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ABSTRACT

Objective: The present study aims at evaluating the
results obtained after in vitro fertilization in bad respond-
ers, using controlled ovarian hyperstimulation together
with the use of gonadotrophin releasing hormone (GnRH)
antagonist (cetrorelix acetate) in a short protocol.

Methods: This is an analytical, longitudinal, retrospec-
tive and controlled study involving patients who underwent
in vitro fertilization (IVF) procedures in the assisted re-
production program of the Reproferty clinic, in the munic-
ipality of Sdo José dos Campos/SP, from January 2012 to
December 2016. We collected the data obtained from the
medical records of patients considered to have undergone
controlled ovarian hyperstimulation using GnRH antagonist
(cetrorelix acetate) and Growth Hormone (GH) in a short
cycle protocol. The patients considered controls were those
submitted to the same hyperstimulation process, without
using GH.

Results: There were significant differences in the
following analyzed parameters: gonadotrophin regimen
dose, stimulation duration, and estradiol levels on the day
of HCG administration, number of follicles, number of re-
trieved oocytes, number of mature oocytes and number of
good-quality embryos. On the other hand, the GH admin-
istration was not significant in the number of cycles that
achieved transfer, the number of embryos transferred and
the number of frozen cycles. In the case group, there was
no increase in the number of cycles that reached pregnan-
cy rate BhCG+; however, the clinical pregnancy rates and
live birth rates were significant.

Conclusion: The present investigation demonstrated
that GH administration as a supplement in poor responders
improves the majority of the parameters to achieve a full
term pregnancy in these patients.

Keywords: growth hormone, in vitro fertilization, bad re-
sponders, assisted reproduction

INTRODUCTION

Poor ovarian response has been increasingly common
and frequently seen in assisted reproduction clinics. Clini-
cal pregnancy rates remain low despite the use of different
effective ovulation stimulation protocols.

There is still no clear consensus on the definition of
poor responders; however, the European Society of Human
Reproduction and Embryology (ESHRE) suggested the Bo-
logna criteria in 2011, which includes at least two of the
following three characteristics for such a poor ovarian re-
sponse: age greater than 40 years; the number of oocytes
previously recovered equal to or less than three; low ovar-
ian reserve test scores (Ferraretti et al., 2011).

According to different studies, 9% to 24% of patients
who underwent in vitro fertilization and embryo transfer
(IVF-ET) were poor responders, resulting in low pregnancy
rates; that is, between 2% and 4% (Lattes et al., 2015;
Bassiouny et al., 2016; Aghahosseini et al., 2011).

Thus, there are different interventions to improve out-
comes in these patients, such as the addition of growth
hormone (GH) as adjuvant in pacing protocols (Surrey &
Schoolcraft, 2000; Shaker et al., 1992; Chen et al., 2013).

GH is a polypeptide hormone that is described as mod-
ulating the follicle stimulating hormone (FSH) action on
ovary granulocyte cells, regulating the local synthesis of
Insulin-1 (IGF-1) growth factor, also involving follicular
and oocyte maturation (Tesarik et al., 2005; Hassan et al.,
2001; Giampietro et al., 2009).

On the other hand, growth hormone receptors are of-
ten expressed in the plasma membranes of granulosa cells,
ovarian stromal cells and in fetal and pre-pubertal ovules
(Abir et al., 2008). Therefore, reports such as these, sug-
gest that GH may interact with these protein receptors,
demonstrating their influence on ovarian function.

GH as an adjuvant therapy that has been in use since
the 1990's, and several investigations have shown that
co-treatment involving GH and gonadotrophin has a poten-
tial effect on ovulation induction (Li et al., 2017; Sugaya et
al., 2003; Gerkowicz et al., 2015).

GH supplementation has been used in poor responder
patients, including different strategies for controlled ovar-
ian hyperstimulation (COH), with long lasting protocols,
administering agonist gonadotrophin releasing hormone
(GnRH) and short protocols using antagonist GnRH at dos-
es ranging from 4 to 24 IU (Bassiouny et al., 2016; Dunne
et al., 2015).

The present study aims at evaluating the results ob-
tained after in vitro fertilization in bad responders, using
controlled ovarian hyperstimulation with GnRH antagonist
(cetrorelix acetate) in the short protocol.

The specific objectives were to compare the control
group with the group that used GH supplementation in re-
lation to: FSH dosage; treatment duration; estradiol level
on the day of hCG administration; number of ovarian fol-
licles produced above 16mm in diameter; number of oo-
cytes recovered; number of mature oocytes; number of
fertilized oocytes; number of good quality embryos; num-
ber of cycles that reached transfer; number of surplus em-
bryos to be frozen, percentage BhCG+ and clinical preg-
nancy; percentage of live births.

MATERIALS AND METHODS

This is a retrospective, longitudinal, and analytical study
involving 176 patients who underwent IVF procedures in
the assisted reproduction program of the Reproferty clinic,
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in the municipality of Sdo José dos Campos/SP, from Jan-
uary 2012 to December 2016. The study was submitted to
the Ethics and Research Committee, and approved under
protocol number: 2.500.990.

The inclusion criteria were poor responders with ad-
vanced maternal age (= 40 years); poor response in a pri-
or conventional stimulation cycle; altered ovarian reserve
tests. Exclusion criteria involved those patients who did
not require treatment with GH.

We collected the data from patients' charts considered
as cases that underwent controlled ovarian hyperstimula-
tion using GnRH antagonist (cetrorelix acetate) according
to the short protocol and GH use. The patients considered
controls were those submitted to the same hyperstimula-
tion process, but did not react with GH.

Ovarian hyperstimulation of the studied cases was car-
ried out with gonadotropin administration with adjusted
doses according to the clinical response. We administered
human chorionic gonadotrophin (hCG) in these patients to
trigger ovulation (Trigger) when the follicles reached val-
ues higher than 17mm in diameter. The administered dose
of GH was 4 IU daily, initiated on the second or third day
of the cycle until the day of hCG administration. The fol-
lowing results were also evaluated: FSH dosage; treatment
duration; estradiol level on the day of hCG administration;
number of ovarian follicles produced bearing over 16 mm
in diameter; number of oocytes recovered; number of ma-
ture oocytes; number of fertilized oocytes.

We analyzed embryo quality according to the mor-
phological evaluation system for oocytes and embryos
recommended by the Istanbul Consensus of 2011 (Alpha
Scientists in Reproductive Medicine and ESHRE Special In-
terest Group of Embryology, 2011) and blastocysts, using
the degree of morphology from Schoolcraft et al. (1999).
Good-quality embryos were those classified as "A" and
"B". We also factored in the number of cycles that reached
transfer; number of surplus embryos to be frozen, number
of embryos transferred, clinical and chemical pregnancy
rates and live birth rate.

We plotted the data using the mean and standard de-
viations (X £ S) of the case and control groups. We com-
pared the mean from the two groups using the T-test un-
matched with the Welch correction. A p value <0.05 was
statistically significant.

RESULTS

From the 176 charts analyzed, 127 patients were treat-
ed with GH and the 49 medical records of patients who did
not undergo GH treatment were used as controls.

There were significant differences in the following pa-
rameters analyzed: gonadotrophin regimen dose, stimula-
tion duration, estradiol levels on the day of HCG adminis-
tration, number of follicles, number of retrieved oocytes,
number of mature oocytes and number of good quality
embryos (Table 1).

On the other hand, we found that the administration
of GH was not significant concerning the number of cycles
that achieved transfer, the number of embryos transferred
and the number of frozen cycles.

Analyzing the results described in Table 2, we noticed
that in the case group, there was no increase in the num-
ber of cycles that reached Pregnancy rate BhCG+; how-
ever, the clinical pregnancy rates and live birth rates were
significant.

DISCUSSION

According to the authors' conclusion associated with
the Bologna consensus of 2011, after a review of several
studies, there is still a lack of evidence to identify the best
intervention to achieve treatment success in poor respond-
ers, due to the heterogeneity of this women’s group.

Bassiouny et al. (2016) evaluated the effectiveness of
adding GH to the antagonist short protocol in 141 women,
showing results with similar levels of significance, with the
exception of the number of follicles and the quality of the
embryos, parameters that the mentioned authors did not
evaluate.

GH hormone supplementation was important in follic-
ular development, stimulating the proliferation of granu-
losa cells. Such intervention may explain the necessity of
smaller doses of FSH and the shorter duration in the days
of treatment. In this sense, Hart et al. (2017) revealed
the benefit of reducing the period of stimulation and max-
imizing the number of oocyte recovery. This inference is
in agreement with the data obtained in the present study.

Tesarik et al. (2005) reported that the level of estradiol
in the periovulatory follicular fluid was higher in the group
that received GH as an adjuvant when compared to the

Table 1. Characteristics of cases and controls in relation to GH administration

Variable studied (unit) Group I (n=127) Group II (n=49) P value
FSH Dosage (UI) 2655+50.03 3214+132.70 0.0002
Stimulus duration (days) 9.60+0.12 10.55+0.17 0.0001
E2 level (pg/mL) 1243+44.42 983+76.77 0.0044
Follicles > 16 mm (n) 5.39+0.22 3.94+0.23 0.0001
Recovered oocytes (n) 3.89+0.25 2.67+0.21 0.0003
Mature oocytes (n) 3.03+£0.22 2.33+£0.19 0.0156
Fertilized oocytes (n) 2.42+0.19 2.08+0.19+ p>0.05
Embryos A+B (n) 1.64+0.14 1.20+0.12 0.0149
Embryos C+D (n) 0.74+0.11 0.90+0.14 p>0.05
Cycles that achieved transfer (n) 0.61+£0.04 0.75+0.06 p>0.05
Transferred embryos (n) 1.27+0.10 1.55+0.16 p>0.05
Frozen embryos (n) 0.31+0.08 0.24+0.09 p>0.05

Group I - Cases;Group II - Controls;FSH - Follicle Stimulation Hormone;E2 - estradiol;
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Table 2. Characteristics of cases and controls according to pregnancy rates and term births.

Variable studied (unit) Group I (n=79) Group II (n=37) p value
Pregnancy rate p hCG + 43.03+5.61 32.42+7.80 p>0.05
Clinical pregnancy (%) 39.24+5.53 21.62+6.86 0.049
Live births (%) 5.44+5.42 16.22+6.14 0.021

Group I — Cases;Group II - Controls;HG Growth Hormone

placebo group, justifying that patients over 40 years of age
already present a deficiency of GH due to age.

Du et al. (2016), using GH as a supplement in patients
with normal ovulatory responses, reported an increase in
estradiol on the day of HCG administration and oocyte re-
trieval, corroborating the data presented in Table 1, which
showed statistical significance in both events.

Similar to our results, Kucuk et al. (2008) used GH
starting in the luteal phase of the previous cycle, achieving
higher estradiol serum levels on the day of HCG, in the
group with supplementation. In addition, they emphasized
that the GH showed an increase in the number of oocytes;
however, they reported limitations in obtaining a higher
rate of clinical pregnancy. The data from Tesarik et al.
(2005) among others (Bassiouny et al., 2016; Hart et al.,
2017; Eftekhar et al., 2013; de Ziegler et al., 2011) also
confirmed the effect of GH on oocyte quality.

On the other hand, Eftekhar et al. (2013) added GH
therapy to an antagonist protocol in poor responders and
found no statistical significance between the groups eval-
uated, considering the dose of gonadotrophin used, the
number of days of stimulation and the level of estradiol on
the day of HCG administration.

Dunne et al. (2015) did not report significant differenc-
es among groups of women who underwent in vitro fertil-
ization with GH administration during the luteal phase with
GnRH agonist microdose protocol in normoresponders, in
relation to laboratory and clinical parameters.

Data from the studies listed above contrasts with the
results from the present study that suggests significantly
favorable results with GH administration.

Using the same short antagonist protocol, Bassiouny
et al. (2016) presented the same clinical parameters and
did not find significant differences in the number of frozen
embryos. Hart et al. (2017) found improvements in clinical
parameters; however, there was no increase in the number
of term live births with GH administration in those patients.
Chen et al. (2013) evaluated the same topics and obtained
satisfactory results in pregnancy rates. Contrasting to the
studies already mentioned, other authors obtained good
clinical parameters, but with no relevant values regarding
the pregnancy rate (Eftekhar et al., 2013; Hu et al., 2014).

Gerkowicz et al. (2015) also using an antagonist pro-
tocol and administering GH at a dose of 8 IU per day, not-
ed that the pregnancy rate was 30% versus 18% in the
control group, reporting that more than four cycles were
performed in the latter group to achieve birth when com-
pared to the group that used GH. In this approach, Tesarik
et al. (2005) reported a 26% increase in pregnancy rate
using 12IU of GH and, Kucuk etal. (2008) reported rates
around 32.3%.

It is noteworthy that in the present study, there was
no statistical difference in BhCG+ pregnancy rate; howev-
er, a significant difference was found in the rate of clinical
pregnancy and live births among those who received daily
doses of 4UI GH. This effect seems to occur mainly due
to the significant increase in the quality of embryos that
received GH supplementation.

Lattes et al. (2015) showed that with the supplemen-
tation of low doses of GH, equal to 0.5 IU, there was an
increase in the clinical pregnancy rate to 34.4%, which
could be considered a high value compared to studies that
used doses at least 16 times larger. The same authors also
cited the occurrence of a significant difference in the qual-
ity of embryos, and it can be inferred that consequently
more embryos were frozen. We did not used doses lower
than 4 UI.

Du et al. (2016) used GH in patients with normal ovar-
ian response and found an improvement in endometrium
receptivity, which provides a positive impact on endomettri-
al adhesion with consequent embryo implantation, leading
to an increase in the clinical pregnancy rate. On the other
hand, Duffy et al. (2010) found positive results only among
poor responders. Among the normal responders, the use of
GH did not cause the expected effect.

In our study, the rate of clinical and live birth pregnan-
cies was significant and higher in the group that received
GH as a supplement. This effect seems to occur mainly
due to an increase in the development of oocytes and the
action of GH in the endometrium.

Several studies whose authors (Tesarik et al., 2005; de
Ziegler et al., 2011; Kolibianakis et al., 2009; Duffy et al.,
2010; Mizumoto et al., 2017) investigated poor respond-
ers, agreed that the use of GH as an adjuvant increases
the rates of live births.

CONCLUSION

The present investigation is relevant because in those
patients who received GH, there was a statistically signif-
icant difference in the parameters associated with ovula-
tion induction potential improvement and the production of
good quality embryos, resulting in a larger number of live
births. However, it is important to note that further studies
should be conducted to supplement information about the
optimal dose, the day of the cycle to be administered and
the duration of treatment to achieve an even greater num-
ber of full term births.

CONFLICTS OF INTEREST
The authors have no conflict of interest to declare.

Corresponding author:

Maristela Rodrigues Oliveira
Reproferty (Human Reproduction)

S&o José dos Campos - SP, Brasil.
E-mail: maristelarloliveira@gmail.com

REFERENCES

Abir R, Garor R, Felz C, Nitke S, Krissi H, Fisch B. Growth
hormone and its receptor in human ovaries from fetuses
and adults. Fertil Steril. 2008;90:1333-9. PMID: 18054353
DOI: 10.1016/j.fertnstert.2007.08.011

JBRA Assist. Reprod. | v.24 | n°2 | Apr-May-Jun/ 2020



Original article

Aghahosseini M, Aleyassin A, Khodaverdi S, Esfahani F,
Mohammadbeigi R, Movahedi S, Kord Valeshabad A, Mah-
davi A, Fallahi P, Shabani P, Rezaeeian Z, Khodaverdi M.
Estradiol supplementation during the luteal phase in poor
responder patients undergoing in vitro fertilization: a ran-
domized clinical trial. J Assist Reprod Genet. 2011;28:785-
90. PMID: 21720788 DOI: 10.1007/s10815-011-9595-8

Alpha Scientists in Reproductive Medicine and ESHRE Spe-
cial Interest Group of Embryology. The Istanbul consen-
sus workshop on embryo assessment: proceedings of an
expert meeting. Hum Reprod. 2011;26:1270-83. PMID:
21502182 DOI: 10.1093/humrep/der037

Bassiouny YA, Dakhly DMR, Bayoumi YA, Hashish NM.
Does the addition of growth hormone to the in vitro fertil-
ization/intracytoplasmic sperm injection antagonist proto-
col improve outcomes in poor responders? A randomized,
controlled trial. Fertil Steril. 2016;105:697-702. PMID:
26690008 DOI: 10.1016/j.fertnstert.2015.11.026

Chen CJ, Wang CW, Chen CJ], Tzeng CR. Co-treatment
with growth hormone (GH) may increase pregnancy rate
in poor responders undergoing IVF/ET (phase II study).
Fertil Steril. 2013;100:518-9. DOI: 10.1016/j.fertn-
stert.2013.07.247

de Ziegler D, Streuli I, Meldrum DR, Chapron C. The val-
ue of growth hormone supplements in ART for poor ovar-
ian responders. Fertil Steril. 2011;96:1069-76. PMID:
22036051 DOI: 10.1016/j.fertnstert.2011.09.049

Du XF, Yang XH, Li J, Hao M, Guo YH. Growth hormone
co-treatment within a GnRH agonist long protocol im-
proves implantation and pregnancy rates in patients un-
dergoing IVF-ET. Arch Gynecol Obstet. 2016;294:877-83.
PMID: 27488698 DOI: 10.1007/s00404-016-4163-1

Duffy JM, Ahmad G, Mohiyiddeen L, Nardo LG, Watson A.
Growth hormone for in vitro fertilization. Cochrane Da-
tabase Syst Rev. 2010;(1):CD000099. PMID: 20091500
DOI: 10.1002/14651858.CD000099.pub3

Dunne C, Seethram K, Roberts J. Growth Hormone Sup-
plementation in the Luteal Phase Before Microdose GnRH
Agonist Flare Protocol for In Vitro Fertilization. J Obstet
Gynaecol Can. 2015;37:810-5. PMID: 26605451 DOI:
10.1016/S1701-2163(15)30152-3

Eftekhar M, Aflatoonian A, Mohammadian F, Eftekhar T.
Adjuvant growth hormone therapy in antagonist protocol
in poor responders undergoing assisted reproductive tech-
nology. Arch Gynecol Obstet. 2013;287:1017-21. PMID:
23208461 DOI: 10.1007/s00404-012-2655-1

Ferraretti AP, la Marca A, Fauser BCIM, Tarlatzis B, Nar-
gund G, Gianaroli L; ESHRE working group on Poor Ovarian
Response Definition. ESHRE consensus on the definition of
poor response to ovarian stimulation for in vitro fertiliza-
tion: the Bologna criteria. Hum Reprod. 2011;26:1616-24.
PMID: 21505041 DOI: 10.1093/humrep/der092

Gerkowicz SA, Henriquez S, Sanchez YN, Arheart KL, Attia
G. Growth hormone improves cycle outcome in patients
with low ovarian reserve undergoing in vitro fertilization:
a cost-effectiveness analysis. Fertil Steril. 2015;104:e329.
DOI: 10.1016/j.fertnstert.2015.07.1028

JBRA Assist. Reprod. | v.24 | n°2 | Apr-May-Jun/ 2020

Giampietro A, Milardi D, Bianchi A, Fusco A, Cimino V,
Valle D, Marana R, Pontecorvi A, De Marinis L. Effect of
treatment with growth hormone on fertility outcome in
eugonadal women with growth hormone deficiency: re-
port of four cases and review of the literature. Fertil Ster-
il. 2009;91:930.e7-11. PMID: 19046578 DOI: 10.1016/j.
fertnstert.2008.09.065

Hart RJ, Rombauts L, Norman RJ. Growth hormone
in IVF cycles: any hope? Curr Opin Obstet Gynecol.
2017;29:119-25. PMID: 28306560 DOI: 10.1097/
GC0.0000000000000360

Hassan HA, Azab H, Rahma AA, Nafee TM. Effects of
growth hormone on in vitro maturation of germinal vesicle
of human oocytes retrieved from small antral follicles. ]
Assist Reprod Genet. 2001;18:417-20. PMID: 11599461
DOI: 10.1023/A:1016630603560

Hu ZP, Wang Y, Du XG, Rong L, Chen XN, Wang HY, Liu P,
Ma C, Qiao J. Effects of growth hormone supplementation
in patients undergoing IVF/ICSI-ET with poor ovarian re-
sponse to gonadotropin. J Reprod Contracept. 2014;25:32-
40. DOI: 10.7669/j.issn.1001-7844.2014.01.0032

Kolibianakis EM, Venetis CA, Diedrich K, Tarlatzis BC,
Griesinger G. Addition of growth hormone to gonadotro-
phins in ovarian stimulation of poor responders treat-
ed by in-vitro fertilization: a systematic review and me-
ta-analysis. Hum Reprod Update. 2009;15:613-22. PMID:
19561136 DOI: 10.1093/humupd/dmp026

Kucuk T, Kozinoglu H, Kaba A. Growth hormone co-treat-
ment within a GnRH agonist long protocol in patients with
poor ovarian response: a prospective, randomized, clin-
ical trial. J Assist Reprod Genet. 2008;25:123-7. PMID:
18392675 DOI: 10.1007/s10815-008-9212-7

Lattes K, Brassesco M, Gomez M, Checa MA. Low-dose
growth hormone supplementation increases clinical preg-
nancy rate in poor responders undergoing in vitro fertilisa-
tion. Gynecol Endocrinol. 2015;31:565-8. PMID: 26193891
DOI: 10.3109/09513590.2015.1025378

Li XL, Wang L, Lv F, Huang XM, Wang LP, Pan Y, Zhang
XM. The influence of different growth hormone addition
protocols to poor ovarian responders on clinical outcomes
in controlled ovary stimulation cycles: A systematic review
and meta-analysis. Medicine (Baltimore). 2017;96:e6443.
PMID: 28328856 DOI: 10.1097/MD.0000000000006443

Mizumoto JK, Francisco LS, Sartor A, Salgado RM, Crosera
AMLV, Ueno J. Horménio do crescimento como adjuvante
a estimulacdo ovariana de pacientes mas respondedoras
candidatas a fertilizagdo in vitro. Femina. 2017;45:8-17.

Schoolcraft WB, Gardner DK, Lane M, Schlenker T, Hamil-
ton F, Meldrum DR. Blastocyst culture and transfer: anal-
ysis of results and parameters affecting outcome in two in
vitro fertilization programs. Fertil Steril. 1999;72:604-9.
PMID: 10521095 DOI: 10.1016/S0015-0282(99)00311-8

Shaker AG, Fleming R, Jamieson ME, Yates RW, Coutts JR.
Absence of effect of adjuvant growth hormone therapy on
follicular responses to exogenous gonadotropins in women:
normal and poor responders. Fertil Steril. 1992;58:919-23.
PMID: 1426376 DOI: 10.1016/S0015-0282(16)55435-1

150



Sugaya S, Suzuki M, Fujita K, Kurabayashi T, Tanaka K.
Effect of cotreatment with growth hormone on ovarian
stimulation in poor responders to in vitro fertilization. Fertil
Steril. 2003;79:1251-3. PMID: 12738532 DOI: 10.1016/
S0015-0282(02)04959-2

Surrey ES, Schoolcraft WB. Evaluating strategies for im-
proving ovarian response of the poor responder under-
going assisted reproductive techniques. Fertil Steril.
2000;73:667-76. PMID: 10731523 DOI: 10.1016/S0015-
0282(99)00630-5

Growth hormone in GnRH antagonist protocol - Macedo, JF. 151

Tesarik J, Hazout A, Mendoza C. Improvement of delivery
and live birth rates after ICSI in women aged >40 years
by ovarian co-stimulation with growth hormone. Hum Re-
prod. 2005;20:2536-41. PMID: 15860489 DOI: 10.1093/
humrep/dei066

JBRA Assist. Reprod. | v.24 | n°2 | Apr-May-Jun/ 2020



