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Abstract

Background: To evaluate whether the addition of human menopausal gonadotropin (HMG) during the early follicular phase of con-
trolled ovarian stimulation improves clinical outcomes in patients classified as group 4 on the Patient-Oriented Strategy Encompassing
IndividualizeD Oocyte Number (POSEIDON) classification. Methods: A prospective, randomized, and non-blind controlled trial was
conducted, involving 172 patients seeking infertility treatment with an indication for in vitro fertilization (IVF) or intracytoplasmic sperm
injection (ICSI). Among them, 78 patients were randomly assigned to the HMG/follicle stimulating hormone (FSH) group, receiving 75
IU of HMG for FSH on either day 2 or day 3 of menstruation, while 94 patients were assigned to the FSH monotherapy group. Results:
The total dose of gonadotropin used in the HMG/FSH group (2510.77± 368.11) was higher than that in the FSH alone group (2310.98±
641.33), indicating greater medication usage (p < 0.001). In terms of the mean number of retrieved oocytes and good quality embryos,
the HMG supplementation group demonstrated a slight increasing trend (3.79 and 1.43, respectively) compared to the FSH alone group
(3.44 and 1.16, respectively), though these differences did not show statistical significance. There is no significant difference in the
outcomes of ongoing pregnancy rates, biochemical pregnancy rates, or clinical pregnancy rates per end-cycle or embryo transfer cycle
between the two groups. Conclusion: The addition of HMG to FSH during the early follicular phase for IVF/ICSI did not provide any
benefits for patients classified as group 4 on the POSEIDON classification. Clinical Trial Registration: The study was registered at
Chinese Clinical Trial Registry (https://www.chictr.org.cn), registration number: ChiCTR2100043040.
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1. Introduction

In vitro fertilization and embryo transfer (IVF-ET) is
widely applied for treating infertility. However, a signifi-
cant proportion of patients, ranging from 9% to 24%, expe-
rience poor ovarian response (POR) during controlled ovar-
ian stimulation (COS) in IVF treatment. POR is character-
ized by a low number of oocytes, high cycle cancellation
rates, and reduced live birth rates [1]. To address the need
for more homogeneous patient populations in clinical stud-
ies, the concept of Patient-Oriented Strategies Encompass-
ing IndividualizeD Oocyte Number (POSEIDON) was in-
troduced in 2016 [2]. According to the POSEIDON criteria,
group 4 refers to women aged 35 years or older with poor
ovarian reserve parameters, such as an antral follicle count
(AFC) below 5 or anti-Mullerian hormone (AMH) levels
below 1.2 ng/mL [2,3]. This particular group accounts for
approximately 55% of patients with POR [4] and poses a
significant challenge for reproductive clinicians. Accord-
ing to the “two cell, two gonadotropins” hypothesis, fol-

licle stimulating hormone (FSH) and luteinizing hormone
(LH) both play critical roles during the growth and matu-
ration of oocytes in natural menstrual cycles. LH is gen-
erally not administered in standard COS protocols, as ex-
ogenous FSH is sufficient to generate an adequate follicu-
lar response. However, in recent years, exploration of LH
supplementation in patients with POR has yielded contro-
versial results. LH supplementation may reduce the apop-
tosis of granulosa cells, increase FSH receptor expression
and oocyte quality, and promote embryo implantation by
the decidualization of endometrial stromal cells [5–7]. Re-
combinant LH (rLH) supplementation appears to be benefi-
cial for elderly women [8,9]. However, the largest random-
ized controlled trial performed to date did not find an in-
creased number of retrieved oocytes (primary efficacy end-
point) when rLH was added to FSH for COS in patients
with POR compared with FSH monotherapy [10]. Further,
a related systematic review and network meta-analysis did
not show better clinical outcomes by LH supplementation
in patients with POR [11].
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Urinary human menopausal gonadotropin (HMG) is a
type of gonadotropin that combines the activities of both
FSH and LH. It is commonly used in COS for infertility
treatment. HMG has been suggested to have similar ben-
efits as rLH supplementation in POR patients. A recent
retrospective study demonstrated that commencing HMG
during the early follicular phase resulted in increased live
birth rates in POSEIDON groups 3 and 4, which are clas-
sified as poor responders [12]. However, an observational
case-control study did not find any improvement in IVF out-
comes whenHMGwas added to FSH compared to rLH sup-
plementation in long GnRH agonist protocols. Currently,
there are limited prospective studies that have investigated
the use of HMG supplementation initiated during the early
follicular phase. Therefore, this prospective, randomized,
controlled pilot study aimed to evaluate whether the addi-
tion of HMG to FSH on days 2–3 of menstruation would
enhance IVF outcomes in patients classified as POSEIDON
Group 4.

2. Materials and Methods
2.1 Study Population

This single-center, non-blind, randomized clin-
ical pilot trial (https://www.chictr.org.cn identifier:
ChiCTR2100043040) was conducted at the West China
Second University Hospital of Sichuan University. As a
feasibility study, we estimated the number of participants
required as around 20% of the number required for future
definitive randomized controlled trial (RCT). A total of
177 patients with indications for IVF/intracytoplasmic
sperm injection (ICSI) seeking infertility treatment were
enrolled between April 2021 and July 2022. Patients were
invited to participate if they were between the ages of 35
and 44 years and were classified as having poor ovarian
reserve parameters (AFC <5 or AMH <1.2 ng/mL)
based on the POSEIDON Group 4 classification. The
study excluded individuals who met any of the following
criteria from potential participation: natural cycles or
mild stimulation cycles, preimplantation genetic testing
(PGT) cycles or oocyte donation cycles, hypogonadotropic
hypogonadism, history of exogenous LH allergy, tumor
history or suspected tumor, and unexplained ovarian
enlargement.

2.2 Randomization and Blinding
On Day 2 (D2) or Day 3 (D2) of menstruation, partic-

ipants were randomized into the HMG/FSH or FSH alone
groups using a computer-generated randomization list. The
physicians and the participants were not blinded to the treat-
ments.

2.3 Protocols
A long gonadotropin-releasing hormone (GnRH) ag-

onist or antagonist protocol was implemented. The GnRH
agonist (H20140298, Triptorelin Acetate for Injection,
Ipsen Pharma Biotech, Paris, France) was administered
in the previous mid-luteal phase until the human chori-

onic gonadotropin (hCG) trigger. A GnRH antagonist
(H20140476, Cetrorelix, Merck Serono, Amsterdam, the
Netherlands) was administered in a fixed or flexible man-
ner. On D2 or D3 of menstruation, women who were ran-
domized to the HMG/FSH group were administered HMG
of menopausal origin (H10940097, Menotropins for In-
jection, Lizhu Group, Zhuhai, China) 75 IU per day in
addition to FSH until hCG was triggered. The control
group was administered FSH alone. The starting doses
of FSH ranged from 225 to 300 IU by experienced physi-
cians based on these individual patient characteristics in-
cluding the patient’s age, ovarian reserve, body mass index
(BMI), hormone levels, and previous response to fertility
treatments. FSH doses were adjusted according to the ovar-
ian response based on monitored follicle development and
serum sex steroids. When 1–3 leading follicles reached a
size of 18 mm or greater, either 5000–10,000 IU of hCG
(H44020674, Chorionic Gonadotrophin for Injection, man-
ufactured by Lizhu Group, Zhuhai, China) or 0.2 mg of
Triptorelin (H20160237, Triptorelin Acetate for Injection,
produced by Ipsen Pharma Biotech, Paris, France) was ad-
ministered. Approximately 35–36 hours after the admin-
istration of the trigger, follicular aspiration was performed
under sedation. Fertilization of the retrieved oocytes was
carried out using either conventional IVF or ICSI, depend-
ing on the results of the semen analysis and previous fer-
tilization outcomes. Embryos were subsequently cultured
in vitro until they reached the cleavage or blastocyst stage.
Their quality was assessed based on blastomere morphol-
ogy and the proportion of detached nuclear fragments [13].
A good-quality embryo on day 3 was defined as having 6–
10 cells with less than 20% fragmentation. The embryos
deemed suitable were then cryopreserved through vitrifica-
tion.

Luteal progesterone support was administered in the
form of progesterone gel (H20140552, Crinone 8%, Fleet
Laboratories Limited, Hertfordshire, UK) 90mg once daily,
plus dydrogesterone tablets (HJ20170221, Solvay Pharma-
ceuticals B.V, OLST, the Netherlands) 20 mg once daily,
or progesterone injection (H31021401, Shanghai General
Pharmaceutical, Shanghai, China) 40 mg twice daily for
fresh cycles on the day of oocyte retrieval.

Patients were recommended to undergo freezing of all
embryos if they exhibited a high progesterone concentration
(≥1.5 ng/mL) or had a thin endometrium (<7 mm) mea-
sured on the day of hCG administration. Subsequent frozen
embryo transfer was performed via either a natural or med-
icated cycle, in accordance with the patient characteristics
and clinician preferences. In the hormone replacement ther-
apy cycles, 6 mg of estradiol valerate (H20160679, DEL-
PHARMLille S.A.S, Lys-lez-Lannoy, France) was initiated
on day 3 of the subsequent menstrual cycle, while proges-
terone was initiated when the measured endometrial thick-
ness was greater than or equal to 8 mm. The same proges-
terone regimens were used for luteal support in both fresh
and frozen cycles.
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Fig. 1. Flowchart of the patient recruitment process for this study. FSH, follicle stimulating hormone; HMG, human menopausal
gonadotropin.

2.4 Study Outcomes
The primary focus of this study was to determine the

ongoing pregnancy rate per first embryo transfer cycle. On-
going pregnancy was specifically defined as the presence of
fetal heart motion at 11–12 weeks of gestation. Secondary
outcomes examined in the study included biochemical preg-
nancy, clinical pregnancy rate (CPR), and early miscarriage
occurring before the 12th week of gestation. Biochemical
pregnancy was defined as a human chorionic gonadotropin
level exceeding 30 mIU/mL, measured 14 days following
embryo transfer. Clinical pregnancy was determined by the
presence of an intrauterine gestational sac observed on ul-
trasound after 6–7 weeks of gestation. Early miscarriage
(<12 weeks) referred to the loss of a clinically detected
pregnancy confirmed through ultrasonography.

2.5 Statistical Analysis
Descriptive statistics were utilized to provide an

overview of the participants’ biological, socioeconomic,
and lifestyle characteristics. Continuous variables are pre-
sented as means with standard deviations, while categori-
cal variables are presented as counts and percentages. To
assess the significance of the differences observed, appro-
priate statistical tests such as the Chi-square test, Student’s
t-test, and Fisher’s exact test were performed. These tests
were chosen based on the nature of the variables being com-
pared. All statistical analyses were conducted using SPSS
version 26.0 software (SPSS Inc., Chicago, IL, USA). A
p-value less than 0.05 was considered statistically signifi-
cant, indicating a significant difference between groups or
variables under investigation.

2.6 Ethical Approval

This study was conducted in adherence with the eth-
ical principles outlined in the Declaration of Helsinki for
Medical Research involving Human Subjects. The research
protocol received approval from the Ethics Committee of
West China Second Hospital, Sichuan University, with the
ethical permit number 2021029. Prior to their involvement
in the study, all participants provided informed consent,
demonstrating their understanding of the study’s objectives,
procedures, and potential risks or benefits. To safeguard
patient privacy, all data collected during the study were
anonymized to ensure confidentiality.

3. Results
A flowchart of the patient recruitment process for this

study is shown in Fig. 1. A total of 172 patients ran-
domized into two groups were included in the analysis; 94
were assigned to the FSH monotherapy group and 78 to the
HMG/FSHgroup. No patients were lost to follow-up. Eight
cycles violated the assigned protocols and there were 14
cases freezing all embryos without undergoing subsequent
frozen embryo transfer for personal or medical reasons in
the two groups. Finally, 23 cycles in the two groups were
cancelled because of either oocyte retrieval failure or a lack
of available embryos and one 135 cases underwent embryo
transfer. The cycles with embryo transfer and cancelled cy-
cles are defined as ended cycles.

Table 1 presents the baseline characteristics of the
study participants. The average age of the patients was 38.1
years, with a mean AMH level of 0.67 ng/mL and a mean
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Table 1. Participant baseline characteristics.
Total FSH FSH/HMG

N = 172 n = 94 n = 78

Age (years) 38.07 ± 2.73 38.04 ± 2.89 38.10 ± 2.55
BMI (kg/m2) 22.51 ± 2.28 22.56 ± 2.07 22.45 ± 2.51
Blood pressure (mmHg)

Systolic 114.80 ± 12.08 114.87 ± 10.45 114.72 ± 13.86
Diastolic 74.67 ± 9.32 74.86 ± 9.21 74.44 ± 9.51

Type of infertility n (%)
Primary 51 (29.7) 29 (30.9) 22 (28.2)
Secondary 121 (70.3) 65 (69.1) 56 (71.8)

Duration of infertility (years) 3.62 ± 3.59 3.63 ± 4.00 3.61 ± 3.05
AMH level (ng/mL) 0.67 ± 0.30 0.67 ± 0.30 0.67 ± 0.29
AFC 4.74 ± 1.86 4.86 ± 2.10 4.58 ± 1.51
E2 level on D2–3 (ng/mL) 41.29 ± 14.83 40.99 ± 12.43 41.65 ± 17.36
FSH level on D2–3 (mIU/mL) 10.17 ± 3.50 10.14 ± 3.41 10.20 ± 3.63
LH level on D2–3 (mIU/mL) 3.57 ± 1.54 3.69 ± 1.44 3.45 ± 1.65
Data are reported as mean ± standard deviation, or number (percentage). BMI, body mass in-
dex; AMH, anti-Mullerian hormone; AFC, antral follicle count; E2, estradiol; LH, luteinizing
hormone; D, day.

antral AFC of 4.58. The groups were comparable in terms
of age, body mass index, blood pressure, type of infertility,
infertility duration, AMH level, basal hormone level, and
AFC measured on Day 2–3.

Table 2 shows the COS outcomes of the two groups.
The majority of the COS protocols in both groups were an-
tagonist protocols (97%). The total dose of gonadotropin in
HMG/FSH group was significantly higher than that in FSH
alone group (2510.77 ± 368.11 vs. 2310.98 ± 641.33, p
< 0.001). We observed an increasing trend in the HMG
supplementation group in terms of the mean number of
retrieved oocytes (3.79) and good-quality embryos (1.43)
compared to the FSH alone group (3.44 and 1.16, respec-
tively ), which did not reach a statistically significant differ-
ence (both p > 0.05). The starting doses of gonadotropin;
the plasma estradiol (E2), progesterone (P4), and LH levels
showed no significant difference between the two groups.
The endometrial thickness on the day of hCG administra-
tion in HMG/FSH groupwas higher compared to FSH alone
group (9.63 ± 1.28 vs. 9.41 ± 2.41, p = 0.033).

The clinical outcomes of all participants are shown in
Table 3. There were no statistically significant differences
between the groups in terms of ongoing pregnancy rates,
biochemical pregnancy rates, or clinical pregnancy rates per
end-cycle or embryo transfer cycle.

4. Discussion
In this prospective randomized study, we compared

the efficacy of HMG supplementation with FSH and FSH
alone during COS in patients classified as POSEIDON
Group 4. Overall, our study showed that there were no sig-
nificant beneficial effects of HMG addition.

Based on the two-cell two-gonadotropin concept, LH
supplementation plays a crucial role in stimulating the con-

version of cholesterol into androgens in theca cells during
the early follicular stage. This increased intraovarian andro-
gen production stimulates the expression of FSH receptors
in granulosa cells, working synergistically with insulin-like
growth factor 1 (IGF1) to promote follicle growth. Animal
models have shown that androgens play a role in stimulating
early primate follicle development [14]. During the mid-
follicular phase, LH binds to LH receptors on granulosa
cells to sustain FSH-dependent activity, which includes in-
duction of aromatase, release of growth factors, and regula-
tion of final follicle and oocyte maturation [15,16]. There-
fore, LH serves dual roles during the process of folliculo-
genesis.

In clinical practice, LH preparations are supplemented
during the early or mid-phase of follicular development for
various purposes. In this prospective study, we added HMG
at an early stage to improve the reaction and outcomes of
COS. The number of retrieved oocytes and good-quality
embryos showed an increasing trend in the HMG supple-
mentation group compared to the FSH alone group, but did
not reach statistical significance. A similar trend was ob-
served in Musters et al.’s [17] RCT, in which they added
rLH to FSH at the start of stimulation in women with poor
ovarian reserve, and found that the number of retrieved
oocytes and top-quality embryos per woman showed an in-
creasing trend, although not statistically significant com-
pared with FSH alone. However, another large RCT con-
ducted by Humaidan et al. [10] did not show similar results
when rLH was supplemented with FSH in patients.

HMG is a common type of gonadotropin widely used
in COS which exhibits both FSH and LH activities. LH
activity in the HMG is induced by the addition of human
chorionic gonadotropin (hCG) glycoprotein, which shares
a common alpha subunit with LH and stimulates the LH
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Table 2. Outcomes of controlled ovarian stimulation.
FSH FSH/HMG

p
n = 94 n = 78

Start dose of Gn (IU) 283.78 ± 31.48 285.58 ± 29.75 0.423
Total Gn dose (IU) 2310.98 ± 641.33 2510.77 ± 368.11 <0.001
Duration of COS (days) 8.71 ± 1.55 9.36 ± 1.28 0.074

Antagonist protocol 8.70 ± 1.56 (n = 92) 9.32 ± 1.27 (n = 76)
Agonist protocol 9.50 ± 0.71 (n = 2) 11.00 ± 0.00 (n = 2)

E2 level on the day of hCG (pg/mL) 1053.07 ± 563.50 1098.95 ± 638.10 0.951
P4 level on the day of hCG (ng/mL) 0.64 ± 0.38 0.68 ± 0.33 0.807
LH level on the day of hCG (mIU/mL) 3.54 ± 3.33 3.58 ± 2.66 0.796
Endometrium thickness on the day of hCG (mm) 9.41 ± 2.41 9.63 ± 1.88 0.033
No. of developed follicles ≥14 mm on the day of hCG 3.59 ± 2.03 3.39 ± 1.66 0.180
No. of retrieved oocytes 3.44 ± 1.95 3.79 ± 2.37 0.594
Fertilization rate (%) 67.3 63.3 0.930
No. of fertilized oocytes 2.41 ± 1.60 2.41 ± 1.41 0.284

IVF 2.34 ± 1.61 (n = 68) 2.17 ± 1.09 (n = 58) 0.016
ICSI 2.64 ± 1.59 (n = 22) 3.25 ± 2.05 (n = 16) 0.577

No. of good quality embryos 1.16 ± 1.19 1.43 ± 1.21 0.280
Cancelation rate 15 (16.0) 8 (10.3) 0.247

Failed oocyte retrieval 4 4
No available embryo 11 4

Cycles reaching embryo transfer 73 62 0.741
D3 68 58
D5–6 6 4

No. of embryos transferred 1.53 ± 0.50 1.58 ± 0.50 0.247
Fresh embryos 1.54 ± 0.50 (n = 57) 1.55 ± 0.50 (n = 44) 0.975
Frozen embryos 1.47 ± 0.51 (n = 17) 1.67 ± 0.49 (n = 18) 0.186

Data are reported as mean ± standard deviation. Gn, gonadotropin; COS, controlled ovarian stimulation; P4, pro-
gesterone; hCG, human chorionic gonadotropin; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection;
D, day.

Table 3. Clinical outcomes of in vitro fertilization and embryo transfer.
rFSH rFSH/HMG

p
n = 94 n = 78

Biochemical pregnancy rate/ended cycles a 28/88 (31.8) 22/70 (31.4) 0.958
Clinical pregnancy rate/ended cycles 26/88 (29.5) 20/70 (28.6) 0.894
Early pregnancy loss rate/ended cycles 3/88 (3.4) 1/70 (1.4) 1
Ongoing pregnancy rate/ended cycles 23/88 (26.1) 19/70 (27.1) 0.887
Biochemical pregnancy rate/embryo transfer 28/73 (38.4) 22/62 (35.5) 0.731
Clinical pregnancy rate/embryo transfer 26/73 (35.6) 20/62 (32.3) 0.682
Early pregnancy loss rate/embryo transfer 3/73 (4.1) 1/62 (1.6) 1
Ongoing pregnancy rate/embryo transfer 23/73 (31.5) 19/62 (30.6) 0.914
Data are reported as number/number (percentage). rFSH, recombinant follicle stimulating hor-
mone.
aEnded cycles are defined as cycles with embryo transfer or cancelled cycles.

receptor [18]. In the current prospective study, HMG was
supplemented as an LH preparation in the early follicular
phase, which has not been performed in previous prospec-
tive studies and did not show beneficial effects. In two
prior retrospective studies, HMG supplementation showed
fewer benefits than recombinant-human luteinizing hor-
mone (r-hLH) [18,19]. Currently, randomized controlled
trials (RCTs) on rLH supplementation of FSH in the early

follicular phase do not yield consistent results. In Bosch E
et al.’s [20] RCT study, they found that rLH administration
in an antagonist protocol significantly increased the implan-
tation rate in women aged 36–39 years, while no benefit
was found in patients younger than 36 years. Griesinger
et al. [21] did not find better COS results in women aged
20–39 years when rLH was added to FSH compared with
FSH monotherapy in an antagonist protocol. Another large
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RCT did not show beneficial primary and secondary end-
points, such as the number of oocytes retrieved and live
birth rate, when rLH was supplemented with FSH in poor
responders to a long agonist protocol. However, post-hoc
analysis showed a lower rate of total pregnancy outcome
failure and a higher live birth rate in patients with moderate
and severe POR who received rLH [10].

In the present study, eight cases violated the assigned
protocols, including seven in the FSH alone group and one
in the HMG/FSH group. All these cycles resulted in a hy-
poresponse, which represents an initial slow response or
stagnation in follicle growth [8], and were treated by LH ad-
dition to the FSH alone group or higher LH supplementation
to the HMG/FSH group after sufficient FSH doses were ad-
ministered. The rescued treatments resulted in higher total
gonadotropin (Gn) doses, but avoided cycle cancellation,
which is in accordance with the ethical spirit.

This study has several limitations. First, this was a
single-center pilot study and its limited sample size may
have underpowered the ultimate effect of HMG on preg-
nancy outcomes. Another limitation is the nature of a pi-
lot study necessitates certain compromises regarding study
design and analysis. We acknowledge that there are con-
founding factors that could influence IVF outcomes in PO-
SEIDON Group 4 patients including the heterogeneity in
COS protocols, the type of embryo transfer (ET), and the
stage of transferred embryos. We intentionally included
both long GnRH agonist and antagonist protocols to cap-
ture the variability in clinical practice and investigate the ef-
fectiveness of different COS approaches, all of which play
crucial roles in successful embryo implantation and subse-
quent pregnancy establishment. Therefore, caution should
be exercised when directly comparing the outcomes in our
study.

5. Conclusion
Overall, this study showed no benefit of HMG ad-

dition to FSH in the early follicular phase in COS for
IVF/ICSI on pregnancy outcomes in POSEIDON Group 4
patients. Further prospective multicenter studies with large
sample sizes are required to add rLH to specific difficult
populations based on the POSEIDON criteria.
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