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The endometrial receptive status is critical for a successful embryo implantation, but it only last for

a short period of time, and the window of implantation (WOI) of each woman changes individually,
which will lead to poor outcomes of assisted reproduction. This so-called WOI can be detected by
molecular diagnostic method, endometrial receptivity analysis (ERA), which was gradually applied to
clinical practice. This study aimed to evaluate the clinical efficacy of personalized embryo transfer (pET)
guided by ERA in patients with and without RIF. A total of 3605 patients with previous failed embryo
transfer (ET) cycle in the reproductive medicine center of Renmin Hospital Hubei University of Medicine
from January 2016 to October 2022 were retrospectively analyzed. The 3605 patients were divided

into non-RIF group and RIF group, among which 782 patients who received ERA test underwent
personalized embryo transfer (pET). The decision whether to accept ERA test or not was based on

the patient’s voluntary choice. We divided the 782 patients into normal WOI group and displaced

WOI group according to the result of ERA test. The pregnancy outcomes were compared between the
different groups. The age, number of previous ET cycle and serum E2/P ratio were mainly analyzed to
investigate its relationship with displaced WOI. The clinical pregnancy rate and live birth rate in non-
RIF with pET group were higher than that of non-RIF with non-personalized embryo transfer (npET)
group (64.5% vs 58.3%, P=0.025; 57.1% vs 48.3%, P =0.003). The clinical pregnancy rate and the live
birth rate in RIF with pET group were significantly higher than that of RIF with npET group (62.7% vs
49.3%, P<0.001; 52.5% vs 40.4%, P <0.001) after propensity score matching (PSM). The early abortion
rate in the non-RIF with pET group was lower than that in the non-RIF with npET group (8.2% vs 13.0%,
P =0.038). There was a significant difference in age and the number of previous failed ET cycle between
the normal WOI group and displaced WOI group (age: 32.26 vs 33.53 years, P <0.001; the number of
previous failed ET cycle: 1.68 vs 2.04, P <0.001). Logistic regression analysis also showed that the age
and number of previous failed ET cycles were positively correlated with displaced WOI. The displaced
WOl rate increased gradually with the increase of age and number of previous failed ET cycle; the
displaced WOI rate in the median group (4.46 <E2/P <10.39 pg/ng) was significantly lower than that in
the other two groups (54.8% vs 40.6% vs 58.5%, P <0.001). The clinical pregnancy rate and live birth
rate of patients with previous failed ET cycle was improved after pET guided by ERA, especially in

RIF patients; the early abortion rate of the non-RIF patient was reduced after pET guided by ERA. An
appropriate E2/P ratio was beneficial for maintaining endometrial receptivity state, and the age and
number of previous failed ET cycle was correlated with increased displaced WOI.
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The relationship between embryo quality and endometrial receptivity is similar to “seed” and “soil” in the process
of assisted reproductive technology (ART). Successful embryo implantation requires capable embryo, receptive
endometrium, and synchronous dialogue between maternal and embryonic tissue'. With the improvement of
laboratory technology in invitro fertilization-embryo transfer (IVF), great progress has been made in culturing
and screening high-quality embryos at present?, but some patients still face the thorny situation of implantation
failure with high-quality embryo®. Another important factor to successful embryo implantation is endometrial
receptivity, which has attracted more and more attention. Endometrial receptivity refers to the period of
endometrial maturation during which the trophectoderm of the blastocyst can attach to the endometrial
epithelial cells and subsequently invade the endometrial stroma and vasculature?. The endometrium undergoes
a series of dynamic and complex changes during the menstrual cycle in humans, and blastocysts are allowed
to implant in a brief period. This period is called window of implantation (WOI), which is usually around
19-24 days of the menstrual cycle5. However, the WOI of each woman has an individual variation, and some
women with displace-WOI may lead to embryo-endometrium asynchrony, which usually leads to implantation
failure or even recurrent implantation failure (RIF)®’. If we can accurately detect the normal WOI and make a
personalized embryo transfer, it will provide new possibilities to improve pregnancy rate of ART.

The WOI was mainly judged by transvaginal ultrasound, serum estrogen and progesterone levels, endometrial
biopsy and other methods in the past. But these methods have certain limitations and poor repeatability®®.
With the continuous development of modern molecular gene diagnosis technologies such as gene transcriptome
analysis based on high-throughput sequencing technology, ERA technology developed by combining computer
programs!®.

However, the current studies on ERA were basically based on small sample sizes, with no classification of
RIF and non-RIF for comparison. Furthermore, because the expense and invasive nature of ERA continue
to be obstacle for the infertile patients, not every patient is willing to undergo ERA test. Therefore, it is also
important to analyze the clinical factors correlated with displaced WOI and screen patients who are more likely
to have a displaced WOI and need to undergo ERA test. In this study, we conducted a retrospective analysis on a
large sample of 3065 patients to evaluate the clinical efficacy of personalized embryo transfer guided by ERA in
patients with and without RIF, and for the first time we analyzed the effect of clinical indicators on the outcomes
of ERA test and displaced WOL.

Materials and methods

Study setting and patients

3605 patients with previous failed embryo transfer (ET) cycle in the department of reproductive medicine center
of Renmin Hospital Hubei University of Medicine from January 2016 to October 2022 were retrospectively
analyzed. The patient was only be included once in the study if they underwent more than one ET cycle, and
patients whose embryos were tested for aneuploidy using PGT-A screening were not included in this study.
Among the 3605 patients, 782 patients received ERA and underwent personalized embryo transfer (pET) in
accordance with the ERA test results in next hormone replacement therapy (HRT) cycle. In the same period,
there were 2823 patients who did not received ERA and underwent non-personalized embryo transfer (npET)
at a standardized FET time of P +5d in HRT cycle. According to the definition of RIF, we divided these 3605
patients into non-RIF group (including 301 cases who received ERA and 1744 cases who did not received ERA)
and RIF group (including 481 cases who received ERA and 1079 cases who did not received ERA). We furtherly
divided the 782 patients who received ERA into normal WOI group and displaced WOI group according to the
result of ERA test.

The exclusion criteria were as follows: (i) Patients with uterine and endometrial factors that may affect
endometrial receptivity, such as chronic endometritis, severe intrauterine adhesions, endometrial tuberculosis,
endometrial hyperplasia, uterine malformations, severe hydrosalpinx, severe endometriosis (stage III-IV) etc.;
(ii) Other patients with severe underlying diseases which are not suitable for pregnancy (including tumor,
hypertension, diabetes, etc.).

RIF was defined as failure to achieve a clinical pregnancy after receiving at least 4 morphologically high-
quality cleavage embryos or 2 high quality blastocysts in a minimum of 2 fresh or frozen transfer cycles'!2. The
criteria for embryos of high quality were as follows: (i) Blastocysts: > 3BB'3; (ii) Cleavage-stage embryo: number
of cells > 8, fragmentation < 20% and uniform size of blastomeres'4.

Endometrial sampling and preparing

HRT protocol was used in the endometrial preparing. Estrogen (oral or external use, and both if necessary)
should be pretreated for 16 days from the third day of menstruation, the ultrasound was used to assess the
thickness of the endometrium, if the thickness is greater than six millimeters, then progesterone (P)60 mg is
injected intramuscularly. The first day of progesterone supplementation is regarded as P +0d, lasting for 5 days,
and endometrial biopsy should be performed at P+ 5d.

Endometrial receptivity testing

Endometrial receptivity test in our center is based on endometrial receptivity gene chip which is consisted of
a customized array containing 238 genes expressed at different stages of the endometrial cycle!®. Endometrial
receptivity status can be predicted through computer analysis. Specific steps and criteria for ERA testing are
described in the supplemental materials. The detailed process of endometrial receptivity test can be seen in Fig. 1

The primary outcome measures
Clinical pregnancy was defined as ultrasonography showing a pregnancy sac after receiving embryo transfer four
weeks later. Clinical pregnancy rate = number of pregnancy cycles/number of transplantation cycles x 100%. Live
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Fig. 1. The detailed process of endometrial receptivity test.

birth was defined as giving birth to at least one live infant, and the gestational age was longer than 28 weeks. Live
birth rate =number of births of live babies/number of total transplantation cycles x 100%.

Statistical analysis methods

Our data collection and analysis method are shown in Fig. 2. SPSS26.0 software was used for statistical analysis.
The measurement data conform to the normal distribution is expressed by the mean and standard deviation
(Mean £ SD), and the comparison between groups was made by one-way ANOVA. The counting data is expressed
by the rate (%), and the comparison between groups adopts x> test; Because there had significant differences in
characteristics between the RIF patient with pET and npET group, we used propensity score matching (PSM)
to adjust for potential differences in characteristics, and nearest neighbor matching method was use for PSM.
The variables included in PSM are those with differences between the two groups: Age, Infertility type, Basal
serum FSH, Basal LH. ERA patients with RIF were matched to non-ERA patients with RIF in a 1:2 matching
ratio, the caliper value was set to 0.1. The majority of ERA patients with RIF were successfully matched to 2
non-ERA patients with RIFE. Logistic regression analysis was used to exclude the influence of confounding factor
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Fig. 2. The detailed process of data collection and analysis method.

and analyze the correlation between related factors and displace WOI. P <0.05 is the difference with statistical

significance.

Ethical approval

This study was approved by the Ethics Committee of Renmin Hospital, Hubei University of Medicine (reference
number: syrmyy2023-052) and conducted in conformity with the Helsinki Declaration. Informed consent was
waived by the Ethics Committee of Renmin Hospital, Hubei University of Medicine. This was not required as

this study was based on the retrospective clinical data.
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Results

Comparison of baseline characteristics between non-RIF patients and RIF patients

We found that the average age, infertility duration, and baseline FSH of non-RIF group are lower than that of
RIF group (age: 32.53+4.44 vs 33.79 £4.50 years, P <0.001; infertility duration: 5.09+3.13 vs 5.80+3.31 years,
P <0.001; baseline FSH: 7.28 £2.58 vs 7.65+2.84 IU/L). The proportion of blastocysts transferred in non-RIF
group is higher than that in RIF group (21.1% vs 16.9%, P=0.002). And the average number of previous failed
ET cycle for RIF patients was 2.5 times, compared to 1 time for non-RIF patients. There is no statistical difference
in other indicators. See Table 1 for details.

Comparison of baseline characteristics and pregnancy outcomes in non-RIF patients with
pET and npET

The comparison of basic characteristics showed no significant difference between the non-RIF with pET and
non-RIF with npET groups, which indicated the comparability between the two groups. The clinical pregnancy
rate and live birth rate in non-RIF with pET group were higher than that of non-RIF with npET group (64.5% vs
58.3%, P=0.025; 57.1% vs 48.3%, P=0.003). Moreover, the early abortion rate in the non-RIF with pET group
was lower than that in the non-RIF with npET group (8.2% vs 13.0%, P=0.038). There was no difference in the
ectopic pregnancy rate between the two groups. See Table 2, Fig. 3 for details.

Comparison of basic characteristics and pregnancy outcomes in RIF patients with pET and
npET

There were significant differences in basic characteristics of female age, infertility type, BMI, basal serum PRL
between the RIF with pET and RIF with npET groups. We used propensity score matching (PSM) to adjust
for potential differences in characteristics between the two groups. The matching ratio was set to 1:2, and 434
patients in RIF with pET group were matched to755 patients in RIF with non-pET group. The clinical pregnancy
rate and the live birth rate in RIF with pET group were significantly higher than that in RIF with npET group
after PSM (62.7% vs 49.3%, P <0.001; 52.5% vs 40.4%, P <0.001). There is no difference in the early abortion rate
and ectopic pregnancy rate between the two groups. See Table 3, Fig. 3 for details.

Endometrial receptivity testing results

Among the 782 patients who underwent ERA test on P +5d, 381 (48.7%) patients were found to be receptive,
and diagnosed with normal WOI; 401 patients (51.3%) were found to be non-receptive, and diagnosed with
displaced WOL. All the 401 patients with a displaced WOI were biopsied again at the recommended time of the
ERA test in subsequent cycles until the receptivity state is found. Finally, among the 401patients with a displaced
WOI, 245 patients went through two ERA test to find the receptive state; 156 patients went through three ERA
test to find the receptive state.

Item non-RIF (n=2045) | RIF (n=1560) P value
Female age (year) 32.53+4.44 33.79+4.50 <0.001
Infertility duration (year) 5.09+3.13 5.80+3.31 <0.001
Tnfertility type Primary 47.6% (974/2045) 50.7% (791/1560) 0,069

Secondary 52.4% (1071/2045) | 49.3% (769/1560)

Pelvic and tubal factors | 55.9% (1144/2045) | 56.8% (886/1560)

Male factor 19.3% (394/2045) 20.4% (318/1560)
Infertility factors ovulatory dysfunction | 14.0% (287/2045) 11.6% (181/1560) | 0.126

Endometriosis 4.6% (95/2045) 5.7% (89/1560)

Others 6.1% (125/2045) 5.5% (86/1560)
BMI (kg/m?) 23.17+3.80 22.96+3.16 0.074
Basal serum FSH (IU/L) 7.28+2.58 7.65+2.84 <0.001
Basal LH (IU/L) 4.62+2.40 4.53+2.22 0.254
Basal serum PRL (ng/ml) 13.34+7.53 13.54+7.50 0.434
Basal serum E2 (pg/mL) 46.39+29.38 45.62+28.64 0.440
Basal serum T (ng/ml) 0.49+0.35 0.47+0.42 0.125
AMH (ng/ml) 4.30£3.77 4.20+£3.73 0.444
Endometrial thickness on progesterone initiation day (mm) | 9.79+2.03 9.81+2.08 0.843
Number of embryos transferred per ET 1.63+£0.50 1.61+£0.52 0.357
Embryo stage D3 cleavage-stage embryos (%) 78.9% (1614/2045) | 83.1% (1296/1560) 0,002

D5 or D6 blastocysts (%) 21.1% (431/2045) 16.9% (264/1560)

NO. of previous failed ET cycle 1.00+0 2.51+0.86 <0.001

Table 1. Comparison of baseline characteristics and pregnancy outcomes between non-RIF patients and RIF
patients. pET personalized embryo transfer, RIF recurrent implantation failure, BMI body mass index, AMH
anti-Miillerianhormone.
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Item Non-RIF with pET (n=301) | Non-RIF with npET (n=1744) | P value
Female age (year) 32.30+4.55 32.57+4.43 0.329
Infertility duration (year) 4.76 £3.33 5.15+3.10 0.048
Primary 47.5% (143/301) 47.6% (831/1744)
Infertility type 0.964
Secondary 52.5% (158/301) 52.4% (913/1744)
Pelvic and tubal factors | 57.1% (172/301) 55.7% (972/1744)
Male factor 17.9% (54/301) 19.5% (340/1744)
Infertility factors ovulatory dysfunction | 13.3% (40/301) 14.2% (247/1744) 0.857
Endometriosis 5.6% (17/301) 4.5% (78/1744)
Others 6.0% (18/301) 6.1% (107/1744)
BMI (kg/m?) 22.90+3.42 23.22+3.86 0.184
Basal serum FSH (IU/L) 7.41+2.54 7.26+2.58 0.346
Basal LH (IU/L) 4.94+2.74 4.56+2.33 0.014
Basal serum PRL (ng/ml) 13.34£6.13 13.34+7.74 0.991
Basal serum E2 (pg/mL) 47.55+£32.31 46.18+28.81 0.456
Basal serum T (ng/ml) 0.51£0.30 0.48+0.35 0.173
AMH (ng/ml) 4.18+3.31 4.32+3.85 0.576
E}:li(l))metrial thickness on progesterone initiation day 9.85+1.91 0794206 0.636
Number of embryos transferred per ET 1.64+0.48 1.63£0.50 0.824
Embryo stage D3 cleavage-stage embryos (%) 17.6% (53/301) 21.7% (378/1744) 0.062
D5 or D6 blastocysts (%) 82.4% (248/301) 78.3% (1366/1744)
Clinical pregnancy rate (%) 64.5% (194/301) 58.3% (1016/1744) 0.025
Early abortion rate (%) 8.2% (16/194) 13.0% (132/1016) 0.038
Ectopic pregnancy rate (%) 0% (0/194) 1.2% (12/1016) 0.122
Live birth rate (%) 57.1% (172/301) 48.3% (843/1744) 0.003

Table 2. Comparison of baseline characteristics and pregnancy outcomes in non-RIF patients with pET and
npET. pET personalized embryo transfer, RIF recurrent implantation failure, BMI body mass index, AMH anti-

Miillerianhormone.
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Fig. 3. Comparison of pregnancy outcomes of pET and npET in non-RIF and RIF patients. (A) Clinical
pregnancy; (B) Live birth rate; (C) Early abortion rate.

Comparison of normal WOI and displaced WOI group in patients who underwent ERA test
There was a significant difference in age and the number of previous failed ET cycle between the normal WOI
group and displaced WOI group (age:32.26 vs 33.53 years, P <0.001; the number of previous failed ET cycle:1.68
vs 2.04, P <0.001). There was no significant difference in other factors including serum E2 and P levels on P +5d
between the normal WOI group and displaced WOI group. See Table 4 for details.

The logistic regression analysis of the correlation between related factors and displaced WOI
In order to evaluate the correlation between related factors and displaced WOI, the logistic regression analysis
was performed with a enter regression method. The results showed that age and number of previous failed ET
cycles were positively correlated with displaced WOI, while other variables, including serum E2 and P, were not
in linear correlation with endometrial receptivity. See Table 5 for details.
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Before PSM After PSM
RIF with npET RIF with npET | P

Item RIF with pET (n=481) | (n=1079) P value | RIF with pET (n=434) | (n=755) value
Female age (year) 33.3+£4.27 34.0+4.58 0.004 33.33+£4.35 33.71+£4.48 0.154
Infertility duration (year) 5.84+334 5.80+3.30 0.845 | 5.91+3.40 579+331 0.583
Infertiliy type Primary 56.8% (273/481) 48.0% (518/1079) R (242/434) 49.0% (370/755) 001

Secondary 43.2% (208/481) 52% (561/1079) 44.2% (192/434) 51.0% (385/755)

fPaecl;’;;Sa“d tubal 59.0% (284/481) 55.8% (602/1079) 59.9% (260/434) 56.7% (428/755)

Male factor 18.7% (90/481) 21.1% (228/1079) 18.4% (80/434) 19.9% (150/755)
i:cf:;ﬂlty gyvs‘;lllar:‘gzn 11.0% (53/481) 11.9% (128/1079) | %772 | 10.8% (47/434) 11.4% (86/755) | 036

Endometriosis 5.6% (27/481) 5.7% (62/1079) 5.3% (23/434) 5.7% (43/755)

Others 5.6% (27/481) 5.5% (59/1079) 5.50 (24/434) 6.4% (48/755)
BMI (kg/m?) 22.94+3.12 22.97+3.18 0.870 | 23.05+3.15 22.91+3.11 0.469
Basal serum FSH (TU/L) 7.38+2.93 7.78+2.81 0.01 7.38+2.76 7.42+2.58 0.801
Basal LH (IU/L) 474+2.48 444+2.08 0014 |459+2.17 451£2.09 0.551
Basal serum PRL (ng/ml) 13.58+6.24 13.53+8.01 0.904 13.53+6.16 13.54+8.25 0.981
Basal serum E2 (pg/mL) 47.25+32.22 44.86+26.77 0.132 | 46.21+30.88 45.22+27.92 0.574
Basal serum T (ng/ml) 0.39+0.62 0.36+0.58 0.358 0.38+0.64 0.35+0.51 0.451
AMH (ng/ml) 3.99+2.91 433+4.08 0104 |3.93+2.95 3.94+3.05 0.960
E;‘fg";;:g}‘;ii‘;‘fé‘:ji ‘é‘a‘y (m) 9.84+2.11 9.80+2.10 0738 | 9.86+2.12 9.81+£2.09 0.702
Number of embryos transferred 1.58+0.53 1.64+0.52 0.064 1.62+0.52 1.60+0.52 0.671

?;tf:?ivs"‘(%;“age 14.6% (70/481) 18.0% (194/1079) 15.9% (69/434) 19.9% (150/755)
Embryo stage 0.054 0.052

g/f)"r D6 blastocysts | g5 4o, (411/484) 82.0% (885/1079) 84.1% (365/434) 80.1% (605/755)
Clinical pregnancy rate (%) 62.6% (301/481) 50.6% (546/1079) | <0.001 | 62.7% (272/434) 49.3% (372/755) | <0.001
Early abortion rate (%) 13.3% (40/301) 12.1% (66/546) | 0.343 | 12.9% (35/272) 11.0% (41/372) | 0.275
Ectopic pregnancy rate (%) 1.7% (5/301) 1.3% (7/546) 0.432 1.1% (3/272) 1.3% (5/372) 0.542
Live birth rate (%) 52.2% (251/481) 41.1% (444/1079) | <0.001 | 52.5% (228/434) 40.4% (305/755) | <0.001

Table 3. Comparison of baseline characteristics and pregnancy outcomes in RIF patients with pET and npET
before and after PSM. PSM propensity score matching, pET personalized embryo transfer, RIF recurrent
implantation failure, BMI body mass index, AMH anti-Miillerianhormone.

Correlation analysis between E2/P ratio, age, number of previous failed ET cycle and
displaced WOI

We divided 782 patients who received ERA test into three groups according to their age (age <30 years group,
30 years<age<35 years group, age>35 years group), the number of previous failed ET cycles (number of
previous failed ET cycle=1 group,=2 group, and>3 group), the results showed that the displaced WOI rate
increased gradually with the increase of age group (42.0% vs 51.6% vs 61.0%, P <0.001) (Table 6, Fig. 4A); and
the displaced WOI rate increased gradually with the increase of the number of previous failed ET cycle (40.9%
vs 54.6% vs 65.3%, P <0.001) (Table 6, Fig. 4B).

We also divided 782 patients with ERA test into tertiles for analysis according to the E2/P ratios: E2/P < 4.46 pg/
ng group, 4.46 <E2/P <10.39 pg/ng group, E2/P >10.39 pg/ng group. The results showed that the displaced WOI
rate of the median group 4.46 <E2/P<10.39 pg/ng was significantly lower than that of the other two groups
(54.8% vs 40.6% vs 58.5%, P<0.001) (Table 6, Fig. 4C).

Discussion

Traditionally, the WOI period is considered quite wide, but the optimal window has been proved to be much
narrower, which may last for only 12 ~ 48 h'®. The embryo transplantation outside the window will lead to poorer
outcomes of ART treatment®’. Therefore, it is very important to detect the normal WOI objectively for pET. It is
reported that nearly 1/3 to 2/3 of implantation failures are caused by the endometrial non-receptivity status'”18.
It has been reported that the pregnancy outcomes of patients who received ERA test significantly increased
compared with control group, especially in patients with RIF*2°. However, there are also recent studies hold
the opposite opinions that ERA can’t improve the pregnancy outcome in RIF patients??2. Other investigators
considered that the value was rather limited when applied ERA in the first embryo transfer cycles or on the
patient with good prognosis, ERA were not recommended as a routine test for unselected patient populations?>24.
Because some factors can affect endometrial gene expression, such as chronic endometritis, severe intrauterine
adhesions, endometrial tuberculosis, endometrial hyperplasia4’25’26, so we excluded some factors that may affect
endometrial receptivity to eliminate these biases. In this study, we divide the population into non-RIF and RIE,
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Item Normal WOI (n=381, 48.7%) | Displaced WOI (n=401, 51.3%) | P value
Female age (year) 32.26+4.28 33.53+4.44 <0.001
NO. of previous failed ET cycle 1.68+0.75 2.04+0.99 <0.001
Serum E2 levels on P+ 5d (pg/mL) 412.07 +£485.72 480.73+516.79 0.056
Serum P levels on P +5d (ng/mL) 42.81+26.00 45.23+29.18 0.221
E2/P ratio (pg/ng) 13.72+£24.70 14.39+£18.91 0.67
Infertility duration (year) 5.00+3.16 5.84+3.51 0.001
Tnfertility type Primary 55.1% (210/381) 51.4% (206/401) 0.164

Secondary 44.9% (171/381) 48.6% (195/401)

Pelvic and tubal factors | 56.4% (215/383) 60.1% (241/401)

Male factor 17.6% (67/383) 19.2% (77/401)
Infertility factors | ovulatory dysfunction | 13.9% (53/383) 10.0% (40/401) 0.45

Endometriosis 5.8% (22/383) 5.5% (22/401)

Others 6.3% (24/383) 5.2% (21/401)
BMI (kg/m?) 22.97+3.22 22.89+3.25 0.701
Basal serum FSH (IU/L) 7.35+2.78 7.41+2.78 0.731
Basal LH (IU/L) 4.89+2.60 4.74+2.57 0.418
Basal serum PRL (ng/ml) 13.55+£5.84 13.39+6.51 0.710
Basal serum E2 (pg/mL) 48.94+34.12 45.85+30.30 0.181
Basal serum T (ng/ml) 0.49+0.28 0.49+0.50 0.882
AMH (ng/ml) 4.09+3.05 4.03£3.05 0.759

Table 4. Comparison of normal WOI and displaced WOI patients who received ERA test. ERA endometrial
receptivity analysis, WOI window of implantation, BMI body mass index, AMH anti-Miillerianhormone.

Variable Regression coefficient | Standard error | Wald value | 95% confidence interval | P value
Female age (year) 0.060 0.021 8.517 1.020~1.106 0.004
Serum E2 levels on P +5d (pg/mL) 0.000 0.000 4.285 1.000 ~ 1.001 0.038
Serum P levels on P +5d (ng/mL) 0.003 0.003 0.809 0.997 ~1.008 0.368
Previous failed embryo transfer cycle | 0.470 0.094 25.114 1.332~1.924 0.000
BMI (kg/mz) -0.016 0.025 0.431 0.937~1.033 0.511
Infertility type (Secondary infertility) | 0.147 0.170 0.746 0.830~1.618 0.388
Infertility duration (year) 0.037 0.026 2.091 0.987~1.091 0.148
Infertility factors: 1.002 0.910
Pelvic and tubal factors 0.210 0.338 0.386 0.636~2.394 0.534
Male factor 0.244 0.372 0.429 0.616~2.644 0.512
Ovulatory dysfunction 0.023 0.397 0.003 0.470~2.229 0.953
Endometriosis 0.206 0.457 0.204 0.502~3.008 0.652
Basal serum FSH (IU/L) -0.010 0.030 0.116 0.933~1.050 0.734
Basal LH (IU/L) 0.001 0.031 0.001 0.942 ~ 1.064 0.979
Basal serum PRL (ng/ml) -0.009 0.012 0.507 0.967 ~1.016 0.477
Basal serum E2 (pg/mL) -0.005 0.003 4.010 0.990 ~ 1.000 0.045
Basal serum T (ng/ml) 0.096 0.195 0.244 0.752~1.612 0.621
AMH (ng/ml) 0.022 0.027 0.633 0.969~1.078 0.426
Constant -2.865 0.968 8.767 0.003

Table 5. Logistic regression analysis of displaced WOI-related factors in patients who received ERA test. ERA
endometrial receptivity analysis, WOI window of implantation, BMI body mass index, AMH anti-Miillerian
hormone.

and we found that non-RIF with pET group had higher clinical pregnancy rates and live birth rate than non-RIF
with npET group. The pregnancy rate in RIF with pET group and the live birth rate are significantly higher than
RIF with non-pET group after PSM matching, and the gap of pregnancy outcomes between the RIF with pET
group and npET group is larger than that of non- RIF with pET and npET group. This study further confirmed
the clinical value of ERA in infertile patients with previous failed ET cycle, especially in RIF patients.

It is known that in normal implantation, the establishment of endometrial tolerance to the developing embryo
relies on the active recognition of trophoblasts by maternal immune cells within the decidua®’. This immune
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Age group (years) | Age<30 (n=226) | 30 years<Age<35 (n=351) | Age>35 (n=205) | P value

Normal WOI rate 58.0% (131/226) 48.4% (170/351) 39.0% (80/205) 0.001
<0.

Displaced WOI rate | 42.0% (95/226) 51.6% (181/351) 61.0% (125/205)

No. of previous No. of previous

Previous failed ET | failed ET No. of previous failed ET failed ET

cycle group cycle=1(n=301) | cycle=2 (n=337) cycle>3 (n=144) | P value

Normal WOl rate | 59.1% (178/301) | 45.4% (153/337) 34.7% (50/144) 0001
<0.

Displaced WOI rate | 40.9% (123/301) 54.6% (184/337) 65.3% (94/144)

Tertiles of E2/P

ratios group (pg/ | E2/P<4.46 E2/P>10.39

ng) (n=261) 4.46<E2/P<10.39 (n=261) | (n=260) P value

Normal WOI rate 45.2% (118/261) 59.4% (155/261) 41.5% (108/260) 0.001
<0.

Displaced WOI rate | 54.8% (143/261) 40.6% (106/261) 58.5% (152/260)

Table 6. Correlation analysis between age, previous failed ET cycle, tertiles of E2/P ratios and the displaced
WOI in patients who received ERA test. ERA endometrial receptivity analysis, WOI window of implantation,
BMI body mass index, AMH anti-Miillerian hormone, ET embryo transfer.

A = Displaced WOl rate ~ Normal WOI rate B u Displaced WOl rate  Normal WOI rate C m Displaced WOl rate  Normal WOI rate

100% 100% 9 " 100%
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Fig. 4. Group comparison to analysis correlation between related factors and displaced. (A) Age group; (B) no.
of previous failed ET cycle group; (C) E2/P ratios group.

response facilitates and supports ongoing implantation, and is important for determining pregnancy success?®%°.
Therefore, the immune system is thought to be intricately involved in mediating endometrial receptivity and
facilitating implantation, abnormal immunological responses and the disruption of cytokine networks during the
window of implantation (WOI) has long been suspected to explain RIF in certain patients***!. Evidence shows
that different amounts of immune cell types such as CD4T cells, Myeloid-Derived Suppressor Cells (MDSC),
regulatory T (Treg) cells, NK cell subtypes, and CD8 T cells have been reported in RIF in comparison to the
healthy women, and the abnormal production of these immunological factors may have a detrimental effect on
implantation and ultimately lead to RIF*2-*%. However, in this study, we did not completely exclude the effect
of immunological factors on the statistical results of RIF patients, which is also a limitation of this study. On
the other hand, many patients who have experienced more implantation failure may be tested for endometrial
or immune problems and treated accordingly, which may lead to a better outcome for RIF patients. And, some
RIF patients may have already received additional treatments, such as granulocyte colony-stimulating factor
(G-CSF), hysteroscopy, or hormone optimization, which also affect the outcome for RIF patients35’36. Not only
that, we also found that pET guided by ERA has a certain effect on reducing the early spontaneous abortion rate
for patients with non-RIE This is a new discovery, indicating that the displacement of WOI may be related to
early abortion. However, pET did not have such an effect for RIF patients, we believe the possible reasons are that
RIF patients have numerous other factors that can lead to miscarriage, including factors such as aneuploidy and
immunological factors®’~%°. Furthermore, we need to pay attention to another point of endometrial scraping,
which is an intentional damage to endometrium to improve outcomes of fertility treatment or the chance of
natural conception®®*!. So, the improvement in pregnancy outcomes may be related to endometrial scraping
caused by endometrial biopsy during ERA test, but we cannot rule out the influence of this confounding factor,
which is another limitation of this article.

In the complex physiological process of embryo implantation, numerous of molecular mediators participate
in the initial maternal-fetal interaction under the coordination of ovarian steroid hormones*2. Despite the
ovaries produce many steroids throughout the menstrual cycle, only E2 and P have been proven to be essential
for endometrial receptivity>*. Studies have shown that the disorder of sex hormone will affect the endometrial
receptivity*#*>. Progesterone in advance or low serum progesterone on day of embryo transfer will have a
negative impact on pregnancy rates of ART*%’. Research has confirmed that exposure of human endometrial
epithelial cells to high levels of estrogen can lead to abnormal expression of many key implantation molecules®s.
Estradiol reduction adversely affect the embryo quality and clinical outcomes of IVF-ET*. However, these
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studies did not combine estrogen and progesterone with gene expression profile. There are currently no
reports linking endometrial receptivity testing with hormone analysis for research. In this study, we compared
the estrogen and progesterone levels of P+5d between the normal and displaced WOI groups, but there is
no difference between the two groups, and the logistic regression analysis also showed that the estrogen and
progesterone levels were not linearly correlated with the displaced WOI. Therefore, we divided the E2/P values
into tertiles for analysis, we found that the displaced WOI rate of the median group (4.46 <E2/P<10.39 pg/
ng) was significantly lower than that of the other two groups. Estrogen and progesterone exert transcriptional
regulation through estrogen receptor o/ and progesterone receptor A/B expressed in the uterus. At the same
time, the co-regulation of other cytokines, transcription factors and growth factors are also required to promote
the normal establishment of endometrial receptivity'*2. In humans, ERa is the dominant subtype expressed in
uterus. Estrogen induces epithelial proliferation and differentiation through growth factor-mediated paracrine
action via ERa®’. Progesterone induces stromal cell proliferation through the joint involvement of PR expressed
on the epithelium and stroma, while antagonizing estrogen-induced epithelial proliferation®!. Therefore, both
estrogen and progesterone regulate uterine receptivity in a spatiotemporal specific manner. Our study indicated
that an appropriate E2/P ratio value was important for maintaining the endometrial receptivity state.

Age is an important influencing factor on pregnancy rate of assisted reproduction. There have some studies
reported the relationship between advanced maternal age and decline of endometrial receptivity’*~>*, but all
these researches only studied the endometrial receptivity from the standpoint of pregnancy outcomes. So far,
there has no research combined age with the gene expression test of endometrial receptivity. Our study showed
that there has a significant difference in age between the normal WOI and displaced WOI patients, and the
results of logistic regression analysis also showed that age was positively correlated with displaced WOI. We
divided all patients who received ERA test into three groups according to their age, we found that the displaced
WOTI rate increased gradually with the increase of age group, which indicated that as age increases, the incidence
of displaced WOI also gradually increases. It is reported that the decrease of endometrial receptivity is the major
cause for age-related decline of fecundity. The decrease in endometrial receptivity with age is responsible for the
higher rate of implantation failure in older women. Patients with nonfunctioning ovaries have a better outcome
in ovum donation programs™. In the progress of aging, senescent cells secrete inflammatory factors inducing
a chronic, low-degree, systemic, uncontrolled inflammatory state, termed “inflammaging”. Accumulated
inflammatory mediators such as interleukin-10 (IL-10), interleukin-6 (IL-6), leukemia inhibitory factor
(LIF) and tumor necrosis factor-a (TNF-a) in peripheral circulation and local uterus, together with estrogen
and progesterone, lead to the abnormal expression and function of endometrial receptivity markers such as
homeobox A10 (HOXA10), integrin av03, mucoprotein (MUCI1) and matrix metalloproteinase (MMP), which
disturbs the endometrial homeostasis and contributes to the age-related decline of endometrial receptivity™.
Furthermore, advanced age influences epigenetic regulation in the endometrium, thus altering the relation
between the epigenetic and chronological age®’. These may be the mechanisms by which age affects endometrial
receptivity.

We also found that there was a significant difference in the number of previous failed ET cycle between the
normal WOI and displaced WOI patients, and the results of logistic regression analysis also showed that the
number of previous failed ET cycle was positively correlated with the displaced WOI. According to the number
of previous failed ET cycle, we divided the patients into three groups for detailed analysis, and found that the
displaced WOI rate increased gradually with the increase of number of previous failed ET cycle. Our result
showed that the more the number of previous failed cycle, the higher the rate of displaced WOI in patients.
Psychological pressure and loss of hope for success are factors that must be taken seriously in the in ART
clinical practice®®. It was reported that a surprising number of couples stop continuing treatment after at least
one failed IVF cycle®. The cause of implantation failure is partially attributed to to individual differences of
WOIL. According to our study, we suggest that positive actions including endometrial receptivity assessments are
recommended to improve the pregnancy outcomes for elderly patients and patients who have experienced one
or more failed ET cycles.

As this article is a retrospective study, we know that when patients are voluntarily included, selection bias
may be introduced. Our large sample size may mask subtle differences between groups, especially if some
influencing variables are not controlled. In addition, PSM was used in the analysis of RIF groups in our study. As
some individuals may not be able to find suitable matches, which will reduce the effective RIF sample size in the
analysis and potentially decrease the statistical power of the study, this is also a limitation of this article. In future
work, we hope to classify RIF according to etiology and conduct prospective studies on ERA if the conditions
permit, so as to make the results more reliable and credible. As our study suggests that the endometrial receptivity
is influenced by some maternal factors, including age-time changes, hormonal changes, and there maybe has
some other unknown factors. Due to the invasive examination of endometrial biopsy, embryo transfer cannot
be performed during the biopsy cycle. So, the endometrial receptivity status during the biopsy cycle may differ
from the actual embryo transfer cycle, which may also lead to different outcomes. We believe this may also be
a reason for controversy regarding the application of ERA. Therefore, it is necessary to search for new non-
invasive methods for ERA.

Conclusions

The clinical pregnancy rate and live birth rate of patients with previous failed ET cycle was improved after pET
guided by ERA, especially in RIF patients; the early abortion rate of the non-RIF patient was reduced after
PET guided by ERA. Moreover, we firstly found that an appropriate E2/P ratio is beneficial for maintaining
endometrial receptivity state, and the probability of displacement WOI will increase with age and number of
previous failed ET cycle.
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Reproductive Medicine Center, Renmin Hospital, Hubei University of Medicine. The datasets used and/or ana-
lyzed during this study are available from the corresponding author on reasonable request and also with the
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