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PRECIS: We retrospectively evaluated the effects of adjuvant GH administration on IVF outcomes of infertile women with normal ovarian response 
that were underwent GnRH antagonist cycles with dual trigger.

Büyüme hormonu ko-tedavisinin normal ovaryan cevap 
beklenen infertil kadınların IVF sonuçlarına etkisi
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Öz
Amaç: Adjuvan büyüme hormonu kullanımının GnRH antagonist sikluslarında dual trigger uygulanan normal ovaryan cevap beklenen infertil kadınlarda 
siklus sonuçları üzerine etkisini araştırmaktadır.
Gereç ve Yöntemler: Üçüncü basamak bir infertilite merkezinde 2017 ile 2020 yılları arasında dual trigger ile GnRH antagonist siklusu uygulanan 
kadınların verileri retrospektif olarak taranmıştır. Toplamda 1054 normal ovaryan cevap beklenen infertil kadın çalışmaya dahil edilmiştir. Yüz otuz bir 
hasta adjuvan büyüme hormonu almış ve çalışma grubuna dahil edilmiştir. Dokuz yüz elli üç hasta kontrol grubu olarak belirlenmiş ve siklus sonuçları 
karşılaştırılmıştır.
Bulgular: Elde edilen oosit sayısı, oosit matürasyon oranları, embriyo kalitesi, düşük oranları, çoğul gebelik oranları açısından çalışma ve kontrol grupları 
arasında fark bulunmamıştır. Elde edilen 2PN embriyo sayısı (5,68±2,46 vs 5,06±2,5; p=0,003), fertilizasyon oranları (0,84±0,16 vs 0,76±0,18; p<0,001), 
implantasyon oranları (0,34 vs 0,25; p=0,006), klinik gebelik oranları (%50,4 vs %38; p=0,008) ve canlı doğum hızları (%41,8 vs %32,2; p=0,007) adjuvan 
büyüme hormonu verilen kadınlarda anlamlı olarak yüksek saptanmıştır. 
Sonuç: Adjuvan büyüme hormonu tedavisi normal ovaryan cevap beklenen infertil kadınlarda klinik gebelik oranları ve canlı doğum oranlarını anlamlı 
şekilde artırmaktadır.
Anahtar Kelimeler: Büyüme hormonu, infertilite, dual trigger, canlı doğum, in vitro fertilizasyon

Abstract
Objective: This study aimed to evaluate the effects of adjuvant growth hormone (GH) therapy on in vitro fertilization outcomes in women with infertility 
with expected normal ovarian response who underwent gonadotropin-releasing hormone (GnRH) antagonist protocol with dual triggering.
Materials and Methods: Records of women who underwent GnRH antagonist cycles with dual triggering in a single tertiary center between 2017 and 2020 
were retrospectively analyzed. A total of 1054 women with expected normal ovarian response were evaluated, of which 131 were found to receive GH co-
treatment (study group). Moreover, 950 women did not receive any adjuvant therapy (control group). Their cycle outcomes were compared. 
Results: The number of retrieved oocytes, oocyte maturation rates, quality of embryos, miscarriage rates, and multiple pregnancy rates were comparable 
among women who underwent GnRH antagonist cycles with and without GH co-treatment. The number of obtained 2PN embryos (5.68±2.46 vs 5.06±2.5; 
p=0.003), fertilization rates (0.84±0.16 vs 0.76±0.18; p<0.001), implantation rates (0.34 vs 0.25; p=0.006), clinical pregnancy rates (50.4% vs 38%; 
p=0.008), and live birth delivery rates (41.8% vs 32.2%; p=0.007) were significantly higher in women who received GH co-treatment. 
Conclusion: GH co-treatment significantly increased the clinical pregnancy rates and live birth delivery rates in women with infertility and expected 
normal ovarian response who underwent GnRH antagonist protocol with dual triggering for oocyte maturation, which was possibly due to the increasing 
endometrial receptivity or improving oocyte quality. 
Keywords: Growth hormone, infertility, dual trigger, live birth, in vitro fertilization
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Introduction

Infertility is defined as the inability to achieve a pregnancy 
despite 1 year of unprotected intercourse. Worldwide, it affects 
approximately 10% of couples(1). Infertility treatments are 
demanding in terms of financial, psychological, and physical 
aspects. Hence, infertility treatment, as well as subfertility, leads 
to frustration, brings anxiety, and creates distress in couples. 
The ultimate goal of assisted reproduction is pregnancy. Live 
birth rates in in vitro fertilization (IVF) cycles vary between 8% 
and 34% worldwide(2). Therefore, despite the substantial recent 
advances in IVF, most of the couples still could not reach this 
eventual goal in their first IVF attempts. Research about better 
techniques and convenient adjuvants to improve IVF outcomes 
are ubiquitously ongoing. Two of the under-studied therapies 
are the use of growth hormone (GH) as an adjuvant in IVF cycles 
and the triggering of oocyte maturation with a combination of 
gonadotropin-releasing hormone (GnRH) agonist and human 
chorionic gonadotropin (dual trigger).
GH is a peptide mainly secreted from somatotropic cells 
of anterior hypophysis that stimulate cellular growth and 
regeneration. Human granulosa cells, oocytes, and endometrial 
cells are known to express GH receptors(3). GH was found to 
potentiate the effects of follicle-stimulating hormone (FSH) 
and to induce oocyte maturation(3). Given these effects, the use 
of GH as an adjuvant in IVF cycles to increase success rates 
appears as a notable idea since the first study by Homburg 
et al.(4) three decades ago. Although some data indicated that 
GH supplementation could improve reproductive outcomes 
and increase live birth delivery rates in poor responders, a few 
studies have evaluated the effects of GH supplementation on 
normoresponders and women with expected normal ovarian 
response with controversial results(5-18). Therefore, literature 
data regarding this topic are still scarce.
In this study, we evaluated the effects of GH supplementation 
on IVF outcomes in women with normal prognosis who 
underwent GnRH antagonist cycle with dual triggering.

Materials and Methods

This study was conducted as retrospective analysis of patient 
records in a single tertiary center (Üsküdar University Faculty 
of Medicine) in Istanbul. Records of women who underwent 
GnRH antagonist cycles with dual triggering, either used 
adjuvant GH as physician’s preference or no adjuvant at all 
between 2017 and 2020, were screened, and patients were 
contacted by phone when required.Ethical approval was 
obtained from the Ethical Committee of Üsküdar University 
Faculty of Medicine (approval no: 61351342/April 2021-81). 
The need for informed consent was waived by the ethical 
committee due to the retrospective design.
Patients with high (>30 kg/m2) or low (<18 kg/m2) body mass 
index; patients with endocrine disorders such as congenital 
adrenal hyperplasia, hyperprolactinemia, Addison disease, 
diabetes mellitus, Cushing syndrome, and thyroid dysfunction; 

patients with corrected or present uterine anomalies; and 
patients with severe male factor infertility were excluded from 
the study.
According to the POSEIDON classification, the low prognosis 
group of patients consisted of women with diminished ovarian 
reserves or women with suboptimal ovarian response in 
previous IVF attempts(19). Patients considered as having a low 
prognosis according to the POSEIDON classification were 
also excluded from the analysis. Women with anti-Müllerian 
hormone levels ≥1.2 ng/mL and antral follicle count ≥5 prior to 
the commencement of cycles who either have no other previous 
IVF attempts or at least 10 oocytes were retrieved in all previous 
IVF attempts were included in the study, and they were referred 
to as women with normal prognosis or women with expected 
normal ovarian response. Only outcomes of fresh embryo 
transfers were evaluated. 
Controlled ovarian stimulation was initiated within the first 5 
days of the menstrual cycle. Recombinant follicle-stimulating 
hormone (rFSH, Gonal-F, Merck Serono S.p.A, Italy), human 
menopausal gonadotropin (Merional, IBSA Institut Biochimique 
S.A, Menopur®, Ferring Pharmaceuticals, Switzerland), or a 
combination of recombinant luteinizing hormone and rFSH 
(Pergoveris, Merck Serono SA, Switzerland) were used for 
ovarian stimulation on practitioner’s choice. Patients were 
monitored during stimulation for the follicular growth with 
serial transvaginal ultrasonography and serum hormone levels. 
Adjustments in gonadotropin doses were made based on 
each patient’s follicular growth. Once the leading follicle was 
observed to reach a diameter of 12-14 mm, GnRH antagonist 
(Cetrotide 0.25 mg, Pierre Fabre Medicament Production, 
France) injections commenced to suppress premature LH peak 
and continued to the day of oocyte maturation triggering. Daily 
injections of 4 IU (1.2 mg) of GH [Genotropin 36 IU (12 MG) 
GoQuick, Pfizer Inc., Australia] were implemented starting from 
the day of cycle commencement to the day of oocyte triggering 
in women to whom adjuvant therapy was administered. The 
dual-triggering method was used to induce oocyte maturation 
with a GnRH agonist of 0.2 mg triptorelin acetate (Gonapeptyl, 
Ferring Pharmaceuticals) and 250 mcg recombinant human 
chorionic gonadotropin (Ovitrelle, Merck Serono) when at 
least one follicle reached a diameter of 18 mm. Oocytes were 
retrieved under transvaginal ultrasound guidance 35-36 h 
after oocyte maturation triggering. Fertilization was conducted 
by intracytoplasmic sperm injection. Acquired embryos were 
graded according to Istanbul Consensus Workshop(20). Day 
3 or day 5 embryos were transferred by using an embryo 
transfer catheter under abdominal ultrasonography guidance 
depending on the condition. A maximum of two embryos were 
transferred at once following legal regulations. Luteal phase 
support was initiated in every patient with 200 mg intravaginal 
progesterone (Lutinus, Ferring Pharmaceuticals) twice a day 
when endometrial thickness was observed to reach 7-8 mm and 
continued until 8th-10th gestational weeks.
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Patients with expected normal ovarian response who underwent 
GnRH antagonist cycle with dual triggering to whom adjuvant 
GH administered were assigned to the study group. The 
control group consisted of patients with normal prognosis who 
underwent GnRH antagonist cycle with dual triggering without 
adjuvant therapy within the selected period.The cycle outcomes 
of the study and control groups were compared. The primary 
outcome was live birth delivery rate. The secondary outcomes 
were the number of retrieved oocytes, number of metaphase 
2 (M2) oocytes, oocyte maturation rates (M2 oocytes/retrieved 
oocytes), fertilization rates (2pronuclear embryos/M2 oocytes), 
implantation rates (gestational sacs observed/transferred 
embryos), number of obtained embryos, and grades of obtained 
embryos. Outcome parameters were described according to the 
International Glossary on Infertility and Fertility Care (2017)
(21).

Statistical Analysis

Statistical analyses were performed using IBM SPSS v23 (IBM 
Corp, Armonk, NY, USA). Descriptive statistics were expressed 
as mean ± standard deviations for normally distributed 
data. Categorical variables were expressed as numbers and 
percentages (%). Significance of differences in means and 
medians among groups were assessed by Student’s t-test and 
Mann-Whitney U test. Categorical variables were evaluated 
with Pearson’s chi-squared test or Fisher’s exact test. P-values 
<0.05 are considered significant.

Results 

Following the exclusion of patients with confounding factors, 
a total of 131 women with expected normal ovarian response 
at the beginning of treatment were found to undergo GnRH 
antagonist cycles with dual triggering and received daily GH 
injections within the selected period. These women constituted 
the study group. GnRH antagonist cycles with dual triggering 
without adjuvant therapy were applied in 923 women with 
expected normal ovarian response, and these patients were 
assigned to the control group. The mean ages of the study 
and control groups were 35.17±3.82 and 34.31±4.89 years, 
respectively. The mean ages of groups were significantly 
comparable (p=0.077). The mean body mass index of the 
study and control groups were 25.15±2.71 and 24.95±2.54, 
respectively. No significant difference was found between the 
body mass index values of the groups (p=0.431). The causes 
of infertility within the study population were mild male 
factor, anovulation, tubal factor, endometriosis, and combined 
and unexplained factors. The prevalence of these etiologic 
factors was comparable between the groups (p=0.992). The 
distribution and comparison of the etiologic factors of infertility 
are presented in Table 1.
The total doses of gonadotropins required, stimulation length, 
and progesterone levels at the day of triggering were significantly 
higher in the control group than in the study group (p=0.013, 

p=0.036, p=0.004, respectively). Estradiol levels at the day of 
triggering, number of 2PN embryos obtained, fertilization rate, 
implantation rate, clinical pregnancy rate, and live birth delivery 
rates were significantly higher in cycles with GH injection 
(p<0.001, p=0.003, p<0.001, p=0.006, p=0.008, p=0.007, 
respectively). In women with GH co-treatment, the number 
of retrieved oocytes (9.79±3.46 vs 9.40±3.70; p=0.128), 
number of M2 oocytes (6.83±2.83 vs 6.66±2.89; p=0.426), 
oocyte maturation rates (0.70±0.16 vs 0.71±0.16; p=0.275), 
biochemical pregnancy rates (13% vs 9.5%; p=0.289), 
miscarriage rates (9.9% vs 7.3%; p=0.212), multiple pregnancy 
rates (2.3% vs 2.2%; p=0.299), endometrial thicknesses at the 
day of transfer (10.16±1.65 mm vs 10.13±1.84 mm; p=0.6), and 
mean number of transferred embryos (1.54±0.5 vs 1.59±0.49; 
p=0.326) were all comparable with the control group. No 
significant differences were observed within groups in terms 
of the number of transferred grade 1 and 2 embryos, mean 
number of embryos transferred, and distribution of transfers 
due to the days of embryos. Cycle outcomes and comparison of 
these findings are summarized in Table 2. 
A cost analysis was performed by using the momentary retail 
prices of medications in Turkey at the time of manuscript 
preparation. The mean cost of medications in the adjuvant 
GH group per cycle including GH, gonadotropins, GnRH 
antagonists, and GnRH agonists was 377.7±131 USD. In the 
control group, the mean estimated cost per cycle was 359.2±953 
USD. The mean cost of required medications were significantly 
comparable between the two groups (p=0.67).

Discussion

In this study, we evaluated the effects of GH co-treatment on IVF 
outcomes in women with expected normal ovarian response. 
Our results indicate significantly improved live birth delivery 
rates and clinical pregnancy rates in women with adjuvant GH 
administration. 
A few studies have evaluated the outcomes of IVF cycles with 
GH supplementation in the normal population(14-17). Younis 
et al.(17) conducted a prospective randomized study involving 
21 women with normal ovulation who underwent the GnRH 

Table 1. Distribution and comparison of infertility etiologies among 
the groups

Study 
group

Control 
group p-value

Number of patients 131 923

Mild male factor (n, %) 34 (26%) 261 (28.3%)

0.992

Anovulation (n, %) 31 (23.7%) 216 (23.4%)

Tubal factor (n, %) 20 (15.3%) 128 (13.9%)

Endometriosis (n, %) 12 (9.2%) 84 (9.1%)

Combined (n, %) 9 (6.9%) 60 (6.5%)

Unexplained (n, %) 25 (19.1%) 174 (18.9%)
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agonist protocol with daily injections of 12 IU of GH. They 
found higher number of pregnancies, implantation rates, and 
estradiol levels in the GH supplementation group; however, 
none of these parameters have reached significance. Moreover, 
they reported comparable gonadotropin requirements 
and estradiol levels in women with and without GH 
supplementation(17). Tapanainen et al.(16) assessed 19 women 
with 24 IU of GH supplementation. Although the study was not 
designed to evaluate live birth delivery rates, they reported two 
pregnancies in the placebo group and only one pregnancy in 
the GH supplementation group. They also reported comparable 
gonadotropin requirements among the groups, and compared 
with other studies, they found lower estradiol levels in women 
treated with GH(16). The results of these two aforementioned 
studies might be affected by the small sample sizes(16,17). Du 
et al.(14) retrospectively evaluated 556 women with infertility 
who underwent GnRH agonist cycles with 4.5 IU of GH 
supplementation. They found higher implantation rates and 
clinical pregnancy rates as well as higher embryo quality in 
women who received GH injections, but no differences were 
found in the required gonadotropin doses. Liu et al.(15) assessed 
781 normal responders who underwent IVF cycles with GH 
supplementation of doses varying between 2 IU and 4 IU. 
They found a higher clinical pregnancy rate in the overall GH-
administered group, but without significance. As they stratified 
patients according to the administered GH doses, women who 
received 4 IU of GH had the highest clinical pregnancy rates 
and required the lowest gonadotropin stimulation(15). In our 
study, we found increased clinical pregnancy rates and live 

birth delivery rates in women with normal prognosis who were 
treated with 4 IU of adjuvant GH.GH directly and indirectly 
participates in the regulation of reproductive functions(22). No 
consensus was established regarding the optimal GH doses 
required in infertility treatments. A study reported increased 
pregnancy rates in poor responders with GH supplementation 
doses as low as 0.5 IU(23). An animal study indicated that GH 
might have bimodal inhibitory and stimulatory effects on 
various tissues(24). For instance, Nakamura et al.(22) demonstrated 
that in the presence of FSH, GH enhances early reactions in 
steroidogenic pathways by increasing local insulin-like growth 
factor-1 (IGF-1) levels but inhibits FSH-induced aromatase 
via an IGF-independent way. In higher concentrations, the 
IGF-independent inhibitory effects of GH might surpass the 
stimulatory effects. Furthermore, in an animal study, Singh 
and Lal(25) mentioned the circadian effects of GH and showed 
increased ovarian steroidogenesis following GH injections in the 
morning but not in evening. The timing of GH injections within 
the day and doses might alter in vivo resultant effects of GH 
administration and contribute to different outcomes reported. 
In the present study, GH administrations were self-applied by 
the patient concomitant with gonadotropin injections. As a 
general adoption of practice, we recommend patients to execute 
injections between 6 pm and 8 pm.
Previous studies have demonstrated that GH enhances 
progesterone production by augmenting the effects and 
production of IGF-1(26). Consistent with these findings, we 
found significantly higher progesterone levels in women with 
adjuvant GH administration.

Table 2. Comparison of cycle outcomes between the two groups

Study group Control group p-value

Total dose of required gonadotropins 2325.67±643.22 2482.83±732.78 0.013

Stimulation lenght (days) 9.04±1.26 9.38±1.51 0.036

Estradiol levels on the day of triggering 1833.92±674.77 1586.37±742.91 <0.001

Progesterone levels on the day of triggering 0.52±0.33 0.59±0.31 0.004

Number of 2PN embryos per cycle 5.68±2.46 5.06±2.5 0.003

Number of embryos obtained 

Grade 1 181 (64.8%) 1261 (62.9%)

0.586Grade 2 90 (31.1%) 680 (33.9%)

Grade 3 8 (2.8%) 62 (3%)

Number of embryos transferred (%)

Grade 1 162 (80.2%) 1190 (81.2%)
0.774

Grade 2 40 (19.8%) 275 (18.8%)

Fertilization rate per cycle 0.84±0.16 0.76±0.18 <0.001

Implantation rate 0.34 (69/202) 0.25 (371/1465) 0.006

Clinical pregnancy rate  (no. of clicical pregnancies) 50.4% (66) 38% (351) 0.008

Live birth delivery rate (no. of live births) 41.8% (56) 32.2% (304) 0.007
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Endometrial cells are known to express GH receptors, and 
most studies have indicated an increase in endometrial 
receptivity after GH administration(27). We found comparable 
endometrial thicknesses between the study and control groups. 
Although endometrial thickness is somehow associated with 
pregnancy rates in general, it is a poor predictor of clinical 
pregnancies alone, implying the participation of other factors 
in endometrial receptivity at the molecular level(28). Cui et 
al.(29) demonstrated that GH increases endometrial receptivity 
by increasing the expression of integrin-beta 3, a biomarker 
of endometrial receptivity, via IGF-dependent and IGG-
independent pathways. To support these findings, we found 
significantly higher implantation rates in women who received 
GH supplementation despite the comparable number of 
transferred embryos and grades of transferred embryos between 
the study and control groups. Another possible explanation 
for the increased implantation rates in our study were the 
subtle improvements in embryo quality that morphological 
evaluations fail to demonstrate.
In a previous study, GH administration was shown to improve 
oocyte quality(30). In the present study, the number of retrieved 
oocytes and M2 oocytes were not significantly different 
between the study and control groups. However, the number 
of 2PN embryos and fertilization rates were significantly higher 
in women with GH supplementation even if the grades of the 
obtained embryos were comparable between the groups. These 
findings might be a result of the increased oocyte quality in 
women who received GH injections. 
Ovarian granulosa cells express GH receptors. GH is shown 
to potentiate the effects of FSH on granulosa cells and induce 
the proliferation of theca and granulosa cells(7). In parallel with 
this information, we found significantly reduced gonadotropin 
requirements and stimulation lengths as well as significantly 
higher estradiol levels in the GH group in comparison with 
the control group.In the present study, we referred our study 
population as women with normal prognosis or women with 
expected normal ovarian response owing to our preference to 
the classification system suggested by the POSEIDON study 
group that utilized a more convenient approach to determine 
management strategies considering the prognosis of patients(19). 
This choice of using the term “normal prognosis” or “expected 
normal ovarian response” was made to provide more functional 
data contributing to the clinical guidance in this group of 
patients.

Study Limitations

Despite the lack of comprehensive studies, some authors 
implicated that adult GH deficiency is fairly prevalent 
among women with infertility, based on their preliminary 
observations(31). Therefore, they suggested measurements of 
IGF-1 and IGH binding protein-3 (IGFBP-3) levels before the 
initiation of GH supplementation as women with GH deficiency 
might be the exact subgroup of patients who benefit from GH 

supplementation. As a study limitation, data of IGF-1 and 
IGFBP-3 levels were not available in patient records. Thus, 
future studies of adjuvant GH administration including IGF-1 
and IGFBP-3 levels or other diagnostic tests to detect adult GH 
deficiency could help clarify the effects of GH supplementation 
and the subgroup of patients who could benefit most.

Conclusion 

Our study demonstrate that daily injections of 4 IU of GH 
significantly increased the live birth delivery rates, clinical 
pregnancy rates, implantation rates, number of 2PN embryos 
obtained, and fertilization rates in women with expected 
normal ovarian response who underwent GnRH antagonist 
cycles with dual triggering, which was probably due to the 
increased endometrial receptivity and increased oocyte quality. 
Further studies designed with prognosis-based approaches 
could provide more data to make robust recommendations.
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