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Background: Growth hormone (GH) could improve the outcomes of in vitro
fertilization and embryo transfer (IVF-ET) in patients with decreased ovarian
reserve (DOR), but which age group will benefit the most has remained
controversial. This study aims to explore the outcome of IVF-ET among
differently aged patients with DOR treated with GH.

Methods: A total of 846 patients with DOR undergoing IVF-ET from May 2018 to
June 2023 at the Reproductive Medicine Center of Sichuan Provincial Women's
and Children’s Hospital were prospectively enrolled. The patients were divided
into group A (< 35 year old, n = 399), group B (35 ~ 40 year old, n = 286), and
group C (> 40 year old, n = 161). Each group was sub-divided into the GH part and
the control part, with the former receiving pretreatment with GH 4 IU/day on day
2 of the previous menstrual cycle before the injection of gonadotrophin (Gn) until
the trigger day. The ovarian stimulation protocol was gonadotrophin-releasing
hormone antagonist (GnRH-A) or long-acting GnRH agonist protocol. The
quality of oocytes and embryos and the outcome of pregnancy were compared.

Results: In group B, the number (1.16 + 0.12 vs. 0.74 + 0.09) and rate (34.27% vs.
23.90%) of high-quality cleavage embryos, rate of implantation (32.37%
vs. 22.35%), clinical pregnancy (48.98% vs. 33.67%), and live birth (44.90% vs.
29.59%) were significantly higher, whereas the canceled oocyte retrieval rate was
significantly lower (1.49% vs. 6.58%) in the GH part than those of the control part
(P < 0.05). In group B, the duration and dose of Gn, number of oocyte retrieved,
and rates of normal fertilization, cleavage embryo, blastocyst, high-quality
blastocyst, and early miscarriage were not significantly different between the
GH and control parts (P > 0.05). In groups A and C, no significant difference was
detected in the quality of embryos and outcomes of embryo transfer with or
without pretreatment (P > 0.05).
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Conclusion: GH could improve the quality of embryos and live birth rate for
patients with DOR aged 35-40 years old.

decreased ovarian reserve, in vitro fertilization, growth hormone, female age, live birth

Introduction

The pathological feature of decreased ovarian reserve (DOR) is
the reduction of ovarian follicles and female reproductive ability,
with clinical characteristics as decreased serum level of anti-
Miillerian hormone (AMH) and antral follicle count (AFC) (1).
As reported in 2023, the overall prevalence of DOR was 37.2%
among Korean women (2). About a third of patients with DOR may
show poor ovarian response (POR) during in vitro fertilization and
embryo transfer (IVF-ET), which is manifested as high risk for cycle
cancellation, fewer oocytes and embryos, and lower chance for live
birth (3-5). DOR has also been associated with miscarriage,
recurrent pregnancy loss, and preeclampsia (6-8). The underlying
reasons for DOR are complex, which may include advanced female
age, ovarian and pelvic surgery, chemotherapy and radiotherapy,
ovarian endometriosis cyst, smoking, pelvic infection, and
environmental pollutants (9).

Some strategies have been tried to improve the outcome of IVE-
ET for patients with DOR, including improved ovarian stimulation
(OS) protocols, injection of luteinizing hormone (LH) during OS,
pretreatment with growth hormone (GH), coenzyme Q10, and
dehydroepiandrosterone (DHEA), and traditional Chinese
medicine (4, 10-12). Among these, the number of studies and
patients enrolled was relatively large for pretreatment with GH, a
pleiotropic multifunctional hormone secreted by adenohypophyseal
cells. In 1986, the first hypothesis of GH usage in IVF-ET was
proposed (13). In 1991, GH co-treatment for poor responders was
firstly reported (14). In 2015, GH had been recommended for poor
ovarian responders by Chinese guidelines (15). Researchers have
reported that GH could improve follicle development (including
steroidogenesis, ovulation, and corpus luteum function), quality of
oocyte (maturation and fertilization), and ovarian response to
exogenous gonadotrophin (Gn) (16). Several meta-analyses have
shown that GH could improve the number of oocytes retrieved and
rates of fertilization, high-quality embryo, implantation and clinical
pregnancy while reducing the cycle cancellation rate in patients
with DOR (4, 17-20). However, whether GH can improve the live
birth rate (LBR) has remained controversial. In 2020, a meta-
analysis involving 1,448 poor ovarian responders undergoing IVF
or intracytoplasmic injection (ICSI) has shown that GH
supplementation could significantly improve the LBR [relative
risk, 1.74; 95% confidence interval (CI): 1.19-2.54; P = 0.004]
(19), while another meta-analysis involving 1,139 poor ovarian
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responders has found no significant difference [odds ratio, 1.34;
95% CI: 0.88-2.55; P = 0.17] (17). It is worth noting that both
studies had not considered the age of patients.

DOR with age is a physiological phenomenon, particularly in
those >35 years, and is more obvious in those >40 years. On the
other hand, DOR in younger women is mainly due to pathological
factors. Compared with elder women, the quality of oocytes and
embryos and outcomes of IVF-ET were better in young women
with DOR (21). Therefore, female age must be considered when
exploring LBR among women with DOR treated with GH. The
secretion of GH may decrease with aging (22); therefore, GH may
be suitable for elder women, though this was not without dispute.
Kevin et al. (23) retrospectively have reported that LBR was
increased by GH in all age-grouped patients with a poor
prognosis (<35 years, 34.8% vs. 12.3%, P = 0.025; 35-39 years,
24.0% vs. 2.1%, P = 0.001; 40-44 years, 12.5% vs. 2.4%, P = 0.027).
Cai et al. (24) reported that LBR could be improved by GH in poor
ovarian responders >35 years old (27.3% vs. 9.2%, P = 0.003) as well
as in patients aged <35 years old (29.6% vs. 28.8%, P = 0.935), while
Zhu et al. (25) have reported that GH could not benefit LBR among
poor ovarian responders in all age groups. Therefore, we have
conducted this prospective cohort study to explore the LBR among
age-grouped patients with DOR treated by GH.

Materials and methods
Study population

From May 2018 to June 2023, patients with DOR undergoing
gonadotrophin-releasing hormone antagonist (GnRH-A) or long-
acting GnRH agonist (GnRH-a) protocol at the Reproductive
Medicine Centre of Sichuan Provincial Women’s and Children’s
Hospital were prospectively enrolled. DOR was diagnosed as AFC <7
and AMH <1.1 ng/mL (26). Patients were excluded from the study if
they meet any of the following criteria: (1) uterine disease which may
affect embryo implantation, such as congenital uterine malformation,
submucosal or intramural uterine fibroids, intrauterine adhesion, and
adenomyosis; (2) uncontrolled endocrinopathies, such as diabetes,
hyperthyroidism, hypothyroidism, and/or hyperprolactinemia; (3)
chromosomal aberration; (4) previous OS within 3 months; (5)
fertilization with donor’s sperm or oocyte; and (6) treatment with
coenzyme Q10 or DHEA and other drugs to improve the ovarian
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response. Any contraindication to the use of GH was excluded for
patients pretreated with GH. The patients were divided into group A
(<35 years old), group B (35-40 years old), and group C (>40 years
old). Thereafter, each group was sub-divided into the GH part and
the control part. The AFC, body mass index (BMI), and serum levels
of follicular stimulation hormone (FSH), LH, estradiol (E,),
progesterone (P), total testosterone (TT), prolactin (PRL), and
AMH were measured as described elsewhere (27).

Ovarian stimulation

With the GnRH-A protocol, the patients had received a daily
injection of 225-300 IU recombinant follicular stimulation
hormone (rFSH, Gonal-F, Merck-Serono KGaA., Darmstadt,
Germany; Jinsai Heng, Jinsai Pharmaceuticals, China; Puregon®,
Merck Sharp & Dohme, USA) from day 2 to 3 of the menstrual
cycle until the trigger day. The dose of rFSH was adjusted according
to the follicular development and serum level of E,. When the
diameter of the dominant follicle had reached 14 mm or when the
serum level of LH was =10 mIU/mL, 0.25 mg GnRH-A (Ganirelix,
Ocalon, USA) was injected subcutaneously daily until the trigger
day. With the GnRH-a protocol, 3.75 mg leuprorelin acetate
(Shanghai Livzon Pharmaceutical, China) was injected once on
days 2 to 3 of the menstrual cycle. At 28-35 days later, when the
pituitary was downregulated (serum FSH and LH <5 mIU/mL, E,
<50 pg/mL, and diameter of follicle <5 mm), 225-300 IU of rFSH
was injected daily until the trigger day.

With both OS protocols, when the diameter of at least one or two
follicles had reached 18 mm, 250 pg of recombinant human
chorionic gonadotrophin (rHCG, Merck-Sheranova, Germany)
was injected, and the oocytes were retrieved under transvaginal
ultrasound guidance after 36.5 h. With the GnRH-A protocol,
some patients were injected with a dual trigger, i.e., 0.1 mg
triptorelin (Changchun GeneScience Pharmaceuticals Co., Ltd.,
Changchun, Jilin, China) in combination with 4,000 IU HCG
(Shanghai Livzon Pharmaceutical, China). The patients from the
GH part were subcutaneously injected with 4 IU/day recombinant
GH (rGH, Changchun GeneScience Pharmaceuticals Co., Ltd.,
Changchun, Jilin, China) on day 2 of the previous menstrual cycle
before rFSH until the trigger day, and those from the control part
had received no pretreatment. Ovarian hyper-stimulation syndrome
(OHSS) was diagnosed and graded according to Navot et al. (28).
The reasons for the cancellation of oocyte retrieval had included
follicular growth failure (10 days after OS, leading to follicle diameter
<10 mm) and premature ovulation before oocyte retrieval.

In vitro fertilization and embryo culture

Following oocyte retrieval, IVF or ICSI was conducted
according to the quality of sperm. Mature oocyte was defined as
being at the metaphase II (MII) stage with the first polar body
visible in the cytoplasm. Normal fertilized oocyte was defined as
containing two pronuclei (2PN). Embryos after fertilization were
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cultured in sequential G1-plus/G2-plus medium (Vitrolife, Sweden)
at 37°C under 6% CO, and 5% O,. Day 3 cleavage embryo was
scored based on the number of blastomeres and degree of
fragmentation, and the high-quality embryo was categorized as
grade A/B (29). On day 5 or 6, the blastocyst was scored by Gardner
and Schoolcraft’s system, and 4BB or better was considered as a
high-quality blastocyst (29).

Fresh embryo transfer and luteal
phase support

All embryos were frozen on any of the following conditions: no
transplantable embryo formation, abnormal endometrium
(thickness <7 mm or with abnormal ultrasonic image), serum
P >1.5 ng/mL on the trigger day, and abandonment of fresh ET
of the patients. All of the remaining patients had undergone fresh
embryo transfer with one or two day 3 cleavage embryos with the
highest morphological grade. The remaining embryos were frozen
or cultured to the blastocyst stage to be frozen based on the choice
of patients. After oocyte retrieval, vaginal progesterone gel (90 mg)
(Crinone, Merck, Germany) was given daily, accompanied with
dydrogesterone (30 mg/day) (Abbott, The Netherlands) orally from
the ET day until the 12th gestational week as luteal phase support.
Serum hCG was measured 12 days after ET, and hCG positivity was
considered when hCG >5 IU/mL. Clinical pregnancy was defined as
the identification of a gestational sac with an embryo showing
cardiac activity. Early miscarriage was defined as the loss of
pregnancy before the 12th gestational week. Live birth was
defined as the delivery of a live fetus at >28 weeks of gestation.

Outcomes

The primary outcome was LBR per fresh ET cycle. The
secondary outcomes were the rates of MII, 2PN, cleavage embryo,
high-quality cleavage embryo, blastocyst, high-quality blastocyst,
implantation, clinical pregnancy, early miscarriage, and canceled
oocyte retrieval cycle. MII rate was calculated as the number of MII
oocytes divided by the number of oocytes retrieved, whereas 2PN
rate was calculated as the number of 2PN divided by the number of
MII oocytes. The rates of cleavage embryo and high-quality cleavage
embryo were calculated as the number of day 3 cleavage embryos or
high-quality cleavage embryos divided by the number of cleaved
embryos on day 2, respectively. The rates of blastocyst and high-
quality blastocyst were calculated as the numbers of usable
blastocysts or high-quality blastocysts divided by the number of
day 3 cleavage embryos for blastocyst culture, respectively.
Implantation rate (IR) was calculated as the number of
gestational sacs divided by the number of transferred embryos.
CPR and LBR were calculated as the numbers of clinical pregnancy
cycles or live birth divided by the number of embryo transfer cycles.
Multiple pregnancy rate was calculated as the number of multiple
pregnancy cycles divided by the clinical pregnancy cycles.
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Statistical analysis

Statistical analysis was performed by using SPSS version 26.0
software (IBM, Armonk, NY, USA). Continuous variables were
expressed as means with standard error and compared by using
Student’s t-test or Mann-Whitney’s U-test for normal distribution
or abnormal distribution data, respectively. Categorical variables
were presented as numbers with percentages and compared by
using chi-square or Fisher’s exact tests. A two-tailed P <0.05 was
regarded as statistically significant. No a priori sample size
calculation was performed because we decided to include all cases
that had met the inclusion criteria in the specified time period.

Results

Basal characteristics of the
study population

A total of 846 patients were enrolled and divided into group A
(GH part, n = 199; control part, n = 200), group B (GH part, n =
134; control part, n = 152), and group C (GH part, n = 79; control
part, n = 82), while 89 patients were excluded. A flowchart of the
recruitment process is shown in Figure 1. For each group, the age,
duration and type of infertility, BMI, AFC, AMH, and serum level of
basal sex hormone were not significantly different between the GH
and control parts (P > 0.05) (Table 1).

10.3389/fendo.2024.1457866

Ovarian stimulation

For group B, the oocyte retrieval canceled rate was significantly
lower for the GH part compared with the control part (P < 0.05),
whereas the proportion of OS protocol, dose and duration of rFSH,
serum levels of E,, LH, and P on the trigger day, type of trigger, and
fertilization were not significantly different (P > 0.05). For groups A
and C, the above mentioned characteristics were not significantly
different between the GH and the control parts (P > 0.05) (Table 2).
No moderate or severe OHSS was noted in all patients.

For group A, nine patients from the GH part had canceled
oocyte retrieval (4 for follicular growth failure and 5 for premature
ovulation), compared with 8 from the Control part (4 for follicular
growth failure and 4 for premature ovulation). For group B, 2
patients from the GH part had canceled oocyte retrieval (1 for
follicular growth failure and 1 for premature ovulation), compared
with 10 from the Control part (5 for follicular growth failure and 5
for premature ovulation). For group C, 5 patients from the GH part
had canceled oocyte retrieval (2 for follicular growth failure and 3
for premature ovulation), compared with 7 from the Control part (5
for follicular growth failure and 2 for premature ovulation).

Outcomes of oocytes and embryos

A total of 805 patients had undergone oocyte retrieval. For
group B, the number and rate of high-quality cleavage embryo was

Flow chart

[ Assigned for eligibility (n = 935) ]

Excluded (n = 89)
Meeting exclusion criteria (n = 82)
Refused to participate (n = 7)

[ Included patients with DOR (n = 846) ]

Group A (n =399)

v

Group B (n = 286)

Group C (n=161)

Control part
(n =200)

GH part
(n=134)

GH part
(n =199)

SN

Control part
(n=152)

Control part
(n=82)

GH part
(n=79)

) )

1

1 y

[
! v v

Oocyte retrieval

Oocyte retrieval Oocyte retrieval

[ J I

Oocyte retrieval Oocyte retrieval QOocyte retrieval

) J )

(n=190) (n=192) (n=132) (n=142) (n=74) (n=75)
Fresh Fresh Fresh Fresh Fresh Fresh
embryo transfer embryo transfer embryo transfer embryo transfer embryo transfer embryo transfer
(n=137) (n=135) (n=98) (n=98) (n=54) (n=55)
Live birth Live birth Live birth Live birth Live birth Live birth
(n=55) (n =58) (n=44) (n=29) (n=14) (n=8)

FIGURE 1
Flowchart of the recruitment process.
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TABLE 1 Continued

Group A Group B Group C
GH (n =199) Control (n = 200) P GH(n=134) Control(n=152) T/¥* P GH(n=79) Control(n=282) T/y
Basal E, (pg/mL) 44.57 (2.30) 46.04 (2.77) 0406 0.685 49.90 (3.91) 43.73 (224) 1409 | 0160  49.61 (2.90) 51.06 (3.03) 0345 0.731
Basal P (ng/mL) 0.46 (0.02) 0.4 (0.02) 1.058 0291 0.45 (0.02) 0.43 (0.02) 0895 | 0372 0.45 (0.04) 0.39 (0.03) 1204 0230
TT (ng/mL) 0.21 (0.01) 0.22 (0.01) 0919 0359 0.20 (0.02) 0.20 (0.01) 0036 0971 0.22 (0.02) 0.22 (0.02) 20078 0938
PRL (UIU/mL) 336.94 (14.05) 322.09 (13.62) 0758 0450  319.12 (20.15) 317.10 (15.10) 0082 | 0935 32426 (32.24) 302.06 (23.07) 0.555 | 0.581

TABLE 2 Outcome of ovarian stimulation.

The continuous variables were described by using mean (standard error of mean).

Group A Group B Group C
GH (n = 199) Control (n = 200) GH (n = 134) Control (n = 152) P  GH(n=79) Control(n=_82)

COH protocol 1108 0292 1265 0261 2939 | 0.086

GnRH antagonist 53.27% (106/199) 58.50% (117/200) 65.67% (88/134) 59.21% (90/152) 93.67% (74/79) 85.37% (70/82)

GnRH agonist 46.73% (93/199) 41.50% (83/200) 34.33% (46/134) 40.79% (62/152) 6.33% (5/79) 14.63% (12/82)
rFSH dose (IU) 2,738.57 (65.89) 2,729.81 (74.96) 0.088 0930  2,662.22 (92.26) 2,815.93 (86.91) 1213 0226 2,368.83 2,530.49 (109.24) -1.088 0278

(100.30)

rFSH duration (day) 10.22 (0.18) 9.78 (0.18) 1735 0.083 9.64 (0.24) 10.03 (0.22) 1197 0232 8.62 (0.26) 9.11 (0.32) 41176 0.241
Serum E, on HCG day (pg/mL) 1,355.31 (72.60) 1,256.39 (56.85) 1.076 0283 1,207.72 (57.03) 1,284.89 (70.18) -0.843 0400  938.81 (53.16) 1,035.34 (106.75) -0.809  0.420
Serum LH on HCG day (IU/mL) 3.08 (0.27) 3.85 (0.33) -1.813  0.071 3.87 (0.29) 341 (0.37) 0970 | 0.333 5.60 (0.50) 4.67 (0.49) 1327 | 0.186
Serum P on HCG day (ng/mL) 0.73 (0.03) 0.80 (0.03) -1.677  0.094 0.77 (0.04) 0.75 (0.04) 0443 | 0.658 0.69 (0.06) 0.57 (0.04) 1.626  0.106
Type of trigger 0491 | 0.483 1715 0.190 1.986  0.159

HCG 90.00% (171/190) 87.76% (172/196) 89.55% (120/134) 84.25% (123/146) 84.21% (64/76) 75.00% (57/76)

Dual trigger 10.00% (19/190) 12.24% (24/196) 10.45% (14/134) 15.75% (23/146) 15.79% (12/76) 25.00% (19/76)
Protocol of fertilization 0.858 = 0.354 0.458 = 0.498 0972  0.324

IVE 82.26% (153/186) 85.79% (157/183) 77.95% (99/127) 81.29% (113/139) 84.93% (62/73) 78.57% (55/70)

1CSI 17.74% (33/186) 14.21% (26/183) 22.05% (28/127) 18.71% (26/139) 15.07% (11/73) 21.43% (15/70)
Oocyte retrieval cancellation 4.52% (9/199) 4.00% (8/200) 0670 | 0.796 1.49% (2/134) 6.58% (10/152) 4584 0032 6.33% (5/79) 8.54% (7/82) 0284 | 0.594

rate (%)

The continuous variables were described by using mean (standard error of mean).
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TABLE 3 Outcomes of oocytes and embryos.

Group A Group B Group C
GH (n = 190) Control (n = 192) P GH(n=132) Control(n=142) T/ GH (n = 74) Control (n = 75)

Oocytes retrieved () 479 (0.20) 479 (0.20) 0011 = 0.992 476 (0.27) 458 (0.22) 0.525 | 0.600 3.35 (0.31) 3.03 (0.29) 0776  0.439

MII oocyte (1) 410 (0.18) 427 (0.19) -0.639 | 0.523 4.18 (0.22) 3.92 (0.20) 0882 | 0.379 2.76 (0.24) 272 (0.21) 0111 0912

2PN (n) 2.85 (0.15) 2.80 (0.14) 0247 = 0.850 2.84 (0.19) 2.70 (0.16) 0594 | 0.553 2.08 (0.21) 1.91 (0.21) 0571 0.569

Cleavage embryo (1) 2.84 (0.16) 2.91 (0.15) 0318 | 0751 2.98 (0.18) 2.66 (0.16) 1360 | 0.175 1.97 (0.19) 2.00 (0.21) 0.099 0921

High-quality cleavage embryo (n) 1.03 (0.10) 1.12 (0.09) 0.642 | 0.521 1.16 (0.12) 0.74 (0.09) 2815 | 0.005 0.69 (0.09) 0.52 (0.09) 1364 0175

Usable blastocyst (1) 0.38 (0.07) 0.47 (0.08) -0.858 | 0.392 0.43 (0.10) 0.28 (0.07) 1189 | 0235 0.24 (0.11) 0.04 (0.03) 1.843 | 0.068

High-quality blastocyst (1) 0.12 (0.04) 0.09 (0.03) 0.660 = 0.510 0.15 (0.04) 0.11 (0.04) 0.703 | 0.482 0.09 (0.05) 0 1736 | 0.086

MII rate (%) 83.75% (763/911) 84.89% (781/920) 0448 | 0503 | 84.55% (531/628) 83.855 (545/650) 0120 | 0.729 80.24% 82.82% (188/227) 0522 0470
(199/248)

2PN rate (%) 58.38 (530/908) 56.02% (512/914) 1.030 | 0310  58.23% (361/620) 58.05% (375/646) 0.004 | 0.949 59.43% 61.11% (132/216) 0136 0713
(145/244)

Cleavage embryo rate (%) 87.13% (528/606) 87.21% (532/610) 0.002 | 0.965 | 88.34% (379/429) 85.85% (370/431) 1194 | 0275 88.20% 90.79% (138/152) 0556 0.456
(142/161)

High-quality cleavage embryo 31.68% (192/606) 33.61 (205/610) 0511 | 0475 | 34.27% (147/429) 23.90% (103/431) 11208 | 0.001 = 31.06% (50/161) 23.68% (36/152) 2132 0.144

rate (%)
Blastocyst rate (%) 43.75% (70/160) 51.51 (86/167) 1966 | 0.161  49.54% (54/109) 41.05% (39/95) 1475 0225 39.29% (11/28) 15.38% (2/13) 2342 0.126
High-quality blastocyst rate (%) 14.38% (23/160) 10.18% (17/167) 1340 | 0247  17.43% (19/109) 15.79% (15/95) 0.099 | 0754  14.29% (4/28) 0/13 2058 0.151

The continuous variables were described by using mean (standard error of mean).

TABLE 4 Outcomes of fresh embryo transfer.

Group A Group B Group C
GH (n =137) Control (n = 135) T/4? GH (n=98) Control (n=98) T/y* P GH (n = 54) Control (n = 55)
Endometrial thickness (mm) 10.93 (0.19) 10.75 (0.21) 0.645 | 0.520 10.22 (0.24) 10.55 (0.27) -0.885 | 0377 9.32(0.29) 9.48 (0.30) -0.386  0.700
Number of embryo 1.80 (0.04) 1.78 (0.04) 0.358 0.721 1.77 (0.04) 1.83 (0.04) -1.061 | 0.290 1.72 (0.06) 1.56 (0.07) 1462  0.159
transferred (n)

At least one high-quality 52.55% (72/137) 60.77% (82/135) 1.855 0.173 53.06% (52/98) 51.02% (50/98) 0.082 | 0.775 37.04% (20/54) 41.82% (23/55) 0.261 0.610
embryo transfer cycle (%)

Implantation rate (%) 32.11% (79/246) 36.67% (88/240) 1.116 = 0.291 32.37% (56/173) 22.35% (40/179) 4.456 | 0.035 21.51% (20/93) 15.12% (13/86) 1213 0.271

Clinical pregnancy rate (%) 45.26% (62/137) 48.89% (66/135) 0.360 @ 0.584 48.98% (48/98) 33.67% (33/98) 4.734 | 0.030 31.48% (17/54) 20.00% (11/55) 1.882  0.170

(Continued)
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The continuous variables were described by using mean (standard error of mean).
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GH among patients with DOR aged 35-40 years, whereas there was
no significant difference in those under 35 or over 40.

GH plays a vital role in follicle development, including
steroidogenesis, oocyte maturation, ovulation, and fertilization (16).
The secretion of GH and expression of FSH and LH receptors in
granulosa cells (GCs) will decrease along with age (30). Exogenous
GH could enhance the responsiveness and sensitivity of GCs to Gn by
upregulating the expression of FSH and LH receptors in older women
with DOR (31). This may explain why the cycle cancellation rate was
decreased by GH in patients with DOR aged 35-40, while no
difference was found among those aged <35 years old, which is in
keeping with reports by others (25, 30). For patients with DOR aged
>40 years old, the cycle cancellation rate was not decreased by GH.
This may be attributed to the change of GH receptors (GHR) along
with aging. Regan et al. (32) have reported an increased expression of
GHR along with aging in patients with normal ovarian reserve, while
it was decreased in patients with DOR aged 39-45. Therefore, for
patients with DOR aged >40 years, after the GHR was occupied by
endogenous GH, the excessive exogenous GH could hardly produce
an effect. Nevertheless, Lan et al. (33) have found that the cycle
cancellation rate could be decreased by GH in patients with DOR >40
years old. The inconsistency may be attributed to their younger age
(41 years old vs. 42 years old), higher dose of GH (8 IU/day vs. 4 IU/
day), and larger sample size (432 patients vs. 161 patients) of their
patients compared with ours.

The quality of oocytes was decreased with aging, manifested as
abnormality of morphology, chromosome and meiosis, decreased
function of mitochondrial, failure of fertilization, cleavage, and
embryo implantation, and increased aneuploid embryos (34).
Studies have reported that GH could improve the quality of GCs
and oocytes in older patients via GHR and insulin-like growth
factor-I (IGF-I) and improve the steroidogenesis of GCs,
mitochondrial function of GCs and oocytes, and development
potential of oocytes (35-37). Therefore, we have found that the
number and rate of high-quality cleavage embryo were increased by
GH in patients with DOR aged 35-40 years old, but not in those <35
years old, which is in keeping with reports by others (25, 38). We
have also found that the rates of high-quality cleavage embryo,
blastocyst, and high-quality blastocyst were increased by GH, but
without significant difference in those with DOR >40 years old,
which is consistent with those reported by Guo et al. (39). The lack
of benefit of GH for patients >40 years old may be attributed to the
fact that, for patients >40 years, the quality of oocytes and embryos
may decrease sharply (34) and could not be significantly recovered
by GH alone. Moreover, the effect of GH was weak due to the
decreased expression of GHR in patients aged 39-45 years old (33).
Furthermore, the lack of significance may also be attributed, in part,
to the small sample size of such patients in our study. It is worth
noting that Kevin et al. (23) have reported that patients >40 years
old had benefited from GH. The inconsistency may be attributed to
the younger age of the patients in their study (39 years old vs. 42
years old).

In keeping with the improved quality of embryos, we found that
the IR, CPR, and LBR were increased by GH in patients with DOR
aged 35-40 years old, but not in those aged <35 years old. Dogan
et al. (40) also noted that GH may increase the LBR in patients with
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DOR aged 34-39 years. Norman et al. (41) have conducted a
randomized clinical trial on poor ovarian responders aged 35-40
years old and found that LBR was not improved by GH. Liu et al.
(42) reported that GH could improve LBR among poor responders
both <35 and 235 years old. The effect of GH on LBR was also
controversial in patients >40 years old. Kevin et al. (23) have
reported that GH increased LBR (12.5% vs. 2.4%) for poor
ovarian responders >40 years old. Feng et al. (43) have reported
that GH was an independent factor of LBR in women aged 35-43
years old. Meanwhile, we found that LBR was increased by GH in
patients with DOR >40 years old, but without significance in this
study. The controversy may be attributed to the small sample size in
our study, particularly for patients >40 years old. The effect on
outcomes of IVF-ET was associated with the dose and duration of
GH (44), while the dose (1-12 IU/day) and duration (10 days-6
weeks) of GH were different in these studies. The patients were
different in these reports (DOR, POR diagnosed with Bologna
criteria, or poor prognosis according to the POSEIDON criteria).
Despite the controversy, the patients with DOR aged 35-40 years
old have been the biggest beneficiary of GH. Keane et al. (23) also
reported that LBR was increased by 3.81, 14.68, and 5.79 times in
poor ovarian responders aged <35, 35-39, and 40-44 years old.

In summary, we have found that GH was beneficial for patients
with DOR older than 35 years, especially those 35-40 years old,
though this result should be interpreted with caution considering
the small sample size (especially for those >40 years), this being a
single-centered study, and the inherent limitation of the
observational study.

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 the Medical
Ethics Committee of Sichuan Provincial Women’s and Children’s
Hospital and registered. 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.

References

1. Cedars MI. Managing poor ovarian response in the patient with diminished
ovarian reserve. Fertil Steril. (2022) 117:655-6. doi: 10.1016/j.fertnstert.2022.02.026

2. Rihwa C, Wonseo P, Gayoung C, Sang GL, Eun HL. Investigation of the
prevalence of diminished ovarian reserve in Korean women of reproductive age. J
Clin Med. (2023) 12:5099. doi: 10.3390/jcm12155099

Frontiers in Endocrinology

10.3389/fendo.2024.1457866

Author contributions

JC: Writing - original draft. XK: Data curation, Writing -
original draft. ZL: Data curation, Writing — original draft. YQ:
Project administration, Writing - original draft. SC: Software,
Writing - original draft. JLL: Writing - review & editing. YG:
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was jointly supported by grants from the Scientific and
Technological Innovation Project of Sichuan Maternal and Child
Health Care Association (22FXZDO01), the Scientific Research
Program of Sichuan Medical Association (S$22015), Natural
Science Foundation of Sichuan Province (2024NSFSC0695),
National Center for Women and Children’s Health, China CDC
“Maternal and Infants Nutrition and Health Research Programs”
(2023FYHO012), Scientific Research Program of Chengdu Municipal
Health Commission (2022155), and Scientific and Technological
Innovation Project of Sichuan Provincial Women’s and Children’s
Hospital (CXPJ2022-21).

Acknowledgments

We gratefully thank all of the participants who underwent
treatment in our hospital.

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.

3. Annalisa R, Dominic S, Polyzos NP. Editorial: diminished ovarian reserve and
poor ovarian response: diagnostic and therapeutic management. Front Physiol. (2022)
13:827678. doi: 10.3389/fphys.2022.827678

4. Yu Z, Chao Z, Jing S, Jing G, Chang HM, Leung CK, et al. Adjuvant treatment
strategies in ovarian stimulation for poor responders undergoing IVF: a systematic

frontiersin.org


https://doi.org/10.1016/j.fertnstert.2022.02.026
https://doi.org/10.3390/jcm12155099
https://doi.org/10.3389/fphys.2022.827678
https://doi.org/10.3389/fendo.2024.1457866
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Chen et al.

review and network meta-analysis. Hum Reprod Update. (2020) 26:247-63.
doi: 10.1093/humupd/dmz046

5. Jin HZ, Yan EQ, Chen D, Zhao MY, Peng W], Guo YX, et al. Diminished ovarian
reserve may not be associated with a poorer fresh cycle outcome in women < 38 years. |
Ovarian Res. (2023) 16:77. doi: 10.1186/s13048-023-01158-6

6. Busnelli A, Somigliana E, Cirillo F, Levi-Setti PE. Is diminished ovarian reserve a
risk factor for miscarriage? Results of a systematic review and meta-analysis. Hum
Reprod Update. (2021) 27:973-788. doi: 10.1093/humupd/dmab018

7. Bunnewell S], Honess ER, Karia AM, Keay SD, Wattar BH, Quenby S. Diminished
ovarian reserve in recurrent pregnancy loss: a systematic review and meta-analysis.
Fertil Steril. (2020) 113:818-27. doi: 10.1016/j.fertnstert.2019.11.014

8. Herman HG, Alexander VP, Ton Nu TN, Alexandre MG, Cui YM, Shaul J, et al.
Diminished ovarian reserve is a risk factor for preeclampsia and placental malperfusion
lesions. Fertil Steril. (2023) 119:794-801. doi: 10.1016/j.fertnstert.2023.01.029

9. Peuranpdd P, Hautamiki H, Halttunen-Nieminen M, Hyden-Granskog C,
Tiitinen A. Low anti-Miillerian hormone level is not a risk factor for early pregnancy
loss in IVF/ICSI treatment. Hum Reprod. (2020) 35:504-15. doi: 10.1093/humrep/
deaa008

10. Zhang QL, Lei YL, Deng Y, Ma RL, Ding XS, Xue W, et al. Treatment progress in
diminished ovarian reserve: western and Chinese medicine. Chin J Integr Med. (2023)
29:361-7. doi: 10.1007/s11655-021-3353-2.7

11. Youssef MA, Wely M, AL-Inany H, Madani T, Jahangiri N, Khodabakhshi S,
et al. A mild ovarian stimulation strategy in women with poor ovarian reserve
undergoing IVF: a multicenter randomized non-inferiority trial. Hum Reprod. (2017)
32:112-8. doi: 10.1093/humrep/dew282

12. Guan SG, Feng YZ, Huang YH, Huang J. Progestin—primed ovarian stimulation
protocol for patients in assisted reproductive technology: a meta-analysis of
randomized controlled trials. Front Endocrinol (Lausanne). (2021) 12:702558.
doi: 10.3389/fend0.2021.702558

13. Jia XC, Kalmijn J, Hsueh AJ. Growth hormone enhances follicle-stimulating
hormone-induced differentiation of cultured rat granulosa cells. Endocrinology. (1986)
118:1401:9. doi: 10.1210/endo-118-4-1401

14. Owen EJ, West C, Mason BA, Jacobs HS. Co-treatment with growth hormone of
sub-optimal responders in IVF-ET. Hum Reprod. (1991) 6:524-8. doi: 10.1093/
oxfordjournals.humrep.al37372

15. Wu XQ, Kong R, Tian L, Gong F, Hu LL, Sun YP, et al. A consensus of poor
ovarian response. Reprod Contraception. (2015) 135:211-23. doi: 10.7669/j.issn.0253-
357X.2015.04.0211

16. Pan P, Huang X. The clinical application of growth hormone and its biological
and molecular mechanisms in assisted reproduction. Int J Mol Sci. (2022) 23:10768.
doi: 10.3390/ijms231810768

17. Cozzolino M, Cecchino GN, Troiano G, Romanelli C. Growth hormone
cotreatment for poor responders undergoing in vitro fertilization cycles: a systematic
review and meta-analysis. Fertil Steril. (2020) 114:97-109. doi: 10.1016/
jfertnstert.2020.03.007

18. Liu F, Hu K, Li R. Effects of growth hormone supplementation on poor ovarian
responders in assisted reproductive technology: a systematic review and meta-analysis.
Reprod Sci. (2021) 28:936-48. doi: 10.1007/s43032-020-00298-0

19. Yang P, Wu R, Zhang H. The effect of growth hormone supplementation in poor
ovarian responders undergoing IVF or ICSI: a meta-analysis of randomized controlled
trials. Reprod Biol Endocrinol. (2020) 18:76. doi: 10.1186/s12958-020-00632-w

20. Lin G, Zhong X, Li S, Xu L. Clinical evidence of growth hormone for infertile
women with diminished ovarian reserve undergoing IVF: a systematic review and
meta-analysis. Front Endocrinol (Lausanne). (2023) 14:1215755. doi: 10.3389/
fendo.2023.1215755

21. Shi W, Zhou H, Tian L, Zhao Z, Zhang W, Shi J. Cumulative live birth rates of
good and low prognosis patients according to POSEIDON criteria: a single center
analysis of 18,455 treatment cycles. Front Endocrinol (Lausanne). (2019) 10:409.
doi: 10.3389/fend0.2019.00409

22. Hersch EC, Merriam GR. Growth hormone (GH)-releasing hormone and GH
secretagogues in normal aging: fountain of youth or pool of Tantalus? Clin Interv Aging.
(2008) 3:121-9. doi: 10.2147/CIA.S3247

23. Keane KN, Yovich JL, Hamidi A, Hinchliffe PM, Dhaliwal SS. Single-centre
retrospective analysis of growth hormone supplementation in IVF patients classified as
poor-prognosis. BMJ Open. (2017) 7:¢018107. doi: 10.1136/bmjopen-2017-018107

24. Cai MH, Gao LZ, Liang XY, Fang C, Wu YQ, Yang X. The effect of growth
hormone on the clinical outcomes of poor ovarian reserve patients undergoing in
vitro fertilization/intracytoplasmic sperm injection treatment: a retrospective study
based on POSEIDON criteria. Front Endocrinol. (2019) 10:775. doi: 10.3389/
fendo.2019.00775

Frontiers in Endocrinology

10

10.3389/fendo.2024.1457866

25. Zhu JL, Wang Y, Chen LX, Liu P, Li R, Qian J. Growth hormone
supplementation may not improve live birth rate in poor responders. Front
Endocrinol (Lausanne). (2020) 11:1. doi: 10.3389/fendo.2020.00001

26. Ferraretti AP, Marca AL, Fauser BC, Tarlatzis B, Nargund G, Gianaroli L.
ESHRE consensus on the definition of ‘poor response’ to ovarian stimulation for in
vitro fertilization: the Bologna criteria. Hum Reprod. (2011) 26:1616-24. doi: 10.1093/
humrep/der092

27. Gong Y, Zhang K, Xiong DS, Wei JJ, Tan H, Qin SF. Growth hormone alleviates
oxidative stress and improves the IVF outcomes of poor ovarian responders: a
randomized controlled trial. Reprod Biol Endocrinol. (2020) 18:91. doi: 10.1186/
$12958-020-00648-2

28. Navot D, Bergh PA, Laufer N. Reprint of: ovarian hyperstimulation syndrome in
novel reproductive technologies: prevention and treatment. Fertil Steril. (2019) 112:
€209-221. doi: 10.1016/j.fertnstert.2019.08.094

29. Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of
Embryology. The Istanbul consensus workshop on embryo assessment: proceedings of
an expert meeting. Hum Reprod. (2011) 26:1270-83. doi: 10.1093/humrep/der037

30. Regan SLP, Knight PG, Yovich JL, Stanger JD, Leung Y, Arfuso F, et al. The effect of
ovarian reserve and receptor signalling on granulosa cell apoptosis during human follicle
development. Mol Cell Endocrinol. (2018) 470:219-27. doi: 10.1016/j.mce.2017.11.002

31. Chang CW, Sung YW, Hsueh YW, Chen YY, Ho M, Hsu HC, et al. Growth
hormone in fertility and infertility mechanisms of action and clinical applications.
Front Endocrinol (Lausanne). (2022) 13:1040503. doi: 10.3389/fend0.2022.1040503

32. Regan SLP, Knight PG, Yovich JL, Arfuso F, Dharmarajan A. Growth hormone
during in vitro fertilization in older women modulates the density of receptors in
granulosa cells, with improved pregnancy outcomes. Fertil Steril. (2018) 110:1298-310.
doi: 10.1016/j.fertnstert.2018.08.018

33. Lan KC, Lin PY, Chang YC, Chen Y], Tsai YR, Mohamed ISI, et al. Growth
hormone supplementation may improve the pregnancy rate and endometrial
receptivity among women aged more than 40 years undergoing in vitro fertilization.
BioMed J. (2019) 42:411-6. doi: 10.1016/j.bj.2019.05.003

34. Chang Y], LiJJ, Li XL, Liu HE, Liang XY. Egg quality and pregnancy outcome in
young infertile women with diminished ovarian reserve. Med Sci Monit. (2018)
24:7279-84. doi: 10.12659/MSM.910410

35. Weall BM, Samerria SA, Conceicao ], Yovich JL, Almahbobi G. A direct action
for GH in improvement of oocyte quality in poor-responder patients. Reproduction.
(2015) 149:147-54. doi: 10.1530/REP-14-0494

36. Han L, Tian HC, Guo XX, Zhang L. Regulation of ovarian function by growth
hormone: Potential intervention of ovarian aging. Front Endocrinol (Lausanne). (2023)
13:1072313. doi: 10.3389/fendo.2022.1072313

37. Scheffler F, Vandecandelaere A, Soyez M, Bosquet D, Lefranc E, Copin H, et al.
Follicular GH and IGF1 levels are associated with oocyte cohort quality: A pilot study.
Front Endocrinol (Lausanne). (2021) 12:793621. doi: 10.3389/fend0.2021.793621

38. Dakhly DMR, Bassiouny YA, Bayoumi YA, Hassan MA, Gouda HM, Hassan
AA. The addition of growth hormone adjuvant therapy to the long down regulation
protocol in poor responders undergoing in vitro fertilization: randomized control trial.
Eur J Obstet Gynecol Reprod Biol. (2018) 228:161-5. doi: 10.1016/j.ejogrb.2018.06.035

39. Guo QQ, Liu PH, Zhou W, Xia MD, Li J, Lu JJ, et al. Growth hormone
supplementation ameliorates blastocyst euploidy rates and improves pregnancy
outcomes in women undergoing preimplantation genetic testing for aneuploidy cycles.
Front Endocrinol (Lausanne). (2023) 14:1117706. doi: 10.3389/fendo.2023.1117706

40. Dogan S, Cicek QSY, Demir M, Yalcinkaya L, Sertel E. The effect of growth
hormone adjuvant therapy on assisted reproductive technologies outcomes in patients
with diminished ovarian reserve or poor ovarian response. ] Gynecol Obstet Hum
Reprod. (2021) 50:101982. doi: 10.1016/j.jogoh.2020.101982

41. Norman RJ, Alvino H, Mull LM, Mol BW, Hart R]J, Kelly TL, et al. Human
growth hormone for poor responders: a randomized placebo-controlled trial provides
no evidence for improved live birth rate. Reprod BioMed Online. (2019) 38:908-15.
doi: 10.1016/j.rbmo.2019.02.003

42. Liu XY, Xu JX, Bi LX, Liu PH, Jiao X. Growth hormone cotreatment for low-
prognosis patients according to the POSEIDON criteria. Front Endocrinol (Lausanne).
(2021) 12:790160. doi: 10.3389/fendo.2021.790160

43. Feng QH, Wang YB, Han HJ, Shen H. Effect of growth hormone administration
on ameliorating pregnancy outcome in women with advanced maternal age and
exploration of its optimized utilization. Front Endocrinol (Lausanne). (2023)
14:1270897. doi: 10.3389/fendo0.2023.1270897

44. Shang YJ, Wu MH, He RH, Ye YY, Sun XM. Administration of growth hormone
improves endometrial function in women undergoing in vitro fertilization: a systematic
review and meta-analysis. Hum Reprod Update. (2022) 286:838-57. doi: 10.1093/
humupd/dmac028

frontiersin.org


https://doi.org/10.1093/humupd/dmz046
https://doi.org/10.1186/s13048-023-01158-6
https://doi.org/10.1093/humupd/dmab018
https://doi.org/10.1016/j.fertnstert.2019.11.014
https://doi.org/10.1016/j.fertnstert.2023.01.029
https://doi.org/10.1093/humrep/deaa008
https://doi.org/10.1093/humrep/deaa008
https://doi.org/10.1007/s11655-021-3353-2.7
https://doi.org/10.1093/humrep/dew282
https://doi.org/10.3389/fendo.2021.702558
https://doi.org/10.1210/endo-118-4-1401
https://doi.org/10.1093/oxfordjournals.humrep.a137372
https://doi.org/10.1093/oxfordjournals.humrep.a137372
https://doi.org/10.7669/j.issn.0253-357X.2015.04.0211
https://doi.org/10.7669/j.issn.0253-357X.2015.04.0211
https://doi.org/10.3390/ijms231810768
https://doi.org/10.1016/j.fertnstert.2020.03.007
https://doi.org/10.1016/j.fertnstert.2020.03.007
https://doi.org/10.1007/s43032-020-00298-0
https://doi.org/10.1186/s12958-020-00632-w
https://doi.org/10.3389/fendo.2023.1215755
https://doi.org/10.3389/fendo.2023.1215755
https://doi.org/10.3389/fendo.2019.00409
https://doi.org/10.2147/CIA.S3247
https://doi.org/10.1136/bmjopen-2017-018107
https://doi.org/10.3389/fendo.2019.00775
https://doi.org/10.3389/fendo.2019.00775
https://doi.org/10.3389/fendo.2020.00001
https://doi.org/10.1093/humrep/der092
https://doi.org/10.1093/humrep/der092
https://doi.org/10.1186/s12958-020-00648-2
https://doi.org/10.1186/s12958-020-00648-2
https://doi.org/10.1016/j.fertnstert.2019.08.094
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1016/j.mce.2017.11.002
https://doi.org/10.3389/fendo.2022.1040503
https://doi.org/10.1016/j.fertnstert.2018.08.018
https://doi.org/10.1016/j.bj.2019.05.003
https://doi.org/10.12659/MSM.910410
https://doi.org/10.1530/REP-14-0494
https://doi.org/10.3389/fendo.2022.1072313
https://doi.org/10.3389/fendo.2021.793621
https://doi.org/10.1016/j.ejogrb.2018.06.035
https://doi.org/10.3389/fendo.2023.1117706
https://doi.org/10.1016/j.jogoh.2020.101982
https://doi.org/10.1016/j.rbmo.2019.02.003
https://doi.org/10.3389/fendo.2021.790160
https://doi.org/10.3389/fendo.2023.1270897
https://doi.org/10.1093/humupd/dmac028
https://doi.org/10.1093/humupd/dmac028
https://doi.org/10.3389/fendo.2024.1457866
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The effects of growth hormone on the outcomes of in vitro fertilization and embryo transfer in age-grouped patients with decreased ovarian reserve: a prospective cohort study
	Introduction
	Materials and methods
	Study population
	Ovarian stimulation
	In vitro fertilization and embryo culture
	Fresh embryo transfer and luteal phase support
	Outcomes
	Statistical analysis

	Results
	Basal characteristics of the study population
	Ovarian stimulation
	Outcomes of oocytes and embryos
	Outcomes of fresh embryo transfer

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


