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Abstract 

Following 5 recent studies at PIVET several female factors were defined which enabled the clear categorization for a 
poor prognosis in IVF, namely advanced female age ≥42 years, very low antral follicle count (AFC <5), very low serum 
anti-Mullerian hormone level (AMH <5pmol/L), serum Insulin growth factor-1 (IGF-1 level) in the lowest quartile, 
repetitive failed IVF cycles (≥3) and the failure of residual embryos to undergo cryopreservation. Following an 
Assessment Cycle (AC) to define the first 4 factors in IVF-naïve women, women were offered recombinant growth 
hormone (rGH) as an adjuvant at 1.0 IU daily for 6 weeks in the lead-up to the oocyte pick-up of their first IVF treatment 
cycle. Of 1173 women who proceeded directly into IVF after completing an AC, 252 women (21.5%) utilized rGH 
initiating 426 IVF cycles.  Very low AFC and AMH levels were defined in 51 of the women who proceeded through 90 
IVF treatment cycles utilizing rGH. Clinical outcomes included cancellation rates (reduced among rGH users, p<0.01), 
oocytes retrieved (no significant benefit from rGH), oocyte utilization (apparent benefit for rGH in older women with 
several factors), significant improvement in embryo utilization rates for older women with several factors (incremental 
cycles ≥3; p<0.002) or failure to achieve cryopreserved embryos (p<0.02). However, these benefits failed to translate 
into an improved pregnancy or live birth productivity rate nor a reduction in miscarriage rates; partly due to the low 
numbers of women with several poor prognosis factors. Furthermore, a note of caution emerged from this study as 
younger women who did not receive rGH had significantly better live birth outcomes (p<0.0001 from initiated cycles), 
regardless of the number of poor prognosis factors identified. Nonetheless, we encourage prospective studies to 
continue, focusing only on older women ≥40 years with low ovarian reserve and additional poor prognosis factors.  

Keywords:  Growth Hormone (GH); Insulin growth factor-1 (IGF-1); In vitro fertilization (IVF); Assisted Reproductive 
Technology (ART); Pregnancy Productivity Rate; Live Birth Productivity Rate; Poor prognosis Fertility Factors. 

1. Introduction

From a slow beginning in the 1970’s, the generation of children from infertility settings applying Assisted Reproductive 
Technologies (ART) has now likely passed 10 million. Whilst this is hailed as a wonderful achievement, the reality is 
that the success rate per initiated treatment cycle is excellent for women under 35 years, but only mediocre for those 
aged between 35-40 years. For women >40 years, the results are quite poor and extremely low for those women ≥45 
years trying with autologous (self-generated) oocytes [1]. The data from the annual Australia and New Zealand Assisted 
Reproduction Database (ANZARD) shows that the majority of women treated in ART clinics during 2018 were aged 
between 35-40 years, and 25.4% were aged >40 years (concomitantly, 31.6% of male partners were aged >40 years). 
The ANZARD report of 2020 shows that 91% of embryo transfers were conducted as a single embryo transfer (SET) 
and 57.2% were thaw cycles (where the vast majority involved blastocysts vitrified at the blastocyst stage). Of the 
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numerous factors influencing the outcome of autologous treatment cycles, the woman’s age was shown to be the main 
key factor. For a single initiated autologous ART cycle, the live birth rate per embryo transfer was 40.4% for women 
<30 years; 33.7% for those women aged 30-34 years; 24.8% for those women aged 35-39 years; 9.5% for those women 
aged 40-44 years; and only 0.8% for those women aged ≥45 years. Of interest the live birth rates were a little higher 
from the cryopreserved embryos across the age ranges, rising to 7.8% for those women aged ≥45 years, bearing in mind 
that many of these embryos were generated whilst the women were at a younger age.  

Although age of the woman is the key factor causing a poor prognosis, our group has reported on five studies examining 
a range of additional identifiable factors. These studies are summarized: 

 The IGF serum profile (Insulin growth factor-1; IGF-1, Insulin growth factor binding protein -3; IGFBP-3 & the
IGF Ratio; being IGFBP-3/IGF-1) was examined against clinical parameters, namely the woman’s age as well as
her stature and BMI [2]. A significant inverse reduction was shown in IGF-1 levels across the four age groups
(<35 years, 35–39 years, 40–44 years and ≥45 years). Although there was no variation in IGFBP-3 levels, the
IGF Ratio showed a significant progressive linear elevation with advancing age. With respect to both BMI and
stature, none of the IGF profile parameters showed any variation.

 The IGF profile was examined against measures of the ovarian reserve, namely the antral follicle count (AFC)
and the serum anti-Mullerian hormone level (AMH) [3]. The AFC shows highly significant sequential changes,
from high to low, across the 4 age groups. Similarly, AMH also showed highly significant sequential changes,
from high to low, across the 4 age groups. Furthermore, there was high concordance between AFC and AMH
groupings with correlation r=0.79 for precise matching and r=0.95 when neighboring groups were included.
However, IGF profiles did not vary across the entire range of AFC nor AMH measures.

 The measurement of serum human growth hormone (hGH) in women undertaking ART appears to have limited
value [4] with only 12% of women recording ≥3.0 ng/mL on morning samples, the level which excludes Adult
Growth Hormone Deficiency (AGHD). Furthermore, 22% of samples recorded extremely low, close to the
detection point of the assay. There was no correlation between hGH levels nor any aspect of the IGF profile,
neither IGF-1 levels nor IGFBP-3 levels, neither the IGF Ratio. Additionally, hGH levels were not different among
the clinical parameters of stature or BMI; nor for ovarian reserve parameters AMH or AFC.

 When recombinant GH (rGH) was given to women as an adjuvant in ART, significant effects were shown on the
IGF profile [5]. In particular, the IGF-1 levels showed highly significant elevations, as did as its main binding
protein, IGFBP-3, albeit to a lesser degree. Consequently, the IGF ratio, sometimes considered a more reliable
marker of IGF-1 activity, was shown to be significantly reduced towards the normal range.

 The IGF profile showed significant prognostic value in the ART program with higher oocyte numbers retrieved
at oocyte pick-up (OPU), and more of the oocytes were at the mature (metaphase; MII) stage. Consequently, a
higher oocyte utilization rate was shown for those women whose IGF-1 levels were in the highest quartile [6].
Although the embryo utilization rates were similar across the IGF-1 quartiles, the implantation rate, reflected
by the pregnancy rate, was higher when the productivity rate (being the cumulative effects of fresh and frozen
embryos transferred from a single OPU) was measured. Finally, without any differences in miscarriage rates
across the IGF-1 quartiles, the live birth productivity rate was also shown to be significantly greatest for those
women with IGF-1 levels in the highest quartile.

These 5 studies set the background to determine whether rGH adjuvant could improve the clinical prognosis from ART 
where poor prognosis factors could be identified [7]. In this study, ART embraces treatments by in-vitro fertilization 
(IVF) and intra-cytoplasmic sperm injection (ICSI) along with embryo transfers (ETs) from fresh procedures as well as 
from those cryopreserved embryos arising from the same OPU.  

2. Material and methods

2.1. Study setting 

Following a 4-year period of training in London during the years 1976-1980, lead author JLY established the PIVET 
program for ART in Perth, Australia in 1981 [8,9], initially recording all treatment cycles and clinical outcomes in hand-
written registers. From 2001, all ART treatments, numbering 23,509 have been comprehensively recorded in an internal 
validated data base using Filemaker Pro as well as providing data to ANZARD which publishes an annual report, 
available to the public [1]. Recently, as an Australian Government initiative, ANZARD also provides data to the 
YourIVFSuccess website, enabling an open disclosure of results from each and every of 90 participating IVF Clinics 
around Australia [10]. Since January 2011, the ART program at PIVET has been characterized by three important 
developments, firstly, encouraging amenable ART-naïve women to undertake a preliminary Assessment Cycle (AC) [11]; 
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secondly, utilizing the well described PIVET dosing-algorithms for ovarian stimulation [12,13,14], one of which is shown 
in Table 1; and thirdly, a commitment to single embryo transfer (SET) procedures for both fresh and frozen embryos 
across the entire age profile. Currently, in keeping with a widely encouraged practice across Australia and New Zealand, 
SET procedures at PIVET is currently at 91% of all cases [10]. In association with this, PIVET commits to a blastocyst 
culture system whenever ≥3 embryos are progressing on a Day-3 laboratory inspection, currently occurring in 90% of 
in vitro fertilization (IVF) cases. This means that there is also a high commitment to cryopreservation, which at PIVET 
is conducted using the Cryotop vitrification technique [15]. 

Table 1 One of the PIVET FSH-dosing Algorithms which covers for 12.5 IU and 25 IU increments of FSH. 

2.2. Patient selection 

Across the period January 2011 to December 2019, 3751 women entered into 10,728 treatments of various ART 
categories. Figure 1 shows the derivation of 1633 women from a total 2319 women who had an AC which also included 
an insulin-like growth factor (IGF) profile comprising IGF-1 along with its main binding protein IGFBP-3, and a 
calculation of IGF ratio being the division of IGF-1 into the higher concentration IGFBP-3 level. In the current study we 
are exploring the relevance of a range of poor prognosis factors to the subsequent IVF treatment outcomes. From Figure 
1 it can be seen that 1173 of the women who completed an AC with full IGF profile proceeded to a total 1761 IVF 
treatments, utilizing intra-cytoplasmic sperm injection (ICSI) according to well reported PIVET protocols where 
indicated [16]. This included an IVF-ICSI Split model for unexplained infertility cases. The poor prognosis criteria 
established from our former studies included advanced age of the woman ≥40 years; a low ovarian reserve (PIVET 
Algorithm Group E indicating an AFC <5 antral follicles and AMH level <5 pmol/L [17]); an IGF-1 level in the lowest 
quartile (<21 nmol/L [2,6]); incremental IVF treatment cycles (≥3 OPU cycles [18]); and poor-quality embryos resulting 
in nil blastocysts available or suitable for cryopreservation (zero frozen) [19]. These factors have been analyzed alone 
and in combination.  

2.2.1. Patients utilizing rGH adjuvant therapy 

Women categorized as likely to have a poor prognosis were informed and offered access to one of 3 adjuvants, namely 
dehydroepiandrostenedione (DHEA), melatonin or rGH [11]. Most women elected to take their chances without 
adjuvants, or selected the least expensive options, namely DHEA or melatonin. However, 252 of the 1213 women 
(20.8%) undertook a total of 426 IVF cycles using rGH adjuvant therapy (Figure 1).  
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Figure 1 Flow diagram showing the derivation of the women who proceeded to IVF ± rGH adjuvant treatment cycles 
after undertaking an assessment cycle. 

The hGH regimen utilized SciTropin (SciGen, Belrose, Australia) 0.3 mg self-injected subcutaneous daily beginning Day-
3 of the pre-IVF cycle for ~45 days leading up to the recombinant hCG (rhCG) Trigger injection (Merck Serono, Sydney, 
Australia) with patients receiving rGH at precisely 1.0 IU per day prior to OPU. The information provided to the women 
is shown in Figure 2 which depicts the approved informed consent form signed by the women. A subset of 141 women 
with the lowest AFC (Group E) were analyzed according to their rGH use (51 women; 35.9% undertook 90 IVF cycles; 
37.5%) and sub-classified for additional poor prognosis factors. 



GSC Biological and Pharmaceutical Sciences, 2021, 15(01), 063–080 

67 

Figure 2 The information and consenting form for those women planning to utilize rGH adjuvant treatment during 
their IVF cycle. 

2.3. IVF outcome parameters 

2.3.1. Cycles initiated  

Cycles initiated denotes those autologous IVF cycles which commence ovarian stimulation with gonadotrophins on Day-
3. Approval requires that base-line parameters are met on day-2, namely serum gonadotrophins, follicle stimulating
hormone (FSH) and luteinizing hormone (LH), indicating the woman is not menopausal or in ovarian failure. In addition, 
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her ovarian hormones must be at basal levels, namely estradiol (E2) level <150 pmol/L and Progesterone (P4) level <5 
nmol/L along with her pituitary Prolactin <750 IU/L [11]. 

2.3.2. Cancelled cycle  

Cancelled cycle indicates the IVF cycle is abandoned, mostly prior to rhCG Trigger which is usually given around day-
12. This usually arises from a lack of response to the ovarian stimulation with lack of E2 elevation and failure to detect
ovarian follicles ≥16 mm by transvaginal pelvic ultrasound. Cycles with poor responses are maximally stimulated with 
follicle stimulating hormone (FSH) at 450 IU/day up to a maximum 16 days (day-19 of IVF cycle). Cycles may also be 
abandoned if there is evidence of premature ovulation (Rising LH, elevated P4 and marked fall in E2). This problem is 
unusual in current practice which routinely applies gonadotrophin releasing hormone (GnRH) antagonists [5]. 
Occasional causes of cancelled cycles may be patient-related issues such as intercurrent illness, domestic stresses and 
logistical problems related to travel from remote locations. Cases with zero oocytes recovered at OPU are also included 
in this category. 

2.3.3. Oocytes retrieved 

Oocytes retrieved denotes every oocyte detected following ovarian follicle aspiration at ovum pick-up (OPU). At PIVET 
this is undertaken by a single-lumen aspirating needle when follicle numbers >12 mm ≥5; and a double-lumen flushing 
needle when there are fewer follicles. 

2.3.4. Oocyte utilization rate 

Oocyte utilization rate denotes the number of oocytes which fertilize and contribute to the formation of embryos which 
are utilized in a fresh embryo transfer (ET) procedure or a frozen embryo transfer (FET) procedure after a period of 
cryopreservation. This is factored for all oocytes, be they at MII, MI or the germinal vesicle stage, or even if they are 
subsequently shown to have degenerated or have fractured zona pellucidae. Specifically, this oocyte utilization rate is 
not the same as the oocyte fertilization rate which designates the number of embryos arising after oocytes are selected 
for insemination or ICSI; considered by us to be a less useful measure. 

2.3.5. Increased monitoring 

Increased monitoring relates to those women who have >12 oocytes recovered at OPU and are therefore classified as 
being at risk for ovarian hyperstimulation syndrome (OHSS). Such women have daily contact with PIVET to discuss the 
woman’s wellbeing, including measurement of her abdominal girth, description of urine characteristics (light or dark 
color and output), as well as blood test monitoring every 2nd or 3rd day of the luteal phase, with concern if E2 
>6000pm/L and/or P4 >600nm/L. Such patients may return to PIVET for IV fluids and specific gravity monitoring of 
their urine. Occasional women will need paracentesis of ascites and hospitalization, although such events have reduced 
to 0.1% in recent years. 

2.3.6. Embryo utilization rate 

Embryo utilization rate denotes the number of fertilized oocytes (defined at the two-pronuclear; 2PN stage), which are 
then utilized in a fresh ET procedure or subsequently in a FET procedure after a period of cryopreservation. PIVET 
protocols [11] means that ~85% of all oocytes retrieved undergo a corona-cumulus stripping process for ICSI, which 
enables identification of the maturational stage of the oocyte, particularly the MII oocyte which has released a single 
polar body. Those oocytes subjected to IVF-only, have the maturational stage presumed at the 18-hour PN-stage check 
when pipette-stripping occurs. If the 2PN stage is identified, it is presumed that the oocyte must have been at the MII 
stage at OPU. 

2.3.7. Embryos frozen 

Embryos frozen denotes the proportion of all embryos generated which are cryopreserved by vitrification. This is 
usually those embryos which reach the blastocyst stage on day-5 or day-6 with Gardner Grading at the level of 3BB or 
better, ideally 4AA or 5AA for best prognosis [19]. Sometimes all suitable embryos are cryopreserved in a “freeze-all” 
cycle to reduce the OHSS risk. The majority of IVF cycles in women classified as having a good prognosis can generate 
3-4 high-grade embryos from ~10 oocytes recovered at OPU, meaning that 2 or 3 will be cryopreserved after the SET 
procedure. 
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2.3.8. Freeze-all embryos 

Freeze-all embryos denotes those cases where a fresh embryo transfer is not performed, mainly to reduce the risk of 
OHSS and suitable embryos, mostly blastocysts, are committed to cryopreservation for future FETs. This option is 
considered when ≥15 oocytes are recovered at OPU or fresh ETs are deferred for other reasons (including when the 
woman is unwell, or embryo transfer is deferred awaiting procedures such as hysteroscopy or laparoscopy to correct 
pelvic conditions). 

2.3.9. Pregnancy productivity rate 

Pregnancy productivity rate denotes the total number of pregnancies arising after both fresh ETs and FETs related to a 
single initiated cycle reaching the stage of OPU. This means the freeze-all or freeze-best embryo strategies do not 
prejudice the “pregnancy rate”. It is for this reason we have developed such terminology rather than the oft-used 
cumulative pregnancy rate which, traditionally related to a number of IVF/OPU cycles [20]. Furthermore, the pregnancy 
productivity rate can be designated from the initiation of a treatment cycle (following the baseline blood test performed 
on cycle Day-2); from the stage of an OPU procedure where at least one oocyte is recovered; or from the stage of reaching 
an ET procedure (performed in either the fresh cycle or following cryopreservation). This parameter is different from 
the pregnancy productivity rate per each and every ET; considered by us to be a less useful measure. 

2.3.10. Miscarriage rate 

Miscarriage rate denotes those pregnancies which do not advance to a livebirth and are invariably lost before 20 weeks 
“gestation”; the division point for obstetric outcomes. At PIVET pregnancies are diagnosed provisionally at Day-19 of 
the luteal phase as “4-weeks” when serum ßhCG is detected >25 IU/l. At this stage the pregnancy is ‘biochemical only” 
but is tracked each week until a transvaginal pelvic scan at 7-weeks denotes the presence of an intra-uterine gestational 
sac, expectantly with a definable viable fetus. However, at PIVET clinical pregnancy is diagnosed at week-5 if the ßHCG 
elevation is around 5 to 10-fold and at week-6 if there is a further 2 to 5-fold rise along with associated appropriate 
levels of E2 and P4. PIVET has hormonal support strategies for those pregnancies with threatened miscarriage and 
suboptimal P4 levels [5]. Miscarriage rates include pregnancies of unknown location, ectopic gestations, blighted ovum 
losses and terminations of abnormal or demised fetuses prior to 20 weeks. In this study the miscarriage rate is given as 
all pregnancy losses (numerator) as a proportion of clinical pregnancies (denominator). 

2.3.11. Livebirth productivity rate 

Livebirth productivity rate denotes the total number of pregnancies arising after both fresh ETs and FETs related to a 
single initiated cycle reaching the stage of OPU and delivering after 20 weeks. As with pregnancy rates, this means 
freeze-all or freeze-best embryo strategies do not prejudice the “pregnancy rate”. It is for this reason we have developed 
such terminology rather than the oft-used cumulative live birth rate which, traditionally related to a number of IVF/OPU 
cycles [20]. Each delivery is counted as one livebirth, even where twins or higher-order multiples are delivered. 
Stillbirths are not included as a live birth, but perinatal losses are included. Fortunately, such adverse outcomes are now 
uncommon in Australia due to the SET policy [11] and PIVET records twinning rates at under 1.0% with nil triplets or 
higher order multiples in recent years [10]. Furthermore, the live birth productivity rate can be designated from the 
initiation of a treatment cycle (following the baseline blood test performed on cycle Day-2); from the stage of an OPU 
procedure where at least one oocyte is recovered; or from the stage of reaching an ET procedure (performed in either 
the fresh cycle or following cryopreservation). This parameter is different from the live birth productivity rate per each 
and every ET; considered by us to be a less useful measure. 

2.4. Statistics 

Data extractions from the Filemaker database were placed in Microsoft Excel spreadsheets and sorted according to the 
relevant tests. Thereafter the sorted data was placed in the application Past 4.03 (developed by Øyvind Hammer) [21] 
for statistical data analysis. This application also generated the Tables comprising the statistical summaries, finally 
placed in Microsoft Word for clearer display. Having demonstrated that the data comprising the IGF profile (IGF-1, 
IGFBP-3 and IGF Ratio) are all distributed in a Normal fashion, the relationship among the means was examined by one-
way ANOVA for overall comparison. The Kruskal-Wallis test was applied to examine equality between sample medians 
and Mann-Whitney applied for pairwise comparisons between individual sub-groups. Ratio comparisons between two 
groups were analyzed in 2x2 contingency tables, mainly by Fisher’s exact test, or by Chi-squared applying Yates’ 
continuity correction factor for the larger data sets. Following corrections, probability values of p<0.01 were considered 
significant for any test. As this data is retrospective by design, with wide variance and large kurtosis, hence several 
comparisons which were borderline, ranging 0.03 to 0.06; were classified as being of uncertain significance hence not 
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claimed as significant. The Figures displayed for this study are derived from Excel v 16.42 (2020) and X-Diagram v 5.7 
application (2021) developed by Vu Tien Thinh. 

3. Results

Table 2 Clinical features and outcomes for all IVF treatment cycles (±rGH) in IVF-naïve women who completed an 
Assessment Cycle 2011-2019. 

The clinical outcomes for the 1173 IVF-naïve women who completed a total of 1761 autologous IVF±ICSI cycles 
following an AC are shown in Table 2 where the data is presented according to age groupings and the use of rGH co-
treatment. The cancellation rates for the women who did not receive rGH ranged from 9.1 % in the age group of 35-39 
years to 26.2% for those women aged 45 years or more. Where rGH was used, the rates ranged from 2.6% in the 
youngest grouping (<35 years) to 13.6% in the oldest grouping (>45 years). Overall, the use of rGH co-treatment 
resulted in fewer cancellations (10.7% vs 9.2%; p<0.01). Oocyte numbers recovered were higher in the younger women 
who did not receive rGH, and a little higher in the oldest group (≥45 years) but overall, there was no significant benefit 
seen from rGH. Similarly, oocyte utilization was slightly higher for women ≥40 years, but overall, no significant benefit 
could be demonstrated for rGH co-treatment. Similarly, although embryo utilization was a little higher among women 
≥40 years receiving rGH, no significant benefit could be demonstrated overall. Furthermore, the proportion of embryos 
cryopreserved across the age groups was never higher in the rGH adjuvant group. With respect to pregnancy outcomes, 
these were never higher according to rGH usage. The miscarriage rates appeared modestly reduced for women ≥40 
years using rGH (37.5% vs 43.5%), but overall, across all age groupings, no significant benefit could be demonstrated. 
The most relevant parameter, that of live birth productivity rates, was not improved across the age groups by adjuvant 
rGH usage. 

Given the negative results for rGH shown in the overall group, the main study conducted here focused on the women 
categorized as having a poor prognosis, summarized in Table 3 and presented for detail and clarity in 11 Figures. The 
cancellation rates among the 142 women with very low ovarian reserve (AFC group E) who initiated 240 IVF treatment 
cycles are shown in Figure 3.  
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Table 3 Clinical features and outcomes for all IVF treatment cycles (±rGH) in IVF-naïve women who completed an 
Assessment Cycle during 2011-2019 showing the lowest antral follicle count (Group E). 

Figure 3 Cancellation rates among women classified as poor prognosis who initiated IVF treatments ± rGH 
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For women not receiving rGH the rates ranged from 8.6% for young women (<35 years) to 21.0% for older women (≥40 
years). For those receiving rGH the rates were not significantly lower, ranging from 8.3% for the younger to 24.4% for 
the older women. When addition poor prognosis factors were analyzed, including those women with IGF-1 levels in the 
lowest quartile, those women undertaking their third or more incremental cycle, and those cycles which did not achieve 
any cryopreserved embryos, no significant differences were detected between those who did, or did not receive, hGH. 

Figure 4 Oocyte recovery rates among women classified as poor prognosis who initiated IVF treatments ± rGH 

The oocyte recovery rates ranged from a mean of 9.2 for younger women (<35 years) who did not receive rGH adjuvant, 
to a mean of 4.8 for the older women (≥40 years). The comparable rates appeared a little lower for women who received 
the rGH adjuvant at 6.8 to 4.0, but these were not significant differences. Furthermore, when the additional poor 
prognosis factors were analyzed, apparent minor benefits from rGH proved to be not significant (Figure 4). 

Figure 5 Oocyte utilization rates among women classified as poor prognosis who initiated IVF treatments ± rGH 

The oocyte utilization rates ranged from 31.3% in the younger women to 29.2% in the older group who did not receive 
rGH. These rates were not significantly different for those women who received rGH, ranging from 28.1% to 30.9%. It 
was of interest that the older women showed a higher oocyte utilization rate under the influence of rGH. Furthermore, 
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when the additional poor prognosis factors were analyzed, apparent minor benefits from rGH all proved to be not 
significant (Figure 5). 

 

Figure 6 Embryo utilization rates among women classified as poor prognosis who initiated IVF treatments ± rGH 

The embryo utilization rates were unchanged across the age ranges for those women who did not receive rGH, being 
55.4% for the younger women and 54.8% for the older group. The comparable rates for the women who received rGH 
ranged from 50.0% to 72.4% but this apparent benefit of rGH for the older women did not prove to be statistically 
significant in this study with limited numbers (38 women having 62 treatment cycles without rGH vs 26 women having 
45 cycles with rGH). However, when the additional poor prognosis factors were analyzed, higher rates of embryo 
utilization were detected for each group (Figure 6) with statistical significance in favor of rGH for those older women 
with low IGF-1 levels at higher incremental cycle (≥3; p<0.002) or failing to achieve any cryopreserved embryos 
(p<0.02). 

 

Figure 7 Pregnancy productivity rates/ initiated cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 
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Figure 8 Pregnancy productivity rates/ OPU cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 

 

 

Figure 9 Pregnancy productivity rates/ ET cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 

Despite the apparent benefits noted with embryo utilization rates among the older women receiving rGH adjuvant, this 
did not reflect any benefits in the pregnancy productivity rates, neither for initiated cycles (Figure 7), nor for those 
cycles reaching OPU (Figure 8), nor for those cycles undertaking an ET procedure (Figure 9). In fact, among the younger 
women who did not receive rGH, the pregnancy productivity rates were significantly higher at all stages of the IVF 
treatment cycle (initiated; p<0.0002, OPU; p<0.0002, ET; p<0.02). There were apparent benefits favoring rGH with the 
additional poor prognosis factors, but none of these were statistically significant. 
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Figure 10 Miscarriage rates among women classified as poor prognosis who initiated IVF treatments ± rGH 

Miscarriage rates were stable at 15.4% in younger women to 14.3% for older women who did not receive rGH. Their 
overall mean rate for all ages was 17.3%. However, the comparable rates for the women who received rGH adjuvant 
were 66.7% for the younger women and 40.0% for the older women, with an overall mean rate for all ages of 43.8%. 
The overall miscarriage rates were significantly lower for those women not given rGH (p<0.005) but no significant 
differences could be shown for the additional poor prognosis factors (Figure 10.) 

 

Figure 11 Live birth productivity rates/ initiated cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 
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Figure 12 Live birth productivity rates/ OPU cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 

 

 

Figure 13 Live birth productivity rates/ ET cycle among women classified as poor prognosis who initiated IVF 
treatments ± rGH 

Again, despite the apparent benefits shown for embryo utilization rates among the older women receiving rGH adjuvant, 
this did not reflect any benefits in the live birth productivity rates, neither for initiated cycles (Figure 11), nor for those 
cycles reaching OPU (Figure 12), nor for those cycles undertaking an ET procedure (Figure 13). In fact, among the 
younger women who did not receive rGH, the live birth productivity rates were significantly higher at all stages of the 
IVF treatment cycle (initiated; p<0.0001, OPU; p<0.02, ET; p<0.01). There were some apparent benefits favoring rGH 
for the additional poor prognosis factors, but none of these were statistically significant. 
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4. Discussion 

At PIVET a number of studies have been reported since 2010 which embrace the concept of poor prognosis in IVF and 
the potential role of rGH in its management [7]. The studies have been retrospective, undertaken on women who have 
had 3 or more IVF treatment failures. Recently, the studies have focused on the notion of adult growth hormone 
deficiency (AGHD) as a potential underlying cause, particularly in older women (≥40 years) [22]. For this reason, PIVET 
has undertaken Assessment Cycles to determine, amongst other fertility parameters, the AFC and AMH levels to 
determine the ovarian reserve of women contemplating IVF, along with the IGF profile which may provide a guide to 
AGHD. The definitive diagnosis of AGHD would require a provocative challenge test (commonly by insulin or glucagon) 
and best performed by an endocrinologist. So far, PIVET patients have wanted to avoid such a time-consuming process. 
Hence the study reported here was intended as a prospective evaluation of the clinical outcomes of those women who 
are IVF-naïve and with clearly defined parameters enabling the consideration of rGH adjuvant without any previous IVF 
failures. It is not a randomized study and the data analysis has been performed retrospectively. 

The clinical outcomes in this PIVET study which has its focus on women who have a very low ovarian reserve (Group 
E) can be summarized as showing no significant reduction in cancellation rates and no significant improvement in egg 
numbers. There is an apparent, but insignificant improvement in oocyte utilization rates and a definite improvement in 
embryo utilization rates for older women, which is significant when other poor prognosis factors were considered, such 
as repetitive IVF cycles and failure to achieve frozen embryos. This implies rGH benefits for women with poor embryo 
quality. However, these benefits do not flow through to significant improvements in pregnancy or live birth outcomes 
albeit that rGH was apparently better for older women who had additional poor prognosis factors, reflected in both 
pregnancy and live birth productivity rates. There is a strong note of caution in these studies which indicate that younger 
women have significantly better outcomes by not utilizing rGH. It also appears that rGH has no benefit in reducing 
miscarriage rates which were lowest across all age groups of women who did not use rGH adjuvant. 

These findings are subject to a number of limitations, the main one being that the study was not set up as a prospective 
randomized controlled trial (RCT). Such is not feasible in PIVET’s private practice setting where patients pay fees and 
cover the costs of all adjuvants. The numbers involved in the final analysis on the AFC group E women is approximately 
half that required for a definitive study (an ideal RCT would require 400 women with randomization of 200 women into 
each rGH arm). Such was the limitation for the LIGHT study which failed to recruit the intended numbers (only 130 of 
the intended 400), leaving the consideration of rGH adjuvant therapy in conjecture, although the authors claim the study 
provides no evidence for an improved live birth rate. 

Of the 42 studies published on rGH adjuvant treatment in IVF between 2000 to 2018, almost all of the studies showed 
improved oocyte and embryo utilization rates, but only half demonstrated any improvement in pregnancy or live birth 
rates [7]. The most recent reports continue to show better oocyte and embryo quality from rGH [24] and oocytes 
generated under the influence of rGH have better developmental competence [25,26]. Furthermore, recent updated 
meta-analysis studies continue to favour rGH for increasing the chance of live births [27,28]. 

Notwithstanding the aforementioned articles supporting rGH as an adjuvant in IVF, we are conscious of the current 
scepticism and criticisms concerning adjuvants in IVF [29,30]. Nonetheless, we would defend our rGH studies as a 
sincere attempt to improve the chance of a livebirth for those women categorized as having a poor prognosis. We agree 
with the editorial comments emanating from the Weill Cornell Medical College [31] that “even after the initial signal of 
potential efficacy 10 years ago, far too few high-quality data have been published to reassure us that growth hormone 
has a role in the treatment of poor responders. We as a profession should strive to conduct high-quality trials that 
answer our most pressing clinical questions and improve the prognosis of our most challenging patients”. With these 
comments in mind, we acknowledge that the data arising from this, our latest, study indicates that, apart from those 
women with clearly defined AGHD, further studies should only focus on older women (≥40 years) with clearly defined 
poor prognosis factors beyond a low AFC. Such poor prognosis factors could include a low IGF-1, repetitive failed IVF 
treatments (≥3 cycles) and evidence of poor embryo quality defined by failure to achieve any embryos to 
cryopreservation. Furthermore, such studies can only be relevant in the circumstances of a SET policy, a commitment 
to blastocyst culture and an advanced vitrification technique for cryopreservation [32]. Given scientific studies 
supporting the role of rGH in improving oocyte quality generally [24,33,34], and particularly mitochondrial function 
[35], as well as hormonal receptor profiles on granulosa cells in older women [36], we encourage further studies to 
improve IVF outcomes in this group. 
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5. Conclusion 

This study failed to meet our expectations for proof that women facing poor prognosis in IVF would universally benefit 
from rGH adjuvant treatment. Our earlier retrospective studies reported since 2010 encouraged this expectation, 
however this study is structured differently as it tracks IVF naïve women (who completed an AC to define a range of 
poor prognosis factors) prospectively into IVF treatment, almost a quarter of whom accepted to purchase and utilize 
rGH. The ensuing non-randomized data is retrospectively analyzed and shows some benefits in oocyte utilization and 
embryo utilization; the latter being quite significant when grouping older women with several poor prognosis factors. 
However, the data does not show clear benefits regarding pregnancy productivity rates nor livebirth productivity rates 
although this might have been related to the low numbers of older women with several poor prognosis factors. 
Nonetheless, a note of caution was recognized in that younger women who did not utilize rGH had significantly better 
pregnancy and livebirth outcomes, regardless of the number of poor prognosis factors identified. We would now adjust 
our advice to women seeking to improve their clinical outcomes in IVF at PIVET, dissuading the younger from rGH 
adjuvants, whilst encouraging older women with low ovarian reserve tests (AFC and AMH) and additional poor 
prognosis factors to enter larger, better designed prospective trials with either randomization or high-level case 
matching. Given our understanding of the role of hGH in reproduction, we would expect some women to show clear 
benefits; particularly if AGHD can be demonstrated. In that case the Medicare system in Australia would cover the costs 
of rGH as a replacement therapy, over a long term period if required.  
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