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ABSTRACT 
Background: This study sought to evaluate obstetric complications and perinatal outcomes in frozen embryo transfer (FET) using 
either a natural cycle (NC-FET) or a hormone therapy cycle (HT-FET). Furthermore, we investigated how serum levels of estradiol 
(E2) and progesterone (P4) on the day of and 3 days after embryo transfer (ET) correlated with clinical outcomes in the two groups.
Methods: We conducted a retrospective, single-center study from January 1, 2015, to December 31, 2019. The study included 
couples who underwent NC-FET or HT-FET resulting in a singleton live birth. Serum levels of E2 and P4 were measured on the 
day of and 3 days after ET. The primary outcomes assessed were preterm birth rate, low birth weight, macrosomia, hypertensive 
disorders in pregnancy, gestational diabetes mellitus, postpartum hemorrhage, and placenta-related complications.
Results: A total of 229 singletons were included, with 49 in the NC-FET group and 180 in the HT-FET group. There were no signifi-
cant differences in obstetric complications and perinatal outcomes between the two groups. The NC-FET group had significantly 
higher serum levels of P4 (17.2 ng/mL vs 8.85 ng/mL; p < 0.0001) but not E2 (144 pg/mL vs 147 pg/mL; p = 0.69) on the day of ET. 
Additionally, 3 days after ET, the NC-FET group had significantly higher levels of both E2 (171 pg/mL vs 140.5 pg/mL; p = 0.0037) 
and P4 (27.3 ng/mL vs 11.7 ng/mL; p < 0.0001) compared with the HT-FET group.
Conclusion: Our study revealed that although there were significant differences in E2 and P4 levels around implantation between 
the two groups, there were no significant differences in obstetric complications and perinatal outcomes. Therefore, the hormo-
nal environment around implantation did not appear to be the primary cause of differences in obstetric and perinatal outcomes 
between the two EM preparation methods used in FET.

Keywords: Frozen embryo transfer; Hormone environment around implantation; Hypertensive disorder in pregnancy; Macrosomia; 
Neonatal outcome; Obstetric outcome

1.  INTRODUCTION
Frozen embryo transfer (FET) was first introduced in 1984 
and has become a widely performed procedure. FET allows 
for the storage of surplus embryos and also reduces the 
need for repeated oocyte retrievals. Although FET has 
shown comparable live birth rates to fresh embryo transfer 
(ET),1 recent evidence suggests that FET may be associated 
with certain obstetric and perinatal complications, such as 

pregnancy-induced hypertension (PIH), large for gestational 
age (LGA), postpartum hemorrhage (PPH),2 and preterm 
delivery.3

FET can be performed either after spontaneous ovulation 
(NC-FET) or following exogenous estradiol (E2) supplementa-
tion for endometrial preparation (HT-FET). Previous publica-
tions have demonstrated similar clinical pregnancy rates and live 
birth rates for both methods.4–6 However, further concerns have 
been raised regarding the obstetric and perinatal outcomes of 
HT-FET, with some studies indicating an increased risk of mater-
nal and perinatal morbidity. For instance, Saito et al7 and Xu et 
al8 reported higher risks of hypertensive disorders of pregnancy 
(HDP) and placenta accreta associated with HT-FET. Similarly, 
Ginström et al9 and Busnelli et al10 suggested that HT-FET is 
linked to higher rates of PIH, PPH, post-term birth, and mac-
rosomia. Asserhøj et al11 also found that HT-FET is associated 
with a higher rate of cesarean section, as well as PIH and PPH, 
compared to NC-FET. Conversely, numerous publications have 
shown that NC-FET significantly decreases the risk of HDP, 
preeclampsia, LGA, macrosomia, preterm birth, post-term birth, 
low birth weight, cesarean section, PPH, placental abruption, 
and accreta.12,13
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The underlying pathophysiology that contributes to the disparity 
in maternal and perinatal outcomes between these two FET prepa-
ration methods is still being investigated. In this study, we aimed to 
compare the differences in serum hormone levels between the two 
methods during the period of ET and examine if these differences 
play a crucial role in obstetric and perinatal outcomes.

2.  METHODS

2.1.  Study population
This retrospective study was conducted from January 1, 2015, 
to December 31, 2019, at a single tertiary hospital. This study 
included infertile couples who underwent frozen FET and success-
fully achieved live births of singletons. Only cases with complete 
records of obstetric complications and perinatal outcomes were 
included in the analysis. The exclusion criteria in this study were as 
follows: (1) patients with incomplete data and (2) pregnancies that 
ended in spontaneous abortion or intrauterine fetal demise (IUFD). 
Patients who underwent a natural cycle for FET (NC-FET) were 
classified as group I (n = 49), whereas patients who received E2 
and progesterone (P4) for endometrium (EM) preparation before 
FET (HT-FET) were classified as group II (n = 180). No medica-
tion was administered to the NC-FET patients.

Ovulation was confirmed by follicle rupture and a serum P4 
level >1 ng/mL, and FET was performed 5 days after ovulation. 
For HT-FET, E2 valerate (2 mg of Estrade; Synmosa, Taipei, 
Taiwan) was administered at a dose of 2 mg three times daily 
until the EM reached a thickness of at least 7 mm with a triple-
line appearance. Vaginal micronized P4 (100 mg of Utrogestan; 
Besins) was added at a dose of 200 mg three times a day for 5 
days before ET (see Fig. 1). Both day 3 embryos (cleavage stage) 
and day 5 embryos (blastocyst stage) transfers were performed 5 

days after spontaneous ovulation in natural cycles or after 5 days 
of vaginal P4 supplementation in hormone cycles. Serum E2 and 
P4 levels were measured on the day of ET and 3 days thereafter. 
Vaginal micronized P4 (100 mg of Utrogestan; Besins) was con-
tinued at a dose of 200 mg three times a day for luteal support 
in both groups after ET. In addition, all patients in both groups 
received aspirin from the beginning of endometrial preparation 
to the day that we checked the pregnancy test to improve the EM 
pattern and thickness.

2.2.  Outcomes
The primary obstetric outcomes assessed were the rates of PIH, 
gestational diabetes mellitus (GDM), preeclampsia, and PPH 
(>1000 mL in cesarean section and >500 mL in vaginal delivery). 
The occurrence of placental accidents, such as placenta previa, 
placenta accreta, and placental abruption, was also compared 
between the two groups.

The primary perinatal outcomes examined included the sex of 
the babies, preterm birth (<37th wk), macrosomia (>4000 g), low 
birth weight (<2500 g), small for gestational age (SGA), and LGA, 
of which the latter two were defined as a difference of less than 
−2 SDs or greater than +2 SDs, respectively, from the expected 
birth weight for the given gestational age.14 Neonatal morbidities, 
such as bronchopulmonary dysplasia, intraventricular hemor-
rhage grade 3, necrotizing enterocolitis, sepsis, hypoxic-ischemic 
encephalopathy, and major birth defects (coded according to the 
International Classification of Diseases, 10th Revision, Clinical 
Modification, Q00-Q99), were also compared. All diagnoses were 
made by medical doctors, and a single gynecologist reviewed all 
the outcomes. In cases where the patient did not give birth in our 
hospital, a telephone interview was conducted to record their 
obstetric and perinatal outcomes.

Fig. 1  Frozen embryo transfer protocol. FET = frozen embryo transfer; HT-FET = frozen embryo transfer using hormone therapy cycle; NC-FET = frozen embryo 
transfer using natural cycle.
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2.3.  Statistical analysis
Baseline information was presented as frequencies with percent-
ages for categorical variables and as means with SDs or medians 
with quartiles for continuous variables. Differences in baseline 
information between natural cycles and programmed cycles 
were compared using Pearson chi-square test or Fisher exact test 
for categorical variables and Student t-test or Wilcoxon rank 
sum test for continuous variables.

Furthermore, logistic regression models were used to esti-
mate the crude and multivariable odds ratios (mORs) with 
95% CIs for the hormone therapy (HT) cycle for each variable 
of interest. To identify potential critical risk factors associated 
with the programmed cycle, multiple logistic regression analy-
ses were performed using both the full model and the reduced 

model, which were established based on crude ORs with p < 
0.05.

Additionally, logistic regression with the Firth approach was 
used to estimate the risk of certain maternal and perinatal out-
comes between the natural cycle and programmed cycle, consid-
ering the rarity of events. All analyses were conducted using SAS 
9.4 (SAS Institute Inc., Cary, NC), and statistical significance 
was set at p < 0.05.

3.  RESULTS
A total of 229 singletons were included in the study, with 49 in the 
NC-FET group and 180 in the HT-FET group. Characteristics 
of maternal and treatment factors are summarized in Table 1. 

Table 1

Maternal and treatment characteristics of singleton pregnancies after frozen embryo transfer from 2015 to 2019

 Natural cycle Programmed cycle p 

Number of deliveries 49 180 …
Maternal age 37.00 ± 4.80 35.77 ± 4.52 0.0963
Body mass index (kg/m2) 21.88 ± 2.84 22.48 ± 3.82 0.2283
 � <20 11 (22.45) 52 (28.89) 0.2478
 � 20-24 29 (59.18) 82 (45.56) …
 � 24 9 (18.37) 46 (25.56) …
Nulliparous 36 (73.47) 136 (75.56) 0.8523
Smoking 0 0 …
Insemination type   0.4644
 � IVF 24 (48.98) 89 (49.44)  
 � ICSI 17 (34.69) 49 (27.22) …
 � IVF/ICSI 8 (16.33) 42 (23.33) …
Embryo stage   0.5966
 � Cleavage stage 16 (32.65) 51 (28.33)  
 � Blastocyst stage 33 (67.35) 129 (71.67)  
Number of embryos transferred   0.8388
 � 1 10 (20.41) 34 (18.89) …
 � 2 39 (79.59) 146 (81.11) …
Number of gestational sacs   1.0000
 � 1 42 (85.71) 152 (84.44) …
 � 2 7 (14.29) 28 (15.56) …
Years of involuntary childlessness   0.8066
 � 1-2 21 (42.86) 81 (45.00) …
 � 3-4 11 (22.45) 47 (26.11) …
 � 5 17 (34.69) 50 (27.78) …
 � Not report 0 2 (1.11) …
Cause of infertility   0.7806
Female factor 26 (53.06) 98 (54.44) …
 � Polycystic ovarian syndrome 5 (10.20) 31 (17.22) …
 � Tubal factor 6 (12.24) 18 (10.00) …
 � Endometriosis 2 (4.08) 15 (8.33) …
 � Other female factor 13 (26.53) 34 (18.89) …
Male factor 8 (16.33) 34 (18.89) …
Mixed (male/female) 7 (14.29) 28 (15.56) …
Unexplained 8 (16.33) 20 (11.11) …
E2 value at ET day (pg/mL) 144 (107-181) 147 (108.50-196) 0.6909
 � <108 13 (26.53) 44 (24.44) 0.8329
 � 108-195 25 (51.02) 88 (48.89) …
 � 195 11 (22.45) 48 (26.67) …
P4 value at ET day (ng/mL) 17.20 (12.90-23.20) 8.85 (6.55-11.60) <0.0001
E2 value 3 d after ET (pg/mL) 171 (133-258) 140.50 (110.50-179.50) 0.0037
 � <112 9 (18.37) 47 (26.11) 0.0009
 � 112-202 17 (34.69) 98 (54.44) …
 � 202 23 (46.94) 35 (19.44) …
P4 value 3 d after ET (ng/mL) 27.30 (22.00-37.60) 11.70 (9.00-15.95) <0.0001

ET = embryo transfer; E2 = estradiol; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; P4 = progesterone.
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Statistical analysis revealed no significant differences in back-
ground characteristics between the two groups. The mean 
maternal age was 37.0 years in the NC-FET group and 35.77 
years in the HT-FET group. Most of the participants in both 
groups were nulliparous (73.47% in NC-FET, 75.56% in 
HT-FET), and the cause and duration of infertility were similar 
between the two groups. Single embryo transfer was performed 
in 20.41% of NC-FET cases and 18.89% of HT-FET cases.

Regarding obstetric and perinatal outcomes, there were no statis-
tically significant differences in PIH, preeclampsia, placenta previa, 
placenta accreta, PPH, or GDM between the two groups (Table 2). 
However, there was a higher risk of macrosomia (>4000 g) in new-
borns after NC-FET (p = 0.03). No statistically significant differ-
ences were observed in terms of sex, preterm birth rate, low birth 
weight rate, neonatal morbidity, or major birth defects between the 
two groups. Three instances of major birth defects were reported 
exclusively in the HT-FET group (Table 3).

Logistic regression analysis demonstrated that the risk of pla-
centa previa, placenta accreta, and PIH was potentially higher in 
HT-FET pregnancies than in NC-FET pregnancies, although the 
differences did not reach statistical significance (Table 4). The 
univariate odds ratios (uORs) and mORs for these outcomes 
showed a trend towards increased risk in the programmed FET 
group, but the CIs were wide. As for neonatal outcomes, logistic 
regression analysis showed that the risk of neonatal morbidity 
was increased in programmed FET pregnancies, although the 
differences did not reach statistical significance (uOR = 1.99; 
CI, 0.34-11.53 and model 1 mOR = 1.55; CI, 0.26-9.38 and 
model 2 mOR = 2.77; CI, 0.42-18.18). On the other hand, the 
risk of macrosomia (>4000 g) was significantly lower in HT-FET 
pregnancies (uOR = 0.11; CI, 0.02-0.78; p = 0.02 and model 1 
mOR = 0.21; CI, 0.03-1.34; p = 0.09 and model 2 mOR = 0.09; 
CI, 0.01-0.61; p = 0.01) (Table 1). However, after adjusting for 
all variables in the logistic regression analysis, there was no sig-
nificant difference in the risk of macrosomia between the two 
groups (Table 4). Therefore, it can be concluded that there was 

no significant difference in the risk of obstetric complications 
and neonatal outcomes between the two methods.

Regarding serum hormone levels, P4 levels on both the day of 
ET and 3 days after ET were significantly higher in the NC-FET 
group than in the HT-FET group. On the day of ET, the P4 level 
was 17.2 ng/mL in the NC-FET group and 8.85 ng/mL in the 
HT-FET group (p < 0.0001). Similarly, 3 days after ET, the P4 
level was 27.3 ng/mL in the NC-FET group and 11.7 ng/mL in the 
HT-FET group (p < 0.0001). The E2 level was significantly higher 
in the NC-FET group than in the HT-FET group 3 days after ET 
(171 pg/mL vs 140.5 pg/mL; p = 0.0037), but there was no such 
significant difference between the two groups on the day of ET 
(144 pg/mL vs 147 pg/mL; p = 0.69).

4.  DISCUSSION
Although our study observed a higher tendency for the devel-
opment of placenta previa, placenta accreta, and PIH in the 
HT-FET group, these differences did not reach statistical sig-
nificance (Table 4). Additionally, overall obstetric complications 
and perinatal outcomes were found to be comparable between 
the two groups, except for a higher risk of macrosomia in the 
NC-FET group. However, after adjusting for all variables using 
logistic regression analysis, no significant difference was found 
between the two groups.

Von Versen-Höynck et al proposed that the absence of corpus 
luteum (CL) formation in HT-FET may be a key factor con-
tributing to the differences in maternal and perinatal outcomes 
between the two methods. CL, which is responsible for produc-
ing vasoactive agents such as relaxin and vascular endothelial 
growth factor, is believed to play a crucial role in initial placen-
tation and subsequent development of maternal and neonatal 
complications.15–18

While some studies have suggested that E2 and P4 exposure 
around implantation does not directly influence pregnancy 
outcomes,19,20 some evidence indicates that excessive hormone 

Table 2

Comparison of maternal outcome between two groups

 Natural cycle (n = 49) Programmed cycle (n = 180) p 

Placenta previa 3 (6.12%) 16 (8.89%) 0.7710
Placenta abruptio 1 (2.04%) 4 (2.22%) 1.0000
Placenta accreta 0 5 (2.78%) 0.5873
Pregnancy-induced hypertension 1 (2.04%) 10 (5.56%) 0.4645
Gestational diabetes mellitus 9 (18.37%) 22 (12.22%) 0.3447
Preeclampsia 2 (4.08%) 9 (5.00%) 1.0000
Postpartum hemorrhage 6 (12.24%) 19 (10.56%) 0.7964
Hypertensive disorder of pregnancy 3(6.12%) 14 (7.78%) 1.0000

Statistical methods: two-sample t-tests, Mann-Whitney U tests, χ2 tests, and Fisher exact tests.

Table 3

Comparison of perinatal outcome between two groups

 Natural Cycle (n = 49) Programmed Cycle (n = 180) p 

Number of deliveries 49 180 …
Sex   0.3334
 � Male 30 (61.22%) 95 (52.78%) …
 � Female 19 (38.78%) 85 (47.22%) …
Preterm deliveries (<37 wk) 5 (10.20%) 27 (15.00%) 0.4901
Low birth weight (<2500 g) 4 (8.16%) 16 (8.89%) 1.0000
Macrosomia (>4000 g) 3 (6.12%) 1 (0.56%) 0.0316
Neonatal morbidity 1 (2.04%) 10 (5.56%) 0.4645
Major birth defects 0 3 (1.67%) 1.0000

Statistical methods: two-sample t-tests, Mann-Whitney U tests, 2 tests, and Fisher exact tests.
p < 0.05.
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levels can impact the quality of placentation and increase the 
risk of certain complications. Certain studies have reported asso-
ciations between excessive hormone exposure and adverse out-
comes such as preterm labor, SGA, and placenta accreta.

2,19,21,22

Merviel et al23 concluded that the pathophysiology of preec-
lampsia is linked to implantation disorder. Estrogens, particu-
larly E2, which have a local vasodilating effect on the uterine 
arteries during implantation, might play a critical role in the 
development of these implantation disorders. Bourdon et al 
found an inverse correlation between the duration of E2 prim-
ing and the live birth rate, while Sekhon et al reported that 
the duration of estrogen administration was associated with a 
shorter duration of pregnancy.19,22 These findings suggest that 
excessive E2 exposure during implantation may lead to epige-
netic changes in the developing embryo and affect the quality of 
placentation.21,24–26

Conversely, previous studies have reported that a higher risk 
of placenta accreta after FET may be associated with low E2 
levels around implantation.27 In our study, a notable correla-
tion was observed between patients diagnosed with HDP and 
E2 levels 3 days after ET. Specifically, when compared to E2 
values below 112, E2 values within the range of 112 to 202 
exhibited a significantly lower odds ratio (mOR: 0.20; 95% CI, 
0.05-0.75; p = 0.0179), as did E2 values above 202 (mOR: 0.14; 
95% CI, 0.02-0.76; p = 0.0234) (Supplementary Table 1, http://
links.lww.com/JCMA/A204).

These findings suggest that relatively low E2 values 3 days 
after ET may contribute to the development of hypertensive dis-
orders during pregnancy. Low P4 levels in early pregnancy have 
been reported to induce excessive invasion of the trophoblast 
and the subsequent development of placenta accreta.28 However, 
in our study, though we observed significantly higher P4 levels 
on the day of and 3 days after ET in the NC-FET group, the inci-
dence of placenta accreta and previa was comparable between 
the two groups. We did notice an increase in the incidence of 

macrosomia in the NC-FET group, but further investigation is 
needed to determine whether this increased incidence is related 
to higher levels of P4 around implantation.

Notably, we did not find a correlation between low levels of 
P4 and SGA in our study.

FET, particularly HT-FET, has been reported to be associated 
with an increased risk of PIH.3,29 Previous studies have iden-
tified several risk factors for PIH, such as advanced maternal 
age (>40), high body mass index (BMI) (>35), multiple pregnan-
cies, and polycystic ovary syndrome.30 In our study, these factors 
were comparable between the two groups, and the mOR (model 
1) did not change significantly after adjusting for these factors.

To our surprise, the mOR of PIH even decreased after adjust-
ing for significant variables (which include E2 and P4 serum 
levels around ET; Table 4). Therefore, low serum E2 and P4 lev-
els around implantation might be causes of PIH, as reported in 
previous studies, though this cannot be justified by our results. 
Instead, our study demonstrated that E2/P4 levels around 
implantation do not appear to be the primary cause of differ-
ences in obstetric and perinatal outcomes between the two EM 
preparation methods used in FET.

Our study examined the correlation between obstetric 
and perinatal outcomes and serum E2 and P4 levels around 
implantation in FET with different EM preparation methods. 
We did observe a significant difference in P4 levels around 
implantation, as well as a significant difference in E2 levels 3 
days after ET, but not on the day of ET. However, these dif-
ferences did not seem to impact obstetric complications and 
perinatal outcomes in FET cycles. Although our study found 
that E2/P4 levels around implantation may not affect obstetric 
and neonatal outcomes in FET, it is likely that higher doses of 
E2 and P4 used in HT-FET may lead to poorer obstetric and 
perinatal outcomes. Therefore, we assume that there is a safe 
range of serum E2/P4 levels for FET that minimizes obstetric 
and neonatal complications. The clinical implications of these 

Table 4

Logisitic regression for risk of maternal and perinatal outcomes between natural cycle and programmed cycle

 
Univaritate 
OR (95% CI) p 

Mutivariable OR (95% 
CI) Model 1 (Full Model) p 

Mutivariable OR (95% 
CI) Model 2 (p < 0.05) p 

Maternal outcomes
 � Placenta previa 1.33 (0.40-4.47) 0.6414 2.59 (0.64-10.47) 0.1819 3.01 (0.68-13.30) 0.1471
 � Placental abruption 0.83 (0.12-5.46) 0.8415 1.40 (0.22-9.09) 0.7216 1.68 (0.20-13.82) 0.6291
 � Placenta accreta 3.10 (0.16-58.69) 0.4504 2.52 (0.28-22.62) 0.4085 2.11 (0.15-36.57) 0.5515
 � Pregnancy-induced 

hypertension
1.99 (0.34-11.53) 0.4421 1.99 (0.38-10.55) 0.4171 1.47 (0.23-9.26) 0.6802

 � Gestational diabetes 
mellitus

0.61 (0.26-1.40) 0.2413 0.80 (0.27-2.35) 0.6830 0.75 (0.27-2.09) 0.5877

 � Preeclampsia 1.05 (0.25-4.45) 0.9444 1.49 (0.31-7.24) 0.6221 1.26 (0.25-6.24) 0.7805
 � Postpartum hemorrhage 0.81 (0.31-2.10) 0.6627 1.05 (0.33-3.36) 0.9380 0.76 (0.25-2.33) 0.6309
 � Hypertensive disorder of 

pregnancy
1.16(0.34-3.93) 0.8150 1.51(0.36-6.22) 0.5721 1.20(0.30-4.76) 0.8007

Neonatal outcomes
 � Neonatal morbidity 1.99 (0.34-11.53) 0.4421 1.55 (0.26-9.38) 0.6330 2.77 (0.42-18.18) 0.2892
 � Major birth defects 1.95 (0.10-39.51) 0.6629 6.23 (0.50-85.05) 0.1522 3.62 (0.19-69.62) 0.3932
Sex (male) 0.71 (0.38-1.36) 0.3058 0.60 (0.26-1.39) 0.2315 0.68 (0.31-1.53) 0.3527
Mode of delivery (vaginal) 0.87 (0.45-1.66) 0.6645 0.67 (0.28-1.57) 0.3525 0.77 (0.35-1.69) 0.5098
Preterm deliveries (<37 wk) 1.45 (0.54-3.88) 0.4590 1.85 (0.55-6.30) 0.3231 1.62 (0.52-5.03) 0.4036
Low birth weight (<2500 g) 1.01 (0.34-3.05) 0.9797 1.06 (0.29-3.88) 0.9321 0.86 (0.24-3.02) 0.8104
Macrosomia (>4000 g) or 

large for gestational age
0.11 (0.02-0.78) 0.0271 0.21 (0.03-1.34) 0.0981 0.09 (0.01-0.61) 0.0145

ET = embryo transfer; E2 = estradiol; OR = odds ratio; P4 = progesterone.
The OR reference is natural cycle. The OR adjust by firth logistic regression. Model 1: mutivariable OR adjust by all variable in Table 1 (maternal age, body mass index, nulliparous, insemination type, embryo 
stage, number of embryos transferred, number of gestational sacs, years of involuntary childlessness, cause of infertility, ET day E2, ET day P4, E2 level 3 d after ET, and P4 level 3 d after ET). Model 2: multivari-
able OR adjust by significant variable in Table 1 (ET day P4, E2 level 3 d after ET and P4 level 3 d after ET).
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findings require further investigation. In particular, large pro-
spective randomized clinical trials will be necessary to address 
these questions effectively.

The strengths of this study are that our data included all 
assisted reproductive technology (ART) cycles in our hospital 
and that all ART-related characteristics and parameters that 
might have affected obstetric and perinatal outcomes, such as 
duration of infertility, parity, cause of infertility, BMI, smoking 
habit, insemination type, number of ETs, number of gestational 
sacs, and embryo quality, were all reviewed and collected. In 
this way, missing data were limited. In addition, to compare 
obstetric and neonatal outcomes, only infertile couples who 
received FET and had live singletons were recruited; pregnan-
cies that ended with spontaneous abortion or IUFD were not 
included. Additionally, all decisions regarding EM preparations 
and protocol were made by an experienced physician, and it 
was based solely on whether a patient could normally ovulate. 
Our protocol for programmed FET was standardized, and we 
exclusively used true NC-FET rather than modified NC-FET for 
normal-ovulatory patients, meaning that we avoided trigger-
ing ovulation with human chorionic gonadotropin. Therefore, 
due to the similar basic characteristics shared between the two 
groups, the relationships between the different methods of EM 
preparation and clinical outcomes that we identified here can be 
considered more precise. This is also the first study to analyze 
the correlation between serum E2 and P4 levels around implan-
tation and how these levels relate to obstetric and perinatal out-
comes in FET with different EM preparation methods. However, 
this study is limited by its retrospective nature and small sam-
ple size originating from a single medical center. Our first true 
NC-FET began in 2015, but because live birth data from 2020 
was incomplete, expansion of this cohort was not possible.

APPENDIX A. SUPPLEMENTARY DATA
Supplementary data related to this article can be found at http://
links.lww.com/JCMA/A204.

REFERENCES
	 1.	 Chen S, Du H, Liu J, Liu H, Li L, He Y. Live birth rate and neonatal out-

comes of different quantities and qualities of frozen transferred blasto-
cyst in patients requiring whole embryo freezing stratified by age. BMC 
Pregnancy Childbirth 2020;20:655.

	 2.	 Maheshwari A, Pandey S, Amalraj Raja E, Shetty A, Hamilton M, 
Bhattacharya S. Is frozen embryo transfer better for mothers and babies? 
Can cumulative meta-analysis provide a definitive answer? Hum Reprod 
Update 2018;24:35–58.

	 3.	 Sites CK, Wilson D, Barsky M, Bernson D, Bernstein IM, Boulet S, 
et al. Embryo cryopreservation and preeclampsia risk. Fertil Steril 
2017;108:784–90.

	 4.	 Alur-Gupta S, Hopeman M, Berger DS. Impact of method of endome-
trial preparation for frozen blastocyst transfer on pregnancy outcome: a 
retrospective cohort study. Fertil Steril 2018;110:680–86.

	 5.	 Ghobara T, Gelbaya TA, Ayeleke RO. Cycle regimens for frozen-thawed 
embryo transfer. Cochrane Database Syst Rev 2017;7:CD003414.

	 6.	 Kang HJ. Programmed versus natural frozen embryo transfer: which is 
the best nest? Fertil Steril 2018;110:636–7.

	 7.	 Saito K, Kuwahara A, Ishikawa T, Morisaki N, Miyado M, Miyado K, et 
al. Endometrial preparation methods for frozen-thawed embryo trans-
fer are associated with altered risks of hypertensive disorders of preg-
nancy, placenta accreta, and gestational diabetes mellitus. Hum Reprod 
2019;34:1567–75.

	 8.	 Xu J, Zhou H, Zhou T, Guo Y, Liang S, Jia Y, et al. The impact of differ-
ent endometrial preparation protocols on obstetric and neonatal compli-
cations in frozen-thawed embryo transfer: a retrospective cohort study 
of 3,458 singleton deliveries. Reprod Biol Endocrinol 2022;20:141.

	 9.	 Ginström Ernstad E, Wennerholm UB, Khatibi A, Petzold M, Bergh C. 
Neonatal and maternal outcome after frozen embryo transfer: increased 
risks in programmed cycles. Am J Obstet Gynecol 2019;221:126.e1–18.

	10.	 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.

	11.	 Asserhøj 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.

	12.	 Moreno-Sepulveda J, Espinós JJ, Checa MA. Lower risk of adverse 
perinatal outcomes in natural versus artificial frozen-thawed embryo 
transfer cycles: a systematic review and meta-analysis. Reprod Biomed 
Online 2021;42:1131–45.

	13.	 Takeshima K, Ezoe K, Onogi S, Kawasaki N, Hayashi H, Kuroda T, et 
al. Endometrial preparation and maternal and obstetrical outcomes after 
frozen blastocyst transfer. AJOG Glob Rep 2022;2:100081.

	14.	 Marsál K, Persson PH, Larsen T, Lilja H, Selbing A, Sultan B. Intrauterine 
growth curves based on ultrasonically estimated foetal weights. Acta 
Paediatr 1996;85:843–8.

	15.	 von Versen-Höynck F, Narasimhan P, Selamet Tierney ES. Absent or 
excessive corpus luteum number is associated with altered maternal vas-
cular health in early pregnancy. Hypertension 2019:73:680–90.

	16.	 von Versen-Höynck F, Schaub AM, Chi YY, Chiu K-H, 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.

	17.	 Singh B, Reschke L, Segars J, Baker VL. Frozen-thawed embryo transfer: 
the potential importance of the corpus luteum in preventing obstetrical 
complications. Fertil Steril 2020;113:252–7.

	18.	 Conrad KP, Baker VL. Corpus luteal contribution to maternal pregnancy 
physiology and outcomes in assisted reproductive technologies. Am J 
Physiol Regul Integr Comp Physiol 2013;304:R69–72.

	19.	 Sekhon L, Feuerstein J, Pan S, Overbey J, Lee JA, Briton-Jones C, et al. 
Endometrial preparation before the transfer of single, vitrified-warmed, 
euploid blastocysts: does the duration of estradiol treatment influence 
clinical outcome? Fertil Steril 2019;111:1177–85.e3.

	20.	 Remohí J, Gutiérrez A, Cano F, Ruiz A, Simón C, Pellicer A. Long 
oestradiol replacement in an oocyte donation programme. Hum Reprod 
1995;10:1387–91.

	21.	 Pirtea P, de Ziegler D, Ayoubi JM. Implantation rates of euploid embryos 
are not influenced by the duration of estradiol priming, but the hor-
monal environment-estradiol and progesterone-may affect placentation. 
Fertil Steril 2019;111:1117–8.

	22.	 Bourdon M, Santulli P, Kefelian F, Vienet-Legue L, Maignien C, 
Pocate-Cheriet K, et al. Prolonged estrogen (E2) treatment prior to 
frozen-blastocyst transfer decreases the live birth rate. Hum Reprod 
2018;33:905–13.

	23.	 Merviel P, Carbillon L, Challier JC, Rabreau M, Beaufils M, Uzan S. 
Pathophysiology of preeclampsia: links with implantation disorders. Eur 
J Obstet Gynecol Reprod Biol 2004;115:134–47.

	24.	 Pereira N, Elias RT, Christos PJ, Petrini AC, Hancock K, Lekovich JP, et 
al. Supraphysiologic estradiol is an independent predictor of low birth 
weight in full-term singletons born after fresh embryo transfer. Hum 
Reprod 2017;32:1410–7.

	25.	 Maheshwari A, Pandey S, Shetty A, Hamilton M, Bhattacharya S. 
Obstetric and perinatal outcomes in singleton pregnancies resulting 
from the transfer of frozen thawed versus fresh embryos generated 
through in vitro fertilization treatment: a systematic review and meta-
analysis. Fertil Steril 2012;98:368–77.e1.

	26.	 Imudia AN, Awonuga AO, Doyle JO, Kaimal AJ, Wright DL, Toth TL, 
et al. Peak serum estradiol level during controlled ovarian hyperstimula-
tion is associated with increased risk of small for gestational age and 
preeclampsia in singleton pregnancies after in vitro fertilization. Fertil 
Steril 2012;97:1374–9.

	27.	 Kaser DJ, Melamed A, Bormann CL, Myers DE, Missmer SA, Walsh BW, 
et al. Cryopreserved embryo transfer is an independent risk factor for 
placenta accreta. Fertil Steril 2015;103:1176–84.e2.

	28.	 Jauniaux E, Jurkovic D. Placenta accreta: pathogenesis of a 20th century 
iatrogenic uterine disease. Placenta 2012;33:244–51.

	29.	 Opdahl S, Henningsen AA, Tiitinen A, Bergh C, Pinborg A, Romundstad 
PR, et al. Risk of hypertensive disorders in pregnancies following 
assisted reproductive technology: a cohort study from the CoNARTaS 
group. Hum Reprod 2015;30:1724–31.

	30.	 Mol BWJ, Roberts CT, Thangaratinam S, Magee LA, de Groot CJM, 
Hofmeyr GJ. Pre-eclampsia. Lancet 2016;387:999–1011.

D
ow

nloaded from
 http://journals.lw

w
.com

/jcm
a by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 03/27/2024

http://links.lww.com/JCMA/A204
http://links.lww.com/JCMA/A204

