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Purpose: The aim of this study was to investigate the effect of human chorionic

gonadotropin (hCG) in hormone replacement (HT) regime for frozen thawed embryo

transfer in women with endometriosis (EM).

Methods: We performed a retrospective, database-search, cohort study and included

data on EM patients who underwent frozen embryo transfer (FET) between January

1, 2009 and August 31, 2018. According to the protocols for FET cycle, the patients

were divided into two groups: control group (n = 296) and hCG group (n = 355).

Clinical pregnancy rate, live birth rate, early abortion rate, late abortion rate, and ectopic

pregnancy rate were compared between the two groups.

Results: There was a significant increase in clinical pregnancy rate in the hCG group

(57.7 vs. 49%, p = 0.027) compared with the control group. The live birth rate in the

hCG group (45.6 vs. 38.5%, p = 0.080) was also elevated, but this difference was not

statistically significant.

Conclusion: hCG administration in HT regime for FET increases the pregnancy rate in

women with EM.

Keywords: endometriosis, frozen embryo transfer, human chorionic gonadotropin, hormone replacement, assisted

reproductive technology

INTRODUCTION

Endometriosis (EM) is a chronic gynecological disease characterized by lesions of endometrial-like
tissue outside of the uterine cavity (1, 2). Almost 50% of women with EM experience infertility
(3). EM affects the outcomes of assisted reproductive technology (ART). There are different
factors involved in poor outcomes, including poor quality of oocyte and/or embryo, impaired
receptivity of the endometrium, and implantation failure (4, 5). Clinically, there is little doubt
that the endometrium of women with EM is less receptive to embryo implantation, and strong
evidence suggests that endometrial changes are associated with decreased cycle fecundity (6).
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Endometrial biomarkers are differentially expressed in the
endometrium of women with EM compared with normal women
(7, 8). Seeking an effective approach to improve endometrial
receptivity in EM is a complex clinical issue.

Frozen embryo transfer (FET) is recommended for EM in
ART. Mohamed et al. suggested that the preparation of the
endometrium for FET with gonadotropin-releasing-hormone
(GnRH) agonists could improve the live birth rate in EM
compared with FET (9). Recently, Xu et al. found that pregnancy
rate, clinical pregnancy rate, and birth weight were improved in
women with EMwho underwent intrauterine injection of human
chorionic gonadotropin (hCG) before FET (10). However, these
methods are either time-consuming or inconvenient. Therefore,
we retrospectively analyzed the data on FET in patients with
EM to determine a more effective strategy for FET. The aim
of our study was to investigate the effect of hCG injection in
hormone replacement (HT) regime on FET outcomes among
patients with EM.

MATERIALS AND METHODS

Subjects
This retrospective, database-search, cohort study was conducted
at the Reproductive Hospital Affiliated Shandong University,
Shandong, China. This study was reviewed and approved by the
research ethics committee of our institution. All included patients
provided written informed consent for use of their data.

All patients who were diagnosed with laparoscopically
confirmed EM and underwent FET in our hospital during
a 9-year period (January 1, 2009 to August 31, 2018)
were included in the study. However, the stage of EM
was not clear, as the operation records were not provided.
Patients older than 42 years at the onset of the cycle; with
basal follicle stimulating hormone (FSH) level >12 U/L;
and with uterine malformation, chromosomal abnormalities,
hydrosalpinx, recurrent spontaneous abortion, and submucosal
fibroid or intrauterine adhesions were all excluded from the
study. Finally, data on 651 women diagnosed with EM-associated
infertility were collected. According to whether hCG injection
was included in the protocols, the patients were divided into two
groups—control group (n= 296) and hCG group (n= 355).

Endometrial Preparation
Patients in the control group received HT regime for FET.
Oral estradiol valerate (Progynova, Delpharm Lille) at a dose
of 4–8 mg/day was initiated on day 2 or 3 of the menstrual
cycle and commonly lasted for 10–14 days to promote
endometrial proliferation. The dosage and duration of estrogen
were increased until the endometrial thickness reached an
appropriate state for embryo transfer (commonly, at least 8mm),
at which time vaginal progestin (200 mg/day Utrogestan, Besins
Healthcare) and oral dydrogesterone (20mg b.i.d Duphaston,
Abbott) were added. Patients who received FET earlier than
2011 were treated with intramuscular injection of progesterone
(Progesterone Injection, Zhejiang Xianju Pharmaceutical Co.,
Ltd) instead.

Embryo Transfer
According to the embryo morphology assessment by the Istanbul
consensus workshop, blastocysts on day 5 with inner cell mass
in the hatching stage and trophectoderm layer (grade 1–2) were
considered good embryos. While, as cleavage stage embryos,
high-quality embryos were scored by morphologic criteria (11).
Only good embryos were frozen and prepared for transfer.
One or two cleavage-stage embryos or blastocysts frozen early
were thawed and transferred 3 or 5 days, respectively, after
progesterone initiation. Women in the hCG group received
8,000 IU hCG (HCG; Livzon) by intramuscular injection
before progestin administration; the HT regime was the same
as the control group. If conception was confirmed, estrogen
was continued until 7 weeks of gestation, and progestin
supplementation was continued until 10 weeks of gestation.

Outcomes
The primary outcome was clinical pregnancy, which was defined
as the detection of an intrauterine gestational sac by transvaginal
ultrasonography after 3 weeks of FET. The secondary outcome
was live birth, which was defined as the delivery of a viable
neonate that was at least of 28 gestational weeks. The early
abortion rate was defined as the percentage of miscarriage
occurring earlier than 12 weeks, whereas the late abortion rate
was the proportion of miscarriage occurring between 12 and 28
weeks. Preterm birth rate was defined as the percentage of birth
before 34 weeks in women with live birth. The live birth rate was
the proportion of women who birthed at least one living child.

Statistical Analysis
Continuous variables were represented as means and standard
deviations; differences in variables were compared by means
of Student’s t-test. Categorical variables were described as
frequencies and percentages, with the between-group difference
tested by means of the chi-square test and Fisher’s exact test when
the number of events was <5. A two-sided p-value <0.05 was
considered to indicate statistical significance.

RESULTS

Patients
The baseline characteristics were similar in the control and
hCG groups (Table 1). There were no differences in terms of
age, body mass index (BMI), basal endocrine hormone levels,
number of oocytes retrieved in the fresh cycle, fertilization rate
of oocytes, number of available embryos, and the percentage of
patients with coexisting polycystic ovarian syndrome (PCOS)
and adenomyosis between the two groups. However, the level
of anti-Müllerian hormone (AMH) was lower in the hCG group
than in the control group.

Outcomes of FET
The concentration of estrogen and luteinizing hormone (LH), the
number and stage of transferred embryos, and the proportion of
patients with recurrent endometrioma did not differ significantly
between the two groups, but the endometrium was thicker in
the hCG group than in the control group. FET outcomes were
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improved in the hCG group. The pregnancy rate of the hCG
group was significantly higher than that of the control group
(57.7 vs. 49%, p= 0.027) (Table 2). The live birth rate of the hCG
group (45.6 vs. 38.5%, p= 0.080) was also higher than that of the
control group, but this difference was not statistically significant
(Table 2). In addition, there was no significant difference in
early abortion rate, late abortion rate, preterm birth rate, and
ectopic pregnancy rate between the two groups (Table 2). In
a multivariate logistic regression model, we analyzed various
clinical factors of the patients, and we found that hCG treatment,
the age of patients, and recurrent endometrioma with a diameter
>3 cm were associated with the pregnancy rate of FET in EM
patients (Table 3).

DISCUSSION

In our retrospective analysis, we found that hCG injection
could significantly improve pregnancy rate in EM patients
who underwent FET. Further, live birth rate was also
elevated in the hCG group; however, the difference was not
statistically significant.

LH/hCG receptors are detected in the glandular epithelium
cells of the human endometrium (12), and hCG has been shown
to promote human endometrium stromal cell decidualization
when used in combination with progesterone (13). Transcription
of hCGwas found in two-cell-stage embryos (14), and the specific
interaction of blastocyst-derived hCG and the endometrial
LH/hCG receptors is a fundamental component in the materno-
fetal interface dialogue (15). It has recently been reported that
intrauterine hCG could improve FET outcomes for EM patients
(10). However, intramuscular injection of hCG, in HT regime in
EM patients who underwent FET, has never been reported. We
found that hCG intramuscular injection before FET in EM could
also improve pregnancy rate, but have no effect on live birth rate.
However, the administration of hCGwas not beneficial for FET in
human replacement cycles for non-EMpatients. Themain reason
for this was assumed to be the distinctive characteristics of EM.

TABLE 1 | Basal characteristics of participants.

Control group hCG group p-value

N 296 355

Age (years) 31.51 ± 4.33 31.39 ± 4.14 0.663

BMI (kg/m2 ) 22.41 ± 3.96 22.92 ± 3.33 0.627

AMH (ng/mL) 5.53 ± 5.38 5.14 ± 4.12 0.003

Concurrent PCOS 50 (16.9%) 49 (13.8%) 0.276

Concurrent adenomyosis 4 (1.4%) 7 (2%) 0.762

Basal FSH (U/L) 6.75 ± 2.97 6.50 ± 1.85 0.096

Basal LH (U/L) 5.89 ± 3.47 5.73 ± 3.29 0.818

Basal E2 (pg/mL) 42.93 ± 32.40 49.33 ± 111.5 0.103

No. of oocyte retrieved 14.44 ± 7.96 13.87 ± 7.31 0.168

Fertilization rate of oocytes 69.4% 65.6% 0.639

No. of available embryos 5.27 ± 3.33 4.75 ± 2.66 0.066

There were no significant differences between the hCG group and the control group (p >

0.05) in any of the baseline characteristics except AMH.

EM is known as an immune disorder and a progesterone-
resistant condition, which leads to impaired endometrial
receptivity and reduced fertility (16–19). The expression of
endometrial biomarkers is altered in the eutopic endometrium
of patients with EM compared with normal women.

Lessey et al. reported that endometrial integrins, which are
known as cell-surface receptors for extracellular matrix proteins,
play an important role in embryo implantation and are decreased
in women with infertility and EM (20). Reduced integrin
expression is also associated with poor in vitro fertilization
(IVF) outcomes (21). In vivo, hCG could up-regulate integrinβ5
expression in stromal cells from ectopic lesions in EM (22).
Other key molecules, such as HOXA10, are required for normal
endometrial receptivity (23), and their expression is also reduced
in EM. It has been reported that the expression of HOXA10 could
be induced by hCG (24). Therefore, hCG injection may improve
endometrial receptivity via regulating key molecules related to
embryo implantation.

TABLE 2 | Outcomes of frozen embryo transfer.

Control group hCG group p-value

Endometrium thickness 0.90 ± 0.30 0.92 ± 0.13 0.000

Recurrent endometrioma

Cyst diameter (<3 cm) 64 (21.6%) 72 (20.3%) 0.700

Cyst diameter (≥3 cm) 34 (11.5%) 37 (10.4%) 0.706

Transferred embryo stage 0.425

Cleavage stage 22 (7.2%) 20 (5.5%)

Blastocyte 283 (92.8%) 342 (94.5%)

No. of transferred embryos 1.29 ± 0.56 1.33 ± 0.51 0.965

Estrogen 262.91 ± 294.51 293.39 ± 342.17 0.331

LH 18.42 ± 11.66 15.19 ± 13.66 0.296

Pregnancy rate 49.0% 57.7% 0.027*

Live birth rate 38.5% 45.6% 0.080

Preterm birth rate 4.4% 11.7% 0.040*

Early abortion rate 8.8% 11.0% 0.362

Late abortion rate 0% 0.8% 0.255

Ectopic pregnancy rate 1.4% 0.3% 0.183

*p < 0.05, **p < 0.01.

TABLE 3 | Multivariable logistic regression analysis.

Variables in the equation

p-value OR 95.0% CI

Step 1a Group 0.023* 0.444 0.221 0.894

Age 0.030* 0.900 0.818 0.990

AMH 0.486 1.027 0.952 1.109

Cyst < 3 cm 0.241 0.594 0.248 1.419

Cyst ≥ 3 cm 0.015* 3.878 1.306 11.510

Adjusted by age, BMI, AMH, basal FSH, basal LH, basal E2, the number of transferred

embryos, the thickness of the endometrium, the level of estrogen and LH before FET, the

number of retrieved oocytes fertility rate, the number of available embryos in fresh cycle,

and recurrent endometrioma in the FET process. *p < 0.05.
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Moreover, hCG was also reported to regulate progesterone
expression via the ERK1/2 pathway (25) and promote human
endometrial stromal cell decidualization (13).

Furthermore, an aberrant subset of uterine Natural
Killer (uNK) cells was found in the eutopic endometrium
of women with EM-associated infertility (26). Immature
uNK cell populations exist in infertile women with EM
(27), and hCG has been reported as a regulator of uNK
cell proliferation, mediated via the mannose receptor
(CD206) (28). These findings likely suggest that hCG
could improve endometrial receptivity via regulating
immune cells in the eutopic endometrium of women with
EM-associated infertility.

The main limitation of our study is that only patients with
appropriate endometrial thickness and good quality embryos
were included. Furthermore, owing to the retrospective design
of our study, the stage of EM could not be provided
based on the collected data. Further evidence is needed to
validate and determine an optimum protocol with maximum
beneficial outcomes.

In our research, the pregnancy rate significantly increased
after hCG injection in women with EM; however, the
difference in live birth rate was not statistically significant
with respect to that of controls. This may be the result of
insufficient time or dose of hCG that may be improved by
replacing single hCG treatments with a repetitive administration
scheme (29).
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