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Abstract

Objective
To investigate the impact of endometrial thickness on the embryo transfer(ET) day on the

clinical pregnancy outcomes of frozen-thawed embryo transfer cycles which have under-
gone hormone replacement therapy(HRT-FET).

Methods

Atotal of 10,165 HRT-FET cycles performed between January 2013 to December 2017 in
the Reproductive Medicine Center of Henan Provincial People’s Hospital were studied retro-
spectively. All patients were grouped according to their endometrial thickness on the ET day
(each group having an increment of 1mm between two neighboring groups). Multivariate
regression analysis, curve fitting and threshold effect analysis were performed on all data.

Results

After adjusting for the age, duration of infertility, body mass index(BMI), infertility type and
number and type of embryos transferred, a significant correlation was observed to be
between the endometrial thickness and implantation rates (aOR: 1.08; 95% CI: 1.06-1.10, p
<0.0001), clinical pregnancy rate(aOR: 1.10; 95% CI: 1.07-1.14, p < 0.0001)and live birth
rate (aOR: 1.09; 95% CI: 1.06—1.12, p < 0.0001). The numerical value of the cut-off point for
the endometrial thickness was 8.7 mm. When the endometrial thickness was less than 8.7
mm, with each additional 1 mm of endometrial thickness, the implantation rate increased by
32%, the clinical pregnancy rate increased by 36%, and the live birth rate increased by 45%.

Conclusions

In the HRT-FET cycles, the optimal live birth rate would be obtained when the endometrial
thickness remains within the range of 8.7—14.5 mm. If the endometrium is too thin or too
thick, the live birth rate will be reduced.
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Introduction

Embryo implantation requires a cross talk between the embryo and the receptive endome-
trium. The synchrony between embryo development and endometrium is the key to success in
assisted reproductive technology (ART) [1]. In addition to embryo quality, endometrial recep-
tivity is widely accepted as one of the main limiting factors for ART outcomes, especially in
frozen-thawed embryo transfer (FET) cycles.

For FET, hormone replacement therapy (HRT) exogenous estrogen and progesterone (P)
support has been widely used in recent years in clinical practice for endometrial preparation
because of its benefit to women with irregular menstrual cycles. With menstrual regularity the
date of FET can be scheduled in advance compared to using a natural cycle [2, 3]. There are
many factors such as an LH surge, HCG administration, and serum P levels that affect the
endometrial implantation window during the natural cycle-FET (NC-FET) cycles. But in
HRT-FET cycles, the major factor affecting the endometrial implantation window is the time
of progesterone administration.

Endometrial thickness (EMT) is the most widely used prognostic indicator for measuring
endometrial receptivity. Although observations suggest that the association between EMT and
IVF outcomes is still contradictory and inconsistent [4, 5], there is a general consensus that
thin endometrium is associated with low pregnancy rate. Furthermore, several studies have
shown that there is a correlation between EMT and clinical pregnancy outcome after conduct-
ing FET [6, 7]. However, very little research has focused on the relationship between endome-
trial thickness and clinical outcomes of the HRT-FET cycle.

Therefore, in order to understand what the optimal endometrial thickness for implantation
rate and clinical pregnancy rate or live birth rate after undergoing HRT-FET and to evaluate
the effect which endometrial thickness has on subsequent outcomes, we retrospectively ana-
lyzed the data of 10,165 HRT-FET cycles in the Reproductive Medicine Center of Henan Pro-
vincial People’s Hospital from January 2013 to December 2017.

Materials and methods

Subjects

The study was reviewed and approved by the Ethics Committee of People’s Hospital of Zheng-
zhou University. This study is a retrospective cohort study, consequently, it is exempt from the
informed consenting process. In this study, patient’s medical records were anonymized and
de-identified prior to the time data was collected from our electronic database, Clinical Repro-
ductive Medicine Management System and the Wuhan Huchuang Reproductive Center Elec-
tronic Medical Record Management System.

During the period between January 2013 and December 2017, a total of 10,165 HRT-FET
cycles in the Reproductive Medicine Center of Henan Provincial People’s Hospital were stud-
ied retrospectively. Inclusion criteria were set as follows. (1) The endometrium is prepared
using HRT protocol; (2) at least one good quality embryo was transferred during each cycle.
Exclusion criteria on the other hand, included the followings: (1) Chromosomal abnormality
in either partner; (2) uterine malformation; (3) intrauterine conditions affecting the pregnancy
outcomes of FET, such as endometrial polyps, uterine cavity adhesion, history of endometrial
tuberculosis, hydrosalpinx with a reflux into uterine cavity; (4) cycles which underwent pre-
implantation genetic testing (PGT); and (5) cycles of spontaneous ovulation. All patients were
grouped according to the endometrial thickness on the embryo transfer day with a 1 mm inter-
val between each group. Multivariate regression analysis, curve fitting and threshold effect
analysis were performed on all cycles.
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Endometrial preparation protocol

HRT-FET cycles: Patients started oral estradiol with a total daily dosage of 4-8 mg (Progynova,
Bayer, Leverkusen, Germany), taken twice a day on day 2-3 of the cycle. This dose was
adjusted every 4 days according to the endometrial thickness. Progesterone would be adminis-
tered when the endometrial thickness reached 8 mm, approximately on day 12-20 of the cycle.
For patients who had a thin endometrial thickness during their past cycles, we would increase
the dose and duration of estrogen application. If the endometrial thickness reached the same
level it had been on the HCG trigger day in a controlled ovarian stimulation cycle, progester-
one will be given to transform endometrium. The luteal phase support (LPS) included a daily
dose of 90 mg of vaginal progesterone gel, or a dose of 200 mg of micronized natural progester-
one (Utrogestan, LaboratoiresBesins International SA, France) three times a day. In addition
to this, a dose of 20 mg of oral dydrogesterone was given once a day. LPS continued for at least
8 weeks or till the hCG test result turned out negative. Embryos were transferred on the fourth
day (cleavage stage) or on the sixth day (blastocyst) after progesterone was administered.

Measuring the endometrial thickness

Trans-vaginal ultrasound scanning (SSD-ALPHA?7, ALOKA, HITACH]I, Japan) with a 2D,
6.67MHz probe was performed on the ET day. The Measurements of the endometrial thick-
ness of each patient were conducted according to SOP before embryos were transferred by two
experienced sonographers using transvaginal ultrasound. Measurements were carried out,
they were noted in millimeters (mm).

Embryo transfer and embryo score

Prior to ET, each embryo were was graded according to their developmental speed, degree of
fragmentation and the evenness of cleavage sphere. The embryos with a 7 ~ 9 blastomere, uni-
form cytoplasm, regular morphology, fragmentation < 10% were considered to be high-qual-
ity embryos. Blastocyst scoring was performed by following the Gardner scoring system [8],
and embryos graded 3BB or better were defined as good quality embryos.

In order to assess FET outcomes, serum human chorionic gonadotropin (hCG) was mea-
sured 14 days after an embryo transfer was conducted. The dose of estrogen and progesterone
remained the same till 14 days after embryo transfer, and then was gradually reduced after the
fetal heart examination, and completely stopped at gestational week 10. If the serum hCG was
positive, an ultrasound examination was performed 2-3 weeks later to confirm intrauterine
pregnancy and determine the number of gestational sacs. The diagnosis of ectopic pregnancy
was made by observing the extra-uterine gestational sac during ultrasonography or laparot-
omy/laparoscopic surgery. A spontaneous miscarriage was defined as a spontaneous preg-
nancy loss after sonographic visualization of an intrauterine gestational sac. A clinical
pregnancy was defined by at least one gestational sac found on the ultrasonography 4-6 weeks
after an embryo transfer. An ectopic pregnancy and spontaneous miscarriage were all consid-
ered as clinical pregnancies. A miscarriage that occurred before gestational Week 12 was
defined as an early miscarriage. A live birth was defined as one or more live babies delivered
after 28 weeks of gestation.

FET cycle outcomes

The primary outcome included the live birth rate, gestational week at the delivery and new-
born birth weight. The secondary cycle outcomes included the implantation rate, clinical preg-
nancy rate, early miscarriage rate, and ectopic pregnancy rate. Implantation rate = number of
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clinical gestational sacs / total number of embryos transferred *100%. Clinical pregnancy

rate = number of cycles with clinical pregnancy / number of FET cycles*100%. Early miscar-
riage rate = number of cycles with early miscarriage / number of cycles with clinical pregnancy
*100%. Live birth rate = number of cycles with live births / number of transfer cycles*100%.

Statistical analysis

Statistical analysis was performed using the Empower Stats software base on R language. Con-
tinuous variables were presented as mean + SD, and categorical variables were presented as N
(%). Comparisons of these variables between groups were performed using a one-way ANOVA
and 2 tests for categorical variables. Smooth curve fitting was performed to assess if there was
any non-linear relationship between endometrial thickness and pregnancy outcomes. Then a
segmented regression model was used to analyze the threshold effect between endometrial
thickness and pregnancy outcomes. P < 0.05 was considered statistically significant.

Results

A total of 10,165 HRT-FET cycles were analyzed and reported here with the overall implanta-
tion rate of 46.45%, clinical pregnancy rate of 62.11%, and live birth rate of 51.08%.

All patients were grouped according to their endometrial thickness on the ET day. Patient
demographics and characteristics are shown in Table 1. There were significant differences
between the age, infertility duration, BMI and percentage of primary infertility of the women

in each group, but there was no difference in the number and type of embryos transferred.
(Table 1)

Comparison of clinical outcomes between different groups

The implantation rate, the early miscarriage rate, clinical pregnancy rate and live birth rate were
significantly different among groups that had different endometrial thickness (P < 0.001). In
addition, there were no statistical significances among in the ectopic pregnancy rate, delivery
gestational weeks and newborn birth weight between groups (p > 0.05) (Table 2).

Table 1. Characteristics and periodic features in patients grouped by endometrial thickness on the embryo transfer day.

Group

N

Age
Duration of
infertility
BMI

No. of embryo
transferred

Infertility type
Primary
Infertility
Secondary
infertility
Embryo type

Embryos in
cleavage stage

Blastocyst

https://doi.org/10.1371/journal.pone.0239120.t001

EN <6 mm

235
34.06 + 6.19
3.44 +2.82

22.74 £ 3.07
1.81 £0.43

25.33%
(58/229)

74.67%
(171/229)

76.17%
(179/235)

23.83%
(56/235)

EN6-7mm |EN7-8 mm |EN8-9mm |EN9-10mm |EN10-11 EN11-12 EN 12-13 EN>13 mm |P-value

445
33.54 +6.09
3.73+3.13

23.18 £3.74
1.82 £ 0.43

26.09%
(114/437)
73.91%
(323/437)

74.83%
(333/445)

25.17% (112
/445)

mm mm mm

1526 3338 2299 1218 615 291 198

3236 £592 | 31.17+£5.60 |3099+542 |31.08+527 |31.69+571 |31.84+£549 |32.67+6.50 |<0.001
4.06 +2.99 4.05+2.89 4.30 + 3.30 4.31+3.27 4.62 +3.44 438 +3.53 5.11 +£3.57 <0.001

23.02+3.42 |2287+424 |23.04+4.63 2333 +7.47 |2347+3.32 |23.69+3.70 |23.80+3.64 |<0.001

1.83+0.41 1.85+0.38 1.85+0.38 1.84 +0.37 1.86 +0.35 1.85+0.37 1.81+0.43 0.273

<0.001

41.26% 52.78% 56.01% 59.00% 60.23% 57.19% 56.48%

(621/1505) (1727/3272) | (1267/2262) | (705/1195) | (362/601) (163/285) (109/193)

58.74% 47.22% 43.99% 41.00% 39.77% 42.81% 43.52%

(884/1505) (1545/3272) | (995/2262) (490/1195) | (239/601) (122/285) (84/193)

0.433

72.94% 72.44% 71.58% 70.11% 73.98% 71.82% 73.23%

(1113/1526) | (2418/3338) | (1645/2298) | (854/1218) | (455/615) (209/291) (145/198)

27.06% 27.56% 28.42% 29.89% 26.02% 28.18% 26.77%

(413/1526) (920/3338) (653/2298) (854/1218) | (160/615) (82/291) (53/198)

PLOS ONE | https://doi.org/10.1371/journal.pone.0239120 September 24, 2020 4/12


https://doi.org/10.1371/journal.pone.0239120.t001
https://doi.org/10.1371/journal.pone.0239120

The effect of endometrial thickness on pregnancy outcomes

PLOS ONE

200¥ 02 H6€20 auod eunol/L2¢ L0 1/B10°10p//:sdny

JySrom

9SF°0 | 65°899 F FLHTTE | TI'8S9 F 80LETE | 1LFL9 F TTH80E | €8'869 F L9ESTE | STSLIFTLOIIE | LV 169 F 9V 901€ | ST'IEL F 68°660€ | LF'SSO FT6'961€ | 8SH89 F 99F11€ | YII1q UIOGMIN

JSEVNIE)

1e Yoom

7160 €9'T ¥99°'L¢ SETF09LE 6T F 6VLE 67T FFSLE SFTFI9LE 0S'TF LS'LE YOTFFhLE 9ETF LYLE SCTFELE [euoneIsIn
(162/5S1) (S19/€%¢€) (8121/299) (662T/65T1) (8€€€/9281) (92$1/059) (Sv¥/er1)

100°0> | (861/S6) %86'LY %9T'€S %LL'SS %SE S %9LYS %0L S %09°TH %ET'TE | (S£T/6S) %IT'ST | el YIIQ dAT]

Jjex

(86%1/SST) (T612/820) (sz8/zrin) agerredsmu

100°0> | (FTT/TT) %¥6'91 | (S61/ST) %T8TT | (STH/TH) %TT'OT | (88L/8L) %06'6 %S€°0T %0%°0T %8S €T | (961/S€) %98°L1 |  (06/€7) %9S'ST Apreg

ayex Aoueudaad

€I€0 (¥21/7) %191 (S61/€) %¥S'T (STP/€) %TL0 | (88L/T1) %TS'T | (86%1/ST) %L9T | (T61T/6T) %TET | (STS/ST) %I8'1 (961/5) %SS'C (06/%) %¥v¥ ordoyog

(861/¥2C1) (162/561) (S19/51¥%) (STT1/88L) (L6TT/86¥%1) (0g€€/T617) (12s1/528) (08%/961) arex foueudard

100°0> %E€9°T9 %10°L9 %8%°L9 %9879 %TT'S9 %E€8°S9 %FTHS %YIFY | (F£2/06) %9¥'8E [esrur)

(85€/991) (6£5/€L2) (FPP11/L8S) (S¥TT/8601) (LSTH/8L07) (0819/650¢) (¥6£2/L60T1) (T18/5€7) (ST¥H/811) ayel

100°0> %LE 9V %5905 %IETS %60°'1S %18'8% %0567 %9T°6€ %¥6'8C %97 | uonejuedw]

861 16T S19 81¢I 661 8cee 9TST 44 144 N

anfeA-q ww < NI, WwWel-ZINT| Wwl-IINT| wuw -1 Ng wur 0[-6 NA s 6-8 N| wrur 8-/ N urur £-9 N wur 9 > N dnoap

*Aep 1aysuer) 0£IQUId Y} UO SSADPIY) [eL1}dWopUd £q padnoid syusned ur sowosno resrur) g I[qe],

5/12

PLOS ONE | https://doi.org/10.1371/journal.pone.0239120 September 24, 2020


https://doi.org/10.1371/journal.pone.0239120.t002
https://doi.org/10.1371/journal.pone.0239120

PLOS ONE

The effect of endometrial thickness on pregnancy outcomes

Multivariable logistic regression used to evaluate the association between
endometrial thickness and pregnancy outcomes

In order to control the impact of age, the duration of infertility, BMI and the infertility type
(primary or secondary) on pregnancy outcomes, we performed multivariable logistic regres-
sion analysis to evaluate the association between endometrial thickness and pregnancy out-
comes. After making adjustments based on the above factors, significant associations were
found between endometrial thickness and implantation rate(adjusted odds ratio [aOR]: 1.08;
95% confidence interval [CI]: 1.06-1.10, p < 0.0001), clinical pregnancy rate(aOR: 1.10; 95%
CI: 1.07-1.14, p < 0.0001) and live birth rate (aOR: 1.09; 95% CI: 1.06-1.12, p < 0.0001). The
associations between endometrial thickness and early miscarriage rate, ectopic pregnancy rate,
gestational weeks at delivery and newborn birth weight were not significant (Table 3).

Curve fitting

For continuous variables such as endometrial thickness, the implantation rate, clinical preg-
nancy rate and live birth rate, the fitted curves are presented in Figs 1-3, respectively. With the
increase of endometrial thickness, the implantation rate, clinical pregnancy rate and live birth
rate initially went up and then down (Figs 1-3).

Threshold effect analysis results

The threshold effect analysis of endometrial thickness and the implantation rate, clinical preg-
nancy rate and live birth rate are presented in Table 4. The endometrial thickness is a non-lin-
ear significant predictor of clinical outcomes, and its turning point is 8.7 mm. The
implantation rate, clinical pregnancy rate and live birth rate increased by 32%, 36% and 45%,
respectively with the increase of each millimeter increment of endometrial thickness up to 8.7
mm. When the endometrial thickness was > 8.7 mm, the clinical outcomes did not increase
significantly with but rather tended to be stable.

Influence of the delta between the endometrial thickness on the transfer
day compared with the thickness at the starting of progesterone day on the
clinical outcome

Between the endometrial thickness on the transfer day compared with the thickness at the
starting of progesterone day, endometrial thickness had no changed cycles, the increased and
compaction cycles accounted for 18.88%, 38.05%, 47.80% of the total number of cycles, respec-
tively. The clinical pregnancy rate of cycles with compaction endometrial thickness is lower
than the other two groups (P<0.001) (Table 5).

Table 3. Associations between endometrial thickness and clinical outcomes of HRT-FET cycles using multivari-
able logistic regression analysis. All adjusted for age, the duration of infertility, body mass index, infertility type, and
the number type of embryos transferred.

Item Non-adjusted Adjusted I Adjusted IT
OR | 95% CI P OR |95% CI P OR |95% CI P
Implantation rate 1.10 | (1.08,1.12) | < 0.0001 | 1.08 | (1.06, 1.10) | <0.0001 | 1.08 | (1.06, 1.10) | < 0.001

Clinical pregnancy rate 1.13 | (1.10, 1.15) | < 0.0001 | 1.10 | (1.07, 1.14) | <0.0001 | 1.10 | (1.07, 1.14) | < 0.001
Ectopic pregnancy rate 0.90 | (0.79, 1.02) | 0.1075 0.92 | (0.80, 1.06) | 0.2369 0.92 | (0.80, 1.06) | 0.2427
Early miscarriage rate 0.95 | (0.90,0.99) | 0.0284 0.96 | (0.91,1.01) | 0.1101 | 0.96 | (0.91,1.01) | 0.1307
Live birth rate 1.12 | (1.09, 1.14) | <0.0001 | 1.09 | (1.07,1.12) | <0.0001 | 1.09 | (1.06, 1.12) | <0.001
Gestational age at delivery | 0.0 | (-0.0,0.1) | 0.5420 0.0 |(-0.0,0.1) |0.2283 |0.0 |(-0.0,0.1) | 0.2252
Newborn birth weight 7.2 |(-4.9,19.3) | 0.2426 10.3 | (-2.1,22.7) | 0.1027 10.2 | (-2.2,22.6) | 0.1055

https://doi.org/10.1371/journal.pone.0239120.t003
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Fig 1. Associations between endometrial thickness and implantation rate of HRT-FET cycles. The threshold was
identified, and a nonlinear association between endometrial thickness and the implantation rate was found (P<0.001)
using a generalized additive model (GAM). The solid-dotted red line represents the smooth curve that fits between
variables. Blue curves represent the upper and lower limits of the 95% CI. All were adjusted for age, the duration of
infertility, body mass index, infertility type, and the number and type of embryos transferred.

https://doi.org/10.1371/journal.pone.0239120.9001

Discussion

Endometrial receptivity is the key factor affecting the pregnancy outcomes of embryo transfer
cycles [9]. It has the advantage of: being non-invasive, simplicity, convenience, cost-effective-

ness, repeatability as well as other advantages. Using transvaginal ultrasonography to measure
endometrial thickness is often used to help assess the timing of endometrial transformation

0.9
1

0.7
Il

0.6

Clinical pregnancy rate
0.5
-]

0.4

03
1

0.2

T T T
5 10 15 20

Endometrial thickness

Fig 2. Associations between endometrial thickness and clinical pregnancy rate of HRT-FET cycles. The threshold
was identified, and a nonlinear association between endometrial thickness and the clinical pregnancy rate was found
(P<0.001) using a GAM. The solid-dotted red line represents the smooth curve that fits between variables. Blue curves
represent the upper and lower limits of the 95% CI. All were adjusted for age, the duration of infertility, body mass
index, infertility type, and the number and type of embryos transferred.

https://doi.org/10.1371/journal.pone.0239120.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0239120 September 24, 2020 7/12


https://doi.org/10.1371/journal.pone.0239120.g001
https://doi.org/10.1371/journal.pone.0239120.g002
https://doi.org/10.1371/journal.pone.0239120

PLOS ONE The effect of endometrial thickness on pregnancy outcomes

0.6
1

0.5

0.4

Live birth rate
03
1
o

0.2

0.1

T T T T
5 10 15 20

Endometrial thickness

Fig 3. Associations between endometrial thickness and live birth rate of HRT-FET cycles. The threshold was
identified, and a nonlinear association between endometrial thickness and the live birth rate was found (P<0.001)
using a GAM. The solid-dotted red line represents the smooth curve that fits between variables. Blue curves represent
the upper and lower limits of the 95% CI. All were adjusted for age, the duration of infertility, body mass index,
infertility type, and the number and type of embryos transferred.

https://doi.org/10.1371/journal.pone.0239120.g003

and the endometrial receptivity [9, 10]. However, there is no consensus on the relationship
between endometrial thickness and pregnancy outcomes. The endometrial thickness was mea-
sured at different time points during previous studies, such as on the day of hCG administra-
tion, on the day of oocyte retrieval or on the day embryos transferred [11-14]. In addition to
this, the published studies also varied in other factors, for example, controlled ovarian stimula-
tion protocols, FET protocols, number of embryos transferred, and the type of embryo trans-
ferred (cleavage stage embryo or blastocyst) [14-17]. Many factors could affect endometrial
receptivity in fresh IVF cycles and natural cycle FETs, such as excessive estrogen levels, ele-
vated endogenous progesterone, and LH surge. Since such factors can be confounding and
affect the reliability of the study results, the relationship between endometrial thickness and
IVF outcomes has been a subject of much debate for several decades. Recently, a meta-analysis
including 22 studies concluded that there seems to be no justification for using to use endome-
trial thickness as a tool to help people decide on cycle cancellation, freeze-all or refraining
from further IVF treatment [18]. Another meta-analysis that included 4,922 cycles from 14
studies was not able to draw a convincing conclusion on the relationship between endometrial
thickness and the pregnancy rate in IVF [19].

Table 4. Threshold effect analysis of endometrial thickness and clinical outcomes of HRT-FET cycles using piece-
wise linear regression method.

Clinical outcomes Turning point of endometrial thickness | Effect size (OR) |95% CI P value
Clinical pregnancy rate | <8.7 1.36 (1.26,1.47) | <0.0001
>8.7 1.02 (0.99,1.06) | 0.2051
Live birth rate <8.7 1.45 (1.33,1.57) | <0.0001
>8.7 1.00 (0.97,1.04) |0.9792
Implantation rate <8.7 1.32 (1.24,1.40) | < 0.0001
>8.7 1.01 (0.99,1.04) |0.2977

https://doi.org/10.1371/journal.pone.0239120.t1004

PLOS ONE | https://doi.org/10.1371/journal.pone.0239120 September 24, 2020 8/12


https://doi.org/10.1371/journal.pone.0239120.t004
https://doi.org/10.1371/journal.pone.0239120.g003
https://doi.org/10.1371/journal.pone.0239120

PLOS ONE

The effect of endometrial thickness on pregnancy outcomes

Table 5. Influence of the delta between the endometrial thickness on the transfer day compared with the thickness
at the starting of progesterone day on the clinical outcome.

Delta of endometrial thickness Statistics Clinical pregnancy rate
No change 18.88% (1919/10165) 60.19% (1155/1919)
Increase 38.05% (3868/10165) 66.55% (2553/3868)
Compaction 47.80% (4859/10165) 53.82% (2615/4859)

P <0.001

https://doi.org/10.1371/journal.pone.0239120.t005

As far as we know, previous studies only focused on whether endometrial thickness affects
clinical outcomes or not. The study of K.E.Liu et al. calculated the ORs and their 95% ClIs for
ongoing pregnancy outcomes with different cut-off values of EMT, and the authors concluded
that ongoing pregnancy likelihood was significantly higher in patients with EMT > 9 mm as
compared to those who had EMT 3-8 mm [14]. A retrospective study of FET cycles by Tarek
El-Toukhy et al. compared patients whose endometrial thickness were < 7 mm, 7-8 mm, 9-14
mm and > 14 mm, and found that those with the endometrial thickness of 9-14 mm on the
day of progesterone supplementation had higher rates of implantation and pregnancy rates
[5]. As with most of the previous studies, in the study of Zhiqin Bu et al., all patients were clas-
sified into three groups (Group A, EMT < 8 mm; Group B, EMT 9-13 mm; Group C,

EMT > 14 mm) according to the endometrial thickness on the ET day. Patients who had thin
endometrial thickness in Group A had significantly lower rates in clinical pregnancy and live
birth than those in Group B or C [9]. In our study, we found significant associations between
endometrial thickness and the rates of implantation (aOR: 1.08; 95% CI: 1.06-1.10,

p < 0.0001), clinical pregnancy (aOR: 1.10; 95% CI: 1.07-1.14, p < 0.0001) and live birth
(aOR: 1.09;95% CI: 1.06-1.12, p < 0.0001). The curve fitting analysis further revealed a quanti-
tative relationship between endometrial thickness and clinical outcomes. The cut-off value of
the endometrial thickness was 8.7 mm. With every millimeter increment of endometrial thick-
ness up to 8.7 mm, the implantation rate, clinical pregnancy rate and live birth rate increased
by 32%, 36% and 45%, respectively. However, the clinical outcomes tended to remain stable
without further increasing when the endometrial thickness is > 8.7 mm.

It is noteworthy that this study is the first to report a minimum threshold of endometrial
thickness for optimal pregnancy outcomes. Several studies in the past merely reported a rela-
tively broad range of endometrial thicknesses that were considered optimal for pregnancy out-
comes while the classification of endometrial thickness in their studies was arbitrary, being
mainly based on clinical experience or references [5, 9, 14], while the range of endometrial
thickness in each group was also very large, thus making these studies unlikely of being able to
provide good guidance for clinical practice. The result of threshold effect analysis showed that
8.7 mm was the lowest threshold of endometrial thickness for the optimal live birth rate of
50.61%. When the endometrial thickness was larger than 8.7 mm, the increase of the live birth
rate was subtle and tended to be stable. The live birth rate at this point was considered optimal,
and thus the range of endometrial thickness relating to the optimal live birth rate could there-
fore be obtained. Combining the threshold effect analysis results and the curve-fitting pattern,
our data showed that the live birth rate would be optimal when the endometrial thickness was
within the range of 8.7-14.5 mm. In the group whose endometrial thickness had reached
beyond 14.5 mm, the implantation rate, clinical pregnancy rate and live birth rate were slightly
lower, a fact which was consistent with the curve fitting results. If the endometrium was too
thin or too thick, the live birth rate would be reduced. This is the first study to explore what is
the best range of endometrial thickness for optimal live birth rate from the statistical perspec-
tive, and the results of it have great clinical significance.
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Although the rates of clinical pregnancy and live birth were lower when the endometrial
thickness was 7-8 mm, the outcomes in this group were still reasonably acceptable. The rates
of clinical pregnancy and live birth significantly decreased to 44.14% and 32.13%, respectively,
when the endometrial thickness was 6-7 mm, and then to 38.46% and 25.11%, respectively,
when the endometrial thickness was < 6 mm. These results may serve as a guide for clinicians
and patients when facing a persistently thin endometrium. In the two groups which had an
endometrial thickness of < 7 mm, the proportion of patients with primary infertility was sig-
nificantly lower than in the group with endometrial thickness of > 7 mm, suggesting that the
thin endometrium might be the result of a prior uterine operation that caused secondary
infertility.

In our study, we did not find any significant effect of endometrial thickness on pre-term
delivery or neonatal birth weight. In the study of Ribeiro V C et al, the gestational age seemed
unaffected by endometrial thickness, a point which is consistent with our study as well. How-
ever, they found birth weight z-scores varied significantly depending on the different endome-
trial thickness [13]. A possible explanation for this might be that they investigated the effect of
endometrial thickness on pregnancy outcomes in the fresh cycles, and the timing of the endo-
metrial thickness measurement was not clearly reported.

In addition, we noted that some recent studies [20, 21] that have looked at the effect of
endometrial changes between the transfer day and the starting of progesterone day, on clinical
pregnancy outcomes. Our results suggest that endometrial compaction on transplantation day
has a negative effect on clinical pregnancy outcomes. At present, there is no clear evidence that
the increase or decrease of the endometrial thickness between the transfer day and the starting
of progesterone day on the clinical outcome, which is worthy of further study.

To the best of our knowledge, this is the largest study to date that evaluates the effects of
endometrial thickness on the outcomes of patients participating in HRT-FET cycles. In addi-
tion, as a result of having a large sample size, more consistent embryo grading, consistent
endometrial thickness measurement and ultrasound instruments, the impact of these factors
on the study results was minimized. We also studied the relationship between endometrial
thickness and clinical outcomes in a more homogenous study population that underwent the
same HRT protocol. The endometrial implantation window was more uniform, only relating
to the timing of progesterone administration that was fixed in this study. According to com-
mon knowledge, embryo quality and endometrial preparation protocol are the two most criti-
cal factors which affect the pregnancy outcomes of FET. In all the cycles in this study, at least
one good-quality embryo was transferred, which excluded the effect of embryo quality on
pregnancy outcome. Since no minimal cut-off value of endometrium thickness was defined in
the original study protocol, the effect of the whole spectrum of endometrial thicknesses in
HRT-FET could be studied. Nodal segmentation of endometrial thickness was also not per-
formed. Moreover, the analysis was adjusted for age, the duration of infertility, body mass
index, and type of infertility and number (cleavage stage embryos or blastocysts) of embryos
transferred using multivariable logistic regression, all of which contributed to the robust
results of this study.

At the same time, this study still had its limitations. As with other relevant clinical studies,
an important limitation of this study was the retrospective design, even though we established
strict inclusion and exclusion criteria and adjusted confounding factors to control bias through
multivariable logistic regression. In addition, the ultrasound monitoring of endometrial thick-
ness might have some measurement imprecision that occur regardless of how experienced the
ultrasonographers may be. There were only 37 patients with an endometrial thickness above
the maximum threshold. Which suggests that more HRT-FET cycles especially those with
thick endometrium are to be collected in future studies, with the hope of being able to
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determine an optimal range of endometrial thickness for pregnancy outcomes. In the future,
we will continue analyze the data of our center to evaluate the difference between endometrial
thickness on the first progesterone day and that on the ET day, and its correlation with the
pregnancy outcomes, so as to provide guidance for clinical practice.

In conclusion, in the HRT-FET cycles, a satisfactory live birth rate can be obtained when

endometrial thickness is kept within the range of 8.7-14.5 mm. If the endometrial thickness is
too thin or too thick, the live birth rate will be reduced. Based on these research results, It is
recommended to medical practitioners that transferring embryos should be conducted when
the endometrial thickness reaches 8.7 mm, and there is no need to wait for the endometrial to
get any thicker. The risk of preterm labor and neonatal birth weight were not significantly cor-
related with endometrial thickness.
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