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Introduction: In the realm of natural frozen-thawed embryo transfer (FET)
cycles, the application of luteal phase support (LPS) is a prevalent practice,
primarily due to its beneficial impact on reproductive outcomes. Among the
various LPS medications, human chorionic gonadotropin (hCG) is one that exerts
its function on both the corpus luteum and the endometrium.

Objective: To evaluate the effect of hCG administration as LPS on reproductive
outcomes in natural FET cycles.

Methods: This study was a retrospective cohort analysis conducted at a tertiary
care hospital. It included women who underwent natural FET treatment from
January 2018 to December 2022. Participants were divided into the hCG LPS
group and the non-hCG LPS group on the basis of whether they used hCG as LPS
after blastocyst transfer. The primary outcome was the clinical pregnancy and
live birth rates. The secondary outcomes included the early miscarriage rate
(before 12'" gestational week) and total miscarriage rate.

Results: A total of 4762 women were included in the analysis, and 1910 received
hCG LPS and 2852 received no hCG LPS (control group). In the general cohort,
the clinical pregnancy and live birth rates in the hCG LPS group were significantly
lower than those in the control group (63.82% vs 66.41%, aOR 0.872, 95% ClI
0.765-0.996, P=0.046; 53.98% vs 57.15%, aOR 0.873, 95% CI 0.766-0.991,
P=0.035, respectively). The early miscarriage and total miscarriage rates were
similar between the two groups. In a subgroup analysis, in women who received
an hCG trigger, there was no significant difference in the clinical pregnancy rate
or live birth rate between the two groups. However, in women who ovulated
spontaneously, the clinical pregnancy and live birth rates in the hCG LPS group
were significantly lower than those in the control group (60.99% vs 67.21%, aOR
0.786, 95% Cl 0.652-0.946, P=0.011; 50.56% vs 57.63%, aOR 0.743, 95% ClI
0.619-0.878, P=0.001, respectively).
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Conclusion: Among women undergoing natural cycle frozen—thawed blastocyst
transfer, hCG LPS is associated with lower clinical pregnancy and live birth rates.
Additionally, the adverse effect of hCG LPS is more pronounced in women who
ovulate spontaneously.

KEYWORDS

luteal phase support, human chorionic gonadotropin, natural cycle, frozen-thawed
transfer, live birth rate

Introduction

In frozen-thawed embryo transfer (FET) treatment, natural
cycles refer to the cycles in which follicles develop spontaneously,
and subsequently ovulate and shift to the corpus luteum. The
corpus luteum produces progesterone and estrogen, which are
essential for embryo implantation and subsequent pregnancy.
Because of the presence of the corpus luteum, there is a less
demand for exogenous administration of luteal support in natural
cycles. Although there is little evidence to support the benefit of
luteal phase support (LPS) in natural cycles, LPS is commonly used
in practice.

Progesterone and human chorionic gonadotropin (hCG)
represent the two most frequently utilized luteal phase support
(LPS) medications. These can be administered either independently
or in conjunction during natural cycles. Notably, hCG serves as one
of the earliest signals released by the embryo and detected by the
mother, an occurrence documented from the fertilization stage
(2PN) within embryonic culture mediums (1, 2). The hCG
operates on both the corpus luteum and the endometrium. It
effectively regulates multiple metabolic pathways within the
decidua, thereby contributing to endometrial receptivity. The
hCG has been found to significantly inhibit the intrauterine
insulin-like growth factor binding protein-1 (IGF-BP-1) and the
macrophage colony-stimulating factor (M-CSF). Conversely, it
significantly stimulates the leukemia inhibitory factor (LIF), the
vascular endothelial growth factor (VEGF), and the matrix
metalloproteinase-9 (MMP-9) (3-5). hCG prompts the corpus
luteum to produce progesterone continuously via mimicking LH
pulsatility. The mechanism of this process is that hCG binds to the
LH receptor of granulosa cells, and subsequently leads to more
potent activation of the cyclic AMP protein kinase A pathway,
which stimulates progesterone production (6). Studies in vitro have
suggested that hCG promotes longevity of the corpus luteum via
increasing levels of antiapoptotic BCL-2 and decreasing
proapoptotic Bax (7). In addition to the effects of hCG on the
corpus luteum, hCG may provide a signal regarding future embryo
implantation to the endometrium, foster growth and differentiation
of trophoblast cells, and establish placental villous structures (8).
The biosynthesis of hCG begins early in embryonic development.
Therefore, hCG is detected in relatively high concentrations in the
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uterine cavity prior to implantation, and exogenous administration
of hCG during in vitro fertilization may mimic the local effects of
hCG when fertilization occurs naturally (9). Consequently, many
researchers originally believed that hCG should be the primary
choice for LPS.

However, hCG LPS was reported as non-beneficial in a recently
published meta-analysis, which included only two studies
examining the use of hCG as the sole regimen for LPS in natural
FET cycles (10). These two studies were both conducted by Lee et al.
and only cleavage embryos were transferred. Their first study (11)
was a retrospective cohort study in which women in the LPS group
received two doses of 1500 IU hCG on the day of FET and 6 days
later. They found that LPS with hCG did not increase the clinical
pregnancy rate. The second study was a placebo-controlled,
randomized, controlled trial (RCT), which included 450 women
and they used the same regimen for LPS (12). These authors also
found a comparable outcome in the LPS and the placebo groups.

In natural FET cycles, the effect of hCG may be related to the
dosage and timing of hCG injection. T\, is 12 h and T, is 23 h for
hCG. Therefore, the difference in the dosage and timing of hCG
injection may result in different effects on reproductive outcomes.
We speculate that the use of continuous hCG injection after embryo
transfer may be optimal. Advances in embryo culture media have
led to exceeding blastocyst-stage embryo transfer over cleavage-
stage embryo transfer. Blastocyst-stage embryo transfer is
associated with better pregnancy outcomes than cleavage-stage
embryo transfer (13). The effect of hCG LPS on natural cycle FET
of blastocyst-stage embryos is unclear.

In this study, we aimed to evaluate the effects of continuous
injection of hCG in natural FET. We conducted a retrospective
study in women who had blastocysts transferred. We hypothesized
that the use of hCG in natural FET as LPS is associated with
increased clinical pregnancy and live birth rates.

Materials and methods
Study design and patients

This retrospective cohort study included all patients from a
single center who underwent their first natural blastocyst FET cycle
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from January 2014 to December 2022. The exclusion criteria
included: (i) cycles with letrozole or HMG for ovarian
stimulation; (ii) female age at FET >35 years old; (iii) body mass
index >30 kg/mz; (iv) endometrial thickness at FET <7 mm; (v) with
an abnormal uterine cavity or untreated hydrosalpinx; (vi)
recurrent implantation failure and recurrent pregnant loss; and
(vii) PGT cycles. Data were extracted from electronic medical
records. This study was approved by the Ethics Committee of
Northwest Women’s and Children’s Hospital (No. 2022007).

Monitoring of ovulation in the natural cycle

Women attended the clinic for ultrasound monitoring of
follicular development from the 8 day of menstruation. An hCG
trigger (chorionic gonadotropin for injection; Lizhu, China) was
provided for ovulation when the leading follicle reached 18 mm for
longer than 2 days and transvaginal ultrasound showed
anovulation. If the follicle fails to rupture within 2 days following
trigger injection, the 36th hour post-injection will be deemed as the
day of ovulation. Similarly, in cases where an unruptured follicle is
observed post-trigger injection, the 36th hour following injection
will also be considered as the day of ovulation. If ovulation was in
doubt, further blood serum progesterone concentrations needed to
be measured. Serum progesterone concentrations >3 ng/ml were
considered manifestation of ovulation.

Frozen—thawed blastocyst transfer

Blastocyst-stage embryos were thawed and transferred on the
5" day after ovulation. A maximum of two blastocyst-stage
embryos were allowed. Blastocyst evaluation was performed
according to Gardner’s grading system.

Luteal support

All women were administered oral progesterone (10 mg tid;
Duphaston, Abbot, USA) and vaginal progesterone (90 mg qd,

Crinone®

8%; Merck Serono, Switzerland) for luteal support from
the day of FET. In the hCG group, women received continuous hCG
injection (2000 IU im qd; Lizhu, China) for 5 days from the day of
blastocyst transfer. The addition of continuous hCG injection
depended on the patients’ and physicians’ preferences. In both
groups, oral progesterone and vaginal progesterone were continued
until the day of pregnancy testing. If clinical pregnancy was
diagnosed by ultrasound at 4 to 5 weeks after the blastocyst

transfer, the LPS regimen was continued until 10 weeks of gestation.

Definitions of pregnancy outcomes
Biochemical pregnancy was diagnosed only by the detection of

serum beta hCG concentrations >50 mIU/ml at the 13 day after
FET. Miscarriage was defined as spontaneous loss of a clinical

Frontiers in Endocrinology

10.3389/fendo.2024.1391902

pregnancy before 22 completed weeks of gestation, and early
miscarriage was defined as miscarriage before 12 weeks of
gestational age. Preterm birth was defined as birth that occurred
after 22 weeks and before 37 completed weeks of gestational
age (14).

Statistical analyses

Baseline characteristics are shown as the mean # standard
deviation and count (%), as appropriate. Categorical variables are
presented as the proportion and percentage of the total.
Comparison of continuous variables between the groups was
performed using Student’s t-test or the Mann-Whitney U-test
depending on the normality of the distribution. Fisher’s exact test
was used to compare categorical variables. A multivariate regression
analysis was used to assess the association between hCG LPS and
various pregnancy outcomes while adjusting for female age,
endometrial thickness, number of blastocysts transferred, hCG
trigger administration and good quality blastocyst transfer. A
subgroup analysis was performed to assess for potential
heterogeneity of the hCG trigger effect on pregnancy outcomes.
All data were analyzed using IBM SPSS 22.0 software (IBM Corp.,
Armonk, NY, USA). The level of significance was set at P<0.05.

Results
Baseline characteristics of the patients

The flowchart of enrolled patients is shown in Figure 1. A total
of 4762 women who fulfilled the inclusion and exclusion criteria
were included in this study (Table 1). Of these, 1910 and 2852
patients were in the hCG LPS group and the non-hCG LPS group,
respectively. Female age, male age, body mass index, infertility
duration, parity, cause of infertility, basal FSH concentrations, and
basal luteinizing hormone (LH) concentrations were similar in the
two groups.

I 18949 FET cycles

OS FET cycles

AC FET cycles

Cleavage-stage embryo transfer
Female >35 years old

Body mass index >30 kg/m?
thickness at FET <7 mm
Abnormal uterine cavity

Untreated hydrosalpinx

Recurrent implantation failure
Recurrent pregnant loss

Natural FET cycles
(n=4762)

hCG LPS
(n=1910)

Non-hCG LPS
(n=2852)

| hCG trigger I lSpumancu\l:uvulaliunl |

hCG trigger Spontancous ovulation
(n=1200) (n=710)

(n=1867) (n=1985)

FIGURE 1
A flow chart of the studied population
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TABLE 1 Patient demographics of the study cohort.

hCG LPS

group
(n=1910)

Non-hCG LPS

group
(n=2852)

2]
value

Female age at OPU (y) 30.75 + 3.83 30.62 + 3.71 0.241
Female age at FET (y) 31.73 + 3.68 31.63 + 3.59 0.340
Male age (y) 33.17 + 4.28 33.13 + 4.31 0.748
BMI, kg/m2 21.85 +2.73 21.76 + 2.89 0.322
Years of infertility 3.39 +2.41 337 +2.44 0.731
Parity 0.776
Primipara, n (%) 82.04 82.36 (2349/2852)
(1567/1910)
Multipara (%) 17.96 17.64 (503 /2852)
(343/1910)
Type of infertility 0.251
Primary infertility, n (%) 5251 5421 (1546 /2852)
(1003 /1910)
Secondary infertility, n (%) 47.49 45.79 (1306 /2852)
(907 /1910)
Cause of infertility 0.960
Tubal factor, n (%) 39.01 39.13 (1116 /2852)
(745/1910)
Ovulation factor, n (%) 4.66 (89/1910) 2.91 (83 /2852)
Male factor, n (%) 15.55 18.34 (523 /2852)
(297 /1910)
Combined factors, n (%) 36.39 35.06 (1000 /2852)
(695/1910)
Unknown factor, n (%) 4.40 (84/1910) 4.56(130/2852)
Basal FSH 722 £290 7.16 £ 2.72 0.509
Basal LH 5.44 + 15.39 522 £6.12 0.498
No. of oocytes 12.08 + 5.68 12.76 + 5.96 <0.001
retrieved (n)
Insemination type 0.151
IVE, n (%) 78.85 77.14 (2200/2852)
(1506/1910)
ICSL n (%) 21.15 22.86 (652/2852)
(404/1910)
Freeze all, n (%) 45.50 45.65(1302/2852) 0916
(869/1910)
Endometrial 11.30 + 1.84 11.16 + 2.61 0.038
thickness (mm)
hCG trigger, n (%) 62.83 30.40 (867/2852) <0.001
(1200/1910)
Total No. of blastocysts 2344 3595
transferred (n)
Mean No. of blastocysts 1.23 +0.42 1.26 + 0.44 0.009
transferred (n)
(Continued)

Frontiers in Endocrinology

10.3389/fendo.2024.1391902

TABLE 1 Continued

hCG LPS Non-hCG LPS P
group group value
(n=1910) (n=2852)
Good quality <0.001
blastocyst transfer
None, n (%) 52.04 44.60 (1272/2852)
(994/1910)
>1, n (%) 47.96 55.40 (1580/2852)
(916/1910)
Type of blastocyst transfer 0.432
Day 5 blastocyst, n (%) 88.44 87.76 (3155/3595)
(2073/2344)
Day 6 blastocyst, n (%) 11.56 12.24 (440/3595)
(271 /2344)

OPU, Oocyte pick up; FET, Frozen-thawed embryo transfer; FSH, Follicle stimulating
hormone; LH, Luteinizing hormone. Data are presented as mean + SD or n (%); Statistical
significance is defined as P<0.05.

With regard to in vitro fertilization characteristics, the number
of oocytes retrieved in the hCG LPS group was significantly greater
than that in the non-hCG LPS group (12.08 + 5.68 vs 12.76 + 5.96,
P<0.001). There was no significant difference in the insemination
method or “freeze all” ratio between the groups.

With regard to FET characteristics, the rate of administration of
a trigger in the hCG LPS group was 62.3%, which was twice that in
the non-hCG LPS group (30.4%, P<0.001). In the hCG LPS group,
the average number of blastocysts transferred was significantly less
than that in the non-hCG LPS group (1.23 + 0.42 vs 1.26 + 0.44,
P=0.009). Additionally, the rate of transferring good quality
blastocyst transfer was significantly lower than that in the non-
hCG LPS group (47.96% vs 55.4%, P<0.001). The type of blastocyst
transfer was similar in the two groups.

Pregnancy outcomes

The clinical pregnancy rate in the hCG LPS group was
significantly lower than that in the non-hCG LPS group (63.82%
vs 66.41%, aOR 0.872, 95% CI 0.765-0.996, P=0.046, Table 2). The
live birth rate in the hCG LPS group was significantly lower than
that in the non-hCG LPS group (53.98% vs 57.15%, aOR 0.873, 95%
CI 0.766-0.991, P=0.035). The rates of biochemical pregnancy,
implantation, twin pregnancy early pregnancy loss, and total
pregnancy loss were not different between the groups (all P>0.05).

Subgroup analysis

We performed a subgroup analysis by taking into consideration
the potential effect of an hCG trigger on reproductive outcomes
(Table 3). Among the 2067 women triggered with hCG, 1200
(58.06%) received hCG LPS and 867 (41.94%) did not receive
hCG LPS. In women who were triggered with hCG, there was no
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TABLE 2 The comparison of IVF characteristics and outcomes.

10.3389/fendo.2024.1391902

hCG LPS group Non-hCG LPS group 95% ClI P value
(n=1910) (n=2852)

Biochemical pregnancy, 69.37 (1325/1910) 70.41 (2008/2852) 0.948 0.821,1.080 0.382

n (%)

Implantation rate, n (%) 59.64 (1398/2344) 60.78 (2185/3595) 1.100 0.979,1.235 0.095
Clinical pregnancy, n (%) 63.82 (1219/1910) 66.41 (1894/2852) 0.872 0.765,0.996 0.046
Twin pregnancy, n (%) 9.11(111/1219) 11.25(213/1894)

Early pregnancy loss, n (%) 11.07 (135/1219) 10.24(194/1894) 1.081 0.840,1.388 0.560
Total pregnancy loss, n (%) 14.27 (174/1219) 12.88 (244/1894) 1.105 0.881,1.386 0.387
Live birth, n (%) 53.98 (1031/1910) 57.15 (1630/2852) 0.873 0.766,0.991 0.035

Adjusted: Female age, endometrial thickness, No. of blastocysts transferred, hCG trigger administration and good quality blastocyst transfer.

significant differences in the rate of biochemical pregnancy, clinical
pregnancy, early miscarriage, total miscarriage, or live birth
between the two subgroups (all P>0.05).

However, among the 2695 women who ovulated spontaneously,
710 (26.35%) were treated with hCG LPS, and 1985 (73.65%) were
not treated with hCG LPS. The rates of clinical pregnancy (60.99%
vs 67.21%, aOR 0.786, 95% CI 0.652-0.946, P=0.011) and live birth
(50.56% vs 57.63%, aOR 0.743, 95% CI 0.619-0.878, P=0.001) in the
hCG LPS group were significantly lower than those in the non-hCG
LPS group. The rate of biochemical pregnancy, early miscarriage, or
total miscarriage was not different between the two groups
(all P=0.05).

Discussion

The major finding of this study was that the clinical pregnancy
and live birth rates in the hCG LPS group were significantly lower
than those in the non-hCG LPS group (controls). Continuous hCG
supplementation as LPS in natural FET cycles was associated with
worse reproductive outcomes. In the subgroup analysis, in women

TABLE 3 Subgroup analysis of hCG LPS on FET outcomes.

who ovulated spontaneously, the clinical pregnancy and live birth
rates in the hCG LPS group were significantly lower than those in
the non-hCG LPS group. In women who received an hCG trigger,
there was no significant difference in the clinical pregnancy rate or
live birth rate between the hCG LPS group and the non-hCG
LPS group.

There is some heterogeneity in published studies that examined
the use of hCG for LPS. The dose and frequency differed greatly
between the different studies, as well as the methods used for
detecting ovulation and the use of hCG for triggering ovulation.
In 2017, Lee et al. (12) reported that the use of hCG in natural FET
cycles did not improve the ongoing pregnancy rate. In their RCT,
women in the treatment group received 1500 IU hCG on the day of
FET and 6 days after FET. The ongoing pregnancy rate,
implantation rate, and miscarriage rate in the treatment group
were similar to those in the control group. In 2019, another placebo-
controlled RCT reported the same conclusion, although the method
of hCG administration was different from previous published RCT's
(15). Madani et al. treated women with 10,000 IU urinary hCG to
trigger ovulation and 2500 IU hCG every 3 days after embryo
transfer. They found that equally effective in terms of implantation,

hCG trigger Spontaneous ovulation
(n=2067) (n=2695)
hCG LPS Non-hCG OR 95% ClI hCG LPS Non-hCG OR 95% ClI
group LPS group group LPS group
(n=1200) (n=867) (GEVALY)] (n=1985)
Biochemical 70.00 70.82(614/867) 0980 = 0.801,1.180 = 0.753 68.31 70.23(1394/1985) 0912 0.765,1.095 = 0311
pregnancy, n (%) (840/1200) (485/710)
Clinical pregnancy, 65.50 66.67 (578/867) | 0967 = 0.811,1.169  0.776 60.99 67.21 (1316/1985) | 0.784 = 0.652,0946 = 0.011
n (%) (786/1200) (433/710)
Early miscarriage, ~ 10.43 (82/786) 10.73 (63/587) 0926 06321324 0680 | 1224 (53/433) = 9.95(131/1316) 1240 0.874,1.758  0.227
n (%)
Total miscarriage, 13.61 13.97 (82/587) 0946  0.690,1295 0729 | 1547 (67/433) | 12.31 (162/1316)  1.289  0.939,1.769 = 0.116
n (%) (107/786)
Live birth, n (%) 56.00 56.06 (486/867) | 1.014 0.849,1.131  0.861 50.56 57.63 (1144/1985)  0.743 | 0.619,0.878 = 0.001
(672/1200) (359/710)

Adjusted: Female age, endometrial thickness, No. of blastocysts transferred and good quality blastocyst transfer.
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pregnancy, miscarriage, and live birth rates in women with and
without hCG LPS. Cleavage-stage embryos were transferred in
both studies.

Our study has some differences from previous published
studies. First, we recruited women with only blastocyst transfer
cycles. The number of blastocyst culture cycles is increasing
worldwide owing to the development of embryo culture
technology. The rate of implantation and the clinical pregnancy
rate of blastocyst-stage embryos are much higher than those of
cleavage-stage embryos (16). Therefore, we hypothesize that the
effect of hCG LPS on outcomes of blastocyst transfer may be
different from those of cleavage-stage embryo transfer. However,
our results are in accordance with previous reports, which was
unexpected. Second, we treated women in the hCG LPS group with
continuous hCG injection after blastocyst-stage embryo transfer
(2000 IU daily) for 5 days. Additionally, an hCG trigger was
provided for ovulation when transvaginal ultrasound showed
anovulation. There is a controversy regarding whether exogenous
hCG will result in luteal phase deficiency through a short-loop
feedback mechanism (17, 18). Continuous injection of hCG for LPS
has been reported to be beneficial (19, 20). However, it is important
to note that the hCG used in these studies was administered at a
micro dose (100 IU) and the cycles involved fresh embryo transfer.
Therefore, it is not certain that the same benefits would be observed
in frozen embryo transfer (FET) cycles. In China, 2000 IU and 5000
IU hCG injections are the most common. Taking into consideration
that T, of an hCG injection is 12 h and T,/ is 23 h, we
continuously treated our patients with 2000 IU hCG injections
qd. Intramuscular hCG has a long half-life. Intramuscular hCG
achieves circulating serum concentrations for approximately 7 days
after administration. Therefore, we added hCG injection for 5 days
after blastocyst FET. Third, we monitored ovulation by frequent
checking of transvaginal ultrasound and urine LH. Other studies
timed ovulation by the serum LH surge. Fourth, we combined hCG
with oral and vaginal progesterone for luteal support, while in
previous reports (12), only hCG was used as luteal support. The
effect of hCG LPS on reproductive outcomes may have been
attenuated by other progesterone that we used simultaneously.

Luteal support was beneficial following natural FET cycles,
especially progesterone administration. Although hCG could
enhance endogenous production of progesterone by the corpus
luteum, supraphysiological levels of hCG supplementation did not
improve reproductive outcomes.

The effects of an hCG trigger on reproductive outcomes are
conflicting (21-23). An hCG trigger can cause an early rise of
progesterone and finally lead to advancement of the endometrium
and reduced implantation (24). We performed a subgroup analysis
to assess the potential heterogeneity of an hCG trigger effect on
pregnancy outcomes. In women who received hCG triggering, hCG
LPS was not associated with any adverse effect on reproductive
outcomes. However, in women who ovulated spontaneously, there
was a significant decrease in the clinical pregnancy and live birth
rates in women who received hCG LPS. This finding indicates that,
in women who can ovulate on their own, extra hCG LPS is
detrimental. A possible explanation for the adverse effect of
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continuous hCG LPS is as follows, in women who can ovulate
spontaneously, their pituitary can secrete sufficient LH, and their
LH surge can be detected in their serum and urine (17). The
administration of continuous external hCG may directly inhibit
LH release via negative feedback actions at the hypothalamic-
pituitary level. The potential for increasing serum hCG
concentrations by augmenting their stimulation with hCG is
limited by its capacity. In women in whom an LH surge could
not be detected, exogenously added hCG did not cause any harm to
their defective pituitary secretion of LH. However, the mechanism
of this finding requires further research.

The major strength of our study is that we focused on natural
blastocyst FET cycles, eliminating the effects of the developmental
stage on reproductive outcomes. There are several limitations to our
study. First, this was an observational study, and there was a lack of
information regarding the reasons for supplementation of hCG as
LPS. Although we used a multivariable logistic regression to control
for confounders between the two groups, the findings of our study
might have been confounded by unmeasured or unidentified
covariates. Second, all data of in vitro fertilization treatment were
from a single center. Third, we did not measure serum hormones
after blastocyst FET, which meant that we were unable to determine
the reason for the decreased clinical pregnancy and live birth rates
in the hCG LPS group.

Conclusion

Our study suggests that hCG LPS is non-beneficial in women
who receive natural FET cycles with blastocyst transfer.
Additionally. the adverse effect of hCG LPS is more pronounced
in women who receive no hCG trigger. Further research is required
to better understand the mechanisms behind the association.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Northwest Women’s and Children’s Hospital. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

WW: Investigation, Writing - original draft. NL: Writing -
original draft. JS: Conceptualization, Project administration,

frontiersin.org


https://doi.org/10.3389/fendo.2024.1391902
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wen et al.

Writing - review & editing. HZ: Conceptualization, Writing -
review & editing. LF: Formal analysis, Writing - review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by National Center for Women and Children’s Health,
China CDC “Maternal and Infants Nutrition and Health Research
Programs” (Grant number 2023FYHO013) and Shaanxi Provincial
Department of Science and Technology (Grant number 2024SF-
YBXM-252).

References

1. Lopata A, Hay DL. The potential of early human embryos to form blastocysts,
hatch from their zona and secrete hCG in culture. Hum Reprod. (1989) 4:87-94.
doi: 10.1093/humrep/4.suppl_1.87

2. Chen XY, Li J, Jiang D, Li T, Liu XR, Zhuang GL. A highly sensitive
electrochemiluminescence immunoassay for detecting human embryonic human
chorionic gonadotropin in spent embryo culture media during IVE-ET cycle. ] Assist
Reprod Genet. (2013) 30:377-82. doi: 10.1007/s10815-012-9923-7

3. Licht P, Losch A, Dittrich R, Neuwinger ], Siebzehnrubl E, Wildt L. Novel insights
into human endometrial paracrinology and embryo-maternal communication by
intrauterine microdialysis. Hum Reprod Update. (1998) 4:532-8. doi: 10.1093/
humupd/4.5.532

4. Fluhr H, Bischof-Islami D, Krenzer S, Licht P, Bischof P, Zygmunt M. Human
chorionic gonadotropin stimulates matrix metalloproteinases-2 and -9 in
cytotrophoblastic cells and decreases tissue inhibitor of metalloproteinases-1, -2, and
-3 in decidualized endometrial stromal cells. Fertil Steril. (2008) 90:1390-5.
doi: 10.1016/j.fertnstert.2007.08.023

5. Fluhr H, Carli S, Deperschmidt M, Wallwiener D, Zygmunt M, Licht P.
Differential effects of human chorionic gonadotropin and decidualization on insulin-
like growth factors-i and -ii in human endometrial stromal cells. Fertil Steril. (2008)
90:1384-9. doi: 10.1016/j.fertnstert.2007.07.1357

6. Casarini L, Lispi M, Longobardi S, Milosa F, La Marca A, Tagliasacchi D, et al. LH
and hCG action on the same receptor results in quantitatively and qualitatively different
intracellular Signalling. PloS One. (2012) 7:¢46682. doi: 10.1371/journal.pone.0046682

7. Sungino N, Suzuki T, Kashida S, Karube A, Takiguchi S, Kato H. Expression of
Bcl-2 and Bax in the human corpus luteum during the menstrual cycle and in early
pregnancy: regulation by human chorionic gonadotropin. J Clin Endocrinol Metab.
(2000) 85:4379-86. doi: 10.1210/jcem.85.11.6944

8. Cole L. Biological functions of hCG and hCG-related molecules. Reprod Biol
Endocrinol. (2010) 8:102. doi: 10.1186/1477-7827-8-102

9. Licht P, Fluhr H, Neuwinger J, Wallwiener D, Wildt L. Is human chorionic
gonadotropin directly involved in the regulation of human implantation? Mol Cell
Endocinol. (2007) 269:85-92. doi: 10.1016/j.mce.2006.09.016

10. Mizrachi Y, Horowitz E, Ganer Herman H, Farhi ], Raziel A, Weissman A.
Should women receive luteal support following natural cycle frozen embryo transfer? A
systematic review and meta-analysis. Hum Reprod Update. (2021) 27:643-50.
doi: 10.1093/humupd/dmab011

11. Lee VCY, Li RHW, Ng EHY, Yeung WSB, Ho PC. Luteal phase support does not
improve the clinical pregnancy rate of natural cycle frozen-thawed embryo transfer: a
retrospective analysis. Eur ] Obstet Gynecol Reprod Biol. (2013) 169:50-3. doi: 10.1016/
j.ejogrb.2013.02.005

12. Lee VCY, Li RHW, Yeung WSB, Pak Chung HO, Ng EHY. A randomized
double-blinded controlled trial of hCG as luteal phase support in natural cycle frozen
embryo transfer. Hum Reprod. (2017) 32:1130-7. doi: 10.1093/humrep/dex049

13. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, Blake D.
Cleavage stage versus blastocyst stage embryo transfer in assisted reproductive

Frontiers in Endocrinology

07

10.3389/fendo.2024.1391902

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

technology. Cochrane Database Syst Rev. (2016) 2016):CD002118. doi: 10.1002/
14651858.CD002118.pub6

14. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J, Sokol R,
et al. The international glossary on infertility and fertility care, 2017. Fertil Steril. (2017)
108:393-406. doi: 10.1016/j.fertnstert.2017.06.005

15. Madani T, Ramezanali F, Yahyaei A, Hasani F, Bagheri Lankarani N,
Mohammadi Yeganeh L, et al. Live birth rates after different endometrial
preparation methods in frozen cleavage—stage embryo transfer cycles: a randomized
controlled trial. Arch Gynecol Obstet. (2019) 299:1185-91. doi: 10.1007/s00404-019-
05062-7

16. Holden EC, Kashani BN, Morelli SS, Alderson D, Jindal SK, Ohman-Strickland
PA, et al. Improved outcomes after blastocyst-stage frozen-thawed embryo transfers
compared with cleavage stage: a society for assisted reproductive technologies clinical
outcomes reporting system study. Fertil Steril. (2018) 110:89-94.e2. doi: 10.1016/
j.fertnstert.2018.03.033

17. Miyake A, Aono T, Kawamura Y, Kurachi K. Suppression of plasma luteinizing
hormone-releasing hormone by administration of human chorionic gonadotropin in
castrated women. Fertil Steril. (1982) 38:251-2. doi: 10.1016/S0015-0282(16)46468-X

18. Tavaniotou A, Devroey P. Effect of human chorionic gonadotropin on luteal
luteinizing hormone concentrations in natural cycles. Fertil Steril. (2003) 80:654-5.
doi: 10.1016/S0015-0282(03)00789-1

19. Andersen CY, Fischer R, Giorgione V, Kelsey TW. Micro-dose hCG as luteal
phase support without exogenous progesterone administration: mathematical
modelling of the hCG concentration in circulation and initial clinical experience. ]
Assist Reprod Gen. (2016) 33:1311-8. doi: 10.1007/s10815-016-0764-7

20. Carosso AR, Canosa S, Gennarelli G, Sestero M, Evangelisti B, Charrier L, et al.
Luteal Support with very low daily dose of human chorionic gonadotropin after fresh
embryo transfer as an alternative to cycle segmentation for high responders patients
undergoing gonadotropin-releasing hormone agonist-triggered IVF. Pharm (Basel).
(2021) 14:228. doi: 10.3390/ph14030228

21. Montagut M, Santos-Ribeiro S, De Vos M, Polyzos NP, Drakopoulos P, Mackens
S, et al. Frozen-thawed embryo transfers in natural cycles with spontaneous or induced
ovulation: the search for the best protocol continues. Hum Reprod. (2016) 31:2803-10.
doi: 10.1093/humrep/dew263

22. Weissman A, Horowitz E, Ravhon A, Steinfeld Z, Mutzafi R, Golan A, et al.
Spontaneous ovulation versus HCG triggering for timing natural-cycle frozen-thawed
embryo transfer: a randomized study. Reprod BioMed Online. (2011) 23:484-9.
doi: 10.1016/j.rbmo.2011.06.004

23. Zhai X, Shu M, Guo Y, Yao S, Wang Y, Han S, et al. Efficacy of low-dose hCG on
FET cycle in patients with recurrent implantation failure. Front Endocrinol (Lausanne).
(2022) 13:1053592. doi: 10.3389/fend0.2022.1053592

24. Yding Andersen C, Elbaek HO, Alsbjerg B, Laursen RJ, Povlsen BB, Thomsen L,
et al. Daily low-dose hCG stimulation during the luteal phase combined with GnRHa
triggered IVF cycles without exogenous progesterone: a proof of concept trial. Hum
Reprod. (2015) 30(10):2387-95. doi: 10.1093/humrep/dev184

frontiersin.org


https://doi.org/10.1093/humrep/4.suppl_1.87
https://doi.org/10.1007/s10815-012-9923-7
https://doi.org/10.1093/humupd/4.5.532
https://doi.org/10.1093/humupd/4.5.532
https://doi.org/10.1016/j.fertnstert.2007.08.023
https://doi.org/10.1016/j.fertnstert.2007.07.1357
https://doi.org/10.1371/journal.pone.0046682
https://doi.org/10.1210/jcem.85.11.6944
https://doi.org/10.1186/1477-7827-8-102
https://doi.org/10.1016/j.mce.2006.09.016
https://doi.org/10.1093/humupd/dmab011
https://doi.org/10.1016/j.ejogrb.2013.02.005
https://doi.org/10.1016/j.ejogrb.2013.02.005
https://doi.org/10.1093/humrep/dex049
https://doi.org/10.1002/14651858.CD002118.pub6
https://doi.org/10.1002/14651858.CD002118.pub6
https://doi.org/10.1016/j.fertnstert.2017.06.005
https://doi.org/10.1007/s00404-019-05062-7
https://doi.org/10.1007/s00404-019-05062-7
https://doi.org/10.1016/j.fertnstert.2018.03.033
https://doi.org/10.1016/j.fertnstert.2018.03.033
https://doi.org/10.1016/S0015-0282(16)46468-X
https://doi.org/10.1016/S0015-0282(03)00789-1
https://doi.org/10.1007/s10815-016-0764-7
https://doi.org/10.3390/ph14030228
https://doi.org/10.1093/humrep/dew263
https://doi.org/10.1016/j.rbmo.2011.06.004
https://doi.org/10.3389/fendo.2022.1053592
https://doi.org/10.1093/humrep/dev184
https://doi.org/10.3389/fendo.2024.1391902
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Use of hCG for luteal support in natural frozen–thawed blastocyst transfer cycles: a cohort study
	Introduction
	Materials and methods
	Study design and patients
	Monitoring of ovulation in the natural cycle
	Frozen–thawed blastocyst transfer
	Luteal support
	Definitions of pregnancy outcomes
	Statistical analyses

	Results
	Baseline characteristics of the patients
	Pregnancy outcomes
	Subgroup analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


