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Growth hormone in fertility and
infertility: Mechanisms of action
and clinical applications

Chia-Wei Chang, Yu-Wen Sung, Ya-Wen Hsueh,
Yi-Yan Chen, Ming Ho, Hsi-Chen Hsu, Tung-Chuan Yang,
Wu-Chou Lin and Hsun-Ming Chang*

Department of Obstetrics and Gynecology, China Medical University Hospital, Taichung, Taiwan
Secreted by the anterior pituitary gland, growth hormone (GH) is a peptide that

plays a critical role in regulating cell growth, development, and metabolism in

multiple targeted tissues. Studies have shown that GH and its functional

receptor are also expressed in the female reproductive system, including the

ovaries and uterus. The experimental data suggest putative roles for GH and

insulin-like growth factor 1 (IGF-1, induced by GH activity) signaling in the direct

control of multiple reproductive functions, including activation of primordial

follicles, folliculogenesis, ovarian steroidogenesis, oocyte maturation, and

embryo implantat ion. In addit ion, GH enhances granulosa cel l

responsiveness to gonadotropin by upregulating the expression of

gonadotropin receptors (follicle-stimulating hormone receptor and

luteinizing hormone receptor), indicating crosstalk between this ovarian

regulator and the endocrine signaling system. Notably, natural gene mutation

of GH and the age-related decline in GH levels may have a detrimental effect

on female reproductive function, leading to several reproductive pathologies,

such as diminished ovarian reserve, poor ovarian response during assisted

reproductive technology (ART), and implantation failure. Association studies

using clinical samples showed that mature GH peptide is present in human

follicular fluid, and the concentration of GH in this fluid is positively correlated

with oocyte quality and the subsequent embryomorphology and cleavage rate.

Furthermore, the results obtained from animal experiments and human

samples indicate that supplementation with GH in the in vitro culture system

increases steroid hormone production, prevents cell apoptosis, and enhances

oocyte maturation and embryo quality. The uterine endometrium is another

GH target site, as GH promotes endometrial receptivity and pregnancy by

facilitating the implantation process, and the targeted depletion of GH

receptors in mice results in fewer uterine implantation sites. Although still
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controversial, the administration of GH during ovarian stimulation alleviates

age-related decreases in ART efficiency, including the number of oocytes

retrieved, fertilization rate, embryo quality, implantation rate, pregnancy rate,

and live birth rate, especially in patients with poor ovarian response and

recurrent implantation failure.
KEYWORDS

growth hormone, insulin-like growth factor 1, ovarian function, endometrial
receptivity, infertility management, poor ovarian response, recurrent implantation
failure, oocyte donation
Introduction

In humans, the locus of the growth hormone (GH) gene is

located in the long arm of chromosome 17, encompasses

approximate ly 50 kb and harbors five genes : GH

normal (GH-N or GH1), GH variant (GH-V or GH2),

chorionic somatomammotropin hormone 1 (CSH1), chorionic

somatomammotropin hormone 2 (CSH2), and chorionic

somatomammotropin hormone-like 1 (CSL) (1). GH is an

essential hormone for optimal female reproduction, as

decreased fertility has been reported in women with GH

deficiency. Additionally, GH replacement can enable successful

pregnancy in these infertile women (2, 3). Targeted depletion of

GH receptor (GHR) in mice resulted in a decrease in various

fertility parameters similarly seen in GH- deficient women (4).

In the agriculture industry, injection with GH associated with

ovulation induction or at the time of insemination enhanced the

pregnancy rate in cattle (5, 6). In the past three decades, the

functional role of GH in regulating female reproduction has

attracted increasing attention and has become a focus of

reproductive and endocrine research. Several publications have

revealed that locally produced GH and its downstream signaling

are implicated in the function of mammalian ovaries and that

they participate in the regulation of various follicular functions

(7). In clinical practice, GH has widely been applied as an

adjuvant reagent to promote various clinical outcomes in

different scenarios during assisted reproductive technology

(ART), aiming to increase collected oocyte numbers, improve

oocyte/embryo quality, and improve pregnancy and live birth

rates (8–10). A comprehensive understanding of the expression,

actions and underlying molecular mechanisms of the GH/GHR

system in the human ovary is critical to the development of

diagnostic and/or therapeutic strategies for women suffering

from infertility and ovulation disorders. In this review, we also

summarize the scientific literature related to the clinical

applications of recombinant human GH in ART.
02
Growth hormone in the female
reproductive system

Pituitary and extrapituitary growth
hormone expression

GH-N is predominantly expressed in the pituitary gland and

is upregulated by binding a transcriptional activation protein to

the promoter (cis-active DNA sequences) of the GH1 gene (11).

The transcriptional activation protein (named PIT-1) belongs to

the POU family of transcription factors and is found in the nuclei

of somatotrophs, lactotrophs, and thyrotrophs of the pituitary

(11). PIT-1 promotes the differentiation of various pituitary cell

types responsible for pituitary development and growth hormone

production inmammals (12). Natural mutations in the PIT-1 gene

and GH1 gene have been identified in children with extreme

growth failure (13, 14). The pituitary somatotroph is the principal

site that produces circulating GH because serum levels of GH are

barely detectable after hypophysectomy or pituitary ablation (15).

Indeed, pituitary GH is primarily responsible for endocrine

actions during perinatal and postnatal growth. In addition to

the pituitary gland, GH is also expressed in multiple tissues,

including the neural, ocular, immune, cardiovascular, muscular,

dermal, skeletal and reproductive systems in humans (16). In

these extrapituitary tissues, the locally produced GH acts to

regulate the proliferation, differentiation and metabolism of the

adjacent cells in an autocrine or paracrine manner even prior to

the ontogeny of the pituitary gland (16). Recent studies have

demonstrated the significant roles of extrapituitary GH in

physiology, pathophysiology, and oncogenesis (17).
Expression of growth hormone in the
ovaries and uterus

All of the transcripts of the five GH genes (GH1, GH2, CSH1,

CSH2, and CSL) can be detected in the ovaries of pre- and
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postmenopausal women (18). Using an immunofluorometric

assay, a previous study showed that the corresponding proteins

(GH-N, PL-A, and PL-B) of GH1, CSH1, and CSH2 are present

in the ovarian extracts of pre- and postmenopausal women

(18). Additionally, the concentrations of GH-N protein are

similar in pre- and postmenopausal ovaries, whereas

the concentrations of CSH protein are much lower in

postmenopausal ovaries (18). In female fetuses and adults, the

mRNA transcripts and proteins of GH are detected in oocytes,

stromal cells, and granulosa cells (19). GH-N plays a role in

regulating some critical intraovarian functions, such as ovarian

folliculogenesis, indicating that GH may act as an autocrine/

paracrine factor (20).

GH has been detected in the human endometrium, as a

previous immunohistochemical study showed that GH proteins

are present in the glandular cells of the endometrial decidual

tissues obtained from women during their late luteal phase

throughout pregnancy (20). However, although intense

staining for GH was identified in the glandular cells of the

decidua, GH staining in the stromal cells was negative (20). A

study using clinical samples demonstrated that the expression of

GH in uterine epithelial cells is increased 3.4-fold in women with

endometriosis and 3.8-fold in women with adenocarcinoma

compared to normal women (21). In this regard, GH has been

shown to not only promote cell proliferation but also suppress

cell−cell adhesion. Thus elevated GH may allow endometrial

cells to break away from their original sites. These results

indicate that GH may be involved in the progression and

pathogenesis of these diseases.
Growth hormone receptors in the
ovaries and uterus

Animal studies have shown that the GHR is expressed in the

oocytes and granulosa cells of preantral follicles obtained from

various species, including rats, pigs, and cattle (21–23). In

humans, GHR is detected in oocytes, granulosa cells (GCs),

and stromal cells of fetal and adult ovaries (19). The mRNA

and protein of GHR are also expressed in luteal cells from a

variety of mammals, including rats, pigs, cattle, and humans

(24–27), indicating a functional role of GH in regulating

luteal function.

The uterus is another target site of GH because Ghr mRNA

has been identified in the endometrium, glands, stroma and

myometrium of the rat uterus (28). Similarly, Ghr mRNA has

also been detected in the uterine cells of cattle, cows, and

pigs (27, 29, 30). In humans, GHR is expressed in the

myometrium and decidua of the uterus (17, 31). Additionally,

GHR mRNA transcripts are detected in leiomyoma and its

surrounding myometrium obtained from premenopausal

women (32).
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Effects of growth hormone in the ovaries
and uterus

GH is believed to enhance fertility by acting at the ovaries

and uterus because in vivo or in vitro administration of GH

optimizes the successful outcomes of fertility in agricultural and

clinical settings (7). Additionally, GH acts as an antioxidant to

reduce injury-induced tissue damage and thus improve overall

ovarian health (33). Folliculogenesis and oogenesis are two

critical processes required for normal fertility, and these

processes are intricately regulated by the endocrine, paracrine,

autocrine, and juxtacrine (via gap junctions) systems (34, 35). In

this regard, GH (both pituitary and ovarian origin) plays an

essential role in modulating the signals participating in this

complex interplay. Locally produced GH can bind GHRs in the

endoplasmic reticulum to form a GH : GHR complex, which

further triggers recruitment and autophosphorylation of JAK2

(Janus kinase) at the cytoplasmic domain of GHR (36).

Subsequently, the GHR/JAK2 complex induces the

phosphorylation of signal transducer and activator of

transcription (STAT) molecules (including STAT5a, STAT5b,

STAT1, and STAT3), which translocate to the nucleus and

modify gene expression and cellular activities, including cell

proliferation (37).

Upon binding of gonadotropins (FSH and LH) with their

corresponding gonadotropin receptors (FSHR and LHR), the

downstream signaling (cyclic adenosine monophosphate/

protein kinase A or cAMP/PKA) pathway induces a series of

critical intrafollicular activities, including steroidogenesis,

proliferation, and differentiation (38). In cultured rat granulosa

cells, GH enhances FSH-induced cell differentiation by

upregulating the expression of FSH receptors (39).

Additionally, the combined effect of GH and FSH-induced

cyclic AMP signaling mediates the upregulation of LH

receptor expression and an increase in progesterone synthesis

in rat granulosa cells (40). Results obtained from clinical samples

showed that supplementation with GH in women with old age or

decreased ovarian reserve during their in vitro fertilization (IVF)

treatment upregulates the expression of LHR, FSHR, and GHR

in human granulosa cells isolated from the collected follicular

fluid samples (8, 41). All these results indicate that GH may

potentiate the sensitivity and responsiveness of granulosa cells to

gonadotropin or GH stimulation and subsequently regulate sex

steroid synthesis and follicular development (42). The

convergence of gonadotropin and GH/GHR signaling reveals

crosstalk between this ovarian regulator and the endocrine

signaling system.

Emerging evidence suggests that GH is an intraovarian

regulator of steroidogenesis, folliculogenesis, oocyte

maturation, ovulation rate, and luteal function (7). Although

pituitary-derived gonadotropins are the predominant

modulators of ovarian steroidogenesis, the results obtained
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from in vitro studies indicate that GH can also regulate the

production of estradiol and progesterone (43, 44). In bovine

granulosa cells and luteinized human granulosa cells, GH

enhances the production of estradiol and progesterone (7, 45).

The effects of GH on ovarian steroidogenesis in different species

may vary throughout the ovary, as GH promotes basal

progesterone production in porcine corpus luteum but not in

developing follicles (46). In contrast, GH enhances leptin-

induced progesterone production in developing follicles (47).

In rat granulosa cells, GH enhances FSH-induced (but not basal)

ovarian steroidogenesis, and this effect is mediated by the

antagonization of BMP signaling (48). Moreover, independent

of IGF-1 production and cAMP signaling, GH can promote the

synthesis of androsterone and androgen in rat theca cells (49).

Animal studies have revealed the proliferative and

antiapoptotic effects of GH on ovarian follicles, as

administration of GH increases follicular size, follicular

number, and ovarian weight (20, 50). During early

folliculogenesis, the activation of primordial follicles and the

subsequent development into preantral follicles are not

gonadotropin-dependent, and this process is regulated by a

host of locally-produced growth factors in a paracrine/

autocrine manner (51). GH is likely involved in the process of

activation of primordial follicles, since targeted depletion of Ghr

in mice results in more primordial follicles and fewer primary,

secondary, preantral, and antral follicles, which are associated

with increased follicular atresia (52, 53). As a result, these GH-

depleted animals have a lower ovulation rate, lower implantation

rate, fewer corpus lutea, and small litter sizes (53). Interestingly,

supplementation with exogenous GH improves the number of

developing follicles in various GH-depleted mammals, including

mice, buffalo, and sheep (54–56). In this regard, GH plays a

critical role in stimulating the development of follicles into the

gonadotropin-dependent stage. Moreover, GH may also be

required for late folliculogenesis, as the absence of GH action

(GHR deficiency) results in complete suppression of the

development of the dominant follicle in cattle (57).

The oocyte must undergo a series of maturational processes

(nuclear, epigenetic, and cytoplasmic maturation) essential for

the transition from a gamete to an embryo (58). Nuclear

maturation encompasses sequential events (germinal vesicle

breakdown, resumption of meiosis, and release of the first

polar body), which reverse meiotic arrest at prophase I and

drive the progression of meiosis to metaphase II (59).

Cytoplasmic maturation represents the processes (organelle

redistribution, cytoskeleton dynamics, and molecular

maturation) that prepare the oocyte for activation and

preimplantation development (59). Of significant interest is

the beneficial effect of GH on nuclear maturation and thus

oocyte quality. Animal studies have demonstrated that in vitro

administration of GH accelerated the processes of nuclear

maturation in cumulus-oocyte complexes of various species,

including equine, canine, bovine, and ovine species (60–63).
Frontiers in Endocrinology 04
Previous studies postulated that GH may enhance nuclear

maturation by promoting cumulus cell expansion (an indicator

of oocyte quality) and downregulating connexin 43 (a gap

junction protein) expression. For instance, GH promotes

cumulus cell expansion by stimulating cell proliferation,

inhibiting apoptosis, and suppressing the synthesis of

connexin 43 in canine and bovine follicles (64, 65). In addition

to the beneficial effect on nuclear maturation, GH has also been

shown to promote cytoplasmic maturation, as the addition of

GH to the in vitro culture system significantly increases the

cortical distribution of equine and bovine oocytes (66, 67).

Another effect of GH on ovarian follicles is its impact on the

number of oocytes released in polyovulatory species, as the

ovulation rate and the subsequent litter size are increased in

GH-transgenic mice but reduced in GHR-KO mice (68, 69).

Additionally, pretreatment with GH during superovulation

regimens increases the number of retrieved oocytes in sheep

(56). In ewes, cotreatment with GH and FSH during

superovulation induction also increases the number of

transferable embryos because of a decreased number of

unfertilized eggs and degenerate embryos (70). Similarly, daily

administration of GH increases the ovulation rate in gilts,

although a long-term regimen (more than 9 days) of GH

administration suppresses their subsequent estrus cycle (71).

However, GH-transgenic pigs exhibit a decrease in ovulation

rate (72).

The corpus luteum (CL) is a dynamic endocrine gland that

plays an integral role in regulating the menstrual cycle and early

pregnancy (73). Given that GH is expressed in luteal cells of

multiple mammals, GH regulates luteal function by exerting its

proliferative and antiapoptotic actions on luteal cells (43, 44). In

this regard, GH has been shown to stimulate the proliferation of

human luteinized granulosa cells and suppress apoptosis in pig

corpus lutea (26, 46). Indeed, Ghr knockout mice have fewer

apoptotic antral follicles (69). The supportive effect of GH on

luteal function can partially reflect GH-induced progesterone

production as progesterone is also an antiapoptotic factor (74,

75). Moreover, in the early stage of bovine corpus luteum, in

vitro administration of GH with other luteal peptides increases

the secretion of prostaglandin F2a, which further stimulates

progesterone production and maintains the function of the

corpus luteum (76).

Compared to the emphasis on potentially improved oocyte

quality and quantity, little attention has been given to the effect of

GH on the endometrium, despite the well-reported expression of

GH and GHR in this target site (32). In vitro studies showed that

the addition of GH to the cultured endometrial and decidual cells

increased the cell proliferation rate (77). Similarly, a previous

study using an in vitro invasion model showed that extravillous

cytotrophoblasts isolated from first-trimester chorionic villi can

express GHR and that GH (GH-V) stimulates extravillous

cytotrophoblast cell invasiveness, indicating a uterine role of GH

in the regulation of trophoblast invasion (77).
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Possible implications of IGF-1

Increasing evidence suggests that GH acts in synergy with

IGF-1 to promote the differentiation of granulosa and theca cells

into luteal cells (42). In particular, pituitary GH interacts with

GHR and triggers the recruitment and phosphorylation of JAK2

at the cytoplasmic domain of GHR (37). As a result, this GHR/

JAK2 complex subsequently phosphorylates STAT5b and

upregulates IGF-1 expression in liver cells (37, 78). Similarly,

this GH/GHR-induced intracellular signaling is responsible for

the production of IGF-1 in rat granulosa cells (79). Although the

downstream signaling cascades of FSH and LH are diverse,

recent studies have demonstrated coordinated crosstalk

between the FSH/LH and GH/IGF-1 signaling pathways (42).

GH is more frequently applied as an adjuvant reagent during

fertility treatment, and the results from studies using animal and

human models demonstrate that GH and IGF-1 are important

intraovarian regulators of steroidogenesis, cell proliferation, and

follicular development (42). Indeed, a prospective comparative

pilot study showed that the follicular levels of GH and IGF-1 are

higher in the corresponding oocytes with a normal morphology

(80), indicating a correlation of follicular fluid GH/IGF-1 levels

with oocyte quality. In dairy cows, intraovarian IGF-1 injection

increases the cell number of the inner cell mass (ICM) during the

morula to blastocyst transition of the embryos, indicating a

regulatory role of IGF-1 in embryo development (81). The effect

of IGF-1 on oocyte maturation has been demonstrated using a

canine model showing that IGF-1 can promote oocyte

maturation during in vitro maturation (IVM), most likely via

the IGF-1R-mediated Ras/MAPK pathway in cumulus cells (82).

Importantly, a clinical study using human immature oocytes

showed that supplementation with IGF-1 (along with epidermal

growth factor and brain-derived neurotrophic factor) in the

cultured medium improves the maturation rate and quality of

oocytes, leading to better outcomes of embryo development and

blastocyst formation (83).
Growth hormone and aging

GH plays a key role in regulating postnatal growth,

metabolism, and body composition; however, deficiency in

GH-related signaling results in delayed aging and extended

longevity in mice (4). The evidence came from a report

showing that Ames dwarf mice (Pit1 gene mutation) have an

increase in lifespan (50%) compared with their wild-type

siblings, indicating that the extension of longevity is caused by

GH deficiency (84). Another causative role of GH deficiency in

the extension of longevity of the related mutant animals was

supported by the fact that mice with isolated GH deficiency or

those with GHR deletion (GH-resistant) also live much longer

(85, 86). Moreover, there are delays in cognitive decline and in
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the onset of age-related diseases (cardiovascular diseases,

diabetes, and cancers) in GH-deficient and GH-resistant

animals (4). The homologous growth factor IGF-1 also

contributes to the regulation of aging and lifespan, and this

effect is evolutionarily conserved from worms to mammals (87).

The decreased body size and reduced fertility observed in GH-

deficient or GHR-depleted animals can be considered

compensation for their remarkably extended longevity. Despite

a large number of studies on the effects of diminished GH-

related signaling on lifespan, the underlying mechanisms are not

fully understood. However, the possible mechanisms include

reduced inflammation, enhanced stress resistance and

xenobiotic metabolism, various metabolic adjustments, and

improved insulin signaling cascades (4). In humans,

pathological excess of GH has been shown to reduce life

expectancy, and GH resistance or deficiency provides

protection from major age-related diseases (including

cardiovascular diseases and cancers) in men (88–90).

Nonetheless, no evidence has yet been provided to reveal

increased longevity in humans with GH deficiency or

GH resistance.
Growth hormone in animal
reproductive science

An animal model mimicking Laron syndrome (hereditary

dwarfism resulting from defects in the GHR gene in humans)

was developed by disrupting the mouse Ghr/binding protein

(Bp) gene (86). GHR/BP knockout mice exhibit the absence of

GHR and GH binding protein with a phenotype of severe

postnatal growth retardation, dwarfism, decreased serum levels

of IGF-1, and elevated serum levels of GH (86). Interestingly,

previous studies using experimental designs to block or impair

the action of GH on its receptor (GH-resistant or GHR-

knockout mice) resulted in a similar phenotype regarding

fertility (86, 91). Various fertility parameters are similarly

reduced in these transgenic mice, including a delay in pubertal

development, a delay in the exhaustion of the follicular pool, and

a decrease in litter size (91). Further studies indicated that the

decrease in litter size is due to a reduction in ovulation rate

rather than detrimental effects on embryo implantation and

placentation (92). For instance, ovaries obtained from these

transgenic mice showed a predominant increase in primordial

and primary follicles, while an absence (or limited presence) of

advanced follicle stages (antral and preovulatory) was observed

(86, 91, 93). Intriguingly, this subfertility phenotype can be

reversed by the administration of IGF-1, indicating that IGF-1

is most likely the immediate downstream mediator responsible

for the regulation of follicular function (53).

Targeted depletion of Igf-1 in mice leads to a phenotype of

dwarfism and infertility (94). These mutant mice exhibit failure
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in ovulation (either spontaneous or gonadotropin-induced

ovulation), an increase in primordial and primary follicles and

an absence of antral follicles, indicating an essential role for IGF-

1 in regulating the activation of primordial follicles and the

progression of early stages of follicles into gonadotropin-

dependent growing follicles (94). Additionally, an in vitro

study showed that the growth rate of mouse secondary follicles

correlates with the expression levels of Igf-1 mRNA (95).

The other approach to investigate the functional role of GH

in follicular development is based on the modification of GH

secretion by the pituitary gland (96). Pituitary secretion of GH is

predominantly abolished in mice with targeted depletion of GH

(Ames dwarf mice), leading to an increased number of

primordial follicles and a dramatic reduction in antral follicles

(96). However, administration of GH can reverse this situation

by decreasing the number of primordial follicles and increasing

the antral follicular count (96). These results support the notion

that GH may enhance the process of primordial follicle

activation and that ovarian follicles remain in the primordial

stage in the absence of GH (92). GH also promotes the ovulation

rate as GH- transgene expression or administration of GH

increases the ovulation rate in mice (68). Similarly, in

agricultural settings, overexpression of GH or administration

of GH during ovulation (or insemination) improves ovulation

and pregnancy rates in sheep, gilts, ewes, and cattle (5, 6, 70, 97).
Growth hormone and human
oocyte quality

The development of an optimal embryo and thus a

successful pregnancy is principally dictated by a “good-

quality” oocyte (98). Approximately 10 to 60% of the retrieved

oocytes obtained from women undergoing IVF present one or

more morphological abnormalities, including irregular shape,

diffuse cytoplasmic vacuoles, granularity, refractile bodies, large

perivitelline space, perivitelline debris, and a large or fragmented

first polar body (98, 99). Although still not well characterized,

such morphological abnormalities could be caused by either

intrinsic factors (advanced maternal age and genetic defects) or

extrinsic factors (nutrition, ovulation induction reagents, and

culture conditions) (98). Given the beneficial effects (direct and

IGF-1-mediated indirect) of GH on follicular development,

steroidogenesis, and oocyte maturation (100, 101), research

using clinical samples to evaluate the correlation of GH and

oocyte quality has been a focus of great interest. Indeed, serum

levels of GH and IGF-1 are positively correlated with follicular

morphology, oocyte maturity, and steroid concentrations

(102, 103).

Follicular fluid provides a perfect microenvironment to

support the developmental competence of the oocyte and

represents an optimal source for evaluating oocyte quality
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(104). A previous study using follicular fluid samples obtained

from IVF patients showed a positive correlation between

follicular GH and oocytes, giving rise to transferred embryos

(105). Another study also found a positive correlation between

follicular IGF-1 and the number of matured oocytes (102). With

regard to oocyte quality, a recent prospective pilot study found

that the follicular fluid levels of GH and IGF-1 were higher in the

normal oocyte cohort than in the abnormal oocyte cohort (more

than 50% of oocytes presented at least one morphological

abnormality), indicating a positive correlation between the

follicular fluid levels of GH and IGF-1 and oocyte quality (80).

Additionally, this study also demonstrated that the fertilization

rate was higher in the normal oocyte cohort than in the

abnormal oocyte cohort (80). In terms of embryo quality,

studies comparing follicular fluid hormones showed that

higher GH concentrations in follicular fluid were positively

associated with various parameters of embryo quality,

including cleavage rate, good morphology, and implantation

potential (105, 106). However, other studies did not show such

associations, finding no significant differences in follicular IGF-1

levels obtained from follicles of different grades of oocyte

maturation in humans (107, 108). The notion that higher

follicular levels of GH and IGF-1 are associated with better

developmental competence of oocytes has been supported by

studies using GH or IGF-1 as adjuvant reagents to improve IVF

outcomes. A previous randomized control study (RCT) using a

GnRH agonist long protocol demonstrated that GH adjuvant

therapy improved the number of retrieved oocytes, mature (MII)

oocytes, fertilized oocytes, and transferred and cryopreserved

embryos (109), indicating the beneficial effect of GH on oocyte

quality and corresponding embryo formation. Additionally,

adjuvant treatment using GH has been shown to enhance the

ovarian response to stimulation reagents, increase the number of

retrieved oocytes and embryos, and improve pregnancy and live

birth rates (110). Furthermore, the addition of IGF-1 to the

culture medium of immature oocytes during in vitro maturation

led to an increased number of mature oocytes (111) and a

reduced number of oocytes with morphological abnormalities

(83). These findings highlight the beneficial effects of GH and

IGF-1 on the competent development of oocytes.
Growth hormone and human
uterine receptivity

Compared to the improvement of ovarian/follicular

functions, less emphasis was paid to the role of GH in the

implantation site. Emerging evidence provided by recent studies

indicates that GH and its functional receptors are also expressed

in the endometrium, and this locally produced hormone plays a

critical role in regulating endometrial receptivity and embryo

implantation. During the implantation window, the endometrial
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tissue undergoes structural and functional changes through an

integrated interaction between various endometrial cell types

modulated by many growth factors and steroid hormones (112).

In cl inica l pract ice , severa l techniques , including

ultrasonography (thickness and uterine perfusion), histology,

and molecular biomarkers, have been used to evaluate

endometrial receptivity and predict implantation potential in

infertile women undergoing embryo transfer (112, 113).

The mechanisms underlying the effects of GH on

endometrial thickness and uterine perfusion remain unclear.

Animal models and in vitro cell cultures have been used to

address this question, from basic science to the development and

assessment of GH in clinical application (114). Targeted

depletion of Ghr in mice leads to a detrimental impact on

reproduction during early pregnancy because of fewer uterine

implantation sites (115). After GH administration, increased

concentrations of cytosolic estrogen receptors have been

detected in the uteri of several species, including rabbits,

guinea pigs and cows, indicating a potential estrogen-mediated

function (116–119). For instance, injection of GH during an

ovulation induction protocol associated with timed artificial

insemination increased the pregnancy rate in lactating cows

(119). The GH-induced upregulation of IGF-1 in the uterus may

mediate the beneficial effect of GH on endometrial thickness

(115). Similarly, the addition of porcine GH increased the

mRNA levels of IGF-1, IGF-2, and insulin-like growth factor

binding protein 2 (IGFBP2) in the pig uterus, suggesting the

functional role of the GH/IGF axis in the uterine endometrium

(27, 115). Further in vitro experiments demonstrated differential

roles of IGF-1 and IGF-2 in endometrial stromal cells, as IGF-1

mediates estrogen-induced mitogenic effects, while IGF-2

promotes endometrial differentiation (27, 115, 120). Studies

using mouse models have identified several molecular

biomarkers of endometrial receptivity in response to GH

(114). Administration of GH in mice induced the upregulation

of a variety of molecules in the endometrium, including matrix

metalloproteinase 9 (Mmp-9), leukemia inhibitory factors (Lif)

and integrin alpha v beta 3 (Itgavb3), which are critical

regulators of embryo implantation (114). An animal study

using a rat model also showed that supplementation with GH

increased the expression of Itgavb3 and osteopontin, which

further improved endometrial receptivity (see reviews (114)).

In vitro studies using cell-cultured endometrial and decidual

cells have demonstrated that the addition of GH into the culture

medium enhanced cell proliferation (121). Similarly,

overexpression of GH in endometrial carcinoma cell lines

(RL95-2 and AN3 cells) led to an increase in cell number

because of the enhancement of cell proliferation and

suppression of apoptotic cell death via the upregulation of

IGF-1, VEGF, and Itgb3 (77, 122). However, pretreatment

with the Janus kinase (JAK) 2 inhibitor AG490 completely

abolished the GH-induced upregulation of IGF-1, VEGF, and
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Itgb3, indicating that the JAK2 signaling pathway mediates GH

action in these cells (122).

During the periovulatory phase (on the day of human

chorionic gonadotropin (hCG) administration or oocyte

retrieval), women with an increased endometrial thickness and

uterine perfusion have been reported higher pregnancy rates

following IVF (123–126). The results obtained from clinical

studies indicate that supplementation with GH may enhance

endometrial receptivity and improve various pregnancy

outcomes in women undergoing IVF/embryo transfer (ET)

(113, 127–129). Using ultrasound as a tool, changes in

endometrial thickness and uterine perfusion can be evaluated

among women undergoing IVF/ET (127, 129, 130). For instance,

two infertile cases with panhypopituitarism have been reported

to illustrate the functional role for GH in the promotion of

endometrial receptivity (130, 131). Specifically, the

administration of GH followed by gonadotropin treatment

increased the endometrial thickness in an infertile woman

with panhypopituitarism, leading to a successful pregnancy

(131). However, there are controversial results showing the

clinical evidence of GH on endometrial receptivity to improve

pregnancy outcomes in women undergoing IVF (see reviews

(114)). Despite no consistent results showing significant

increases in implantation rate and pregnancy rate, there seems

to be beneficial effects of GH on the number of retrieved oocytes

and endometrial thickness in poor responders (114, 132, 133). A

retrospective study including 1114 normal responders revealed

that adjuvant GH treatment increased endometrial thickness in

older patients (more than 35 years old) and improved the

implantation rate and pregnancy rate among all ages (134).

Similarly, the beneficial effects of GH on endometrial thickness,

implantation rate and pregnancy rate have been shown in

infertile women who are overweight or obese (114, 134).

Studies using animal models or in vitro cell cultures have

detected changes in several biological markers related to

endometrial receptivity after GH treatment (135, 136).
Therapeutic use of growth hormone
in human female infertility

Although GH has long been applied for the treatment of

female infertility during ovulation induction (137), it is still

controversial to address the beneficial effects of GH as an

adjuvant in IVF/ET treatment (138). The debate has occurred

because of the issues inherent to the relatively underpowered

studies that included infertile women with poor prognosis in

terms of pregnancy potential. These women have experienced

several unsuccessful IVF treatment cycles due to either a poor

response to ovulation induction or poor oocyte quality. The

other issues raised in evaluating the role of GH in the treatment

of female infertility are as follows: the optimal dosage to use;
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when GH treatment should be commenced; the duration of

administration; and which subgroup of patients should be

recruited (138). Furthermore, each study has different

inclusion criteria for the subjects studied, which makes it

difficult to compare studies performed in similar subsets of

women undergoing fertility treatment, especially in women

with poor response (139). At present, GH supplementation

has been employed during assisted reproductive technology

(ART) treatment in infertile women with normal response,

women with poor response, women with poor embryonic

development, women with oocyte donation, women with older

age, women with polycystic ovarian syndrome, and even women

with a thin endometrium resistant to any therapy (Figure 1) (8,

9, 110, 122, 137, 138, 140–143).
Results obtained in women with poor
ovarian response

Clinical studies have shown that the follicular IGF-1

concentrations of the retrieved oocytes are positively

associated with the number of developing follicles and are

negatively associated with the amount and duration of ovarian

stimulation (144). Additionally, the follicular GH concentrations

are higher in the retrieved oocytes, resulting in successful

fertilization, embryo development and implantation, and

clinical pregnancy (105, 106). Given its functional role in

regulating follicular development and recruitment, GH has

been used as an adjuvant treatment during ovulation
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induction for ART for more than three decades (145). For

women with GH deficiency-associated infertility, GH

supplementation has been used to manage their ovulation

disorders (146, 147). Initially, the first two randomized

controlled trials (RCTs) regarding the application of GH as an

adjunct for women undergoing IVF treatment were performed

three decades ago (140, 141). However, the results of these

studies did not identify any better clinical outcomes associated

with GH supplementation (140, 141). Therefore, subsequent

studies have focused more on the addition of GH restricted to

patients undergoing IVF treatment who respond poorly to

ovulation induction (Table 1) (109, 110, 138, 148–150).

Although experimental research has demonstrated apparent

benefits of GH in regulating follicular functions, there is a lack

of clarity regarding the potential benefit of GH supplementation

in some of the clinical parameters during ART treatment

because of substantial differences in the inclusion criteria

among clinical studies. A previous RCT including 16 women

with amenorrhea and anovulatory infertility showed that

patients receiving GH treatment (24 IU on alternate days with

a total dose of 144 IU) had significant decreases in the dosage of

human menopausal gonadotrophin (hMG), duration of

treatment, and the daily effective dosage of gonadotropins

(137). Additionally, this study also showed that the serum

levels of IGF-1 rose during treatment with GH but not with

the control, indicating that GH may augment the response to

gonadotropin stimulation in human ovaries (137). Several meta-

analyses have been used to assess the value of GH

supplementation in women with poor response during IVF
FIGURE 1

Overview of clinical application of growth hormone in women undergoing assisted reproductive technology.
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TABLE 1 Studies of randomized control trial using growth hormone in a population of poor ovarian responders.

Trial Study design Age/
BMI

Poor
response
type

GH cases GH Dose Duration Outcome

Control
cases

Protocol

Owen 1991
(1)

Single-center RCT <38 PCOS patient
<6 oocytes
previous cycle or
<4 embryos
developed

13 HGH 24 IU Alternate day from D1
stimulation (maximum 2
weeks)

Duration of hMG
*Total dosage of hMG ↓
*No. of follicles> =14 mm
↑
No. of MII oocytes
*Fertilization rate ↑
No. of cleavage embryos
(p< 0.02)
No. of oocytes retrieved
(p< 0.03)
Pregnancy rate

12 GnRH
agonist

Younis 1992
(2)

A prospective
randomized placebo-
controlled double-
blind study

<38 N 20 HGH 12 IU Days 1, 3, 5, 7 Follicular phase duration
hMG ampules used
serum E2
number of follicles (~14
mm) on day of hCG
number of oocytes and
embryos achieved
Embryo morphology
rate of cleavage
Clinical pregnancy rate
(PR) per embryo transfer
Implantation rate

22 Long
protocol

Tapanainen
1992
(3)

A prospective
randomized placebo-
controlled study

27-37 ovarian
hyperstimulation

19 HGH 24 IU Alternate day from Day 4
stimulation until the last
HMG

*E2 and P level on the day
of hCG injection ↓
LH, FSH, prolactin,
testosterone (T), and sex
hormone-binding globulin
levels
*T levels n the follicular
fluid (FF) ↑
E2, P, IGF-I levels in the
FF
No. of hMG ampules
No. of follicles and oocytes
recovered

19 Flare

15 Agonist

Bergh 1994
(4)

A multicenter RCT 25-38/
<28 kg/
m2

normal ovulatory
patient:
<5 oocytes
retrieved
previous IVF
cycles x2

I: placebo/
placebo: 10;
II: placebo/
GH: 10;

III: GH/GH:
10; IV: GH/
placebo: 10;

HGH 0.1 IU/kg Pretreatment for 7 days
followed by with/without
stimulation

Number of oocytes
Duration of hMG
Total dosage of hMG
E2 levels
*serum and FF levels of
IGF-I.
Endometrial thickness
No. of embryos
Pregnancy rate

Long
protocol

Dor 1995
(5)

A single-center RCT Response*2
estradiol < 500
pg/ml, <3
oocytes retrieve

7 HGH 18 IU On Days 2, 4, 6, 8 Total dosage of hMG
E2 level
No. of oocytes
Fertilization rate
No. of embryos transferred

7 Flare

Suikkari
1996
(6)

A single-center RCT <40/
<27

kg/m2

Poor response
*2

group 1: 10
group 2: 6

HGH 3 groups
4 IU
12 IU,
placebo

Daily from Day 3 Cancelation rate
total dosage of FSH
E2 levels
No. of oocyte
Fertilization rate
Implantation rate
Pregnancy rate

group 3: 6 Flare

(Continued)
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TABLE 1 Continued

Trial Study design Age/
BMI

Poor
response
type

GH cases GH Dose Duration Outcome

Control
cases

Protocol

Kucuk 2008
(7)

A single-center RCT Response 31 HGH 12 IU Daily from Day 21 of the
previous cycle

Duration of stimulation
Total dosage of FSH
Cost of COS
E2 levels
No. of MII oocytes
No. of transferred embryos
Implantation rate
Pregnancy rate

30 Agonist

Eftekhar
2012 (8)

A single-center RCT ≤ 30
kg/m2

Response 40 HGH 4 IU Daily injection from day 21
of the previous cycle until
the day of hCG injection

Duration of stimulation
Total dosage of HMG
Endometrial thickness
E2 level
Cancellation rate
No. of MII oocytes
No. of oocyte retrieved
No. of embryos
No. of embryos transferred
Fertilization rate
Implantation rate
Biochemical pregnancy
rate
Clinical pregnancy rate
Miscarriage rate

42 Antagonist

Bayoumi
2015
(9)

A single-center RCT N/A Bologna 84 HGH 2.5 mg Daily from Day 6 of hMG
stimulation until ovulation

Total dosage of hMG
Duration of stimulation
Endometrial thickness
E2 level
*No. of oocytes
*No. of MII oocytes
*Fertilization rate
No. of embryos transferred
Implantation rate
Chemical pregnancy rate
Clinical pregnancy
Cycle cancellation rate

88 Microflare

Bassiouny
et al. 2016
(10)

A single-center RCT N/A Bologna 68 HGH 2.5 mg Daily from Day 6 of hMG
stimulation until the day of
hCG trigger

*E2 level
*No. of MII oocytes
*No. of oocytes
*No. of fertilized oocytes
*No. of transferred embyos
clinical pregnancy rates
per cycle (-),
early miscarriage rate,
ongoing pregnancy
live birth rates per cycle (-)

73 antagonist

Choe 2017
(11)

A single-center RCT ≥ 40/
< 30
kg/m2

Bologna 62 Sustained-
release GH

20 mg A total of 3 doses from the
previous cycle mid luteal,
late luteal and Day 2

*No. of oocytes
E2 levels
*No. of MII oocytes
No. of good-quality
embryos
Fertilization rate
Implantation rate
Clinical pregnancy rate
Ongoing pregnancy rate
Miscarriage rate

65 Antagonist

Dakhly 2018
(12)

A single-center RCT ≥ 40 Bologna 120 HGH 7.5 IU Daily from Day 21 of the
previous cycle

Duration of stimulation
dosage of gonadotropins120

(Continued)
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TABLE 1 Continued

Trial Study design Age/
BMI

Poor
response
type

GH cases GH Dose Duration Outcome

Control
cases

Protocol

E2 levels
Endometrial thickness
*No. of oocytes
*No. of MII oocyte
*Fertilization rate
Implantation rate
*No. of transferred
embryos
*No. of frozen embryos
Cancelled cycles
Chemical pregnancy rate
Clinical pregnancy rate
Miscarriage rate
Ongoing pregnancy rate
Live birth rate (fresh or
cumulative)

Long
protocol

Moham-
mad 2019
(13)

A randomized
controlled study

25-38 Response 78 HGH 4 IU Day 2 until 1 day before
egg collection

*E2 levels
*No. of oocyte retrieved
*No. of MII oocytes
Fertilization rate,
Implantation rate,
Pregnancy rate

78 Antagonist

Norman
2019
(14)

A multicenter RCT < 41
/<33
kg/m2

Response 65->62 HGH 12 IU Day 1 until 1 day before
egg collection

Total dosage of rFSH
Duration of stimulation
No. of oocyte retrieved
Fertilization rate
No. of embryos transferred
No. of embryos
cryopreserved
Quality of embryos
obtained
Miscarriage rate
Live birth rate

65->51 Antagonist

Safdarian
2019 (15)

Single-center RCT Bologna group A: 34
group B: 32

HGH groups:
A. 7.5 IU
from day 8
B. 0.3 IU
from day 3
previous
cycle

C. saline
form day 8

3 groups:
A. 7.5 IU from Day 8 for 5
days
B. 0.3 IU from Day 3
previous cycle for 20 days
C. saline from Day 8 for 5
days

Total dosage of rFSH
Duration of stimulation
Endometrial thickness
*No. of oocyte retrieved
*No. of MII oocytes
*No. of embryos
transferred
*Fertilization rate
*clinical pregnancy rate
*Live birth rate (B)

group C: 26 Antagonist

Gong 2020
(16)

A single-center RCT 33-43 Bologna group A: 57 HGH 4 IU/d On day 2 of the previous
menstrual cycle before IVF
until the trigger day

POR-GH V.S. POR
*Endometrial thickness on
trigger day
*No. cleaved embryos
*No. of higher-quality
embryos
*Embryo formation,
*Quality embryo
formation,
*Implantation rate
*Clinical pregnancy

group B
(POR):60
group C

(non-POR):
58

Antagonist

Mohammad,
2021
(17)

A single-center RCT 25-38 Response*2 78
78

HGH
Antagonist

4 IU/day Day 2 until 1 day before
egg collection

*E2 levels
*No. of oocyte retrieved
*No. of MII oocytes

(Continued)
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treatment. A meta-analysis performed by Kolibianakis et al.

showed that GH supplementation increased the clinical

pregnancy rate and the live birth rate in women with poor

response (148). However, the total number of included cases was

too small (6 RCTs, including 169 patients) (148). Kyrou et al.

conducted a meta-analysis including 22 RCTs and evaluated

various medical interventions for IVF/ET outcomes in poor

responders (149). Among 15 interventions, GH addition to

ovarian stimulation and embryo transfer on Day 2 (compared

with Day 3) were the only two interventions that increased the

probability of pregnancy (149). Similarly, a meta-analysis (11

RCTs) by Li et al. also showed that GH addition significantly

improved pregnancy outcomes by increasing the clinical

pregnancy rate and live birth rate as well as the number of

collected oocytes and MII oocytes (150). Another meta-analysis

conducted by Yu et al. showed that GH addition increased the

serum levels of estradiol (on the day of hCG administration),

number of MII oocytes, number of 2PN embryos, and number of

transferred embryos (151). Using a network meta-analysis, our

previous study evaluated the role of different adjuvant treatment

strategies on IVF treatment outcomes in poor responders (152).

Our results showed that adjuvant treatment with GH had the

highest number of oocytes retrieved, the highest number of

embryos transferred, and the highest estradiol level on the hCG

day, although there was no significant increase in the clinical

pregnancy rate found compared to the control group (152). A

Cochrane review performed in 2003 concluded that GH addition

during IVF treatment has no certain effect on the number of

retrieved oocytes and live birth rates in normal responders (153).

However, GH slightly increased the number of retrieved oocytes

and clinical pregnancy rates in women with poor response (153).

Nonetheless, there is an uncertain effect of GH addition on live

birth rates in poor responders because the dosage and regimen of

GH therapy used in trial studies were variable (153). Although

the results obtained from the meta-analysis suggested that GH

addition can improve early clinical outcomes, the beneficial

effect of GH on live birth is still widely debated. A large-scale

retrospective study including 3,080 poor responders receiving

IVF treatment demonstrated that GH treatment may not

improve the live birth rate in expected poor responders (154).
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These inconsistent results obtained from different studies need

to be interpreted with caution. Some of the included trials were

not RCTs and may have significant bias and imprecision.

Additionally, the dosage and regimen of GH supplementation

used in every study were quite variable. Future comprehensive

research including more high-quality RCTs is required to

determine the role of GH as an adjuvant reagent for poor

responders during their IVF treatment.
Results obtained in women with poor
oocyte quality or poor embryonic
development

Poor oocyte quality and subsequent poor embryonic

development are the major causes of treatment failure after

IVF/ET, especially in women with a normal response, as there is

a close association between oocyte/embryo quality and

pregnancy rate (155, 156). Embryo development at the early

stage is highly dependent on oocyte-derived substances,

including mRNAs, proteins, and mitochondria, which are

essential for successful implantation (157, 158). Experimental

results obtained from animal models and clinical samples have

shown that GH can improve mitochondrial function,

cytoplasmic maturation, and nuclear maturation of oocytes in

mice, women with poor response, and women with advanced

ages; thus, GH addition increases the number of matured

oocytes retrieved and subsequent embryo quality (41, 148,

159). An RCT conducted by Li et al. recruited 158 patients

with at least one previous IVF cycle failure due to a lack of top-

quality embryos (160). Using a daily dose of 3 IU human GH

(initial day of downregulation for the long protocol or

stimulation day for the antagonist protocol until the hCG

day), the results showed that GH supplementation increased

the number of retrieved oocytes and cleaved embryos, leading to

a higher implantation rate, clinical pregnancy rate, and live birth

rate (160). Additionally, the cumulus granulosa cells obtained

from the GH addition group had higher mitochondrial DNA

copy numbers than those obtained from the control group,

indicating that GH may affect the oocyte quality and
TABLE 1 Continued

Trial Study design Age/
BMI

Poor
response
type

GH cases GH Dose Duration Outcome

Control
cases

Protocol

Fertilization rate
Implantation rate
pregnancy rate
* Statistical significant after using growth hormone in a population of poor ovary responders (P-value <0.05).
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developmental competence (160). Similarly, a previous RCT

conducted by Dakhly et al. demonstrated that GH adjuvant

therapy improved the number of retrieved oocytes, mature (MII)

oocytes, fertilized oocytes, and embryos reaching the transfer

stage (109), indicating a beneficial effect of GH on oocyte quality

and corresponding embryo formation. Indeed, a Cochrane

review by Duffy et al. summarized that adjuvant treatment

using GH enhanced ovarian response to ovulation stimulation,

increased the number of retrieved oocytes and embryos, and

thus improved pregnancy rate and live birth rate (110).
Results obtained in women receiving
donated oocytes

Successful implantation is a complex process that principally

depends on the synchronization of good-quality embryos with the

receptive endometrium (161). Inadequate uterine function

accounts for approximately two-thirds of implantation failures,

and poor embryo quality accounts for one-third of these failures

(162). In addition to the ovary, the uterus is the other target site of

GH action (7). Animal studies have demonstrated that GH not

only enhances embryonic development but also increases the

post-transferred pregnancy rate in embryo-recipient cows (163).

The first RCT study (including 240 patients) in humans showing

the beneficial effect of GH on the endometrium, indicating that

GH addition associated with hormone replacement therapy can

improve clinical outcomes in patients with frozen embryo transfer

(129). Specifically, the endometrial thickness, uterine perfusion,

and cytokine expression profile related to endometrial receptivity

were greater in the GH group than in the control group (129).

Oocyte donation has expanded the scope of ART for women

with poor oocyte quantity and quality. Despite the relatively high

success rate of oocyte donation programs in recipients, some

patients still encounter implantation failure repeatedly (164). An

RCT (including 70 women with repeated implantation failure

with donated oocytes) was designed to evaluate the GH effect on

uterine receptivity and found that administration of GH

increased endometrial thickness, leading to a higher pregnancy

rate and live birth rate (128). Similarly, a recent meta-analysis

including 25 RCTs with 2,424 women evaluated whether GH

administration can improve endometrial function and

reproductive outcomes during IVF treatment (10).

Administration of GH significantly increased endometrial

thickness, which accounted for an enhanced clinical pregnancy

rate and live birth rate (10). Additionally, there existed a dose-

and time-dependent effect of GH on IVF outcomes, indicating

that GH might improve the fertility outcome in the recipients

through its effect on the endometrium rather than on oocytes or

embryos (10). Moreover, further GH regimen analysis showed

differential effects on the endometrium and oocytes, as < 5 IU/

day GH administration from the follicular phase of the previous

cycle until the hCG day resulted in a thicker endometrium, while
Frontiers in Endocrinology 13
5–10 IU/day or administration from the luteal phase of the

previous cycle until the hCG day led to better quality of oocytes

and embryos (10). Data obtained from four RCTs on women

with a thin endometrium suggested that improving endometrial

function for these patients is essential for their ART outcomes

(10). In this regard, GH administration might improve

endometrial function by affecting several parameters, including

endometrial thickness, endometrial morphology, and uterine

perfusion (10). However, further studies of GH effects on

human uterine receptivity will be required before providing

any clinical recommendations in ART protocols.
The safety and potential risks of GH
administration in ART

Currently short-term use of GH in ART is not expected to

have any problems or safety concerns; however, GH

administration may potentially have side effects on active

cancers and some metabolic diseases, such as diabetes mellitus

(165, 166). Indeed, GH administration has been shown to lead to

significant metabolic changes, including insulin resistance, glucose

intolerance, elevated cholesterol, and disturbance of the renin-

angiotensin system (166–168). However, van Bunderen et al.

conducted a systematic review and found that long-term

administration of GH had a beneficial effect on decreasing the

risk of fracture, cardiovascular disease, and stroke without

increasing the risk of malignancy (169). Nonetheless, clinical

practitioners should consider the potential risks and

comprehensively individualized assessment of the dosage and

regimen for the application of GH during ART treatment.
Conclusion

GH has been considered an adjuvant treatment in human ART

for three decades. In addition to the anterior pituitary gland, GH

and its functional receptor are also expressed in the female

reproductive system, including the ovaries and uterus. Emerging

evidence supported by animal studies and clinical trials in humans

has suggested that GH and IGF-1 play essential roles in the

regulation of multiple ovarian functions, ranging from activation

of the primordial follicles, folliculogenesis, ovarian steroidogenesis,

oocyte maturation, and embryo implantation. The follicular

concentrations of GH and IGF-1 are positively correlated with

oocyte quality and the subsequent embryo morphology and

cleavage rate. Clinical trials have demonstrated that GH

intervention is associated with improved IVF reproductive

outcomes, including the number of mature oocytes retrieved,

fertilization rate, embryo quality, implantation rate, pregnancy

rate, and live birth rate, especially in patients with poor ovarian

response. Additionally, women with thin endometrium and

recurrent implantation failure might benefit from GH
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administration. However, discrepancies exist between studies

because of methodological weaknesses and limited sample sizes,

leading to a lack of clinical recommendations for the application of

optimal GH regimens during IVF treatment. More RCTs with

rigorous methodology are needed to confirm the beneficial effects

of GH on ART outcomes.
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