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Abstract Growth hormone (GH) has been used as an adjunct in the field of female infertility treatment for more than
25 years, although, apart from treating women with GH deficiency its role has not yet been clarified. In the
current shift of trend of delaying marriage and childbearing due to career and various other reasons, many
women across the world are opting for assisted reproductive techniques (ART). This poses a challenge to
the ART experts due to diminished ovarian reserve with advancing age in women. Over the years, the
definition of poor responder has also evolved and after the Bologna criteria in 2011 and Poseidon
classification, most of the recent studies have used a uniform criterion to define poor responders. The
current review recruited studies conducted over the past decade, to ensure uniform criterion for poor
responders. After a thorough literature search, 12 studies were selected for review based on the selection
criteria a total of 1774 women were included in the intervention group while 3167 women were included in
the control group. The review lead us to the conclusion that GH adjuvant therapy in poor responders
reduced the dose/duration of gonadotropin used, increased endometrial thickness, improved the number
of M II oocytes retrieved, embryos formed, clinical pregnancy rate. However, it has not shown to improve
live birth rates in ARTcycles. Since there is some evidence that GH adjuvant therapy may benefit young Poor
Ovarian Response (POR), more number of large clinical trials need to be performed for further subgroup
analysis and benefitting these women seeking ART.
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INTRODUCTION

Infertility affects around 8% to 10% of couples
worldwide, out of the 60 to 80 million couple affected,
nearly 15% to 20% are from India.[1] There is a trend to
delay marriage and childbearing and many women across
the world are opting for assisted reproductive techniques
(ART). This poses a challenge to the ART experts due to
diminished ovarian reserve with advancing age in

women.[2-6] Several studies have reported that ovarian
reserve diminishes earlier in Indian women.[7,8] While,
various adjuvants and therapies have been described in
literature and used by experts for poor responders.
However, most are without any proven benefits.[2,3,5,6,9]

Growth hormone (GH) has been used extensively in ART
procedures, both in normal and poor responders.
However, its use has been off label except in rare
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condition of GH deficiency. As shown in animal models,
GH induces the production of Insulin like growth factor-
1 (IGF-I), which helps in ovarian estrogen production and
follicular development. It also stimulates granulosa cells
and increases gonadotropin secretions.[2,3,5,6,9,10] Its role
in POR is based on increased number of granulosa follicle
stimulating hormone (FSH) and Leutinizing hormone
(LH) receptors and enhanced mitochondrial activity.

While, there has been a considerable interest in the role of
GH in poor responders, the literature is diverse, in terms
of criteria used for poor responders, regimes of GH
administration, and it is effect on the results of the
ART cycle.

The definition of poor responder has also evolved and
after the Bologna criteria in 2011 and Poseidon
classification, most of the recent studies have used a
uniform criteria to define poor responders.
MATERIALS AND METHODS

An online search was conducted on articles related to use
of growth hormone (GH) in poor responders on
PubMed, Google, Google scholar, Medline, Embase,
Global health, Cochrane library. Search words “growth
hormone,” “poor responders,” “poor,” “ovarian reserve,”
“inadequate,” and “suboptimal” were used. The studies
766 studies were rec

the search engines (

central) 

Inclusion criteria

1. Used GH in the previous or the current cycle along with 

gonadotropins in poor responders undergoing In vitro 

fertilization(IVF)/ Intracytoplasmic injection(ICSI) and we

controlled with poor responder women without use of GH 

IVF/ICSI

2. Used clinical pregnancy as an endpoint.

9studies were selected for review

A total of 1,774 women included in the

in the control group

Figure 1: Selection of studies.
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analysis:
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ruite

 Goog
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Used GH in the previous or the current cycle along
with gonadotropins in poor responders undergoing in
vitro fertilization (IVF)/intracytoplasmic injection
(ICSI) and were controlled with poor responder
women without use of GH in IVF/ICSI.
(2)
 Used clinical pregnancy as an endpoint.
Exclusion criteria
(1)
 Studies older than 10 years.
The current review recruited studies conducted over the
past decade, to ensure uniform criterion for poor
responders.

Outcome measures and definitions

The studies were evaluated for no. of oocytes (MII)
retrieved, no. of embryos available for transfer, clinical
pregnancy, live birth (if data available), miscarriage rates
(Figure 1).

Clinical pregnancy: Presence of cardiac activity on
ultrasound.

Live birth: Pregnancy delivered live beyond 24 weeks of
gestation.
d after the search words in 
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Studies older than 10 years
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Miscarriage: Fetal loss before 20 weeks of gestation.

RESULTS

The literature search revealed 766 articles after the
search words, which were narrowed down to 22
articles. Based on the selection criteria, only 12
studies were selected for review. A total of 1722
women were included in the intervention group while
3097 women were included in the control group. The
main characteristics of the studies are given in Table 1
and the results in Table 2.

Most of the studies referred to Bologna criterion[3,4,5,9,11]

for defining poor responders. Bologna criteria define
poor responders with any two of the following:

(1)
Ferti
Age >40 years or any other factor for poor ovarian
reserve.
(2)
 Previous poor ovarian response (≤3 oocytes on ART
cycles).
(3)
 Poor ovarian reserve test (antral follicle count <5–7,
anti-Mullerain hormone <0.5–1.1 ng/ml).
Zhu et al.[3] and Cai et al.,[5] further classified them into
Poseidon group 3 and 4. Several studies have used the
European Institute of Embryology & Infertility 2011
criterion[2,6,10,11] for defining poor responders.

The European Institute for Embryology and Infertility in
2011 gave the following definition of POR as follows
(having at least two of the three following criteria):

(1)
 Age over 40 years,

(2)
 The evidences of POR as having a maximum of three

oocyte following induction protocol), and

(3)
 Low ovarian reserve score (AFC less than 5–7, AMH

less than 0.5–1.1 ng/ml).
While most of the studies were randomized clinical
trials,[2-4,6,9,10,12,13] while one of it was a retrospective
study.[5] Many studies had a small sample size.[2,4,6,9-13]

DISCUSSION

Poor responders remain one of the most challenging
situations, now, with women delaying marriage and
childbearing, it is becoming increasingly more prevalent
in ART cycles. The current review intends to explore the
role of GH in ART cycle.

The current data provides evidence, that supplementation
of GH, might improve oocyte retrieved, number of
embryos obtained for embryo transfer, clinical
lity Science and Research | Vol 9 | Issue 2 | July-December 2022
pregnancy, however, there was no increase in the live
birth rate.

The studies are heterogenous in terms of protocol, dose,
and type of GH used. Choe et al.[12] have used sustained
release GH, Noeman et al.[13] have used recombinant GH.
Irrespective of the dose/protocol used, most of the
studies have demonstrated that use of GH decreases
the dose/duration of gonadotropins.[2,3,6,9,10] The
number of oocytes retrieved and embryos formed in
GH treated cycle are significantly more.[2,6,9,10] GH
improves oocyte quality by upregulating GH receptors
on the oocytes and enhancement of its mitochondrial
activity. This scientific evidence may support of the use of
GH adjuvant therapy in poor responders.

Most of the studies failed to show any improvement in the
clinical pregnancy rate with GH adjuvant
therapy.[2,3,5,6,9,10,12] Li et al.[4] demonstrated a clinically
significant increase in clinical pregnancy rate in women
treated with GH. This could be explained by a smaller
sample size in the study, and hence, it needs to be validated
on a larger number of participants.

While some studies showed a higher endometrial
thickness in women treated with GH,[4,9] it did not
translate to higher clinical pregnancies.[2,3,5,6,9,10,12,13]

Zhu et al.[3] did a subgroup analysis and the results
revealed that GH treatment significantly increased the
number of day 3 embryos obtained in the subgroup of
young PORs along with the long down-regulation
protocol (63.11% vs. 49.35%; P= 0.004). GH treatment
also reduced the risk of miscarriage in young PORs when
used along with GnRH antagonist protocol (0.00% vs.
12%; P= 0.023).

The mechanism by which adjunct GH treatment
improves IVF outcomes:

(1)
 It helps gonadotropin in follicle recruitment and

development.

(2)
 It enhances oocyte maturation. It upregulates IGF-1

synthesis. Serum IGF-1 and IGFBP-3 increase
following exogenous GH administration and lead
to improved ovarian follicular maturation and
steroidogenesis.[2,3,5,6,9,10]
No difference was observed in the miscarriage rate in
both the treated and control group.[2–6,9–13]

Choe et al.,[12] used sustained release GH (20mg three
times: mid-luteal, late-luteal, menstrual cycle day 2)
89
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instead of recombinant GH to reduce the number of
injections for patient convenience. However, the study
failed to demonstrate any effect on number of MII
oocytes retrieved, embryos available for transfer,
Clinical Pregnancy Rate (CPR), or live births. Maybe,
more experience is needed with the dosing and timing
of sustained release preparation.

Norman et al.[13] conducted a multicentered double-blind,
placebo controlled, randomized clinical trial comparing
human GH to placebo with maximum stimulation in ART
cycle. They recruited 62 for GH and 51 in control group.
The study failed to demonstrate any effect of GH
adjuvant therapy on CPR, live birth rates (LBR). This
study was however, criticized because of the small sample
size, failure to achieve randomization due to patient
preference, frozen embryos were not utilized, and
definition of poor responders was not as per the
standard definitions.

A previous meta-analysis by Yu et al.[16] concluded that
GH supplementation for IVF/ICSI in POR increases the
number of MII oocyte, 2PN, and obtained embryos.
However, it did not increase implantation rate and
clinical pregnancy rates. The studies selected were
much older (1995, 2006–2013) and hence, were more
heterogenous as well as had differences in methodology.
The current review has included more recent studies, with
a more uniform definition of POR.

Lacunae

The studies available in the literature have not explored
the long-term outcomes of GH on the women or their off
springs. Most of the studies have not performed the cost-
effective analysis of GH administration in the ARTcycles,
considering its added costs and doubtful benefits in
increasing the live birth rates. Some studies,[3,4] have
not included the outcomes of cryopreserved embryos,
which may influence the cumulative LBR in GH treated
cycles leading to its underestimation. Many have a small
sample size[2,4,6,9,10,12,13] hence, are underpowered to
reach a statistically significant conclusion. One was
retrospective,[5] leading to an inherent bias.

CONCLUSIONS AND RECOMMENDATIONS

GH adjuvant therapy in poor responders reduced the
dose/duration of gonadotropin used, increased
endometrial thickness, improved the number of M II
oocytes retrieved, embryos formed, clinical pregnancy
rate, however, it has not shown to improve live birth
rates in ART cycles.
Fertility Science and Research | Vol 9 | Issue 2 | July-December 2022
Large clinical trials need to be performed for further
subgroup analysis, as there is some evidence that GH
adjuvant therapy may benefit young POR.
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Commentary

Drs Kapoor and Nagma are to be commended for
attempting to make sense of the literature concerning
the role of growth hormone (GH) in the management of
poor ovarian response (POR). They demonstrate the
shortcomings in published studies, which make it
difficult to understand the true role, if any, of this
intervention. A major issue is the lack of an agreed
preparation and dose of GH. Perhaps even
importantly, how does one judge how much GH to
give to a particular patient? As we are not treating a
GH deficiency (other than in cases of hypopituitarism), so
we do not know whether we can and should titrate the
dose, or just use a standard dose in all cases. The growing
acceptance of the Poseidon classification holds out some
promise for future research, but studies so far suffer from
a lack of standardised definition of POR. Taking a
‘generous’ view of the evidence, it is possible that GH
use in women with POR may be associated with a reduced
need for gonadotropins, and hence a saving in the cost of
gonadotropins. However, this could easily be offset by the
cost of GH itself. This underscores the importance of
considering not only just clinical effectiveness, but also
cost-effectivenessof treatments. Pending stronger evidence
of a benefit in the chance of live birth, it appears that
clinicians do not have a strong reason to prescribe GH to
women with POR and normal pituitary function.

Dr Raj Mathur

REFERENCES
1. Katole A, Saoji AV. Prevalence of primary infertility and its associated
risk factors in urban population of central India: a community-based
cross-sectional study. Indian J Community Med 2019;44:337-41.

2. Safdarian L, Aghahosseini M, Alyasin A, et al.Growth hormone (GH)
improvement of ovarian responses and pregnancy outcome in poor
ovarian responders: a randomized study. Asian Pac J Cancer Prev
2019;20:2033-37.

3. Zhu J, Wang Y, Chen L, Liu P, Li R, Qiao J. Growth hormone
supplementation may not improve live birth rate in poor responders.
Front Endocrinol (Lausanne) 2020;11:1.

4. Li J, Chen Q, Wang J, Huang G, Ye H. Does growth hormone
supplementation improve oocyte competence and IVF outcomes in
95



Kapoor and Naghma: Role of growth hormone in art cycles in poor responders
patients with poor embryonic development? A randomized
controlled trial. BMC Pregnancy Childbirth 2020;20:310.

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

6. Bassiouny YA, Dakhly DMR, Bayoumi YA, Hashish NM. Does the
addition of growth hormone to the in vitro fertilization/
intracytoplasmic sperm injection antagonist protocol improve
outcomes in poor responders? A randomized, controlled trial.
Fertil Steril 2016;105:697-702.

7. Iglesias C, Banker M, Mahajan N, Herrero L, Meseguer M, Garcia-
Velasco Juan. (2014). Ethnicity as a determinant of ovarian reserve:
differences in ovarian aging between Spanish and Indian women.
Fertil Steril 2014;102:244-49.

8. Palgamkar JB, Jindal DK, Sawkar SV, Deshmukh SD,
Katakdhond MS, Ishwar CP. Anti-mullerian hormone levels in
Indian women seeking infertility treatment: are Indian women
facing early ovarian senescence? J Hum Reprod Sci 2021;14:
380-5.

9. Dakhly DMR, Bassiouny YA, Bayoumi YA, Hassan MA, Gouda
HM, Hassan AA. The addition of growth hormone adjuvant therapy
to the long down regulation protocol in poor responders undergoing
in vitro fertilization: randomized control trial. Eur J Obstet Gynecol
Reprod Biol 2018;228:161-5.
96
10. Bayoumi YA, Dakhly DM, Bassiouny YA, Hashish NM. Addition of
growth hormone to the microflare stimulation protocol among
women with poor ovarian response. Int J Gynaecol Obstet
2015;131:305-8.

11. Balasubramanyam S. Sequential use of testosterone gel and growth
hormone in expected poor responders and those with previous poor
assisted reproductive technology outcomes: a pilot study. Int J Infertil
Fetal Med 2017;8:1-4.

12. Choe SA, Kim MJ, Lee HJ, et al. Increased proportion of mature
oocytes with sustained-release growth hormone treatment in poor
responders: a prospective randomized controlled study. Arch
Gynecol Obstet 2018;297:791-6.

13. Norman RJ, Alvino H, Hull LM, et al. Human growth hormone for
poor responders: a randomized placebo-controlled trial provides no
evidence for improved live birth rate. Ann Rheum Dis. 2019;38:908-
15.

14. Nisha E, Sunitha HB, Vidya VB, Guddy KM. Efficacy of growth
hormone in improving the pregnancy rate in poor responders in ART.
Int J Reprod Contracept Obstet Gynecol 2017;6:2883-6.

15. Regan SLP, Knight PG, Yovich JL, Arfuso F, Dharmarajan A. Growth
hormone during in vitro fertilization in older women modulates the
density of receptors in granulosa cells, with improved pregnancy
outcomes. Fertil Steril 2018;110:1298-1310.

16. Yu X, Ruan J, He LP, et al. Efficacy of growth hormone
supplementation with gonadotrophins in vitro fertilization for
poor ovarian responders: an updated meta-analysis. Int J Clin Exp
Med. 2015;8:4954-67.
Fertility Science and Research | Vol 9 | Issue 2 | July-December 2022


