://doi.org/10.3389/fendo.2022.969379
https://doi.org/10.1016/j.fertnstert.2019.11.023
https://doi.org/10.1080/19396368.2016.1199064
https://doi.org/10.1080/19396368.2016.1199064
https://doi.org/10.4274/tjod.47855
https://doi.org/10.1016/j.jogoh.2020.101782
https://doi.org/10.1016/j.jogoh.2020.101782
https://doi.org/10.1080/09513590.2019.1600668
https://doi.org/10.1080/09513590.2019.1600668
https://doi.org/10.15537/smj.2018.11.23299
https://doi.org/10.1002/14651858.CD003414.pub3
https://doi.org/10.1002/14651858.CD003414.pub3
https://doi.org/10.1002/14651858.CD006359.pub3
https://doi.org/10.1002/14651858.CD002118.pub5
https://doi.org/10.1002/14651858.CD002118.pub5
https://doi.org/10.1002/14651858.CD002118.pub6
https://doi.org/10.1093/hropen/hoac031
https://doi.org/10.1016/j.fertnstert.2005.12.048
https://doi.org/10.1016/j.fertnstert.2020.03.017
https://doi.org/10.3389/fendo.2021.706427
https://doi.org/10.3389/fendo.2023.1193826
https://doi.org/10.1007/s00018-005-5230-0
https://doi.org/10.3389/fendo.2023.1066922
https://doi.org/10.1093/humrep/dead210
https://doi.org/10.3109/09513590.2015.1136616
https://doi.org/10.1186/s12958-020-00601-3
https://doi.org/10.1016/j.fertnstert.2020.10.039
https://doi.org/10.1093/humrep/deac073
https://doi.org/10.1093/humupd/dmad020
https://doi.org/10.3390/ijms22158087
https://doi.org/10.3390/ijms22158087
https://doi.org/10.3389/fendo.2023.1186068
https://doi.org/10.3389/fendo.2023.1186068
https://doi.org/10.1186/s12958-022-01009-x
https://doi.org/10.3389/fendo.2024.1416841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparison of clinical outcomes and perinatal outcomes between natural cycle and hormone replacement therapy of frozen-thawed embryo transfer in patients with regular menstruation: a propensity score-matched analysis
	Introduction
	Materials and methods
	Study participants
	Study procedures
	Endometrial preparation protocols

	NC protocol
	HRT protocol
	Embryo selection and evaluation
	Luteal phase support and confirmation of pregnancy
	Definition of clinical outcomes
	Statistical analysis

	Results
	Baseline characteristics and clinical outcome characteristics before and after matching
	Relationship and stratification of endometrial preparation protocols with live birth rate and clinical pregnancy rate
	Adverse pregnancy outcomes and perinatal outcomes
	Construction and internal validation of the predictive model for nomogram

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	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


