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Endometrial thickness changes after
progesterone administration do not
affect the pregnancy outcomes of
frozen-thawed euploid blastocyst
transfer: a retrospective cohort study

Ziqi Jin, M.M., Hao Shi, Ph.D., Manman Lu, Ph.D., Zhiqin Bu, Ph.D., Mingzhu Huo, M.M., and Yile Zhang, M.D.
Reproductive Medical Center, the First Affiliated Hospital of Zhengzhou University, Zhengzhou, People’s Republic of China

Objective: To evaluate whether the change in endometrial thickness from progesterone administration day to transfer day is related to
pregnancy outcomes in single frozen-thawed euploid blastocyst transfer cycles.

Design: Observational cohort study.

Setting: Single reproductive medical center.

Patient(s): All patients were transferred with a single biopsied euploid blastocyst, and their endometrium was prepared with hormone
replacement therapy (HRT).

Intervention(s): The endometrial thickness on the day of blastocyst transfer and progesterone administration was measured by trans-
vaginal ultrasound, and the difference between them and the change ratio were calculated.

Main Outcome Measure(s): Clinical pregnancy rates and live birth rates.

Result(s): Endometrial ultrasound images of 508 euploid blastocyst transfer cycles using HRT were evaluated by transvaginal ultra-
sound. Overall, pregnancy outcomes were comparable in different groups of endometrial thickness changes. The results of multiple lo-
gistic regression showed that the clinical pregnancy rate and live birth rate did not significantly increase with the increase in
endometrial thickness change ratios (per 10%) in the fully adjusted model as a continuous variable. In the adjustment model as a cat-
egorical variable, there was no statistical difference in pregnancy outcomes among the groups with changes in endometrial thickness.
Interaction analysis showed that after adjusting for confounders, there was no statistically significant interaction between the endo-
metrial thickness change ratio and pregnancy outcomes in all subgroups.

Conclusion(s): In the euploid blastocyst transfer cycle of preparing the endometrium with HRT, the endometrial thickness change ratio
after progesterone administration was not related to pregnancy outcomes. (Fertil Steril® 2021;116:1502-12. ©2021 by American So-
ciety for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.

Key Words: Endometrial thickness change ratio, euploid blastocyst transfer, pregnancy outcomes, hormone replacement therapy,
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period: midsecretory phase (usually in
the 20th-24th day of the menstrual
cycle) (1). This period is called the “win-
dow of implantation”, which deter-
mines the appropriate time for
transfer (2). The implantation of normal
embryos into the receptive endome-
trium is the key to pregnancy. In recent
years, with the continuous develop-
ment of preimplantation genetic testing
(PGT) technology and the optimization
of embryo laboratory technology, it has
become possible to obtain euploid
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embryos (3). Although embryo quality has greatly improved,
endometrial receptivity disorders still lead to approximately
two-thirds of implantation failures, which has become a
prominent problem affecting the success of pregnancy (4).
Therefore, it is particularly important to accurately identify
the window of implantation of the endometrium.

Previous studies suggested that transvaginal ultrasound
examination of endometrial thickness can evaluate the devel-
opment of the endometrium more accurately than invasive
biopsy techniques, and it has become a routine examination
method for evaluating the endometrium and an index for pre-
dicting endometrial receptivity (5, 6). However, no consensus
has been reached on the relationship between endometrial
thickness and pregnancy outcomes. Some scholars believe
that when the endometrial thickness is <7 mm or 8 mm before
ovulation, the cycle should be canceled because of the low
clinical pregnancy rate and the high miscarriage rate (7-9).
Some studies have shown that the endometrial thickness at
the end of proliferation ranges from 9 to 14 mm to achieve
the best implantation rate and clinical pregnancy rate (10).
However, some studies have confirmed that endometrial
thickness has nothing to do with clinical outcomes and
cannot predict pregnancy outcomes (11-15). The timing of
endometrial monitoring in these studies was different, and
most of the studies focused on preovulation (human
chorionic gonadotropin trigger day) in fresh cycles or at the
end of the proliferation period in frozen-thawed embryo
transfer (FET) cycles, which made comparisons between
studies difficult.

Compared with the endometrium before ovulation and at
the end of proliferation, the endometrium on the day of em-
bryo transfer is usually considered to be in the window of im-
plantation, which represents endometrial receptivity.
Therefore, it is necessary to evaluate the endometrium on
the day of transfer. On the other hand, in the FET cycles,
the endometrium changes because of a series of secretion
changes induced by progesterone after progesterone adminis-
tration. Therefore, we believe that it is more meaningful to
study the changes in endometrial thickness after progesterone
administration than to study only the absolute value of endo-
metrial thickness during a certain period of the cycle for pre-
dicting pregnancy outcomes. At present, there are few studies
on the effect of endometrial thickness changes on pregnancy
outcome after progesterone administration, and their conclu-
sions are contradictory (16-20).

The purpose of this study was to explore the influence of
endometrial thickness changes on pregnancy outcomes from
the progesterone administration day to the blastocyst transfer
day in FET cycles. Our study included women who were
treated with preimplantation genetic diagnosis and selected
biopsied euploid blastocysts for transfer to eliminate the
abnormal ploidy of embryos and to ensure the quality of em-
bryos. Considering the great differences between different
endometrial preparation protocols, we chose the same hor-
mone replacement therapy (HRT) cycle using exogenous es-
trogen and progesterone to reduce the factors that may
affect the endometrium in each cycle and to ensure consis-
tency in the study.
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MATERIALS AND METHODS
Study Design and Population

Because chromosome translocation and monogenic diseases
are the main diseases treated by preimplantation genetic
diagnosis in our center, this retrospective cohort study
included women who received PGT for chromosomal struc-
tural rearrangements or PGT for monogenic/single gene de-
fects and conducted their first single FET, for which the
endometrium was prepared by HRT in the Reproductive Med-
ical Center of the First Affiliated Hospital of Zhengzhou Uni-
versity between January 2014 and December 2019. All
patients were followed up for at least 1 year. The research
data were extracted from the Clinical Reproductive Medicine
Management System/Electronic Medical Record Cohort Data-
base of our reproductive medicine center. This study was
approved by the institutional review board and ethics com-
mittee of the First Affiliated Hospital of Zhengzhou Univer-
sity. Informed consent was waived because of the
retrospective nature of the study.

Briefly, this study recruited 602 patients with monogenic
disease or chromosome translocation who received the first
single FET for which HRT was used to prepare the endome-
trium between January 2014 and December 2019. Patients
were excluded if any of the following criteria were present:
gonadotropin-releasing hormone agonist was used in
advance for down-regulation because of a thinner endome-
trium in controlled ovarian stimulation cycles; routine hys-
teroscopy before preimplantation genetic diagnosis
treatment showed the presence of uterine pathology; endo-
metriosis; a thinner endometrial thickness (<7 mm on proges-
terone administration day); or missing endometrial data. The
obtained resulting cohort included 508 participants for the
final analysis.

Ovarian Stimulation and Laboratory Protocols

In fresh cycles, all patients used the same controlled ovarian
stimulation protocol for ovulation induction: the midluteal,
short-acting, gonadotropin-releasing hormone agonist long
protocol. Intracytoplasmic sperm injection was performed
4-6 hours after oocyte retrieval. The formed embryos were
cultured to the blastocyst stage in Vitrolife (Goteborg, Swe-
den) sequential medium. The details of the protocol, the oper-
ating method of intracytoplasmic sperm injection, and the
culture process have been published elsewhere (21). On the
fifth or sixth morning after the oocyte retrieval, experienced
embryologists scored the blastocysts according to Gardner
and Schoolcraft’s system and selected blastocysts of 3BC
grade and above. Additionally, 3-5 trophoblast cells were
biopsied by the laser method. Whole genome amplification
of the trophoblast cells was performed by multiple displace-
ment amplification according to the standard protocol pro-
vided by the QIAGEN REPLI-g Single Cell kit, for which the
specific steps were described in our previous study (22). The
biopsied blastocysts were vitrified and preserved in liquid
nitrogen.
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Endometrial Preparation and Endometrial
Thickness Assessment

All patients were treated with HRT for endometrial prepara-
tion. Estradiol (2 mg [Progynova]; Bayer, Leverkusenbaer,
Germany) was taken twice a day from the third day of the
menstrual cycle. The oral dose was adjusted every 4 days ac-
cording to endometrial thickness. After 12-14 days, the endo-
metrium was monitored by transvaginal ultrasound, and the
serum progesterone level was measured. When the thickness
of the endometrium reached >7 mm and the level of serum
progesterone was < 1 ng/mL, 60 mg of intramuscular proges-
terone and 10 mg (changed to 20 mg after 2 days) of oral dy-
drogesterone were added to the protocol. Blastocyst transfer
was performed on the sixth day of progesterone administra-
tion (the first day of progesterone administration was diarized
as D1, and blastocyst transfer was performed on D6). From the
transfer day, 90-mg vaginal progesterone gel (Crinone 8%;
Merck Serono, Switzerland), 20-mg oral dydrogesterone (Du-
phaston; Abbott, Netherlands), and 6-mg estradiol valerate
were provided daily. Transvaginal ultrasound was performed
5 weeks after blastocyst transfer to clinically confirm the
pregnancy.

On the day of progesterone administration and blastocyst
transfer, 2 ultrasound technicians used the Voluson S8 and
ALOKA (a-6) color Doppler transvaginal ultrasound diag-
nostic instruments to monitor the endometrium. The ultra-
sound technicians presented the best images of longitudinal
cross-sections of the endometrium through the center of the
uterus, including the cervical canal. After freezing the images,
the electronic caliper built into the software was used to mea-
sure the endometrial thickness from the endometrium-
myometrium junction on one side of the endometrial cavity
to that on the other side of the endometrial cavity and to input
the data into the Electronic Data Capture system (23). Finally,
the images were collected and permanently saved using the
VisionPACS image archiving and transmission system.

To minimize the potential bias of the measurement re-
sults, 2 of the investigators (H.S. and M.L.) who were blinded
to the pregnancy outcome independently confirmed the
selected images and verified the measurement of endometrial
thickness before the research was performed to ensure the ac-
curacy of the measurement. If there were any discrepancies
between the verified results, another investigator (Y.Z.) was
invited to make the final decision.

According to the difference in endometrial thickness be-
tween the blastocyst transfer day and the progesterone
administration day, the patients were divided in 3 groups:
the endometrial thickness decreased group, increased group,
and no change group. The change ratio of endometrial thick-
ness was defined as the difference between the endometrial
thickness on the blastocyst transfer day and the progesterone
administration day divided by the endometrial thickness on
the progesterone administration day.

Definition of Clinical Outcomes

Clinical outcomes were defined through the consensus
reached by the American Society for Reproductive Medicine
in 2017 (24). Clinical pregnancy was defined as 1 or more

gestational sacs detected by ultrasound. Live birth was
defined as the delivery of at least 1 live baby after 22 weeks
of gestation. Miscarriage was defined as a spontaneous abor-
tion before 22 weeks of intrauterine gestation.

Statistical Analysis

We described the baseline characteristics of the patients. For
continuous variables, the data were represented by the
mean =+ standard deviation (normal distribution) or the me-
dian (interquartile range) (skewed distribution); Student’s ¢
test or analysis of variance, Wilcoxon’s rank-sum test, and
Kruskal-Wallis test were used appropriately. For categorical
variables, the data were expressed as frequencies or percent-
ages, and the chi-square test was used for comparison.

Univariate logistic analysis was used to evaluate the ef-
fect of various variables on pregnancy outcomes. Multivariate
logistic regression analysis used the unadjusted and
multivariable-adjusted models to calculate the crude odds ra-
tios (ORs) and adjusted ORs of 95% confidence intervals (CI).
The relationship between the change ratio of endometrial
thickness and pregnancy outcomes was analyzed. If the cova-
riates were significantly related to clinical outcomes, affected
the estimated value of pregnancy outcome by >10% by
endometrial thickness change ratio, or based on recently pub-
lished studies and clinical experience, they were included in
the final model as potential confounding factors. In the
adjusted model I, the adjusted variables included female
age, body mass index (BMI), infertility duration, and infer-
tility type. In the adjusted model II, the adjusted variables
included all covariables in model I plus gravidity, parity,
and basal serum follicle-stimulating hormone. In the adjusted
model III, the adjusted variables included all covariables in
model II plus morphology score, day of embryo development
at transfer, and genetic category. The trend test used a linear
regression method, and the median of 3 endometrial thickness
change groups (decreased group, no change group, and
increased group) were inputted into the models as continuous
variables.

Subgroup analyses were conducted by female age, BMI,
genetic type, morphology score, and the day of embryo devel-
opment at transfer using stratified logistic regression models
with adjustment for confounders. The interaction between
subgroups was determined by the likelihood ratio test.

Considering that the slight difference between the mea-
surement values of endometrial thickness on the day of pro-
gesterone administration and the day of transfer could be
because of person-to-person variation or the measurement
error, we conducted sensitivity analyses. Regrouped accord-
ing to the endometrial thickness change ratio, the decreased
group was redefined as the endometrial thickness on the
transfer day > 5% less than that on the progesterone admin-
istration day, and the increased group was defined as an in-
crease of >50% in the endometrial thickness. The
unchanged group was defined as the endometrial thickness
change of within 5%. We also conducted multivariate logistic
regression analysis under multiple adjustment strategies to
analyze whether the results were robust or not. Because the
percentage of missing data was small (<6%), we believed it
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would not cause statistical bias or decrease the statistical po-
wer; thus, no imputation was performed.

All statistical analyses were conducted with the statistical
software package R, version 3.4.3 (The R Foundation, Vienna,
Austria). The statistical significance was evaluated by a 2-
sided significance level of 0.05. The data collection method
of this study is shown in Figure 1.

RESULTS
Characteristics of the Study Cohort

In this study, a total of 602 women who had received HRT to
prepare the endometrium and had undergone the first single
FET were recruited. Among them, 72 cases of down-
regulation by gonadotropin-releasing hormone agonist
because of the thin endometrium in the previous controlled
ovarian stimulation cycle, 7 cases of uterine pathology, 2
cases of endometriosis, 8 cases of thinner endometrium
(endometrial thickness of <7 mm on the day of progesterone
administration), and 5 cases without endometrial data were
excluded. Finally, this study included 508 patients with
eligible HRT cycles (Fig. 1). In all FET cycles, 19.49% (99/
508) of the patients had decreased endometrial thickness,
47.24% (240/508) of the patients had increased endometrial

Fertility and Sterility®

thickness, and the remaining 33.27% (169/508) of the patients
had no change in the endometrial thickness on the blastocyst
transfer day. Finally, among 508 participants, 284 patients
achieved clinical pregnancy, and 244 patients achieved live
birth.

Comparison of Differences Between Groups

The baseline characteristics of all participants divided into 3
groups (decreased, no change, and increased) according to
the changes in the endometrial thickness after progesterone
administration are shown in Table 1. Among these women,
the endometrial decreased group had a shorter infertility
duration and a higher proportion of secondary infertility
and parity. However, the 3 groups were comparable in other
baseline characteristics, such as female age, BMI, basal hor-
mone level, and pregnancy outcomes.

In the total population, the average endometrial thickness
was 9.31 + 1.51 mm on the day of progesterone administra-
tion and 9.80 + 1.79 mm on the day of FET. In the increased
group, the thickness of the endometrium increased from 9.03
+ 1.27 mm, which was the thinnest on the progesterone
administration day, to 10.58 + 1.68 mm, which was the thick-
est on the transfer day. In contrast, the thickness of the

Patients who underwent the first single frozen-thawed euploid blastocyst transfer using HRT
after PGT-SR and PGT-M in our center from January 2014 to December 2019 (n=602)

A

Endometrial thickness:
On the transfer day vs. On the progesterone administration day

Excluded
72 down-regulations with GnRHa
7 uterine pathology

Y

2 endometriosis
8 thin endometrial thickness (< 7mm

on the progesterone administration day)
S missing data of endometrium

All participants (n=508)

Y A

Decreased No change
19.49% 33.27%
(99/508) (169/508)

Increased
47.24%
(240/508)

Flowchart of patients. GnRHa = gonadotropin-releasing hormone agonist; HRT = hormone replacement therapy; PGT-M = preimplantation
genetic testing for monogenic/single gene defects; PGT-SR = preimplantation genetic testing for chromosomal structural rearrangements.

Jin. Endometrium change ratio of euploid FET. Fertil Steril 2021.
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TABLE 1

Baseline characteristics and pregnancy outcomes of patients.

Characteristics

N
Female age at oocyte retrieval (y)
BMI (kg/m?)
Infertility duration (y)
Infertility type (%)
Primary
Secondary
Gravidity
Parity, mean =+ SD (Range)

No. of miscarriages
Basal serum FSH (mIU/mL)
Basal serum E2 (pg/mL)
AMH (ng/mL)
No. of retrieved oocytes
Genetic category (%)
Reciprocal translocation
Robertsonian translocation
Single gene disorders
Female age at blastocyst transfer (y)
Endometrial thickness on the day of progesterone
administration (mm)
Triple-line endometrial pattern on the day of
progesterone administration (%)

B
Endometrial thickness at transfer (mm)
Embryo expansion grade at transfer
Embryo inner cell mass grade at transfer (%)
A
B
C
Embryo trophectoderm grade at transfer (%)

B
C
Morphology score (%)
<4 BC
>4 BC
Day of embryo development at transfer (%)
Day 5
Day 6
Clinical pregnancy rate (%)
Miscarriage rate (%)
Live birth rate (%)

Note: AMH = antimdillerian hormone; BMI = body mass index; E2 = estradiol; FSH = follicle-stimulating hormone.

Jin. Endometrium change ratio of euploid FET. Fertil Steril 2021.

Total

508
28.54 + 3.61
22.78 £ 3.03

2.00 (1.00-3.00)

174 (34.25%)
334 (65.75%)
1.00 (0.00-2.00)
0.23 £ 0.51

(0.00-3.00)

1.00 (0.00-2.00)
6.30 £ 1.66
35.34 (24.99-46.62)
4.17 (2.78-6.04)
19.50 (14.00-26.00)

301 (59.37%)
128 (25.25%)
78 (15.38%)
28.88 + 3.61
9.31 £ 1.51

492 (96.85%)
16 (3.15%)
9.80 + 1.79
3.40 + 0.89

28 (5.51%)
479 (94.29%)
1(0.20%)

4 (0.79%)
305 (60.04%)
199 (39.17%)

360 (70.87%)
148 (29.13%)

373 (73.43%)
135 (26.57%)
284 (55.91%)
40 (14.08%)
244 (48.03%)

Decreased

99
28.58 £+ 3.63
22.55 4+ 2.65
1.00 (1.00-3.00)

22 (22.22%)

77 (77.78%)
1.00 (1.00-2.00)
0.31 £0.60

0.00 (0.00-2.00)
1.00 (0.00-2.00)
6.28 £ 1.50
33.55(26.34-43.21)
3.87 (2.66-5.52)
18.00 (14.00-23.50)

53 (54.08%)
26 (26.53%)
19 (19.39%)
28.96 + 3.64
10.03 £1.76

96 (96.97 %)
3(3.03%)
8.77 £ 1.57
3.36 + 0.80

8 (8.08%)
90 (90.91%)
1(1.01%)

0 (0.00%)
61(61.62%)
38 (38.38%)

73 (73.74%)
26 (26.26%)

72 (72.73%)
27 (27.27%)
55 (55.56%)
8 (14.55%)
47 (47.47 %)

No change

169
28.78 £ 3.51
22.71+£3.14

2.00 (1.00-3.00)

59 (34.91%)
110 (65.09%)
1.00 (0.00-2.00)
0.17 £ 0.47

0.00 (0.00-3.00)
1.00 (0.00-2.00)
6.25 £ 1.76
34.89 (23.63-46.06)
4.30 (2.70-6.01)
19.00 (14.00-26.00)

109 (64.50%)
42 (24.85%)
18 (10.65%)
29.13 + 3.62
9.29 £ 1.55

162 (95.86%)
7 (4.14%)
9.29 + 1.55
3.41 +£0.92

8 (4.73%)
161 (95.27%)
0 (0.00%)

2 (1.18%)
99 (58.58%)
68 (40.24%)

116 (68.64%)
53 (31.36%)

122 (72.19%)
7 (27.81%)
3 (55.03%)
1(11.83%)
2 (48.52%)

Increased

240
28.37 + 3.66
22.93 +£3.10

2.00 (1.00-4.00)

93 (38.75%)
147 (61.25%)
1.00 (0.00-2.00)
0.23 £0.50

0.00 (0.00-3.00)
1.00 (0.00-2.00)
6.34 £ 1.65
36.23 (25.58-47.76)
4.21(2.81-6.41)
20.00 (14.00-27.00)

139 (57.92%)
60 (25.00%)
41 (17.08%)
28.66 + 3.60
9.03 = 1.27

234 (97.50%)
6 (2.50%)
10.58 &+ 1.68
3.41 +£0.90

12 (5.00%)
228 (95.00%)
0 (0.00%)

2 (0.83%)
145 (60.42 %)
93 (38.75%)

171 (71.25%)
69 (28.75%)

179 (74.58%)
61 (25.42%)
136 (56.67%)
21 (15.44%)
115 (47.92%)

Pvalue

42
<.001

.64

<.001

22

.86

.66

.85

.95

.99
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endometrium for the patients in the decreased group
decreased from the 10.03 + 1.76 mm (thickest) on the proges-
terone administration day to the 8.77 + 1.57 mm (thinnest) on
the transfer day. According to the endometrial thickness
change ratio of every 10% as a unit, patients were subdivided
into subgroups to observe endometrial thickness in 2 periods,
which revealed the same trend (Fig. 2A). With the increase in
the endometrial thickness change ratio, the endometrial
thickness on the day of progesterone administration
decreased gradually, whereas the endometrial thickness on
the day of transfer gradually increased.

Regarding pregnancy outcomes, there was no significant
difference in the clinical pregnancy rate, miscarriage rate, or

Fertility and Sterility®

live birth rate among the 3 groups. The patients were subdi-
vided into subgroups according to the endometrial thickness
change rate of 10%. The clinical pregnancy rate or live birth
rate of each group was found to fluctuate around the same
level, and there was no significant difference in clinical
outcome among the subgroups (Fig. 2B).

Relationship Between Endometrial Thickness
Change Ratio and Pregnancy Outcomes

Univariate logistic analysis (Supplemental Table 1, available
online) was used to evaluate the effect of each variable on
pregnancy outcomes. Generally, basal serum follicle-

>

14

12

=
- o

Endometrial thickness {mm)

-20%~-10% -10%~0%

M on progesterone administration day M on transfer day

0 |I II |I II II |I I

10%~20% 220%

Endometrial thlckness change ratio

70.00%

60.00%

50.00%
40.00%
30.00%

0.00% || || ||

20.00%
10.00%
-20%~-10% -10%~0%

Pregnancy outcomes

M clinical pregnancy rate M live birth rate

10%~20% 220%

Endometrial thlckness change ratio

Characteristics of different endometrial thickness change ratio groups. (A) Endometrial thickness on the day of progesterone administration and the
day of blastocyst transfer in different endometrial thickness change ratio groups. (B) Association between the endometrial thickness change ratio

and the clinical pregnancy rate and live birth rate.
Jin. Endometrium change ratio of euploid FET. Fertil Steril 2021.
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stimulating hormone was positively correlated with the clin-
ical pregnancy rate and live birth rate, whereas the day of em-
bryo development at transfer was negatively correlated with
pregnancy outcomes. However, the absolute value of endo-
metrial thickness on the progesterone administration day
and the transfer day or the endometrial thickness change
rate after progesterone administration did not significantly
affect pregnancy outcomes.

Multivariate logistic regression models (Table 2) were
used to evaluate the relationship between the endometrial
thickness change ratio and pregnancy outcomes. For the clin-
ical pregnancy rate, when the endometrial thickness change
ratio was used as a continuous variable (per 10% change),
either in the unadjusted model (OR, 1.02; 95% CI, 0.90-
1.15; P=.81) or in partially adjusted models or in the fully
adjusted model adjusted for female age, BMI, infertility dura-
tion, infertility type, gravidity, parity, basal serum follicle-
stimulating hormone, morphology score, day of embryo
development at transfer, and genetic category (adjusted OR,
1.01; 95% CI, 0.89-1.15; P=.85), we found no significant
relationship between the change rate of endometrial thickness
and the clinical pregnancy rate. When categorically divided
into 3 groups according to the change in endometrial thick-
ness and taking the no change group as reference, no matter
whether in the unadjusted model (P for trend =.80), partially
adjusted models, or the fully adjusted model (P for trend
=.92), we found no significant difference in the clinical preg-
nancy rate between the decreased group or the increased
group with the no change group. Similarly, for the live birth
rate, whether the change rate of endometrial thickness was
a continuous variable or divided into 3 groups as categorical
variables, no significant relationship was found between the
endometrial thickness change ratio and live birth rate in either
the unadjusted model or the adjusted models.

Subgroup Analyses

To understand whether the relationship between the endome-
trial thickness change ratio and pregnancy outcomes is stable
in different subgroups, we conducted a stratified analysis and
an interactive analysis (Supplemental Table 2, available on-
line). The data showed that there was no significant correla-
tion between the endometrial thickness change rate and the
clinical pregnancy rate or the live birth rate in any of the sub-
groups: age, BMI, genetic category, morphology score, and
the day of embryo development at transfer. Furthermore,
there was no statistically significant interaction in any of
the subgroups (P>.05 for all comparisons).

Sensitivity Analyses

Considering the slight differences between man-made mea-
surements, the endometrial thickness change group was rede-
fined according to whether the endometrial thickness change
rate was >5% after progesterone administration. Among
them, the decreased group (endometrial thickness decreased
by > 5%) accounted for 18.90% (96/508), the increased group
(endometrial thickness increased by >5%) accounted for
46.26 (235/508), and the unchanged group (endometrial

thickness changed within 5%) accounted for 34.84% (177/
508). The results of multiple regression analysis also showed
that no matter whether the endometrial thickness change ra-
tio was a continuous variable or a redefined categorical var-
iable, there was no significant relationship between the
change rate of endometrial thickness and the clinical preg-
nancy rate or the live birth rate in either the unadjusted model
or the adjusted models (Supplemental Table 3, available
online).

DISCUSSION

In this retrospective cohort study with a sample size of 508
cases, we confirmed that for patients who received the first
single FET in endometrium prepared with HRT, there was no
relationship between endometrial thickness changes and
pregnancy outcomes from the progesterone administration
day to the blastocyst transfer day. With increasing endome-
trial thickness, the clinical pregnancy rate and live birth
rate did not change significantly. Second, the miscarriage
rate among the groups was also comparable.

At present, there are few articles on the influence of endo-
metrial thickness changes on pregnancy outcomes after pro-
gesterone administration in FET cycles, and the conclusions
are not all the same. The earliest study by Haas et al. (16)
also included women who used HRT for endometrial prepara-
tion in 2019. Haas et al. (16) believed that endometrial
compaction (defined as endometrial thickness decrease by
>10%) after progesterone administration led to higher
ongoing pregnancy rates. Subsequently, Zilberberg et al.
(17) from the same center used euploid blastocysts for trans-
fer, and also suggested that endometrial compaction was
related to higher ongoing pregnancy rates. Despite the same
endometrial preparation methods and the same timing for
evaluating the endometrium, the compaction rates in these
2 studies were 30.6% and 29.3%, respectively, much higher
than the 19.49% (99/508) in our data; this difference can
possibly be explained because in the studies of Haas et al.
(16) and Zilberberg et al. (17), the endometrium was evaluated
by transabdominal ultrasound on the day of blastocyst trans-
fer. However, in our study, the endometrium was evaluated by
transvaginal ultrasound, which is considered to be more accu-
rate than transabdominal ultrasound in measuring the thick-
ness of the endometrium; this may explain the difference
between the research results.

Buetal. (19) and Ye et al. (20) studied the natural and HRT
cycles, respectively, considering the different preparation
protocols of the endometrium. The study by Bu et al. (19)
showed that regardless of which endometrial preparation pro-
tocol was used, endometrial increases after progesterone
administration had a higher clinical pregnancy rate. Our
study was a follow-up study from the same center. Although
our compaction rate of 19.49% was similar to the 19.6%
compaction rate of Bu et al. (19), we did not conclude that
an increase in endometrial thickness was beneficial to preg-
nancy outcomes because we only included euploid blasto-
cysts after biopsies in HRT cycles for FET; however, Bu
et al. (19) included high-quality blastocysts that had not
been biopsied; thus, the influence of embryo quality on their
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TABLE 2

Association between endometrial thickness change ratio and pregnancy outcomes in different models.

Pregnancy outcomes

Clinical pregnancy rate
Endometrial thickness change ratio (per 10%)
Grouping of endometrial thickness change ratio
=0 (no change)
<0 (decreased)
>0 (increased)
P for trend
Live birth rate
Endometrial thickness change ratio (per 10%)
Grouping of endometrial thickness change ratio
=0 (no change)
<0 (decreased)
>0 (increased)
P for trend

Note: C| = confidence interval; OR = odds ratio.
2 No adjustments for other covariates.

Crude model®

OR (95% CI)

1.02 (0.90-1.15)

Reference
1.02 (0.62-1.68)
1.07 (0.72-1.59)

.80

1.03(0.91-1.16)

Reference
0.96 (0.58-1.58)
0.98 (0.66-1.45)

.98

b Adjusted for female age, body mass index, infertility duration, and infertility type.

© Adjusted for all covariables in model | plus gravidity, parity, and basal serum follicle-stimulating hormone.

P value

.81

.93
74

.64

.87

Adjusted model 1°

OR (95% CI)

1.01 (0.89-1.15)

Reference
1.03 (0.62-1.71)
1.05 (0.71-1.57)

.89

1.03(0.91-1.17)

Reference
0.96 (0.58-1.59)
0.97 (0.65-1.44)

.99

9 Adjusted for all covariables in model | plus morphology score, day of embryo development at transfer, and genetic category.

Jin. Endometrium change ratio of euploid FET. Fertil Steril 2021.

Pvalue

.85

.90
.80

.63

.88

Adjusted model II°

OR (95% CI)

1.01 (0.89-1.15)

Reference
1.02 (0.61-1.71)
1.04 (0.69-1.56)

93

1.03(0.91-1.17)

Reference
0.96 (0.57-1.60)
0.96 (0.64-1.44)

.97

Pvalue

.83

.93
.86

.59

.86

Adjusted model 111¢

OR (95% CI)

1.01 (0.89-1.15)

Reference
1.02 (0.60-1.71)
1.03 (0.69-1.56)

92

1.03(0.91-1.17)

Reference
0.92 (0.54-1.54)
0.94 (0.62-1.41)

.99

Pvalue

.85

.95
.88

.64

74
.76

®fuua1s pue Ayjiiay



ORIGINAL ARTICLE: ASSISTED REPRODUCTION

results cannot be ruled out. Ye et al. (20) found that the
change in endometrial thickness after progesterone adminis-
tration had no significant effect on the clinical pregnancy rate
and live birth rate in FET cycles, which was the same as our
conclusion. However, it was interesting that they used the em-
bryo on the third day without biopsy. Further research is
needed to explore whether the results will change when
frozen-thawed euploid embryo transfer is used. More
recently, Riestenberg et al. (18) conducted a study on single
euploid blastocyst transfer including 259 HRT cycles. Their
results showed that the change rate of the endometrium was
not related to the live birth rate or the spontaneous abortion
rate, which was consistent with our results, although their
evaluation of the timing of endometrial transfer was per-
formed the day before the blastocyst transfer, which is
different from our evaluation on the transfer day. However,
when evaluating the endometrium, the duration of progester-
one exposure was similar; thus, we believed that it would not
have a significant impact on the results.

From a biological point of view, there should be a series of
corresponding changes in the endometrial morphology,
thickness, glands, and blood vessels due to changes in proges-
terone after progesterone administration (25). Our data
showed that after progesterone administration, the change
in endometrial thickness did not represent or predict endome-
trial receptivity, which led us to think whether it is necessary
to repeatedly evaluate the endometrial thickness before trans-
fer. However, a previous study has shown that continued
endometrial proliferation in the luteal phase was related to
progesterone receptor deficiency or progesterone resistance,
which indicated poor receptivity (16). The molecular mecha-
nisms of all these phenomena, as well as contradictory and
limited conclusions, need to be explored more deeply in the
future.

The advantage of this study is that we used biopsied
blastocysts for transfer, which ensured embryo quality by
eliminating the effect of embryo ploidy on the outcomes,
and focused on the endometrium. Second, to our knowl-
edge, our study has the largest sample size among similar
studies, which ensures the stability and reliability of our re-
sults. Third, we collected more variables and quantified the
relationship between endometrial thickness changes and
pregnancy outcomes by presenting several multiple regres-
sion models that were adjusted for confounders. Fourth, the
operating procedure was standardized, all patients used the
same midluteal, short-acting, gonadotropin-releasing hor-
mone agonist long protocol for controlled ovarian stimula-
tion and had a unified endometrial preparation protocol,
and all endometrial evaluations were performed by trans-
vaginal ultrasound. This standardization enabled us to
minimize the factors that may affect the endometrium,
thus ensuring the reliability of the results. Fifth, our
research comes from real clinical data. While ensuring clin-
ical applicability, the nature of the retrospective study
avoided observational bias.

However, this study also had limitations. First, although
the endometrium of each patient was evaluated by a uni-
formly trained and experienced sonographer using the ultra-
sound instrument in our center, variability in endometrial

thickness measurement was still inevitable. Because these
potential biases were evenly distributed among all patients,
we believed that this would not affect our main results. Sec-
ond, because of the retrospective nature of the study, we
were unable to fully collect and control all possible confound-
ing factors. However, we used a reasonable study design that
balanced the factors affecting the endometrium among all
subjects as far as possible and used appropriate statistical
methods such as multivariate regression analysis models un-
der multiple adjustment strategies, subgroup analysis, and
sensitivity analysis to ensure the reliability of the results.
Third, in this study, we included only single FET cycles using
HRT for endometrial preparation. The relationship between
endometrial thickness change and pregnancy outcomes in
different types of transfer cycles needs to be further studied
in the future.

In conclusion, we explored the relationship between the
change rate of endometrial thickness after progesterone
administration and clinical outcomes in the single euploid
FET cycle in which the endometrium was prepared by HRT.
The results showed that the endometrial thickness of most pa-
tients remained unchanged or increased after progesterone
administration. However, with the increase in endometrial
thickness, the clinical pregnancy rate and live birth rate did
not change significantly. In the future, we still need a large
sample size of randomized clinical trials to confirm our results
and determine whether it is necessary to re-evaluate endome-
trial thickness before transfer.
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Cambios en el grosor endometrial luego de la administracion de progesterona no afecta los resultados de embarazo de la transferencia
congelado-descongelado del blastocito euploide: un estudio de cohorte retrospectivo.

Objetivo: Evaluar si el cambio en el grosor endometrial entre el dia de administracién de progesterona y el dia de transferencia esta
relacionado con los resultados de embarazo de los ciclos de transferencia congelado-descongelado de blastocitos euploides tnicos.

Diseno: estudio cohorte observacional.
Entorno: centro de medicina reproductiva unico.

Paciente(s): Todas las pacientes fueron transferidas con un blastocito euploide biopsiado unico, y su endometrio fue preparado con
terapia de reemplazo hormonal (HRT).

Intervencion(es): El grosor endometrial en el dia de transferencia del blastocito y la administracién de progesterona fueron medidos
por ecografia transvaginal, y la diferencia entre ellos y la proporcion de cambio fueron calculadas.

Medidas de resultado principal(es): indices de embarazo clinico y nacidos vivos.

Resultado(s): Imagenes de ecografia endometrial de 508 ciclos de transferencia de blastocito euploide usando HRT fueron evaluados
por ecografia transvaginal. En general, los resultados de embarazo fueron comparables entre los diferentes grupos de cambio de grosor
endometrial. Los resultados de la regresion multiple logistica demostraron que los indices de embarazo clinico y nacidos vivos no au-
mentaron significativamente con el aumento de la proporcién de cambio del grosor endometrial (por 10%) en el modelo ajustado com-
pleto como una variable continua. En el modelo ajustado como una variable categdrica, no hubo diferencias estadisticas en los
resultados de embarazo entre los grupos de cambio de grosor endometrial. El analisis de interaccion demostré que luego de ajustar
por variables de confusion, no hubo interaccion estadisticamente significativa entre la proporcién de cambio de grosor endometrial
y los resultados de embarazo entre todos los subgrupos.

Conclusion(es): Enlos ciclos de transferencias de blastocitos euploides preparando el endometrio con HRT, la proporcién de cambio del
grosor endometrial luego de la administracion de progesterona no fue relacionado con los resultados de embarazo.
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