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Effects of serum estrogen levels
before frozen-thawed blastocyst
transfer on pregnancy outcomes
iIn hormone replacement cycles

Yi-ran Du?, Ke Yang! & Jie Liu?*

We investigated the effects of serum estrogen levels before frozen-thawed blastocyst transfer on
pregnancy outcomes in hormone replacement cycles. Clinical data of 708 hormone replacement cycles
with frozen-thawed blastocyst were retrospectively analyzed. According to quartile (P25) of serum
estrogen levels on the endometrium transformation day, the 708 cycles were divided into group A;
(E2<157.5 pg/ml), group A, (157.5 pg/ml<E2 <206.4 pg/ml), group A; (206.4 pg/ml<E2 <302.3 pg/ml)
and group A, (E2 2302.3 pg/ml). According to quartile (P25) of serum estrogen levels on the frozen-
thawed blastocyst transfer day, the 708 cycles were divided into group B, (E2 <147 pg/ml), group B,
(147 pg/ml<E2 <200.4 pg/ml), group B; (200.4 pg/ml<E2 <323 pg/ml) and group B, (E2 2323 pg/ml).
According to different clinical outcomes, the 708 cycles were divided into clinical pregnant group and
non-clinical pregnant group. The group A, (E2 2302.3 pg/ml on the endometrium transformation day)
was significantly lower than other groups in blastocyst implantation rate and multiple-pregnancy
rate (P <0.05). The days of taking progynova was significantly different among groups on both
endometrium transformation day and frozen-thawed blastocyst transfer day (P <0.05), but there
were no statistical differences in the mean age, endometrial thickness and number of high-quality
blastocysts transferred among groups (P >0.05). The mean age was significantly younger and the
number of high-quality blastocysts transferred was significantly higher in the clinical pregnant

group than in the non-clinical pregnant group (P <0.05), but endometrial thickness, days of taking
progynova, progesterone level on the blastocyst transfer day, and E2 level were not significantly
different between both groups (P> 0.05). Multivariate regression analysis indicated that age was an
independent factor affecting clinical pregnancy (P <0.05). Correlation analysis displayed that the
serum estrogen levels did not affect clinical pregnancy (P>0.05). The days of taking progynova and
serum estrogen levels before frozen-thawed blastocyst transfer do not affect pregnancy outcomes in
hormone replacement cycles.

With progress of embryo cryopreservation, frozen-thawed blastocyst transfer has become a major approach
of assisted reproduction’. There has been a debate on the optimal endometrial preparation protocol*?. Using
hormone replacement therapy (HRT) to prepare the endometrium makes it possible to flexibly arrange the
date of embryo transfer and reduce the frequency of follicle monitoring, so HRT is very popular clinically’.
In recent years, scholars have carried out a series of studies to optimize HRT protocol for improving the preg-
nancy outcome of frozen-thawed embryo transfer (FET). It has been reported that the endometrial thickness
of 8.7-14.5 mm may obtained the optimal live birth rate, and when the endometrial thickness is too thin or
too thick the live birth rate will decrease in HRT-FET cycles*. Studies have indicated that the progesterone level
on the embryo transfer day is an independent predictor for pregnancy rate and live birth rate in HRT cycles®*.
However, the optimal estrogen level for the pregnancy outcomes of HRT cycles is not clear. In natural cycles,
with follicular growth, the estrogen level gradually increases until more than 200 pg/ml in late follicular phase,
and the estrogen level of 200 pg/ml lasts for 50 h at least’. Nevertheless, it is still unclear whether the estrogen
level is associated with the pregnancy outcomes in HRT cycles. It has been reported that the estrogen level on
the endometrium transformation day is not related to pregnancy outcomes in HRT cycles®!!, serum estrogen
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level > 100 pg/ml is one of the prerequisites for endometrium transformation'?, and cancellation of embryo
transfer is reccommended when the serum estrogen level is less than 75 pg/ml". In this study, we collected clinical
data of 708 HRT-FET cycles performed in our hospital from January 2019 to December 2020 and retrospectively
analyzed the effects of serum estrogen levels before embryo transfer on pregnancy outcomes, providing a clinical
basis for improving HRT-FET protocol.

Materials and methods

All study methods were approved by the Ethics Committee of the Hubei Maternal and Child Health Hospital
(2022IEC081), and were performed in accordance with relevant guidelines and regulations. All the subjects
enrolled into the study gave written informed consent to participate.

Subjects. HRT-FET cycles including in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI)
performed in our reproductive center from January 2019 to December 2020, were collected. Inclusion criteria
were (1) age<40 years; (2) endometrial thickness>8 mm; and (3) two blastocysts transferred. Exclusion cri-
teria included (1) uterine cavity lesions and uterine malformations; (2) uterine fibroids; (3) endometriosis; (4)
hydrosalpinx; (5) chromosome abnormality; (6) a history of thrombosis; (7) contraindication for estrogen; and
(8) embryos that underwent PGTA. A total of 708 cycles were in line with above inclusion and exclusion criteria.

Endometrial preparation and grouping. If B-ultrasound showed that the uterus and ovaries were nor-
mal on the third day of menstrual onset or drug withdrawal bleeding, patients started taking 2 mg of progynova
twice a day for 4 days, and then 3 mg of progynova twice a day for next 4 days. The B-ultrasound was subse-
quently performed to show the endometrial thickness, and then the dose and days of taking progynova were
adjusted according to the endometrial thickness. When the endometrial thickness was more than 8 mm, the lev-
els of serum estrogen and progesterone were determined. If the progesterone level is less than 1.0 pg/ml, proges-
terone was injected. Five days later, 2 blastocysts were transplanted in the uterus. Before blastocyst transfer, the
endometrial thickness was measured and the levels of estrogen and progesterone were determined. According
to quartile (P25) of serum estrogen levels on the endometrium transformation day, the 708 cycles were divided
into group A, (E2<157.5 pg/ml, 176 cycles), group A, (157.5 pg/ml<E2<206.4 pg/ml, 178 cycles), group A,
(206.4 pg/ml<E2<302.3 pg/ml, 176 cycles) and group A, (E2>302.3 pg/ml, 178 cycles). According to quartile
(P25) of serum estrogen levels on the frozen-thawed blastocyst transfer day, the 708 cycles were divided into
group B, (E2 <147 pg/ml, 176 cycles), group B, (147 pg/ml<E2 <200.4 pg/ml, 178 cycles), group B; (200.4 pg/
ml<E2 <323 pg/ml, 176 cycles) and group B, (E2>323 pg/ml, 178 cycles). Clinical characteristics including age,
endometrial thickness on the endometrium transformation day, endometrial thickness on the blastocyst transfer
day, days of taking progynova, progesterone level on the blastocyst transfer day and number of high-quality
blastocysts transferred as well as pregnancy outcomes including clinical pregnancy rate, blastocyst implantation
rate, multiple-pregnancy rate, abortion rate and live birth rate were compared between groups. According to
different clinical outcomes, the 708 cycles were divided into clinical pregnant group (n=520) and non-clinical
pregnant group (n=188). The estrogen levels on the endometrium transformation day and blastocyst transfer
day were compared between the two groups. Multivariate regression analysis of clinical pregnancy and correla-
tion analysis between clinical pregnancy and serum E2 level were performed.

Blastocyst cryo-resuscitation. According to Gardner scoring system'%, the blastocysts with above stage 3
of blastocyst cavity expansion, above grade B of inner cell mass and above grade C of trophectoderm underwent
cryopreservation. Vitrification and thawing were used in transferred blastocysts. Expansion of blastocyst cavity
indicated survival of thawed blastocysts. These blastocysts were thawed 2 h before blastocyst transfer. Laser drill-
ing was performed in these blastocysts before embryo transfer. In this study, 2 blastocysts including at least one
high-quality blastocyst were transplanted in each patient. In this study, according to Gardner scoring system'?,
the blastocysts with above stage 3 of blastocyst cavity expansion, above grade B of inner cell mass and above
grade B of trophectoderm were regarded as high-quality blastocysts.

Luteal phase support and pregnancy diagnosis.  After blastocyst transfer, 60 mg of progesterone was
intramuscularly injected once a day. Patients took progynova as that before blastocyst transfer. On the 14th and
18th days after blastocyst transfer, the blood f-hCG level > 5 mIU/ml indicated biochemical pregnancy. On the
28th day after blastocyst transfer, B-ultrasound showing a gestational sac was regarded as clinical pregnancy.
For the patients with pregnancy, luteal phase support lasted for first 8-10 gestational weeks. The termination of
pregnancy occurring within 28 gestational weeks was regarded as abortion.

Statistical analysis. All data were analyzed with SPSS 22.0 software. Measurement data were expressed as
mean + standard deviation, and ¢ test was used for comparison between groups. Counting data were expressed
as rate, and x? test was used for comparison among groups and Fisher’s exact test was used for theoretical fre-
quency less than 5. Logistic regression equation was used for multivariate analysis, and ROC curve was used
for correlation analysis between clinical pregnancy and serum E2 level. Statistical significance was established
at P<0.05.

Scientific Reports |

(2023) 13:1194 | https://doi.org/10.1038/s41598-023-27877-w nature portfolio



www.nature.com/scientificreports/

Results

Comparisons of clinical characteristics and pregnancy outcomes among groups divided by se-
rum estrogen levels on the endometrium transformation day. Comparisons of clinical characteris-
tics among groups. According to quartile (P25) of serum estrogen levels on the endometrium transformation
day, the 708 cycles were divided into group A, (E2 < 157.5 pg/ml, 176 cycles), group A, (157.5 pg/ml < E <206.4 pg/
ml, 178 cycles), group A; (206.4 pg/ml<E2<302.3 pg/ml, 176 cycles) and group A, (E2>302.3 pg/ml, 178 cy-
cles). The days of taking progynova was significantly different among groups (P< 0.05), but there were no statisti-
cal differences in the mean age, endometrial thickness both on the endometrium transformation day and on the
blastocyst transfer day, progesterone level on the blastocyst transfer day and number of high-quality blastocysts
transferred among groups (P> 0.05) (Table 1).

Comparisons of pregnancy outcomes between groups. Ectopic pregnancy rate was not analyzed because only 3
patients had ectopic pregnancy. There were no statistical differences in clinical pregnancy rate, abortion rate and
live birth rate among groups (P>0.05). Although the clinical pregnancy rate and live birth rate were lower in the
group A, (E22>302.3 pg/ml on the endometrium transformation day) than other groups, these differences were
not statistically different (P>0.05). The group A, (E2>302.3 pg/ml on the endometrium transformation day)
was significantly lower than other groups in blastocyst implantation rate and multiple-pregnancy rate (P<0.05)
(Table 2).

Comparisons of clinical characteristics and pregnancy outcomes among groups divided by se-
rum estrogen levels on the blastocyst transfer day. Comparisons of clinical characteristics among
groups.  According to quartile (P25) of serum estrogen levels on the frozen-thawed blastocyst transfer day,
the 708 cycles were divided into group B, (E2 <147 pg/ml, 176 cycles), group B, (147 pg/ml<E2<200.4 pg/ml,
178 cycles), group B; (200.4 pg/ml<E2 <323 pg/ml, 176 cycles) and group B, (E2>323 pg/ml, 178 cycles). The
days of taking progynova was significantly different among groups (P<0.05), but there were no statistical differ-
ences in the mean age, endometrial thickness on the endometrium transformation day, progesterone level and
endometrial thickness on the blastocyst transfer day, and number of high-quality blastocysts transferred among
groups (P>0.05) (Table 3).

Comparisons of pregnancy outcomes among groups. There were no statistical differences in clinical pregnancy
rate, blastocyst implantation rate, multiple-pregnancy rate, abortion rate and live birth rate among groups
(P>0.05) (Table 4).

Comparisons of clinical characteristics and hormone levels between pregnant group and
non-pregnant group. According to different clinical outcomes, the 708 cycles were divided into clinical
pregnant group (n=520) and non-pregnant group (n=188). The mean age was significantly younger and the

Endometrial thickness on | Endometrial thickness on
the transformation day the blastocyst transfer day P level on the blastocyst Number of high-quality
Groups Age (years) | (mm) (mm) Days of taking progynova | transfer day (ng/ml) blastocysts transferred
A, (n=176) 30.16+£3.42 | 9.89+£1.43 10.66+1.61 13.25+1.70 15.09+5.74 1.88+0.41
A, (n=178) 30.10£3.16 | 10.02+1.49 10.45+1.75 13.51+1.85 14.85+6.96 1.81+0.50
A; (n=176) 30.78+3.41 |9.74+1.44 10.45+1.97 13.76 +£2.13 14.67 £6.58 1.80+0.48
Ay (n=178) 30.33+3.54 |9.89+1.61 10.44+1.69 14.49+2.10 14.12+7.46 1.83+£0.46
F 1.477 1.039 0.641 13.268 0.666 3911
P 0.220 0.375 0.589 0.000 0.573 0.271

Table 1. Comparisons of clinical characteristics among groups divided by serum estrogen levels on the
endometrium transformation day.

Group | Clinical pregnancy rate | Implantation rate | Multiple-pregnancy rate | Abortion rate | Live birth rate
A, 75.6 (133/176) 62.8 (221/352) 50.0 (88/176) 9.0 (12/133) 68.8 (121/176)
A, 70.8 (126/178) 52.8 (188/356) 36.0 (64/178) 11.1(14/126) | 62.4 (111/178)
A, 77.8 (137/176) 59.4 (209/352) 40.9 (72/176) 14.6 (20/137) 66.5 (117/176)
Ay 69.7 (124/178) 50.0* (178/356) 32.6* (58/178) 11.3 (14/124) 60.7 (108/178)
X2 4.101 14.864 12.696 2.112 3.184

p 0.251 0.002 0. 005 0.550 0.364

Table 2. Comparison of pregnancy outcomes between groups divided by serum estrogen levels on the

endometrium transformation day [% (n/n)]. *Compared with other groups, P<0.05.

Scientific Reports |

(2023) 13:1294 |

https://doi.org/10.1038/s41598-023-27877-w

nature portfolio




www.nature.com/scientificreports/

Groups Age (years)

Endometrial thickness on
the transformation day
(mm)

Endometrial thickness on
the blastocyst transfer day
(mm)

Days of taking progynova

P level on the blastocyst
transfer day (ng/ml)

Number of high-quality
blastocysts transferred

B, (n=176) | 30.11+3.13

9.92+1.48

10.59+1.57

13.23+1.77

15.54£6.52

1.81+0.50

B, (n=178) 30.39+3.54

9.89+1.52

10.39+1.93

13.15+1.60

14.74+6.27

1.88+0.36

B; (n=176) 30.63+3.38

9.95+1.51

10.47+£1.85

13.84+1.99

14.70+6.87

1.78£0.54

B,(n=178) |30.24+3.49

9.79+1.47

10.56 £1.65

14.78+2.18

13.74+7.07

1.84+0.45

F 0.754

0.349

0.476

27.689

2.135

2.669

P 0.520

0.790

0.699

0.000

0.094

0.446

Table 3. Comparison of clinical characteristics among groups divided by serum estrogen levels on the
blastocyst transfer day.

Live birth rate
69.3 (122/176)
60.7 (108/178)
63.6 (112/176)
64.6 (115/178)
2.982

0.394

Abortion rate
7.0 (12/134)
8.1 (17/125)
11.8 (18/132)
4.5 (13/129)
1.900

0.593

Group
B, 76.1 (134/176)
B, 70.2 (125/178)
B, 75.0 (132/176)
B, 72.5 (129/178)
X 1.905

P 0.592

Clinical pregnancy rate | Implantation rate
58.8 (207/352)
53.4 (190/356)
57.1(201/352)
55.6 (198/356)
2.295

0.514

Multiple-pregnancy rate
41.5 (73/176)

37.1 (66/178)

40.9 (72/176)

39.9 (71/178)

0.847

0.838

Table 4. Comparison of pregnancy outcomes between groups divided by serum estrogen levels on the
blastocyst transfer day [% (n/n)].

number of high-quality blastocysts transferred was significantly higher in the clinical pregnant group than in
the non-clinical pregnant group (P <0.05), but endometrial thicknesses on both endometrium transformation
day and blastocyst transfer day, days of taking progynova and progesterone level on the blastocyst transfer day
were not significantly different between the two groups (P>0.05). Although E2 levels on both endometrium
transformation day and blastocyst transfer day were all lower in the pregnant group than in the non-pregnant
group, these differences were not statistically significant (P> 0.05) (Table 5).

Multivariate regression analysis for clinical pregnancy. Multivariate regression analysis indicated
that the age and number of high-quality blastocysts transferred were independent factor affecting clinical preg-
nancy (P <0.05). Nevertheless, endometrial thickness, estrogen level, days of taking progynova and progesterone
level on the blastocyst transfer day failed to significantly affect clinical pregnancy (P> 0.05) (Table 6).

Correlation analysis between clinical pregnancy and serum E2 level. A ROC curve was drawn
using the serum E2 levels of non-clinical pregnancy group on the transformation day and blastocyst transfer
day as variables. The area under the curve of serum E2 on the transformation day was 0.525 (P=0.300), and the
area under the curve of serum E2 on the blastocyst transfer day was 0.518 (P=0.458), suggesting that the serum
estrogen levels on the transformation day and the blastocyst transfer day were not significantly correlated with
clinical pregnancy (P> 0.05) (Fig. 1).

Groups

Age (year)

Endometrial
thickness on the
transformation
day (mm)

Endometrial
thickness on the
embryo transfer
day (mm)

Days of taking
progynova

E2level on the
transformation
day (pg/ml)

E2 level on the
embryo transfer

day (pg/ml)

P level on the
embryo transfer
day (ng/ml)

Number of high-
quality blastocysts
transferred

Clinical pregnant
group

30.09+3.29

9.943+1.56

10.54+1.73

13.80+2.07

328.07+398.31

341.53+376.97

13.56 £6.68

1.87+0.52

Non-pregnant
group

31.03+3.56

9.730+1.27

10.38+1.81

13.61+£1.81

393.94+453.49

389.87 +460.04

14.38+6.78

1.73+£0.43

F

2.668

0.942

0.554

1.306

1.036

0.743

0.554

10.423

P

0.008

0.346

0.579

0.192

0.300

0.458

0.579

0.001

Table 5. Comparisons of clinical characteristics and hormone levels between pregnant group and non-
pregnant group.
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Factors OR 95% CI P

Age 0.927 |0.882-0.974 | 0.003
Endometrial thickness on the transformation day 1.088 |0.955-1.240 |0.203
Endometrial thickness on the blastocyst transfer day | 1.021 | 0.917-1.137 | 0.705
Days of taking progynova 1.086 | 0.988-1.194 |0.086
Estrogen level on the transformation day 1.000 | 0.999-1.000 | 0.275
Estrogen level on the blastocyst transfer day 1.000 | 0.999-1.000 | 0.246
Progesterone level on the blastocyst transfer day 1.016 |0.990-1.044 |0.232
Number of high-quality blastocysts transferred 1.723 | 1.231-2.411 | 0.002

Table 6. Multivariate regression analysis for clinical pregnancy.

ROC curve

Curve source
E2 level on the formulation day (pg/ml)
E2 level on the transfer day (pg/ml)

Reference line
[ E:)

08
Sensitivity

04

0.2

00 02 04 06 os 10
1-Specificity

Diagonal segments are generated

by binding values.

Figure 1. Correlation analysis between clinical pregnancy and serum E2 level.

Discussion

It is not clear that in HRT-FET cycles, what level the serum estrogen should be maintained at. There are different
reports about the effects of E2 level on pregnancy outcome in HRT-FET cycles®!!. High serum estradiol level
might lead to gland stroma asynchronization, interfering with endometrial receptivity and affecting pregnancy
outcomes'®. The E2 level in the proliferative phase was negatively correlated with ongoing pregnancy rate and
live birth rate'S. In the patients with E2 higher than normal level, the live birth rate increased after FET"”. Above
different results may be due to different exogenous estrogen supplementation protocols or different serum E2
assessment standards'. This study indicated that in HRT-FET cycles, as long as the endometrial thickness reached
8 mm or more, the estrogen levels on both endometrium transformation day and blastocyst transfer day did not
affect pregnancy outcomes. Therefore, we believe that the serum estrogen level before HRT-FET is not signifi-
cantly associated with pregnancy outcome, which is consistent with other reports®'". It has been reported that
the high serum E2 level on the endometrium transformation day affects embryo implantation, pregnancy rate,
ongoing pregnancy rate and live birth rate for cleavage embryos, but has no adverse effects on frozen blastocyst
transfer'®. This study indicated that the group A, (E22302.3 pg/ml on endometrium transformation day) was
significantly lower than other groups in embryo implantation rate (50%) and multiple-pregnancy rate (32.6%)
(P<0.05). This result suggests that the high estrogen level on the endometrium transformation day may affect
embryo implantation, thus effectively reducing multiple-pregnancy rate. It also has been reported that low
progesterone level on the day of embryo transfer (<8.8 ng/ml) affects pregnancy outcomes'’. In this study, the
mean progesterone level on the day of blastocyst transfer was 10 ng/ml, no less than 8.8 ng/ml of progesterone
was detected in these patients on the day of blastocyst transfer. Multivariate regression analysis of this study indi-
cated that the age and number of high-quality blastocysts transferred were independent factor affecting clinical
pregnancy, while the estrogen levels before blastocyst transfer, days of taking progynova and progesterone level
on the blastocyst transfer day failed to significantly affect clinical pregnancy. Drawing ROC curves using the
serum E2 levels of non-clinical pregnancy group on the transformation day and blastocyst transfer day as vari-
ables, obtained the area (0.525, P=0.300) under the curve of serum E2 on the transformation day and the area
(0.518, P=0.458) under the curve of serum E2 on the embryo transfer day. This suggests that the serum estrogen
levels on the transformation day and the blastocyst transfer day were not significantly correlated with clinical
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pregnancy. In this study, preparation for blastocyst transfer began when the endometrial thickness reached more
than 8 mm, so it is not possible to show the effects of endometrial thickness on pregnancy outcome.

In HRT-FET cycles, the role of estrogen may depend on the endometrial thickness. The estrogen binds with
estrogen receptors in the endometrium to secrete vascular endothelial growth factor, basic fibroblast growth
factor and transforming growth factor 1, and these factors promote endometrial growth?. In some patients,
activating estrogen receptor and its downstream signaling pathway may require high E2 levels before embryo
transfer to promote endometrial growth. However, the effect of the serum E2 level markedly higher than physi-
ological level, on the endometrium did not show a sustained dose-dependent growth®. In this study, patients took
progynova. In order to reach endometrial thickness of 8 mm or more, the dosage and days of taking progynova
were adjusted for different patients, so the days of taking progynova were significantly different among groups.
This suggests that the endometrium only respond to high-level and long-time estrogen stimulation in some
patients. In this study, there was no excessive endometrial hyperplasia, so the endometrial thicknesses on both
endometrium transformation day and blastocyst transfer day were not significantly different among groups. This
study suggests that endometrium transformation may begin when the endometrial thickness reaches standard
level without excessive focus on estrogen levels and days of taking progynova in HRT-FET cycles.

In summary, the serum E2 levels before blastocyst transfer do not affect clinical pregnancy rate and live birth
rate in the HRT-FET cycles. In clinical practice, endometrium transformation may begin when the endometrial
thickness reaches standard level without excessive focus on estrogen levels and days of taking progynova in
HRT-FET cycles.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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