
12 PHILIPPINE JOURNAL OF REPRODUCTIVE ENDOCRINOLOGY AND INFERTILITY

The Role of Growth Hormone In Improving Oocyte Quality In IVF 
Cycles

Maria Jesusa B. Banal-Silao, MD, FPOGS, FPSRM, FPSGE, FPSUOG 
Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and Gynecology, 
Philippine General Hospital, University of the Philippines Manila 
 

Background: Growth hormone has been used as an adjunct in ovarian stimulation of IVF 
cycles for the past three decades. However, the exact mechanism of its role in improving oocyte 
quality has not been thoroughly investigated. Although a clear indication for GH co-treatment is 
in infertile women with GH deficiency, GH has been given mostly to poor ovarian responders.
Method: This paper is a review of the most recent published data on the role of GH supplementation 
in improving oocyte quality in younger women who are suboptimal or unexpected poor responders 
to standard ovarian stimulation. 
Results: Retrospective cohort and randomized trials demonstrated an improvement in oocyte 
quality through morphological parameters, mitochondrial function, biomarkers, GH receptors, 
insulin growth factor, markers of oxidative stress, mature oocytes, good quality embryos, 
implantation rate, clinical pregnancy and live birth.
Conclusion: Current data suggest GH supplementation may improve oocyte and embryo 
qualities, endometrial receptivity, clinical pregnancy and live birth. However, better quality 
evidence is needed before a recommendation can be made for GH supplementation to be 
given to infertile women who are suboptimal or poor ovarian responders. 
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Introduction

 A successful in vitro fertilization (IVF) outcome 
is largely dependent on the patient’s response 
to ovarian stimulation, since it reflects both the 
number and quality of  oocytes collected during 
the stimulation cycle. Despite advancement and 
innovations in assisted reproductive techniques 
(ART), approximately 9 to 24% of  in vitro 
fertilization (IVF) cycles fail to respond to standard 
ovarian stimulation regimens due to poor ovarian 
response1,2,3  which may be associated with 
advanced maternal age, previous ovarian surgery, 
and high body mass index.4  However, in as much 
as 21% of  women younger than 35 years with 
normal ovarian reserve function, unexpected poor 

ovarian response may occur.5  Factors that may 
reduce oocyte developmental competence include 
advanced maternal age6, an immature cytoplasm7, 
abnormal maternal protein expression , and reduced 
mitochondrial content.9 
 Oocyte quality is usually evaluated using 
morphological assessment.10  The most common 
morphological parameters assessed in the oocytes 
(Table 1) include the meiotic spindle, cumulus 
complex, zona pellucida, perivitelline space, vacuoles 
or refractile bodies, shape, granulation, and viscosity 
of  ooplasm.11  However, data are conflicting regarding 
the ability of  these morphological features to accurately 
predict oocytes with high quality. Thus, metabolic and 
mitochondrial molecular evaluations have been used 
to assess more specifically oocyte competence.
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 Mitochondria are vital in oocyte maturation12 

fertilization, and early embryonic development.13,14  
Studies in humans reported that oocytes of  women 
with ovarian insufficiency have lower mitochondrial 
(mtDNA) content compared to women with a 
normal ovarian profile15, and unfertilized oocytes 
have lower mtDNA copy numbers than fertilized 
oocytes.13 Since the mtDNA content of  cumulus 
granulosa cells (CGCs) correlates with embryo 
quality and implantation in IVF procedures, it has 
been used to assess oocyte quality and developmental 
competence.16,17  
 Growth hormone (GH) is an anabolic peptide 
hormone secreted mainly by the anterior part of  
the pituitary gland and plays a vital role in cell 
growth, development, and metabolism.18  It exerts 
a direct action on human oocytes and cumulus 
cells, and also indirectly improves oocyte quality by 
activating synthesis of  insulin-like growth factor-I 
or promoting follicle-stimulating hormone-induced 
ovarian steroidogenesis.19,20  It is an important 
regulator of  ovarian steroidogenesis21, follicular 
development22  and oocyte maturation.23  In addition 
to GH’s effects on ovarian function, recent studies 
also discussed positive effect of  GH administration 
on endometrial receptivity, suggesting an additional 
potential benefit at the uterine level, especially in 
cases of  thin endometrium, recurrent implantation 
failure, and older normal responders.24,25  
 Since GH has been demonstrated to play a 
critical role in folliculogenesis, it has been used to 
assist in ovulation induction and IVF for the past 
three decades.26  It is clearly indicated for treatment 
of  infertility in women with GH deficiency or 
panhypopituitarism.27,28   However, indications 
for use of  GH as co-treatment in IVF other than 
GH deficiency are still not well-established. 
Multiple studies have been done to explore the 
benefits of  human growth hormone (GH) as an 
adjunct to stimulation protocols for IVF in normal 
responders29,30 women with polycystic ovarian 
syndrome (PCOS)31,32 poor ovarian responders33,34 

older women35, sub-optimal responders to ovarian 
stimulation in an IVF cycle36, and women with 
perceived poor oocyte or embryo quality.37 
 This paper reviewed and summarized the most 
recent data on the proposed mechanisms of  GH 
and the role of  GH co-treatment in improving 
oocyte quality among younger infertile women 

undergoing IVF. Weighing the benefits and 
the cost of  GH supplementation, hopefully, an 
objective conclusion will be made regarding the 
adjunctive use of  GH therapy in improving oocyte 
competence.
 
Methods

 A literature search was performed using 
MEDLINE and Scopus databases for identification 
of  relevant articles published from January 2016 
to December 2021 (five years). Search terms and 
search strategies were used including “growth 
hormone”, “oocyte quality”, “embryo quality”, 
and “blastocyst”. Boolean operators, AND and 
OR, were used in the search. They were saved using 
the Mendeley Desktop (2021 version) reference 
manager. Discussion focused more on the evidence 
of  the role of  GH in improving oocyte quality 
other than those caused by poor ovarian response 
due to advanced maternal age. Included studies for 
discussion described the effects of  GH cotreatment 
in IVF cycles in terms of  specific morphologic, 
biochemical, metabolic parameters, and clinical 
outcomes of  oocyte and/or embryo competence.
 
Discussion

Oocyte Quality 

Definition of Oocyte Quality

 Oocyte quality (or developmental competence) 
refers to the ability of  the oocyte to complete 
meiotic maturation (including proper segregation 
of  chromosomes) as well as support fertilization 
and embryonic development, ultimately leading to a 
successful live birth.38,39   To put it more simply, oocyte 
quality refers to the potential of  a fertilized oocyte 
to result in a live-born infant. It is different from 
ovarian reserve, or oocyte quantity, which pertains 
to oocyte number.40  Fertilization, early embryonic 
development, and pregnancy maintenance are all 
dependent on oocyte quality. The most difficult yet 
important part before applying ART procedures 
such as ICSI and in vitro fertilization (IVF) is to 
choose the best oocytes capable of  producing high 
quality embryos. But the ultimate clinical outcome 
is to achieve an increase in live birth rate.
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Oocyte Quality Assessment

 Defining the quality and developmental 
potential of  oocytes is typically evaluated through 
morphological assessment. Morphological grading is 
mainly based on cytoplasmic and extra-cytoplasmic 
features, which may confer the state of  nuclear and 
cytoplasmic maturity.41  In a recent review by Ozturk 
(2020)11, morphological evaluation of  cumulus 
complex (presence of  blood clots, expansion grade, 
apoptotic index); thickness of  the zona pellucida 
(ZP), perivitelline space (size, presence of  granules), 
volume and shape of  oocytes, first polar body 
(integrity, size, fragmented), cytoplasmic changes 
(vacuoles, granulation, viscosity) and meiotic 
spindle, were thoroughly analyzed with regards to 
their contribution in selecting high-quality oocytes. 
Tilia, et al. (2020)42   showed that a normal oocyte 
meiotic spindle morphology (OMS) was associated 
with the adequate stages of  embryo development and 
a good predictor of  blastocyst euploidy. However, 
oocyte selection based on these morphological 
criteria may have subjective variation and 
imprecision. Since there is no consensus on which 
morphologic parameter is best for oocyte selection, a 
combination of  these multiple morphologies can be 
used to predict the oocytes with the highest potential 
to produce competent early embryos.11

Figure 1.Oocyte competence biomarkers. Expression of  the COC-derived genes discussed in this study have exhibited significant 
predictive values toward the respective IVF stages.a,b,c,d refers to the occyte maturation process that the gene regulate: aNuclear 
maturation, bApoptosis, cExtracellular matrix remodeling, dSteroid metabolism. Adapted from Sirait et al. Oocyte Competence 
Biomarkers Associated with Oocyte Maturation: A Review. Front Cell Dev Biol 2021; 9:710292.

LHR: Luteinizing hormone receptor, BMP15: Bone morphogenic protein 15, GDF9: Growth differentiation factor 9, 
SERPINE2: Serine protease inhibitor-E2, ADAMTS-1: A Disintegrin and Metalloproteinase with Thrombospondin motifs-1, 
Cx43: Connexin 43, PAPPA: Pregnancy-associated plasma protein-A or pappalysin 1

 In addition to morphological analysis, 
molecular biological techniques such as proteomic 
and genomic applications, may help assess more 
accurately the developmental competence of  the 
oocyte. Proteomic analysis of  follicular fluid (FF) 
is a non-invasive biochemical method of  assessing 
follicular development and oocyte quality.43  

Follicular fluid (FF) contains proteins, hormones, 
polysaccharides, metabolites, reactive oxygen 
species, and antioxidants that are involved in oocyte 
maturation and competence.44  Sirait, et al. (2021)39 

discussed eight biomarkers in the cumulus-oocyte-
complex (COC) that regulate vital processes involved 
in oocyte maturation and could serve as predictors 
of  oocyte competence and eventual IVF prognosis 
(Figure 1).
 Evidence has demonstrated mitochondria as vital 
indicator of  oocyte quality.45  Mitochondria-derived 
energy and functions are important for early embryo
development and implantation, including meiotic 
spindle formation and the maintenance of  the 
metaphase II (MII) spindle before fertilization 
to support oocyte maturation, fertilization, and 
early embryonic development.46  Mitochondria are 
exclusively maternal in origin, and emerging data 
emphasize mitochondrial dysfunction as a pivotal 
factor to oocyte ageing.47   Oocytes of  women with 
ovarian insufficiency were also found to have lower 
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mtDNA copy numbers than women with a normal 
ovarian profile15, and unfertilized oocytes have 
lower mtDNA copy numbers compared to fertilized 
oocytes.13  Since direct assessment of  mtDNA number 
destroys the oocyte, evaluation of  the cumulus 
granulosa cells (CGCs) surrounding the oocyte has 
been used instead of  direct oocyte evaluation, to 
assess oocyte developmental competence.48  Hence, 
it is not only the mitochondrial quantity that should 
be investigated, but the functional capacity as well.

Factors Associated with Poor Oocyte Quality

 Advanced maternal age is the most common 
cause of  poor oocyte quality, and is related to reduced 
oocyte mitochondrial efficiency and increased 
oxidative stress.49  Preimplantation genetic testing 
of  15,000 blastocysts showed aneuploidy rates of  20 
to 30% up to 36 years of  age, but rose abruptly from 
37 years onward, reaching approximately 50% and 
70% by 38 and 41 years, respectively.50  This proposes 
that female age, especially above the age of  37 years, 
is the critical age whereby reduced oocyte quality 
becomes more pronounced. Older age markedly 
increases the risk of  oocyte aneuploidy, leading to an 
abrupt rise in the incidence of  infertility, miscarriage, 
and birth defects. The main cause of  failed IVF in 
older women is due to oocyte aneuploidy, attributed 
mainly to premature loss of  centromeric cohesion 
between sister chromatids.51 
 However, there is another proportion of  women 
with normal ovarian reserve function in whom 
oocyte quality is unexpectedly poor at a young 
age (< 35 years), and manifest as unexpected poor 
ovarian responders during stimulation cycles. In 
a study investigating the incidence of  unexpected 
poor ovarian responders, results showed that 
among Chinese women < 35 years with normal 
ovarian reserve function who underwent standard 
stimulation IVF protocol, 21.16% had below 
par treatment outcome due to too few retrieved 
oocytes, and 5.99% had an extremely poor treatment 
outcome.2 The exact cause for this unexpected 
poor/suboptimal ovarian response is not known, 
although polymorphisms in the receptor or genes 
of  gonadotropins have been identified.52,53,54,55  
 Other gynecologic conditions that are common 
causes of  infertility, such as pelvic endometriosis 
and polycystic ovarian syndrome, may have 

diminished oocyte quality as a confounding factor 
for poor ovarian response to IVF cycles. Based on 
a systematic review, oocytes retrieved from women 
with endometriosis were more likely to fail in vitro 
maturation, and had altered morphology and lower 
cytoplasmic mitochondrial content compared to 
women with other causes of  infertility.56  In addition, 
results from meta-analyses showed that women with 
endometriosis had less mature oocytes, and lower 
fertilization rate was associated with minimal/
mild rather than with moderate/severe disease.57  
Results of  a recent study evaluating oocyte quality 
in PCOS women undergoing IVF cycles showed that 
despite the higher number of  retrieved oocytes in 
PCOS women, the number of  high-quality oocytes 
and embryos and the pregnancy rate did not differ 
significantly compared to non-PCOS women.58  
 Obesity can change mitochondrial distribution, 
hyperpolarization of  mitochondrial membrane, 
oxidized redox, and oxidative stress in both oocytes 
and zygotes, thus affecting oocyte quality. It is 
reported that 46% of  obese mothers experienced 
the failure of  embryo development at the blastocyst 
stage due to mitochondrial oxidative stress.59  

Growth Hormone

Growth Hormone: Effects on the Ovary

 Growth hormone (GH) is an anabolic peptide 
hormone secreted mainly by the anterior pituitary 
gland, and plays a vital role in cell growth, 
development and metabolism throughout the body.24 
It is secreted in a pulsatile manner in response to 
growth hormone releasing hormone (GHRH), and 
inhibited by growth hormone inhibiting hormone 
(somatostatin) released from the hypothalamus.23   

GH was proven to have both direct and indirect effects 
on ovarian function, with direct effects mediated 
by GH-GHR interactions, and indirect effects 
through the synthesis of  Insulin-like growth factor 
(IGF). Human oocytes and cumulus cells have GH 
receptors (GHRs) that can be directly influenced by 
GH, by augmenting nuclear maturation of  denuded 
human oocytes.  It has been proven that there is an 
age-dependent decline in oocyte GHRs expression. 
Oocytes from younger normo-responders (< 35 years 
of  age) were found to have significantly higher GHRs 
(p< 0.04) compared with older normo-responder 
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 (> 35 years) women.61  Co-treatment with GH 
has been shown to increase granulosa cell receptor 
density for FSH receptor (FSHR), LH receptor 
(LHR), bone morphogenetic hormone receptor 
(BMPR1B) and GH receptor (GHR) compared with 
the non–GH-treated patients of  the same age and 
ovarian reserve.35  GH may also have an indirect effect 
in improving oocyte quality by activating synthesis 
of  insulin-like growth factor 1 (IGF-I) or promoting 
FSH-induced ovarian steroidogenesis.  IGF-1 
potentiates the action of  FSH in folliculogenesis, 
and assists with granulosa cell differentiation, 
with the largest follicles containing the highest 
concentrations of  IGF-1.63   A recent study analyzed 
the association between oocyte cohort quality and 
follicular levels of  different hormones including GH 
and IGF-1. Results showed that follicular levels of  
GH and IGF1 were significantly higher in a normal 
oocyte cohort than in an abnormal oocyte cohort; 
fertilization rate was likewise higher in the normal 
oocyte cohort, thus further reinforcing that GH/
IGF1 system appears to be important for oocyte 
development and competency.64 

Growth Hormone: Effects on the Endometrium

 Preliminary studies suggest that women with 
recurrent implantation failure, thin endometrium 
and older normo-responders may benefit from 
GH co-treatment when undergoing ART. A recent 
review by Altmae and Aghajanova (2019)24 discussed 
that GH therapy could improve the endometrial 
thickness and receptivity among infertile women, 
either as a direct effect of  GH or through IGF-1. 
Proposed mechanisms of  action include GH/IGF-1 
induced endometrial proliferation, vascularization 
and expression of  receptivity-related genes such 
as vascular endothelial growth factor (VEGF) and 
integrin beta 3 (ITGB3).65   Ovarian GH may also 
have an indirect effect on endometrial function, 
through the action and maintenance of  the corpus 
luteum.66,67  The exact mechanism and benefits need 
further investigation.
 GH administration may improve IVF outcomes 
in some, but not all, cases. Whether this effect is 
mainly due to an increase in the number of  mature 
oocytes, improvement in oocyte quality or uterine 
receptivity, is still inconclusive. While the main 
cause of  IVF failure in older women is related 

with oocyte aneuploidy, the etiology is less clear in 
younger women with unexpected poor response to 
ovarian stimulation.68  

Use of Growth Hormone in IVF Cycles to Improve 
Oocyte Quality

 Majority of  the published data on the use of  
growth hormone (GH) supplementation in ovarian 
stimulation protocols focus on improving IVF 
outcomes among poor ovarian responders due to 
advanced maternal age, but the effect of  GH on 
patients with poor oocyte competence or embryonic 
development other than aging, is still obscure. Given 
the possible mechanisms by which GH can increase 
recruitment of  mature oocytes, improve oocyte 
and embryo competence, and eventually increase 
pregnancy rates, the most recent studies on GH’s 
role in improving oocyte quality will be discussed.

Growth Hormone Co-treatment to Improve Oocyte 
Quality in Younger Women with Suboptimal 
Response to IVF

 Some studies have focused on the role of  GH 
adjunct to improve IVF outcomes in a subset of  
women who were not that old (35-39 years), with 
unexpected or suboptimal response to previous 
IVF cycles using standard ovarian stimulation 
regimen, those with repeated implantation failures, 
or unexplained infertility.
 Majority of  the published retrospective trials 
showed positive outcomes for younger (< 39 
years) suboptimal responders who were given GH 
as cotreatment in their succeeding IVF cycle. In 
a study by Jin, et al. (2018)69, the effects of  GH 
supplementation on IVF outcomes of  107 Chinese 
poor responders were analyzed based on oocyte and 
embryo quality, implantation rate, and pregnancy 
rate. In a subset of  60 younger POR patients (< 40 
years) co-treated with GH, they had significantly 
higher number of  retrieved oocytes, fertilized 
oocytes, and high-quality embryos compared to 
age-matched controls. However, the number of  
transferred embryos, fertilization rate, implantation 
rate, and clinical pregnancy rate were not different 
between the GH and non-GH group.69

 Another  potent ia l  indicat ion  for  GH 
supplementation would be in young women 
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with repeated implantation failures after IVF. 
Recurrent implantation failure (RIF) is defined 
as failure to achieve a pregnancy after three failed 
IVF transfers, each with at least one good quality 
embryo, or failure to achieve pregnancy after 
transfer of  10 good quality embryos.70  These 
women fail to achieve pregnancy after repeated 
IVF cycles despite adequate endometrial thickness 
and pattern and high quality embryos. To date, 
there is no proven effective treatment. Possible 
causes include impaired endometrial maturation71, 
reduced embryo quality and defects in endometrial 
receptivity.72,73 The study of  Chen, et al. (2018)74  
on young women (< 35 years) diagnosed with 
RIF who underwent IVF treatment found that 
GH supplementation increased the endometrial 
thickness compared to those who did not receive 
GH (p< 0.05), and this may support a more 
favorable blastocyst implantation. In addition, 
GH treatment also increased the GHR level in the 
follicular fluid, which was positively correlated 
with higher levels of  GHR mRNA in granulosa 
cells (r=0.460, p<0.05). Consequently, clinical 
pregnancy and live birth rates were also increased 
in the GH-treatment RIF group when compared 
with the non-GH group.74 On the other hand, 
Tesarik, et al’s. study75  on a similar population 
of  younger women with repeated implantation 
failure after IVF, showed no significant difference in 
endometrial thickness compared with the untreated 
group. Analysis of  the number and morphological 
characteristics of  the oocytes, zygote and embryo 
qualities showed significantly higher number and 
percentage of  oocytes with the best cumulative 
morphological quality score, and significantly 
lower number of  oocytes with the worst score 
in patients treated with GH compared with the 
control group. Patients treated with GH also had 
significantly more total zygotes and good-quality 
zygotes, more cleaving embryos, and more high-
quality embryos. Clinically, the GH-treated group 
had more implantations, pregnancies and live 
births, compared with the untreated group. Data 
from these two studies74,75 show that, independent of  
the effect on uterine receptivity, GH administration 
improves the quantity and morphological quality 
of  oocytes, zygotes and cleaving embryos in 
young women with previous IVF failures. These 
improvements are manifested clinically by an 

increase in pregnancy, delivery, implantation and 
birth rates in this subset of  patients.
 Two most recent retrospective studies pioneered 
the investigation of  adjuvant GH use in IVF cycles in 
younger women with suboptimal response to standard 
ovarian stimulation, where preimplantation genetic 
testing for aneuploidy (PGT-A) was performed to 
determine the impact of  embryo ploidy. The first 
published study on GH use in PGT-A cycles in this 
group of  suboptimal responders demonstrated that 
the total number of  biopsied embryos and euploid 
embryos was significantly higher in the adjuvant GH 
treatment cycle group compared to the control group.  
However, the euploid rate did not differ between the 
two groups.76 Since the euploidy rate is inherently 
predetermined based on genetics, woman’s age and 
other factors that remain constant across cycles, it 
is therefore unlikely to have a significant change 
in such a short period of  two cycles within the 
same year. Therefore, it can be surmised that the 
increase in number of  euploid blastocysts is due to 
a greater number of  mature oocytes, and eventual 
increase in the number of  blastocysts available 
for biopsy. This study by Skillern and colleagues76 
demonstrated that the mean number of  euploid 
embryo was 0.8 per cycle in the IVF-PGT-A control 
group, compared to 2 euploid embryos in the IVF-
PGT-A GH cycle. This reflects improved embryo 
quality, a greater opportunity for a successful embry 
transfer, and ultimately at pregnancy, which is 
the more clinically relevant measure of  a positive 
outcome. In a study by Kurtz, et al. (2021)77, similar 
to earlier trials, GH co- treatment significantly 
improved endometrial thickness, and resulted in 
significantly greater number of  retrieved oocytes, 
mature oocytes, blastocysts, and more usable 
blastocysts (high enough quality blastocyst suitable 
for transfer or cryopreservation). Novel information 
on PGT-A also showed that GH-treated group had 
a greater number of  euploid embryos for transfer, 
with an overall euploidy rate of  51.3% (p=0.0158), 
versus 35.09% in the non-GH group.77  These two 
studies by Skillern, et al. (2021)76 and Kurtz, et 
al. (2021)77 both showed an increase in euploid 
embryos with GH supplementation in IVF-PGT-A 
cycles in younger women with suboptimal response 
to previous IVF cycles which, through improved 
embryo development, could lead to an improvement 
in live birth.
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 Limitations of  these studies include the 
following: retrospective study design; small 
sample size; different definitions for suboptimal or 
unexpected responders and recurrent implantation 
failure; lack of  the more clinically relevant outcomes 
such as clinical pregnancy and live birth rates in 
some of  the trials; varied reporting of  morphological 
parameters; variations in the GH protocol (dose, 
interval, duration), cost of  the drug and overall cost 
of  the research.
 Regarding randomized trials discussing the 
effects of  growth hormone use in IVF cycles to 
improve oocyte or embryo quality in younger women, 
a recent study by Li, et al. (2020)78  investigated the 
role of  GH in improving oocyte quality. Subjects 
included women < 37 years who had at least one 
failed IVF cycle with no top-quality embryos, had 
normal hormone levels (FSH, LH, estradiol) during 
the early follicular phase, or those with unexplained 
infertility. Results showed a significant increase in 
the numbers of  oocytes retrieved, 2PN fertilized 
oocytes, and cleaved embryos on day 2 in the 
GH treated group compared to the control group. 
Transfer of  higher quality embryos in the GH group 
was made evident by a greater than-twofold increase 
in the clinical pregnancy and live birth rates versus 
the control group. In addition, the mtDNA copy 
number of  cumulus granulosa cells (CGCs) of  the 
GH group was significantly higher compared to the 
mtDNA CGCs of  the non-GH group, reinforcing 
earlier studies that GH co-treatment in IVF cycles 
may improve oocyte developmental competence. 
This is a randomized clinical trial with a relatively 
bigger sample size (107 treatment group, 51 control 
group) than the previously discussed retrospective 
trials, with more objective results showing that GH 
supplementation may have a beneficial effect on IVF 
outcome, namely, an increase in the numbers of  
oocytes retrieved and improved clinical pregnancy 
and live birth rates, in women with poor embryonic 
development.

Growth Hormone Co-treatment to Improve Oocyte 
Quality in Young PCOS Women 

 Current evidence remains inconclusive as to 
whether women with PCOS are prone to have 
reduced embryo quality and poor pregnancy 
outcomes despite producing more oocytes during 

ovarian stimulation in IVF cycles.79,80,81  Oxidative 
stress has been associated with the pathophysiology 
of  PCOS, and earlier studies have shown that 
increased reactive oxygen species (ROS) in the follicle 
fluid (FF) and decreased levels of  total antioxidant 
capacity (TAC) and superoxide dismutase correlated 
with less oocyte maturation and fertilization, poor 
embryo quality, and lower pregnancy rates.82,83,84  
A recent randomized controlled trial by Gong, 
et al. (2020)85   investigated the effects of  GH on 
reducing oxidative stress (OS), and improving 
oocyte quality and IVF outcomes in women with 
PCOS. One hundred nine (109) women diagnosed 
with PCOS were randomly assigned to receive GH 
co-treatment (PCOS-T) or none (PCOS-C), while 
50 women without PCOS served as the control 
group. Results showed that patients with PCOS 
treated with GH had significantly higher number of  
fertilized oocytes, and cleaved embryos. Markers of  
oxidative stress, such as total oxidant status (TOS) 
and OS index (OSI), were significantly higher in 
the PCOS-C group than in the PCOS-T group and 
non-PCOS group. With regards to assessment of  the 
mitochondrial function of  GC, the mitochondrial 
membrane potential (MMP) was significantly higher 
and the early and late apoptosis rates were lower 
in the PCOS GH-treated group than in the PCOS 
group without GH co-treatment. The MMP was 
significantly lower and the apoptosis rates were 
significantly higher in the PCOS-C group than in the 
group without PCOS. This study demonstrated that 
GH administration reduced OS by increasing the 
MMP over three-fold and dropping GC apoptosis by 
> 50%, while resulting in significantly more fertilized 
oocytes and cleaved embryos. GH co-treatment with 
gonadotropin in IVF cycles significantly improved 
mitochondrial dysfunction in GCs and oocyte quality 
in women with PCOS.85 The small sample size and 
the selective testing of  only a few OS markers are 
main limitations. Since the exact mechanism by 
which GH improves OS status is still unknown, 
more studies are warranted to clearly define its role.
 
Growth Hormone Co-treatment to Improve Oocyte 
Quality in Poor Ovarian Responders

 According to the Bologna criteria, poor ovarian 
response (POR) is diagnosed by the presence of  at 
least 2 of  the following 3 criteria: advanced maternal 
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age (> 40 years) or any other risk factor for POR; 
a previous POR (< 3 oocytes with a conventional 
stimulation protocol); and an abnormal ovarian 
reserve test (antral follicle count [AFC] of  <5–7 or 
antimullerian hormone (AMH) level of  <0.5–1.1  
ng/mL).86  The Bologna criteria has been criticized 
due to the lack of  homogeneity of  the described 
population of  infertile women, and the recognized 
need to amend the criteria.  The current classification 
is the Poseidon Criteria  which is a more homogeneous 
stratification of  the patient subpopulation, taking 
into account the woman’s age, ovarian reserve, 
and previous response from ovarian stimulation. 
The Poseidon criteria identified four subgroups of  
patients (Figure 2). However, published studies, 
even the more recent ones, still use the Bologna 
criteria to define POR. For the discussion of  growth 
hormone co-treatment in improving oocyte quality 
in poor ovarian responders, literature search focused 
on trials of  GH use in POR with specific inclusion 
of  assessment of  parameters for oocyte quality as 
outcome measures.
 A most recent prospective randomized trial 
investigated the effects of  different GH treatment 
regimens on ovarian hormones and insulin-like 
growth factor (IGF) levels in follicle fluid (FF), 
hormone receptors in granulosa cells (GCs), and 
IVF-ET outcomes in poor ovarian responders.89  
The Bologna criteria was used as the definition of  
POR for the included subjects. Two hundred thirty 

POSEIDON GROUP 1 
 

Young patients <35 years with adequate ovarian reserve 
parameters (AFC > 5; AMH > 1.2 ng/ml) and with an 

unexpected poor or suboptimal ovarian response. 
 

Subgroup 1a: < 4 oocytes retrieved* Subgroup 1b: 4-9 
oocytes retrieved* 

 
*after standard ovarian stimulation 

POSEIDON GROUP 2 
 

Older patients > 35 years with adequate ovarian reserve 
parameters > 5; AMH > 1.2 ng/ml) and with an 
unexpected poor or suboptimal ovarian response. 

 
 

Subgroup 1a: < 4 oocytes retrieved* Subgroup 1b: 4-9 
oocytes retrieved* 

 
*after standard ovarian stimulation 

POSEIDON GROUP 3 
 

Young patients <35 years with poor ovarian reserve pre-
stimulation parameters (AFC <5; AMH <1.2 ng/ml) 

POSEIDON GROUP 4 
 

Older patients > 35 years with poor ovarian reserve pre-
stimulation parameters (AFC < 5; AMH < 1.2 ng/ml) 

 Figure 2. Poseidon criteria of  low prognosis patient with assisted reproductive technology.

PORs were randomly assigned to 3 groups: group 
A, GH pretreatment (4 IU/d) from day 2 of  the 
previous menstrual cycle until the day of  trigger; 
group B, GH treatment (4 IU/d) from day 2 of  the 
menstrual cycle until the trigger day; group C, no 
GH treatment. Results showed that  live birth rate 
(LBR) per treatment cycle started and per patient 
randomized was significantly higher in group 
A than groups B and C (p<.05). The doses and 
duration of  gonadotropin stimulation, the E2 level 
on the day of  trigger, the number of  transferred 
embryos, and the multiple pregnancy rate did not 
differ significantly between 3 groups. Levels of  E2, 
progesterone, testosterone (TT), GH, and IGF-1 
in FF were significantly higher in group A than in 
groups B and C. The levels were significantly higher 
in group B than in group C (p<.05). GH improved 
the hormone levels in FF, especially with longer 
GH treatment (group A). FSHR, LHR, and GHR 
expression was significantly higher in group A than 
in groups B and C, and significantly higher in group 
B than in group C. Thus, GH improved hormone 
receptor expression in GCs, especially with longer 
GH treatment.
 This study demonstrated that GH pretreatment 
from the previous menstrual cycle improved the 
oocyte quantity and quality and LBR in poor ovarian 
responders. GH pretreatment likewise improved 
IGF-1, GH, E2, progesterone, and TT levels in FF 
and the expression of  GHR, FSHR, and LHR in 
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GCs, with an obvious increasing trend with longer 
GH treatment. Longer treatment duration was 
associated with higher levels of  steroid hormones in 
FF, which indicates that GH’s positive effect on poor 
ovarian responders is through the up-regulation of  
these hormones in FF. Another possible explanation 
for long course GH pretreatment (4–6 weeks) is due 
to findings that GH and IGF-1 improve follicular 
development from the non-gonadotropin-dependent 
stage (preantral and early antral follicle) to that 
of  Gn-dependence (antral follicle stage) in poor 
responders.90,91  Limitations of  the study are its small 
sample size, and absence of  blinding.
 
Conclusion

 Based on the most recent published data 
consisting mostly of  retrospective cohort and a few 
randomized studies, GH supplementation in IVF 
cycles may be beneficial in improving oocyte and 
embryo quality, endometrial receptivity, clinical 
pregnancy and live birth among younger women 
with unexpected or suboptimal response to standard 
ovarian stimulation, and in older women with POR 
with long course GH pretreatment. However, these 
findings are barred by the scarcity of  well-designed 
randomized trials. Limitations of  the studies 
such as selection bias, inconsistent definitions for 
suboptimal or poor ovarian responders, variability in 
clinical and laboratory techniques assessment, non- 
standardized dosing of  GH protocols, and exorbitant 
cost, preclude a recommendation for its routine use. 
Large, well-designed trials with a homogenous set of  
patients and structured laboratory techniques would 
be an ideal recommendation, to obtain good quality 
evidence. However, the cost and difficulty in patient 
selection and recruitment are realistic deterrents to 
this recommendation.
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