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Abstract

Introduction: Several studies suggest that luteinizing hormone (LH) could improve IVF outcome in women of
advanced reproductive age by optimizing androgen production. In this review, we assessed the role of
recombinant-human LH (r-hLH) and recombinant human follicle stimulating hormone (r-hFSH) co-treatment in
ovarian stimulation for assisted reproductive technology in women of advanced reproductive age candidates for
assisted reproduction.

Material and methods: Using a preregistered protocol we systematically searched Medline/PubMed, Scopus and
the ISI Web of Science databases to identify randomized controlled trials in which r-hFSH monotherapy protocols
were compared with r-hFSH/r-hLH co-treatment in women 235 years undergoing fresh IVF cycles. We calculated
the pooled odds ratio (OR) for dichotomous data and the weight mean difference (WMD) for continuous data with
an associated 95% confidence interval (Cl). The meta-analyses were conducted using the random-effect model. P
values < 0.05 were considered statistically significant. Subgroup analyses of all primary and secondary outcomes
were performed only in women aged 35-40 years.

Results: Twelve studies were identified. In women aged between 35 and 40 years, r-hFSH/r-hLH co-treatment was
associated with higher clinical pregnancy rates (OR 145, Cl 95% 1.05-2.00, I> = 0%, P=0.03) and implantation rates
(OR 149, Cl 95% 1.10-2.01, I> = 13%, P=0.01) versus r-hFSH monotherapy. Fewer oocytes were retrieved in r-hFSH/
r-hl.H-treated patients than in r-hFSH-treated patients both in women aged 235 years (WMD -0.82 Cl 95% -1.40 to
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groups of women overall or in subgroup analysis.

fertilization, Advanced reproductive age

—0.24, 17 =88%, P=0.005) and in those aged between 35 and 40 years (WMD -1.03, Cl —1.89 to —0.17, I =0%, P=
0.02). The number of metaphase Il oocytes, miscarriage rates and live birth rates did not differ between the two

Conclusion: Although more oocytes were retrieved in patients who underwent r-hFSH monotherapy, this meta-
analysis suggests that r-hFSH/r-hLH co-treatment improves clinical pregnancy and implantation rates in women

between 35 and 40 years of age undergoing ovarian stimulation for assisted reproduction technology. However,
more RCTs using narrower age ranges in advanced age women are warranted to corroborate these findings.

Keywords: Luteinizing hormone, Recombinant luteinizing hormone, Assisted reproductive technology, In vitro

Introduction
Female age is the most critical factor in fertility. Natural
fecundity and pregnancy rate following assisted repro-
ductive technology (ART) decrease dramatically in
women aged 35 years and above [1, 2]. The age-related
decrease in oocyte quality, which ultimately affects em-
bryo quality and implantation, seems to be the driving
factor of this phenomenon [3, 4]. Indeed, a retrospective
analysis of 1296 embryos screened by next-generation
sequencing indicated that the probability of blastocyst
euploidy progressively decreases with every year of fe-
male age [3]. This effect is mainly due to the higher inci-
dence of chromosomal abnormalities in oocytes of
advanced-age women [5]. In addition, reproductive
endocrine function progressively declines with advancing
age [6]. In detail, this process seems to affect the
luteinizing hormone (LH) system and androgen produc-
tion [7-9]. The impact of ageing on fertility is highly
relevant given that an increasing number of women
seeking fertility treatment are of advanced reproductive
age. Data from the European Society of Human
Reproduction and Embryology (ESHRE) Registry (years
2002 to 2014) indicate that the percentage of fertility
treatments in advanced age women (> 35 years of age)
increased from 48.4 to 56.7%. In women 240 years, the
increase was from 13.2 to 19.7% [10, 11]. Consistently,
Ishihara et al. reported that the global proportion of
women aged 240 years seeking ART treatment increased
from 15.5 to 19.8% between 2006 and 2007 [12]. More-
over, in a study covering 2008, 2009 and 2010, the Inter-
national Committee for Monitoring Assisted Reproductive
Technologies reported that 57.1% of women (36.3% be-
tween 35 and 39 years old and 20.8% above 39 years) were
treated with fresh cycles [13]. Delayed childbearing is
widely practiced in both developed and developing na-
tions, and is likely to increase [13—-16]. Consequently, the
focus now is to find measures to counteract the natural
age-related decline in fertility [12, 14].

The use of elevated gonadotropin dosage is one of the
most frequently used measures with which to increase

reproductive outcomes in aged women [17]. However,
this practice is not effective in women of advanced re-
productive age with a low ovarian reserve [18]. r-hFSH/
r-hLH co-treatment during ovarian stimulation (OS)
could be more effective than r-hFSH alone in improving
implantation and clinical pregnancy rates in women of
advanced reproductive age [9, 19, 20]. Notably, r-hFSH/
r-hLH co-treatment is used in the novel Duo-Stim
stimulation protocol that includes both follicle and luteal
phase stimulation [21-26]. The Duo-Stim approach sig-
nificantly improved live birth rates in women fulfilling
the Bologna criteria [26] and significantly contributed to
the final transferable blastocyst yield in women with a
low ovarian reserve [25].

Luteinizing hormone plays an important role in follicle
growth by contributing to follicle maturation,
fertilization and embryo quality [27]. It affects the
endometrium by promoting the decidualization of endo-
metrial stromal cells and embryo implantation [28]. Ad-
ministered exogenously, LH promotes androgen
production in theca cells [7, 29]. Consequently, the
administration of r-hLH could increase androgenic and
estrogenic follicle fluid levels, which are also often im-
paired in women of advanced reproductive age [29, 30].
On the other hand, it seems improbable that age-related
chromosomal damage could be counteracted by LH
action. The role of r-hFSH/r-hLH co-treatment in ad-
vanced age women is still debated [31, 32]. The mixed
results observed among trials could reflect the fact that
live births dramatically drop year by year in women
above the age of 34-years [15, 33]. Indeed, women over
40 years generally have a lower probability of pregnancy
leading to live birth than do women aged 35-39 years
[11, 14, 33]. This finding has been largely attributed to
the fact that embryo euploidy rates, which are the most
important factor governing live birth following ART, are
remarkably higher in women aged 35-39 years than in
those above the age of 40years [3, 33-35]. In other
words, previous studies might have failed to find any ef-
fect of r-hLH because they did not include narrow age
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ranges [36, 37]. Therefore, we conducted a systematic
review and aggregated the data of randomized controlled
trials (RCTs) on the effect of r-hFSH/r-hLH co-
treatment OS for ART in women of advanced repro-
ductive age, focusing on a narrow age range of between
35 and 40 years.

Material and methods

Protocol and registration

This study was exempted from institutional review board
approval as it did not involve any human intervention.
We adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [38]. The study protocol was registered at http://
www.crd.york.ac.uk/PROSPERO/ (registration number
CRD 42020153814).

Search strategy

We carried out a systematic search using Medline/
PubMed, Scopus, and the ISI Web of Science to identify
all relevant studies. The Boolean search criteria adopted
included the MESH search terms *luteinizing hormone*
OR ‘recombinant LH” OR ‘r-hLH’ OR ‘r-hLH’ AND ‘ovu-
lation induction” OR *assisted reproductive technology*
OR ‘ART’ OR f‘in vitro’ ‘fertilization” OR ‘IVF. Hand
searches of review articles and reference lists were car-
ried out. No time restriction or language restrictions
were applied and the end date for all searches was June
2020. Case reports, conference proceedings, abstracts,
doctoral theses, and dissertations were not considered.

Eligibility and data extraction

We included only RCTs in which recombinant FSH (r-
hFSH) alone protocols were compared to r-hFSH/r-hLH
co-treatment in women aged 35 years or above undergo-
ing fresh IVF cycles. Three authors (AC, DC, AV) con-
ducted data extraction using predefined data fields.

Outcome measures

The primary outcome was clinical pregnancy rate per
started cycle defined according to the International
Glossary on Infertility and Fertility Care [39] as “A preg-
nancy diagnosed by ultrasonographic visualization of
one or more gestational sacs or definitive clinical signs
of pregnancy”. Secondary outcomes were the number of
oocytes retrieved, number of metaphase II (MII) oocytes,
implantation rate (defined as the number of gestational
sacs observed divided by the number of embryos trans-
ferred), live birth rate (defined as the number of deliver-
ies per started cycles) and first trimester miscarriage
rate. As safety outcome, we evaluated the risk of ovarian
hyperstimulation syndrome (OHSS).
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Study selection

Study selection was conducted independently by three
authors (AC, DC and AV). The titles and abstracts of all
articles identified were scrutinized and the full texts of
eligible articles were obtained. Disagreements regarding
paper screening and eligibility were resolved by
discussion.

Bias assessment

Three authors (AC, DC and AV) independently assessed
the risk of bias of the studies eligible for the review using
the Cochrane risk of bias tool [40]. The following issues
were assessed: 1) random sequence generation; 2) alloca-
tion concealment; 3) binding of participants and
personnel; 4) incomplete outcome data; and 5) selective
reporting. Differences in terms of baseline characteristics
between groups were also assessed. For each issue, the risk
of bias was graded as low, unclear or high. To assess the
risk of bias across studies, we evaluated the funnel plots of
primary outcomes both visually and formally using the
trim-and-fill method and the Egger’s test [41, 42].

Statistical analysis

Statistical analysis was carried out using Review Man-
ager 5.4 (The Nordic Cochrane Centre, The Cochrane
Collaboration). We calculated the pooled odds ratio
(OR) for dichotomous data and weight mean difference
(WMD) for continuous data with an associated 95% con-
fidence interval (CI). Given that the studies included in
this review differ significantly in terms of dosage used,
protocols and ethnicity, we used a random effect model
to account for sources of variations among studies be-
cause it is a more conservative approach than the fixed
effect model [43]. Heterogeneity was assessed using the
percentage of total variation in the estimated effect
across studies (I?). P values < 0.05 were considered sta-
tistically significant.

Subgroup and sensitivity analysis

Subgroup analyses of all primary and secondary out-
comes were performed only in women aged between 35
and 40 years. Sensitivity analysis was carried out by
measuring the overall effect size of all groups. Specific-
ally, studies judged to be at a high risk of bias for at least
one issue or to be at an unclear risk for at least two is-
sues according to the risk of bias assessment tool were
excluded from the analysis.

Results

Study selection and characteristics

A total of 1991 papers were identified in the Medline/
PubMed (n =565), Scopus (n=2858) and Embase data-
bases (n=568) (Fig. 1). Duplications were removed by
Endnote Online and manually (7 =434). Abstracts and
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Records identified through database
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4
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Full-text articles assessed
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(n=32)
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(n=20)

}

Studies included in
qualitative synthesis
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}
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Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

Fig. 1 Study flow chart according to PRISMA guidelines

titles (N'=1557) were reviewed by two authors (AC,
CA). Disagreements were resolved by discussion with all
authors. Thirty-two full-text papers were assessed for
eligibility. Twenty studies were excluded because they
did not fulfill the inclusion criteria [44—63]. Overall, 12
RCTs were identified [9, 20, 36, 37, 64—71]. The charac-
teristics of the studies are shown in Table 1. Risk of bias
within studies is illustrated in Supplemental Fig. 1.

Synthesis of results

Clinical pregnancy rates were investigated in 11 RCTs
(number of participants = 1670). Overall, no significant
differences were observed between patients aged 35 years
and above who underwent OS using r-hFSH alone
protocols versus those who underwent r-hFSH/r-hLH
co-treatment. By contrast, in the subgroup of women be-
tween 35 and 40 years of age, the clinical pregnancy rate
was higher after r-hFSH/r-hLH co-treatment than after
r-hFSH treatment alone (OR 1.45, CI 95% 1.05-2.00,
I> = 0%, P =0.03) (Fig. 2). Implantation rates were inves-
tigated in 10 RCTs (number of participants = 1615).
Overall, no significant differences were observed be-
tween groups. Conversely, the implantation rate was sig-
nificantly higher in the subgroup analysis of women
between the ages of 35-40 years who received r-hFSH/r-

hLH co-treatment than in those receiving r-hFSH mono-
therapy (OR 1.49, CI 95% 1.10-2.01, I* = 13%, P=0.01)
(Fig. 3).

The number of oocytes retrieved was counted in 11
RCTs (number of participants = 2329). Overall, the num-
ber of oocytes retrieved was significantly lower in the r-
hFSH/r-hLH co-treatment group than in the r-hFSH
monotherapy group (WMD -0.82 CI 95% -1.40 to - 0.24,
I> = 88%, P = 0.005). Likewise, a significantly lower num-
ber of oocytes was retrieved in the r-hFSH/r-hLH group
than in the r-hFSH alone group in a subgroup analysis
of 35-40 year old women (WMD -1.03, CI - 1.89 to -
0.17, I* = 0%, P = 0.02) (Fig. 4).

The number of MII oocytes was assessed in seven
RCTs (number of participants = 997). No significant dif-
ferences were observed in the overall analysis or in the
subgroup analysis of 35—40 year old women (Fig. 5). Live
birth rates were evaluated in only two RCTs (number of
participants = 371), and no differences were detected be-
tween groups (Supplemental Fig. 2). Miscarriage rate
was reported in seven RCTs (number of participants =
1023). The overall odds ratio did not reveal any
differences between the r-hFSH plus r-hLH group and
the r-hFSH alone group. Similar findings were observed
in the subgroup analysis of 35-40year old women
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Reference  Study Period of Country Pituitary Population  Intervention Comparison Results
type observation suppression
Humaidan ~ RCT November ~ Denmark GnRH N=39 Group Al Group B1 Significantly higher implantation
etal. 2004  subgroup 2001 to (single- agonist Age 35-40 N=21 N=18 rate in r-hLH supplemented
[20] analysis October centre) long years r-nFSH +r-hLH  r-hFSH group
2002 Buserelin r-hLH started
0.5 mg /day at stimulation
day 8
r-hLH dosage
r-hFSH r-hLH
ratio 2:1
Marrs et al.  RCT n.a USA GnRH N=121 Group A Group B Higher implantation rate and
2004 [19, subgroup (multi- agonist long  Age 35-40 N=65 N=56 clinical pregnancy rate in r-hLH
69] analysis centre) Leuprolide  years r-hFSH +r-hLH  r-hFSH supplemented group
0.5 mg/day r-hLH started
at stimulation
day 6
r-hLH dosage
150U
Fabregues  RCT November  Spain GnRH N=120 Group A Group B Significantly lower number of
et al. 2006 2003 to (single- agonist Age 35-42 N=60 N=60 oocytes retrieved and Ml
[67] September  centre) long years r-hFSH + r- r-hFSH oocytes in r-hLH supplemented
2004 Triptorelin hLH group
0.1 mg/day r-hLH started Comparable implantation rate
at stimulation and pregnancy rates between
day 6 groups
r-hLH dosage
1501U
Barrenetxea RCT January to Spain GnRH N=284 Group A Group B Comparable implantation rate,
et al. 2008 June 2005 (single- agonist Age 240 N=42 N=42 pregnancy rates and number of
[70] centre) short years r-hFSH + r- r-hFSH oocytes retrieved between
Leuprolide hLH groups
0.5mg r-hLH started
at stimulation
day 7
r-hLH dosage
1501U
N. Andersen RCT August 2003  Denmark GnRH N=100 Group A Group B Comparable clinical pregnancy
et al. 2008  subgroup to Sweden agonist long  Age 35-40 N=49 N=51 rate, implantation rate and
[65] analysis November  Norway Nafarelin years r-hFSH +r-hLH  r-hFSH number of oocytes retrieved
2004 Finland 200 pg twice r-hLH started between groups
(multi- a day at stimulation
centre) day 6
r-hLH dosage
1501U
Matorras RCT January Spain GnRH N=131 Group B Group A Significantly higher implantation
et al. 2009 2005 to (single- agonist Age 35-39 N=63 N=68 rate, live birth rate in r-hLH sup-
[64] November  centre) long years r-hFSH + r- r-hFSH plemented group.
2006 Triptorelin hLH Higher clinical pregnancy rate in
0.1 mg/day r-hLH started r-hLH supplemented group
at stimulation
day 6
r-hLH dosage
1501U
Bosch et al.  RCT January Spain GnRH N=292 Group A Group B Significantly lower number of
2011 [9] 2005 to (single- antagonist  Age 36-39 N=150 N=142 oocytes retrieved in r-hLH sup-
December  centre) Cetrorelix years r-hFSH + r- r-hFSH plemented group
2007 0.25 mg/day hLH Significantly higher implantation
OC during r-hLH dosage rate in r-hLH supplemented
the cycle 751U group
before r-hLH started Higher clinical pregnancy rates
stimulation at stimulation in r-hLH supplemented group
day 1
Fabregues ~ RCT January Spain GnRH N=187 Group Al Group B Significantly lower number of
et al. 2011 2007 to (single- agonist long  Age 35-41 N=62 N=62 oocytes retrieved and Ml



Conforti et al. Reproductive Biology and Endocrinology (2021) 19:91

Table 1 Characteristics of studies included (Continued)

Page 6 of 14

Period of
observation

Reference  Study

type

Country Pituitary

suppression

Population

Intervention Comparison Results

[68] February centre)

2008

Triptorelin
0.1 mg /day

years

RCT Netherlands GnRH
(multi- antagonist
centre) Cetrorelix

0.25 mg/day

Konig et al.
2013 [36]

January
2004 to
September
2010

years

RCT GnRH
antagonist

Cetrorelix

Vietnam
(single-
centre)

October
2012 to
June 2014

Vuong et al.
2015 [37]
years

RCT GnRH
antagonist
Cetrorelix

0.25 mg/day

Israel N=62
(single-

centre)

Younis et al.
2016 [66]

April 2010
to April

2013 years

RCT GnRH
agonist long
Triptorelin
acetate 0.1

mg

Denmark
(multi-
centre)

Humaidan
et al. 2017
[71]

January
2014 and
February
2015

years

m?2
Poor

response
according the
Bologna

criteria

N=253
Age 35-43

N =240
Age = 35

Age 35-44

N=2821
Age 35-41

BMI 18-31 kg/

r-hFSH + r-
hLH

Group A2
n=063
r-hFSH + r-
hLH

r-hLH started
at stimulation
day 6 in Al
and A2
Group Al r-
hLH dosage
3751U
Group A2 r-
hLH dosage
751U

r-hFSH oocytes in r-hLH supplemented

group
Comparable implantation rate
and pregnancy rates between
groups

Group A
N=125
r-hFSH + r-
hLH

r-hLH started
at stimulation
day 6

r-hLH dosage
1501U

Group B
N=128
r-hFSH

Comparable clinical pregnancy
rate, implantation rate and n
oocytes retrieved between
groups

Group A
N=120
r-hFSH + r-
hLH

r-hLH started
at stimulation
day 6

r-hLH dosage
751U

Group B
N=120
r-hFSH

Comparable clinical pregnancy
rate, implantation rate and
number of oocytes retrieved
between groups

Group A
N=32

r-hFSH +r-hLH
r-hLH started
with
antagonist
r-hLH dosage
r-hFSH r-hLH
ratio 2:1

Group B
N=30
r-hFSH

Comparable clinical pregnancy
rate, implantation rate and
number of oocytes retrieved
between groups

Group A

N =405
r-hFSH + r-
hLH

r-hLH started
at stimulation
day 1

r-hLH dosage
r-hFSH r-hLH
ratio 2:1

Group B
N=416
r-hFSH

Comparable number of oocytes
retrieved

Continuous data are presented as mean + standard deviation or median value when specified; categorical data are presented as percentage or Odds Ratio
n.a not available, r-hFSH recombinant human follicle stimulating hormone, r-hLH recombinant human luteinizing hormone; ~: comparable, NS no significant, OR

odds ratio, CI confidence interval, p p value

(Supplemental Fig. 3). OHSS risk was reported in 4
RCTs (number of participants = 1420). The overall odds
ratio did not reveal any significant difference between
the r-hFSH/r-hLH group and r-hFSH alone group (Sup-
plemental Fig. 4).

Risk of bias across studies

The risk of a significant bias across studies regarding the
primary outcome was excluded by Egger’s test (p = 0.69),
and confirmed by visual inspection of the funnel plots
and by the trim and fill method (Supplemental Fig. 5).
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a r-hFSH + r-hLH r-hFSH Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI

Marrs et al. 2004 27 65 17 56  8.5% 1.63[0.77, 3.46] 2004 T

Humaidan et al. 2004 7 21 4 18  24% 1.75[0.42, 7.35] 2004 —

Fabreguez et al. 2006 24 60 25 60 9.1% 0.93[0.45, 1.93] 2006 -1

Nyboe Andersen et al. 2008 14 49 18 51 6.8% 0.73[0.32,1.71] 2008 I

Barrentexea et al. 2008 10 42 9 42 46% 1.15[0.41, 3.19] 2008 1T

Matorras et al. 2009 17 63 10 68  6.4% 2.14[0.90, 5.12] 2009 T

Fabreguez et al. 2011 31 125 22 62 11.0% 0.60[0.31, 1.16] 2011 -

Bosch et al. 2011 57 170 43 170 21.0% 1.49[0.93, 2.38] 2011 el

Konig et al. 2013 35 125 38 128 15.9% 0.92[0.53, 1.59] 2013 I

Vuong et al. 2015 27 120 27 120 13.0% 1.00 [0.55, 1.83] 2015 s

Younis et al. 2016 3 28 2 27 1.4% 1.50[0.23, 9.76] 2016 —

Total (95% CI) 868 802 100.0% 1.11 [0.89, 1.38]

Total events 252 215

Heterogeneity: Tau? = 0.00; Chi? = 10.24, df = 10 (P = 0.42); 1> = 2% '0-01 011 ‘i 1'0 100'

Test for overall effect: Z=0.91 (P = 0.36) FhFSH r-hFSH +r-hLH
b r-hFSH + r-hLH r-hFSH Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Humaidan et al. 2004 7 21 4 18 5.1% 1.75[0.42, 7.35] 2004 —

Marrs et al. 2004 27 65 17 56 18.6% 1.63[0.77, 3.46] 2004 T

Nyboe Andersen et al. 2008 14 49 18 51 14.8% 0.73[0.32, 1.71] 2008 - "1

Matorras et al. 2009 17 63 10 68 13.9% 2.1410.90, 5.12] 2009 T

Bosch et al. 2011 57 170 43 170 47.7% 1.49[0.93, 2.38] 2011 i

Total (95% CI) 368 363 100.0% 1.45[1.05, 2.00] L 2

Total events 122 92

Heterogeneity: Tau? = 0.00; Chi? = 3.4, df = 4 (P = 0.49); I = 0% f t t d

Test fo?overzll effect: Z =2.23 (P = 0.03) ( ) 0.01 01 -hFSH ! -hFSH +r—hLH10 100
Fig. 2 Forest plot showing the effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian stimulation on clinical pregnancy rates: a age = 35
years, b between 35 and 40 years old

Sensitivity analysis
Sensitivity analysis conducted excluding studies with a
high risk of bias revealed that the pooled effect sizes
were not affected by any outcome addressed (Supple-
mentary Table 1).

Discussion

Summary of evidence

This meta-analysis suggests that r-hFSH/r-hLH co-
treatment during OS increases both clinical pregnancy
rates and implantation rates in women between the ages
of 35 and 40 years who underwent OS for IVF. R-hFSH/
r-hLH co-treatment was associated with fewer oocytes
retrieved; however, no differences in terms of the num-
ber of MII oocytes retrieved were observed between
groups. The miscarriage rate did not differ between the
overall population and women aged 35-40 years. Unfor-
tunately, only two RTCs reported live birth rate per
started cycle [37, 64]. A benefit in terms of live births
per cycle was reported in only one RCT in which only
women between the ages of 35-39 years were enrolled
[64].

Interpretation of results and clinical considerations
Luteinizing hormone plays several pivotal roles during
folliculogenesis. In fact, in theca cells, it promotes

androgen production [72]. During the intermediate fol-
licle phase, LH contributes to follicular recruitment
thereby increasing FSH-R expression in granulosa cells.
Together with FSH, LH induces local growth factors in-
volved in follicular maturation [73-75]. Lastly, during
ovulation, LH exerts several essential functions involved
in oocyte quality, for instance, it induces the completion
of meiosis and extrusion of the first polar body [76].

In most women undergoing OS for ART, endogenous
LH sustains follicle recruitment thereby obviating the
need for exogenous supplementation during this process.
However, advanced age women have a “relative” defi-
ciency of the LH system. Indeed, despite a normal LH
level [77], these women exhibit decreased LH activity,
which in turn impairs androgen production. Indeed,
levels of circulating androgens were found to be much
lower in older than in younger reproductive age women.
Zumoff et al. reported that the expected testosterone
level of a 40 year old woman is about half that of a 21
year old woman [8]. In line with this finding, Mushayan-
debvu et al. observed reduced androstenedione and tes-
tosterone levels at midcycle in older reproductive age
women [78]. A steep decrease in circulating androgens
in late reproductive age was confirmed by a large cross
sectional study involving 1423 women in whom total
testosterone,  free  testosterone, nDHEA-S  and
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a Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Humaidan et al. 2004 1.3122 0.6476 3.1% 3.71[1.04, 13.22] 2004
Marrs et al. 2004 0.3577 0.3225 10.2% 1.43[0.76, 2.69] 2004 T
Fabreguez et al. 2006 -0.0408 0.2842 12.3% 0.96 [0.55, 1.68] 2006 - T
Barrentexea et al. 2008 0.1906 0.5777 3.8% 1.21[0.39, 3.75] 2008 - 1
Nyboe Andersen et al. 2008 -0.1625 0.3597  8.6% 0.85[0.42, 1.72] 2008 I
Matorras et al. 2009 0.5423 0.3419 9.3% 1.72[0.88, 3.36] 2009 T
Bosch et al. 2011 0.4447 0.2069 18.6% 1.56 [1.04, 2.34] 2011 —
Fabreguez et al. 2011 -0.2614 0.2628 13.7% 0.77[0.46, 1.29] 2011 -
Konig et al. 2013 -0.1165 0.2549 14.3% 0.89 [0.54, 1.47] 2013 I
Vuong et al. 2015 0.0164 0.4447 6.0% 1.02[0.43,2.43] 2015 I B
Total (95% CI) 100.0% 1.16 [0.92, 1.46] ?
Heterogeneity: Tau? = 0.03; Chiz = 11.82, df = 9 (P = 0.22); 1> = 24% ‘0 0 0'1 ; 150 100’
Test for overall effect: Z=1.24 (P =0.21) ’ r-hFSH r-hFSH + r-hLH
b Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
Marrs et al. 2004 0.3577 0.3225 20.0% 1.43[0.76, 2.69] 2004 I
Humaidan et al. 2004 1.3122 0.6476 5.5% 3.71[1.04, 13.22] 2004
Nyboe Andersen et al. 2008 -0.1696 0.3699 15.7% 0.84[0.41, 1.74] 2008 -
Matorras et al. 2009 0.5423 0.3419 18.1% 1.72[0.88, 3.36] 2009 T
Bosch et al. 2011 0.4447 0.2069 40.7% 1.56 [1.04, 2.34] 2011 i
Total (95% CI) 100.0% 1.49 [1.10, 2.01] <&
ity: Tau? = 0.02: Chi? = = = =139 b t } i
Heterogeneity: Tau . 0.92, Chi _4.59, df =4 (P=0.33); I2=13% 0.01 01 ] 10 100
Test for overall effect: Z =2.55 (P = 0.01) r-hFSH r-hFSH + r-hLH
Fig. 3 Forest plot showing the effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian stimulation on the implantation rate: a age = 35
years, b between 35 and 40 years old
A

androstenedione declined dramatically after the age of
25years [7]. It has been suggested that the androgen
serum deficiency observed in advanced age could be
compensated by androgen supplementation [79, 80].
However, it seems implausible that androgen supplemen-
tation could affect the intrafollicular androgen milieu
given that serum androgen concentrations do not correl-
ate with levels of androgen follicle fluid even in advanced
age women [81, 82]. In contrast, LH supplementation in-
duces local follicle androgen production and might be a
more physiological approach with which to modulate fol-
licular function than androgen supplementation [29, 81].

While it seems conceivable that LH supplementation
could mitigate the age-related impairment of both an-
drogen production and androgen follicular fluid levels
[30], the age-related aneuploidy rate, which becomes in-
creasingly more relevant in women above the age of 40
years [34], seems to be unavoidable regardless of the
type or dose of the gonadotropin regimen used. This hy-
pothesis partially explains why the impact of r-hFSH/r-
hLH co-treatment disappeared when women above 40
years old were included in the analysis.

The impaired function of the LH system seen in age-
ing women could also be exacerbated by the pituitary
suppression regimen used during OS. Indeed, both
GnRH agonist and GnRH antagonist regimens dramatic-
ally decrease the circulating LH level in peripheral blood
of women undergoing IVF, regardless of age [48, 57, 83].

In line with this finding, Younis et al. [84] reported a
relative LH deficiency in older women undergoing a
flexible antagonist regimen. They also reported that r-
hFSH/r-hLH co-treatment could counteract this
deficiency.

In addition, a pilot study demonstrated that r-hFSH/r-
hLH co-treatment significantly improved implantation
rates and the number of positive pregnancy tests in
women with a history of repeated implantation failure
[85]. This effect seems mainly due to an increased oo-
cyte quality and the anti-apoptotic effect exerted by LH
on cumulus cells [62]. In addition, LH acts through
post-receptor paracrine signaling thereby promoting cell
expansion and oocyte maturation during folliculogenesis
[86]. In our meta-analysis, we observed that, although
fewer oocytes were retrieved in the r-hLH-r-hFSH co-
treatment group than in the r-hFSH-only group, the
number of MII oocytes in the co-treatment group was
comparable to that in the r-hFSH-only group, and the
clinical pregnancy rate was significantly better in the co-
treatment group. These findings suggest that the
addition of r-hLH to hFSH in women at an advanced re-
productive age might improve the quality rather than
the quantity of ovarian response. A positive effect of r-
hLH addition on live birth rate and miscarriage rate has
yet to be established. This is not surprising given that
data about live births were reported in only 22% of trials
of ART treatment [87]. Similarly, data about pregnancy
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a r-hFSH + r-hLH r-hFSH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% ClI
Humaidan et al. 2004 103 49 21 94 49 18 2.9% 0.90 [-2.18, 3.98] 2004
Fabreguez et al. 2006 6.3 07 60 79 07 60 14.9% -1.60 [-1.85, -1.35] 2006 -

Nyboe Andersen et al. 2008 85 59 49 93 42 51 5.3% -0.80 [-2.81, 1.21] 2008 - 1
Barrentexea et al. 2008 543 0.42 42 566 0.52 42  15.0% -0.23 [-0.43, -0.03] 2008 =
Matorras et al. 2009 83 47 63 8.9 49 68 6.8% -0.60 [-2.24, 1.04] 2009 -
Fabreguez et al. 2011 6.1 3 125 78 3.9 62 9.8% -1.70[-2.80, -0.60] 2011 I

Bosch et al. 2011 8.4 45 150 101 6.3 142 8.8% -1.70 [-2.96, -0.44] 2011 -

Konig et al. 2013 102 6.1 125 109 64 128 7.3% -0.70 [-2.24, 0.84] 2013 - 1
Vuong et al. 2015 7 528 120 8 445 120 9.0% -1.00 [-2.24, 0.24] 2015 -1
Younis et al. 2016 6.2 43 32 6 34 30 5.7% 0.20 [-1.72, 2.12] 2016 - I
Humaidan et al. 2017 3.3 267 405 3.6 286 416 14.4% -0.30[-0.68, 0.08] 2017 il

Total (95% Cl) 1192 1137 100.0%  -0.82[-1.40, -0.24] &
Heterogeneity: Tau? = 0.57; Chiz = 82.22, df = 10 (P < 0.00001); I2 = 88% _’4 _’2 5 é j‘
Test for overall effect: Z =2.79 (P = 0.005) -hESH + r-hLH r-hFSH

b rFSH + rLH rFSH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Humaidan et al. 2004 103 49 21 94 49 18 7.8% 0.90 [-2.18, 3.98] 2004
Nyboe Andersen et al. 2008 85 59 49 93 4.2 51 18.3% -0.80 [-2.81, 1.21] 2008 e
Matorras et al. 2009 83 47 63 8.9 49 68 27.4% -0.60 [-2.24, 1.04] 2009 =
Bosch et al. 2011 84 45 150 10.1 6.3 142 46.5% -1.70 [-2.96, -0.44] 2011 ——

Total (95% ClI) 283 279 100.0%  -1.03 [-1.89, -0.17] ‘
Heterogeneity: Tau? = 0.00; Chi? = 2.90, df = 3 (P = 0.41); 12= 0% 4 2 5 2 i
Test for overall effect: Z =2.35 (P = 0.02) -hESH + -hLH  r-hFSH
Fig. 4 Forest plot showing the effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian stimulation on the total number of oocytes
retrieved: a age = 35 years, b between 35 and 40 years old
J

loss was not reported in 33% of infertility treatment tri-  possible confounders (e.g., gestational complications un-
als [87]. These deficiencies are mainly related to the fact related to IVF) until delivery (approximately 40 weeks
that pregnancies are usually cared for by physicians after transfer) could be challenging and costly for both
other than those who performed the IVF process. In  sponsored and unsponsored clinical trials [87]. The
addition, follow-up of pregnancies considering all lower number of oocytes retrieved in the r-hLH co-

a rFSH + rLH rFSH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% ClI
Marrs et al. 2004 93 26 65 83 26 56 13.4% 1.00 [0.07, 1.93] 2004 —
Fabreguez et al. 2006 55 0.7 60 69 06 60 19.3% -1.40 [-1.63, -1.17] 2006 =
Barrentexea et al. 2008 4.57 0.44 42 5.06 0.52 42 19.4% -0.49[-0.70, -0.28] 2008 =
Matorras et al. 2009 6.7 4.1 63 7 438 68 8.6% -0.30 [-1.83, 1.23] 2009 I
Bosch et al. 2011 6.6 3.1 150 7 43 142 14.0% -0.40 [-1.26, 0.46] 2011 -
Fabreguez et al. 2011 54 18 125 6.8 2.1 62 16.4% -1.40 [-2.01,-0.79] 2011 -
Younis et al. 2016 5 36 32 42 23 30 8.8% 0.80[-0.69, 2.29] 2016 I
Total (95% CI) 537 460 100.0% -0.47 [-1.07, 0.12] ‘I
Heterogeneity: Tau? = 0.46; Chi? = 57.63, df = 6 (P < 0.00001); I> = 90% t t T t t
Test for overall effect: Z = 1.56 (P = 0.12) -10 ™ 0 5 10
r-hFSH + r-hLH r-hFSH
b rFSH + rLH rFSH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI Year IV, Random, 95% CI
Marrs et al. 2004 93 26 65 8326 56 37.2% 1.00[0.07, 1.93] 2004 -
Matorras et al. 2009 6.7 41 63 7 48 68 238%  -0.30[-1.83,1.23] 2009 —a—
Bosch et al. 2011 6.6 3.1 150 7 43 142 39.0% -0.40 [-1.26, 0.46] 2011
Total (95% CI) 278 266 100.0% 0.14 [-0.84, 1.13]
Heterogeneity: Tau? = 0.45; Chi? = 5.10, df = 2 (P = 0.08); 12 = 61% t t t t t
Test for overall effect: Z = 0.29 (P = 0.77) -10 S 0 5 10
r-hFSH + r-hLH  r-hFSH
Fig. 5 Forest plot showing the effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian stimulation on the number of metaphase |l
oocytes: a age 2 35 years, b between 35 and 40 years old
J
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treated group is consistent with a previous meta-analysis
[88] and supports the evidence that LH could suppress
small preovulatory follicles thereby favoring maturation
of the largest ones during OS [89].

Lastly, LH endometrial maturation may be disturbed
in case of LH deficiency [90]. Indeed, LH modulates
several signaling molecules involved in endometrial
implantation, such as cytokine leukemia inhibiting
factor, colony-stimulating factor-1 and interleukin-1,
integrins, glycodelin and mucin 1 [90, 91]. Further-
more, in vivo studies demonstrated that the LH
receptor is increased at the time of implantation,
which suggests that LH signaling may contribute to
implantation [92].

Limitations

The main limitation of this review and meta-analysis is
that very few studies have analyzed the clinical effect of
r-hFSH/r-hLH co-treatment within a specific age range.
As mentioned in the Introduction, the IVF prognosis in
terms of live birth dramatically changes year by year
after 35 years of age, irrespective of the treatment strat-
egy used [1]. This explains the inconsistent findings ob-
served when studies that enrolled patients with a large
age range (for instance >35 years) [36, 37] were com-
pared with studies using a narrow age range (for in-
stance 35—39 years) [9, 64]. We believe that large studies
with a narrow age range would better elucidate the role
of r-hLH in women of advanced reproductive age.

Another issue is the fact that only two studies reported
live birth data, which is considered the most relevant
endpoint in reproductive medicine. However, data about
clinical pregnancy rates, which has been addressed in a
large number of trials, suggest that women between 35
and 40vyears of age could benefit from r-hLH supple-
mentation. Similar to live birth rate, clinical pregnancy
rate could be a reliable parameter of IVF success [93,
94]. Indeed, in a meta-analysis of 143 RCTs, Clarke and
colleagues demonstrated that conclusions regarding the
effectiveness of a treatment based on either clinical preg-
nancy or live birth as endpoints are comparable (kappa
0.81; 95% CI: 0.68—0.94) [94].

Notably, live birth as the primary endpoint could be
debatable in advanced age patients given the age-
dependent miscarriage rate observed in these patients
[33]. For example, the miscarriage rate in women over
40 years was estimated to be approximately 30% [33].
Not surprisingly, a dramatic pre-delivery drop-out has
been observed during similar trials, and the sample size
required to analyze this endpoint is usually economically
unsustainable [93]. This explains why, even the largest
RTCs published so far were not sufficiently powered to
detect differences in terms of live birth rates between
treatment arms [37, 71]. In most cases the power
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analysis was made on clinical pregnancy rate and the
number of oocytes, respectively [37, 67, 71]. The process
of converting a secondary outcome such as live birth
rate from original trials to a primary outcome in meta-
analyses inevitably leads to a Type I error [95]. Further-
more, live birth rate is more prone to bias than the clin-
ical pregnancy rate and is unrelated to the type of
gonadotropins used for OS in ART. For instance, intra-
uterine fetal death after 12 weeks of gestation occurs in
about 5% of ongoing pregnancies after IVF, and this risk
increases in women of advanced age. This phenomenon
is not related to the type of gonadotropin treatment ad-
ministered but depends essentially on the increased an-
euploidy rate of the embryos recorded in advanced age
women [34, 96]. Furthermore, the association between
advanced maternal age per se and fetal death is well
established and is independent of maternal morbidity
and ART treatment [97]. Given the foregoing, we believe
that clinical pregnancy rate is a more relevant and reli-
able main outcome measure than live birth rate.

Lastly, there is still some controversy regarding the
dosage and timing of r-hLH administration. Several regi-
mens have been proposed. Some authors suggested
starting LH upon the onset of OS treatment [9, 63],
others starting from the intermediate phase of OS [36,
37]. In the first phase of folliculogenesis, LH receptors
are expressed predominantly in theca cells thereby pro-
moting ovarian androgen production, which, as men-
tioned above, is reduced in advanced age women [7].
The latter finding might explain why implantation and
clinical pregnancy rates were better in advanced age
women when r-hLH was prescribed with r-hFSH from
the beginning of OS than when r-hLH was added to r-
hFSH therapy during OS [9, 63]. On the other hand, it is
widely acknowledged that LH receptors are expressed in
granulosa cells starting from the intermediate follicular
phase, and that LH can support follicular growth [98,
99]. Consistently, several data demonstrate that LH
could resolve the follicular growth stagnation that char-
acterizes young women with a hypo-response. Indeed, in
these patients, the administration of r-hLH during OS
(i.e., stimulation day 7 or 8) significantly increased the
number of oocytes retrieved [100]. Regarding dosage, a
2:1 ratio with r-hLH between 75 IU and 150 IU adminis-
tered from the onset of stimulation appears to be suffi-
cient to obtain a clinical benefit in women between the
ages of 35-39 years [9, 63].

Future research

As mentioned above, the conflicting results reported
so far regarding the effect of r-FSH/r-hLH co-
treatment in advanced age women are pivotally linked
to the wide age range used in most trials involving
advanced age women [36, 37]. Herein we have
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partially addressed this issue by performing a sub-
group analysis of studies with a narrower age-range,
namely those involving women between 35 and 40
years of age. In the attempt to strengthen our find-
ings, we adopted a more conservative approach, using
the random-effect model for all outcomes analyzed.
However, we recognize that further research is needed
in women between the ages of 35-40years, and of
women in narrower age ranges (i.e., 35-37 and 38-
40 years) to understand better the benefit of r-hFSH/
r-hLH co-treatment. Future studies should consider
administering r-hFSH/r-hLH co-treatment from the
start of OS because this regimen appears to be better
than when it is started 6-7 days after OS with FSH
alone [9, 63].

Conclusion

This meta-analysis shows that r-hFSH/r-hLH co-
treatment and r-hFSH monotherapy have comparable
clinical pregnancy rates in women above the age of 34
years. However, women between 35 and 40year old,
might benefit from r-hFSH/r-hLH co-treatment in terms
of clinical pregnancy and implantation rates. Further re-
search using narrower age-ranges is warranted to cor-
roborate these findings.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512958-021-00759-4.

Additional file 1: Supplemental Table 1. Sensitivity analysis.

Additional file 2: Supplemental Figure 1. Risk of bias per study and
summary.

Additional file 3: Supplemental Figure 2. Forest plot showing the
effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian
stimulation on live birth rate.

Additional file 4: Supplemental Figure 3. Forest plot showing the
effect of r-hFSH + r-hLH versus r-hFSH monotherapy in ovarian
stimulation on the miscarriage rates: a) age = 35 years b) between 35 and
40 years old.

Additional file 5: Supplemental Figure 4. Funnel-plots and “trim and
fill” analysis of primary outcome. White dots represent the values
observed in each study while black dots represent studies “trimmed” for
funnel plot asymmetry. The white diamond represents the overall
observed effect size (OR 1.11, 95% Cl 0.89-1.38) while the black diamond
represents the overall effect size using trim and fill method (OR 1.05, 95%
Cl 0.85-1.29). The trim and fill analysis showed there was no substantial
changes in the effect size of the primary outcome.

Acknowledgements
We thank Jean Ann Gilder (Scientific Communication, Naples, Italy) for
language revision.

Authors’ contributions

Alessandro Conforti was the main contributor in writing the manuscript and
designing the work. All authors actively contributed to the elaboration of the
manuscript and approved the final version of the manuscript.

Funding
This paper was produced without financial support.

(2021) 19:91

Page 11 of 14

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Dr. Conforti and Prof Alviggi and Prof. Orvieto report personal fees and
honoraria outside the submitted work. Prof. Esteves declares receipt of
speaker’s fees from Merck, Lilly, and Besins outside the present study. Prof.
Humaidan declares honoraria for lectures from Merck, MSD, IBSA, Gedeon
Richter and Theramex as well as unrestricted research grants from Merck,
Ferring, IBSA and Gedeon Richter. Dr. Filippo Maria Ubaldi and Dr. Alberto
Vaiarelli declare receipt of speaker’s fees from Merck and MSD. Dr. Danilo
Cimadomo and Prof. Zullo have nothing to disclose. Dr. Longobardi is Senior
Medical Director Fertility, Clinical Development, Merck KGaA, Darmstadt,
Germany. Prof. D'Hooghe is Vice President and Head of Global Medical
Affairs Fertility, Research and Development, Merck KGaA, Darmstadt,
Germany. Thomas D'Hooghe is Professor in Reproductive Medicine and
Biology at the Department of Development and Regeneration, Group
Biomedical Sciences, KU Leuven (University of Leuven), Belgium, and Adjunct
Professor at the Department of Obstetrics and Gynecology in the University
of Yale, New Haven, USA.

Author details

University of Naples Federico Il, Department of Neuroscience, Reproductive
Science and Odontostomatology, University of Naples Federico I, Naples,
Italy. ANDROFERT, Andrology and Human Reproduction Clinic, Campinas,
Brazil. *Department of Surgery, University of Campinas, Campinas, Brazil.
“Faculty of Health, Aarhus University, Aarhus, Denmark. *Fertility Clinic, Skive
Regional Hospital, Skive, Denmark. ®Merck Serono S.p.A, Rome, Italy.
’Department of Development and Regeneration, Biomedical Sciences Group,
KU Leuven (University of Leuven), Merck, Leuven, Belgium. 8KGaA, Darmstadt,
Germany. “Department of Obstetrics and Gynecology, Chaim Sheba Medical
Center, Ramat Gan, Israel. '°The Tarnesby-Tarnowski Chair for Family Planning
and Fertility Regulation, Sackler Faculty of Medicine, Tel-Aviv University,
Tel-Aviv, Israel. "'Clinica Valle Giulia, GEN.ERA. Centers for Reproductive
Medicine, Rome, Italy.

Received: 2 November 2020 Accepted: 10 May 2021
Published online: 21 June 2021

References

1. Alviggi C, Humaidan P, Howles CM, Tredway D, Hillier SG. Biological versus
chronological ovarian age: implications for assisted reproductive
technology. Reprod Biol Endocrinol. 2009;7(1):101. https://doi.org/10.1186/14
77-7827-7-101.

2. Baird DT, Collins J, Egozcue J, Evers LH, Gianaroli L, Leridon H, et al. Fertility
and ageing. Hum Reprod Update. 2005;11(3):261-76. https://doi.org/10.1
093/humupd/dmi006.

3. Esteves SC, Carvalho JF, Martinhago CD, Melo AA, Bento FC, Humaidan P, et al.
Estimation of age-dependent decrease in blastocyst euploidy by next generation
sequencing: development of a novel prediction model. Panminerva Med. 2019;
61(1):3-10. https.//doiorg/10.23736/5S0031-0808.18.03507-3.

4. Cimadomo D, Fabozzi G, Vaiarelli A, Ubaldi N, Ubaldi FM, Rienzi L. Impact of
Maternal Age on Oocyte and Embryo Competence. Front Endocrinol
(Lausanne). 2018;9:327.

5. Navot D, Bergh PA, Williams MA, Garrisi GJ, Guzman 1, Sandler B, et al. Poor
oocyte quality rather than implantation failure as a cause of age-related
decline in female fertility. Lancet. 1991,337(8754):1375-7. https://doi.org/10.1
016/0140-6736(91)93060-M.

6. Nelson SM, Telfer EE, Anderson RA. The ageing ovary and uterus: new
biological insights. Hum Reprod Update. 2013;19(1):67-83. https://doi.org/1
0.1093/humupd/dms043.


https://doi.org/10.1186/s12958-021-00759-4
https://doi.org/10.1186/s12958-021-00759-4
https://doi.org/10.1186/1477-7827-7-101
https://doi.org/10.1186/1477-7827-7-101
https://doi.org/10.1093/humupd/dmi006
https://doi.org/10.1093/humupd/dmi006
https://doi.org/10.23736/S0031-0808.18.03507-3
https://doi.org/10.1016/0140-6736(91)93060-M
https://doi.org/10.1016/0140-6736(91)93060-M
https://doi.org/10.1093/humupd/dms043
https://doi.org/10.1093/humupd/dms043

Conforti et al. Reproductive Biology and Endocrinology

20.

21.

22.

23.

(2021) 19:91

Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen levels in adult
females: changes with age, menopause, and oophorectomy. J Clin Endocrinol
Metab. 2005;90(7):3847-53. https//doi.org/10.1210/jc.2005-0212.

Zumoff B, Strain GW, Miller LK, Rosner W. Twenty-four-hour mean plasma
testosterone concentration declines with age in normal premenopausal
women. J Clin Endocrinol Metab. 1995;80(4):1429-30. https://doi.org/10.121
0/jcem.804.7714119.

Bosch E, Labarta E, Crespo J, Simén C, Remohi J, Pellicer A. Impact of
luteinizing hormone administration on gonadotropin-releasing hormone
antagonist cycles: an age-adjusted analysis. Fertil Steril. 2011,95(3):1031-6.
https//doi.org/10.1016/j fertnstert.2010.10.021.

ESHRE. Assisted reproductive technology in Europe, 2002. Results generated
from European registers by ESHRE. Hum Reprod. 2006;21:1680-97.

De Geyter C, Calhaz-Jorge C, Kupka MS, Wyns C, Mocanu E, Motrenko T, et al.
ART in Europe, 2014: results generated from European registries by ESHRE: the
European IVF-monitoring consortium (EIM) for the European Society of Human
Reproduction and Embryology (ESHRE). Hum Reprod. 2018;33(9):1586-601.
https//doi.org/10.1093/humrep/dey242.

Ishihara O, Adamson GD, Dyer S, de Mouzon J, Nygren KG, Sullivan EA, et al.
International committee for monitoring assisted reproductive technologies:
world report on assisted reproductive technologies, 2007. Fertil Steril. 2015;
103:402-13 el 1.

Dyer S, Chambers GM, de Mouzon J, Nygren KG, Zegers-Hochschild F,
Mansour R, et al. International Committee for Monitoring Assisted
Reproductive Technologies world report: assisted reproductive technology
2008, 2009 and 2010. Hum Reprod. 2016;31(7):1588-609. https.//doi.org/10.1
093/humrep/dew082.

Adamson GD, de Mouzon J, Chambers GM, Zegers-Hochschild F, Mansour
R, Ishihara O, et al. International Committee for Monitoring Assisted
Reproductive Technology: world report on assisted reproductive
technology, 2011. Fertil Steril. 2018;110(6):1067-80. https://doi.org/10.1016/j.
fertnstert.2018.06.039.

De Geyter C, Calhaz-Jorge C, Kupka MS, Wyns C, Mocanu E, Motrenko T,

et al. ART in Europe, 2015: results generated from European registries by
ESHRE. Hum Reprod Open. 2020;2020(1):hoz038.

Calhaz-Jorge C, De Geyter CH, Kupka MS, Wyns C, Mocanu E, Motrenko T,
et al. Survey on ART and IUL: legislation, regulation, funding and registries in
European countries: The European IVF-monitoring Consortium (EIM) for the
European Society of Human Reproduction and Embryology (ESHRE). Hum
Reprod Open. 2020;2020(1):hoz044.

Roman R, Mussarat N, Detti L. Ovarian stimulation in poor responders: have
we made Progress? Curr Pharm Biotechnol. 2017;18(8):614-8. https://doi.
0rg/10.2174/1389201018666171002132853.

van Tilborg TC, Torrance HL, Oudshoorn SC, Eijkemans MJC, Koks CAM,
Verhoeve HR, et al. Individualized versus standard FSH dosing in women
starting IVF/ICSI: an RCT. Part 1: the predicted poor responder. Hum Reprod.
2017;32(12):2496-505. https;//doi.org/10.1093/humrep/dex318.

Marrs R, Meldrum D, Muasher S, Schoolcraft W, Werlin L, Kelly E.
Randomized trial to compare the effect of recombinant human FSH
(follitropin alfa) with or without recombinant human LH in women
undergoing assisted reproduction treatment. Reprod BioMed Online. 2004;
8(2):175-82. https://doi.org/10.1016/51472-6483(10)60513-5.

Humaidan P, Bungum M, Bungum L, Andersen CY. Effects of recombinant
LH supplementation in women undergoing assisted reproduction with
GnRH agonist down-regulation and stimulation with recombinant FSH: an
opening study. Reprod BioMed Online. 2004;8(6):635-43. https://doi.org/10.1
016/51472-6483(10)61643-4.

Vaiarelli A, Cimadomo D, Argento C, Ubaldi N, Trabucco E, Drakopoulos P,
et al. Double stimulation in the same ovarian cycle (DuoStim) is an
intriguing strategy to improve oocyte yield and the number of competent
embryos in a short timeframe. Minerva Ginecol. 2019;71(5):372-6. https.//
doi.org/10.23736/50026-4784.19.04390-9.

Cimadomo D, Vaiarelli A, Colamaria S, Trabucco E, Alviggi C, Venturella
R, et al. Luteal phase anovulatory follicles result in the production of
competent oocytes: intra-patient paired case-control study comparing
follicular versus luteal phase stimulations in the same ovarian cycle.
Hum Reprod. 2018;33(8):1442-8. https://doi.org/10.1093/humrep/dey217.
Vaiarelli A, Cimadomo D, Trabucco E, Vallefuoco R, Buffo L, Dusi L, et al.
Double Stimulation in the Same Ovarian Cycle (DuoStim) to Maximize
the Number of Oocytes Retrieved From Poor Prognosis Patients: A

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 12 of 14

Multicenter Experience and SWOT Analysis. Front Endocrinol (Lausanne).
2018,9:317.

Vaiarelli A, Venturella R, Vizziello D, Bulletti F, Ubaldi FM. Dual ovarian
stimulation and random start in assisted reproductive technologies: from
ovarian biology to clinical application. Curr Opin Obstet Gynecol. 2017,29(3):
153-9. https://doi.org/10.1097/GCO.0000000000000365.

Ubaldi FM, Capalbo A, Vaiarelli A, Cimadomo D, Colamaria S, Alviggi C, et al.
Follicular versus luteal phase ovarian stimulation during the same menstrual
cycle (DuoStim) in a reduced ovarian reserve population results in a similar
euploid blastocyst formation rate: new insight in ovarian reserve
exploitation. Fertil Steril. 2016;105:1488-95 el.

Vaiarelli A, Cimadomo D, Conforti A, Schimberni M, Giuliani M, D'Alessandro
P, et al. Luteal phase after conventional stimulation in the same ovarian
cycle might improve the management of poor responder patients fulfilling
the Bologna criteria: a case series. Fertil Steril. 2020;113(1):121-30. https://
doi.org/10.1016/j fertnstert.2019.09.012.

Filicori M. The role of luteinizing hormone in folliculogenesis and ovulation
induction. Fertil Steril. 1999,71(3):405-14. https//doi.org/10.1016/50015-0282
(98)00482-8.

Freis A, Germeyer A, Jauckus J, Capp E, Strowitzki T, Zorn M, et al.
Endometrial expression of receptivity markers subject to ovulation induction
agents. Arch Gynecol Obstet. 2019;300(6):1741-50.

Marchiani S, Tamburrino L, Benini F, Pallecchi M, Bignozzi C, Conforti A, et al.
LH supplementation of ovarian stimulation protocols influences follicular fluid
steroid composition contributing to the improvement of ovarian response in
poor responder women. Sci Rep. 2020;10(1):12907. https//doi.org/10.1038/541
598-020-69325-z.

Bosch E, Labarta E, Kolibianakis E, Rosen M, Meldrum D. Regimen of ovarian
stimulation affects oocyte and therefore embryo quality. Fertil Steril. 2016;
105(3):560-70. https.//doi.org/10.1016/jfertnstert.2016.01.022.

Hill MJ, Levens ED, Levy G, Ryan ME, Csokmay JM, DeCherney AH, et al. The
use of recombinant luteinizing hormone in patients undergoing assisted
reproductive techniques with advanced reproductive age: a systematic
review and meta-analysis. Fertil Steril. 2012,97:1108-14 el.

Mochtar MH, Danhof NA, Ayeleke RO, Van der Veen F, van Wely M.
Recombinant luteinizing hormone (rLH) and recombinant follicle
stimulating hormone (rFSH) for ovarian stimulation in IVF/ICSI cycles.
Cochrane Database Syst Rev. 2017;5:Cd005070.

ASRM. Female age-related fertility decline. Committee opinion no. 589. Fertil
Steril. 2014;101:633-4.

Ata B, Kaplan B, Danzer H, Glassner M, Opsahl M, Tan SL, et al. Array CGH
analysis shows that aneuploidy is not related to the number of embryos
generated. Reprod BioMed Online. 2012;24(6):614-20. https://doi.org/10.101
6/j.rbom0.2012.02.009.

Vaiarelli A, Cimadomo D, Ubaldi N, Rienzi L, Ubaldi FM. What is new in the
management of poor ovarian response in IVF? Curr Opin Obstet Gynecol.
2018;30(3):155-62. https.//doi.org/10.1097/GCO.0000000000000452.

Konig TE, van der Houwen LE, Overbeek A, Hendriks ML, Beutler-Beemsterboer
SN, Kuchenbecker WK; et al. Recombinant LH supplementation to a standard
GnRH antagonist protocol in women of 35 years or older undergoing IVF/ICSI:
a randomized controlled multicentre study. Hum Reprod. 2013;28(10):2804-12.
https//doi.org/10.1093/humrep/det266.

Vuong TNL, Phung HT, Ho MT. Recombinant follicle-stimulating hormone
and recombinant luteinizing hormone versus recombinant follicle-
stimulating hormone alone during GnRH antagonist ovarian stimulation in
patients aged 235 years: a randomized controlled trial. Hum Reprod. 2015;
30(5):1188-95. https//doi.org/10.1093/humrep/dev038.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and
elaboration. Bmj. 2009;339(jul21 1):b2700. https://doi.org/10.1136/bmj.b2700.
Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J, Sokol
R et al. The international glossary on infertility and fertility care, 2017. Fertil
Steril. 2017;108(3):393-406. https://doi.org/10.1016/fertnstert.2017.06.005.
Higgins JP, S G. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0 (updated March 2011). The Cochrane collaboration, 2011.
Available from handbook.cochrane.org. The Cochrane Collaboration.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315(7109):629-34. https//
doi.org/10.1136/bm;j.315.7109.629.


https://doi.org/10.1210/jc.2005-0212
https://doi.org/10.1210/jcem.80.4.7714119
https://doi.org/10.1210/jcem.80.4.7714119
https://doi.org/10.1016/j.fertnstert.2010.10.021
https://doi.org/10.1093/humrep/dey242
https://doi.org/10.1093/humrep/dew082
https://doi.org/10.1093/humrep/dew082
https://doi.org/10.1016/j.fertnstert.2018.06.039
https://doi.org/10.1016/j.fertnstert.2018.06.039
https://doi.org/10.2174/1389201018666171002132853
https://doi.org/10.2174/1389201018666171002132853
https://doi.org/10.1093/humrep/dex318
https://doi.org/10.1016/S1472-6483(10)60513-5
https://doi.org/10.1016/S1472-6483(10)61643-4
https://doi.org/10.1016/S1472-6483(10)61643-4
https://doi.org/10.23736/S0026-4784.19.04390-9
https://doi.org/10.23736/S0026-4784.19.04390-9
https://doi.org/10.1093/humrep/dey217
https://doi.org/10.1097/GCO.0000000000000365
https://doi.org/10.1016/j.fertnstert.2019.09.012
https://doi.org/10.1016/j.fertnstert.2019.09.012
https://doi.org/10.1016/S0015-0282(98)00482-8
https://doi.org/10.1016/S0015-0282(98)00482-8
https://doi.org/10.1038/s41598-020-69325-z
https://doi.org/10.1038/s41598-020-69325-z
https://doi.org/10.1016/j.fertnstert.2016.01.022
https://doi.org/10.1016/j.rbmo.2012.02.009
https://doi.org/10.1016/j.rbmo.2012.02.009
https://doi.org/10.1097/GCO.0000000000000452
https://doi.org/10.1093/humrep/det266
https://doi.org/10.1093/humrep/dev038
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/j.fertnstert.2017.06.005
http://handbook.cochrane.org
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629

Conforti et al. Reproductive Biology and Endocrinology

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

(2021) 19:91

Sutton AJ, Duval SJ, Tweedie RL, Abrams KR, Jones DR. Empirical assessment
of effect of publication bias on meta-analyses. BMJ. 2000,320(7249):1574-7.
https.//doi.org/10.1136/bmj.320.7249.1574.

Borenstein M, Hedges L, Higgins J, Rothstein H. Introduction to Meta-
Analysis; 2009.

De Placido G, Alviggi C, Mollo A, Strina |, Ranieri A, Alviggi E, et al. Effects of
recombinant LH (rLH) supplementation during controlled ovarian
hyperstimulation (COH) in normogonadotrophic women with an initial
inadequate response to recombinant FSH (rFSH) after pituitary downregulation.
Clin Endocrinol (Oxf). 200460:637-43.

De Placido G, Mollo A, Alviggi C, Strina |, Varricchio MT, Ranieri A, et al. Rescue
of IVF cycles by HMG in pituitary down-regulated normogonadotrophic young
women characterized by a poor initial response to recombinant FSH. Hum
Reprod. 2001;16(9):1875-9. https.//doi.org/10.1093/humrep/16.9.1875.

Balasch J, Creus M, Fabregues F, Civico S, Carmona F, Puerto B, et al. The
effect of exogenous luteinizing hormone (LH) on oocyte viability: evidence
from a comparative study using recombinant human follicle-stimulating
hormone (FSH) alone or in combination with recombinant LH for ovarian
stimulation in pituitary-suppressed women undergoing assisted
reproduction. J Assist Reprod Genet. 2001;18(5):250-6. https://doi.org/10.1
023/3:1016662100572.

Cedrin-Durnerin |, Grange-Dujardin D, Laffy A, Pameix |, Massin N, Galey J,
et al. Recombinant human LH supplementation during GnRH antagonist
administration in IVF/ICSI cycles: a prospective randomized study. Hum
Reprod. 2004;19(9):1979-84. https://doi.org/10.1093/humrep/deh369.
Garcia-Velasco JA, Coelingh Bennink HJ, Epifanio R, Escudero E, Pellicer A,
Simon C. High-dose recombinant LH add-back strategy using high-dose
GNnRH antagonist is an innovative protocol compared with standard GnRH
antagonist. Reprod BioMed Online. 2007;15(3):280-7. https.//doi.org/10.101
6/51472-6483(10)60340-9.

Griesinger G, Schultze-Mosgau A, Dafopoulos K, Schroeder A, Schroer A, von
Otte S, et al. Recombinant luteinizing hormone supplementation to
recombinant follicle-stimulating hormone induced ovarian hyperstimulation
in the GnRH-antagonist multiple-dose protocol. Hum Reprod. 2005;20(5):
1200-6. https://doi.org/10.1093/humrep/deh741.

Lahoud R, Ryan J, lllingworth P, Quinn F, Costello M. Recombinant LH
supplementation in patients with a relative reduction in LH levels
during IVF/ICSI cycles: a prospective randomized controlled trial. Eur J
Obstet Gynecol Reprod Biol. 2017;210:300-5. https://doi.org/10.1016/j.
ejogrb.2017.01.011.

Levi-Setti PE, Cavagna M, Bulletti C. Recombinant gonadotrophins associated
with GnRH antagonist (cetrorelix) in ovarian stimulation for ICSI: comparison of
r-FSH alone and in combination with r-LH. Eur J Obstet Gynecol Reprod Biol.
2006;126(2):212-6. hitps://doi.org/10.1016/j€j0grb.2005.11.023.

Musters AM, van Wely M, Mastenbroek S, Kaaijk EM, Repping S, van der
Veen F, et al. The effect of recombinant LH on embryo quality: a
randomized controlled trial in women with poor ovarian reserve. Hum
Reprod. 2012;27(1):244-50. https;//doi.org/10.1093/humrep/der371.

Pezzuto A, Ferrari B, Coppola F, Nardelli GB. LH supplementation in down-
regulated women undergoing assisted reproduction with baseline low
serum LH levels. Gynecol Endocrinol. 2010,26(2):118-24. https://doi.org/1
0.3109/09513590903215516.

Sauer MV, Thornton MH 2nd, Schoolcraft W, Frishman GN. Comparative
efficacy and safety of cetrorelix with or without mid-cycle recombinant LH
and leuprolide acetate for inhibition of premature LH surges in assisted
reproduction. Reprod BioMed Online. 2004;9(5):487-93. https://doi.org/10.1
016/51472-6483(10)61631-8.

Sills ES, Levy DP, Moomjy M, McGee M, Rosenwaks Z. A prospective,
randomized comparison of ovulation induction using highly purified follicle-
stimulating hormone alone and with recombinant human luteinizing
hormone in in-vitro fertilization. Hum Reprod. 1999;14(9):2230-5. https.//doi.
0rg/10.1093/humrep/14.9.2230.

Tarlatzis B, Tavmergen E, Szamatowicz M, Barash A, Amit A, Levitas E, et al. The
use of recombinant human LH (lutropin alfa) in the late stimulation phase of
assisted reproduction cycles: a double-blind, randomized, prospective study.
Hum Reprod. 2006;21(1):90-4. https://doi.org/10.1093/humrep/dei293.
Westergaard LG, Laursen SB, Andersen CY. Increased risk of early pregnancy
loss by profound suppression of luteinizing hormone during ovarian
stimulation in normogonadotrophic women undergoing assisted
reproduction. Hum Reprod. 2000;15(5):1003-8. https://doi.org/10.1093/
humrep/15.5.1003.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 13 of 14

Lisi F, Rinaldi L, Fishel S, Caserta D, Lisi R, Campbell A. Evaluation of two
doses of recombinant luteinizing hormone supplementation in an
unselected group of women undergoing follicular stimulation for in vitro
fertilization. Fertil Steril. 2005;83(2):309-15. https.//doi.org/10.1016/j.
fertnstert.2004.07.969.

De Placido G, Alviggi C, Perino A, Strina |, Lisi F, Fasolino A, et al.
Recombinant human LH supplementation versus recombinant human FSH
(rFSH) step-up protocol during controlled ovarian stimulation in
normogonadotrophic women with initial inadequate ovarian response to
rFSH. A multicentre, prospective, randomized controlled trial. Hum Reprod.
2005;20(2):390-6. https://doi.org/10.1093/humrep/deh625.

Lisi F, Rinaldi L, Fishel S, Lisi R, Pepe GP, Picconeri MG, et al. Use of
recombinant LH in a group of unselected IVF patients. Reprod
BioMed Online. 2002;5(2):104-8. https://doi.org/10.1016/51472-6483
(10)61610-0.

Ferraretti AP, Gianaroli L, Magli MC, D'Angelo A, Farfalli V, Montanaro N.
Exogenous luteinizing hormone in controlled ovarian hyperstimulation for
assisted reproduction techniques. Fertil Steril. 2004;82(6):1521-6. https://doi.
0rg/10.1016/jfertnstert.2004.06.041.

Ruvolo G, Bosco L, Pane A, Morici G, Cittadini E, Roccheri MC. Lower
apoptosis rate in human cumulus cells after administration of recombinant
luteinizing hormone to women undergoing ovarian stimulation for in vitro
fertilization procedures. Fertil Steril. 2007;87(3):542-6. https://doi.org/10.101
6/j fertnstert.2006.06.059.

Behre HM, Howles CM, Longobardi S. Randomized trial comparing
luteinizing hormone supplementation timing strategies in older women
undergoing ovarian stimulation. Reprod BioMed Online. 2015;31(3):339-46.
https://doi.org/10.1016/j.rbmo.2015.06.002.

Matorras R, Prieto B, Exposito A, Mendoza R, Crisol L, Herranz P, et al. Mid-
follicular LH supplementation in women aged 35-39 years undergoing ICSI
cycles: a randomized controlled study. Reprod BioMed Online. 2009;19(6):
879-87. https.//doi.org/10.1016/j.rbm0.2009.09.016.

NyboeAndersen A, Humaidan P, Fried G, Hausken J, Antila L, Bangsbell S,
et al. Recombinant LH supplementation to recombinant FSH during the
final days of controlled ovarian stimulation for in vitro fertilization. A
multicentre, prospective, randomized, controlled trial. Hum Reprod. 2008;
23(2):427-34. https.//doi.org/10.1093/humrep/dem317.

Younis JS, Izhaki |, Ben-Ami M. The effect of LH supplementation to the
GnRH antagonist protocol in advanced reproductive ageing women: a
prospective randomized controlled study. Clin Endocrinol. 2016;84(1):99-
106. https;//doi.org/10.1111/cen.12886.

Fabregues F, Creus M, Penarrubia J, Manau D, Vanrell JA, Balasch J. Effects of
recombinant human luteinizing hormone supplementation on ovarian
stimulation and the implantation rate in down-regulated women of
advanced reproductive age. Fertil Steril. 2006;85(4):925-31. https://doi.org/1
0.1016/jfertnstert.2005.09.049.

Fabregues F, Iraola A, Casals G, Creus M, Carmona F, Balasch J. Evaluation of
two doses of recombinant human luteinizing hormone supplementation in
down-regulated women of advanced reproductive age undergoing follicular
stimulation for IVF: a randomized clinical study. Eur J Obstet Gynecol Reprod
Biol. 2011;158(1):56-61. https//doi.org/10.1016/).jogrb.2011.04.003.

Marrs R, Meldrum D, Muasher S, Schoolcraft W, Werlin L, Kelly E.
Randomized trial to compare the effect of recombinant human FSH
(follitropian alfa) with or without recombinant human LH in women
udergoing assisted reproduction treatment. Reprod BioMed Online. 2004;
8(2):175-82. https;//doi.org/10.1016/51472-6483(10)60513-5.

Barrenetxea G, Agirregoikoa JA, Jiménez MR, Lopez de Larruzea A, Ganzabal T,
Carbonero K. Ovarian response and pregnancy outcome in poor-responder
women: a randomized controlled trial on the effect of luteinizing hormone
supplementation on in vitro fertilization cycles. Fertil Steril. 2008,89:546-53.
Humaidan P, Chin W, Rogoff D, D'Hooghe T, Longobardi S, Hubbard J, et al.
Efficacy and safety of follitropin alfa/lutropin alfa in ART: a randomized
controlled trial in poor ovarian responders. Hum Reprod. 2017;32(3):544-55.
https://doi.org/10.1093/humrep/dew360.

Jeppesen JV, Kristensen SG, Nielsen ME, Humaidan P, Dal Canto M, Fadini R,
et al. LH-receptor gene expression in human granulosa and cumulus cells
from antral and preovulatory follicles. J Clin Endocrinol Metab. 2012;,97(8):
E1524-31. https://doi.org/10.1210/jc.2012-1427.

Andersen CY. Inhibin-B secretion and FSH isoform distribution may play an
integral part of follicular selection in the natural menstrual cycle. Mol Hum
Reprod. 2016.


https://doi.org/10.1136/bmj.320.7249.1574
https://doi.org/10.1093/humrep/16.9.1875
https://doi.org/10.1023/a:1016662100572
https://doi.org/10.1023/a:1016662100572
https://doi.org/10.1093/humrep/deh369
https://doi.org/10.1016/S1472-6483(10)60340-9
https://doi.org/10.1016/S1472-6483(10)60340-9
https://doi.org/10.1093/humrep/deh741
https://doi.org/10.1016/j.ejogrb.2017.01.011
https://doi.org/10.1016/j.ejogrb.2017.01.011
https://doi.org/10.1016/j.ejogrb.2005.11.023
https://doi.org/10.1093/humrep/der371
https://doi.org/10.3109/09513590903215516
https://doi.org/10.3109/09513590903215516
https://doi.org/10.1016/S1472-6483(10)61631-8
https://doi.org/10.1016/S1472-6483(10)61631-8
https://doi.org/10.1093/humrep/14.9.2230
https://doi.org/10.1093/humrep/14.9.2230
https://doi.org/10.1093/humrep/dei293
https://doi.org/10.1093/humrep/15.5.1003
https://doi.org/10.1093/humrep/15.5.1003
https://doi.org/10.1016/j.fertnstert.2004.07.969
https://doi.org/10.1016/j.fertnstert.2004.07.969
https://doi.org/10.1093/humrep/deh625
https://doi.org/10.1016/S1472-6483(10)61610-0
https://doi.org/10.1016/S1472-6483(10)61610-0
https://doi.org/10.1016/j.fertnstert.2004.06.041
https://doi.org/10.1016/j.fertnstert.2004.06.041
https://doi.org/10.1016/j.fertnstert.2006.06.059
https://doi.org/10.1016/j.fertnstert.2006.06.059
https://doi.org/10.1016/j.rbmo.2015.06.002
https://doi.org/10.1016/j.rbmo.2009.09.016
https://doi.org/10.1093/humrep/dem317
https://doi.org/10.1111/cen.12886
https://doi.org/10.1016/j.fertnstert.2005.09.049
https://doi.org/10.1016/j.fertnstert.2005.09.049
https://doi.org/10.1016/j.ejogrb.2011.04.003
https://doi.org/10.1016/S1472-6483(10)60513-5
https://doi.org/10.1093/humrep/dew360
https://doi.org/10.1210/jc.2012-1427

Conforti et al. Reproductive Biology and Endocrinology

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Huang ZH, Clayton PE, Brady G, Morris ID. Insulin-like growth factor-l gene
expression in human granulosa-lutein cells. J Mol Endocrinol. 1994;12(3):
283-91. https;//doi.org/10.1677/jme.0.0120283.

Alviggi C, Conforti A, Esteves SC, Andersen CY, Bosch E, Buhler K, et al.
Recombinant luteinizing hormone supplementation in assisted reproductive
technology: a systematic review. Fertil Steril. 2018;109(4):644-64. https://doi.
org/10.1016/j fertnstert.2018.01.003.

Andersen CY, Ezcurra D. Human steroidogenesis: implications for controlled
ovarian stimulation with exogenous gonadotropins. Reprod Biol Endocrinol.
2014;12(1):128. https://doi.org/10.1186/1477-7827-12-128.

MacNaughton J, Banah M, McCloud P, Hee J, Burger H. Age related changes
in follicle stimulating hormone, luteinizing hormone, oestradiol and
immunoreactive inhibin in women of reproductive age. Clin Endocrinol
(Oxf). 1992;36:339-45.

Mushayandebvu T, Castracane VD, Gimpel T, Adel T, Santoro N. Evidence for
diminished midcycle ovarian androgen production in older reproductive
aged women. Fertil Steril. 1996;65(4):721-3. https://doi.org/10.1016/50015-02
82(16)58203-X.

Zhang Y, Zhang C, Shu J, Guo J, Chang HM, Leung PCK, et al. Adjuvant
treatment strategies in ovarian stimulation for poor responders undergoing
IVF: a systematic review and network meta-analysis. Hum Reprod Update.
2020;26(2):247-63. https://doi.org/10.1093/humupd/dmz046.

Nagels HE, Rishworth JR, Siristatidis CS, Kroon B, et al. Androgens
(dehydroepiandrosterone or testosterone) for women undergoing assisted
reproduction. Cochrane Database Syst Rev. 2015;(11):CD009749. https://doi.
0rg/10.1002/14651858.CD009749.pub2.

von Wolff M, Stute P, Eisenhut M, Marti U, Bitterlich N, Bersinger NA. Serum
and follicular fluid testosterone concentrations do not correlate, questioning
the impact of androgen supplementation on the follicular endocrine milieu.
Reprod BioMed Online. 2017;35(5):616-23. https://doi.org/10.1016/j.rbmo.2
017.07.012.

von Wolff M, Kollmann Z, Fliick CE, Stute P, Marti U, Weiss B, et al.
Gonadotrophin stimulation for in vitro fertilization significantly alters the
hormone milieu in follicular fluid: a comparative study between natural
cycle IVF and conventional IVF. Hum Reprod. 2014;29(5):1049-57. https.//doi.
0rg/10.1093/humrep/deu044.

Fleming R, Rehka P, Deshpande N, Jamieson ME, Yates RW, Lyall H.
Suppression of LH during ovarian stimulation: effects differ in cycles
stimulated with purified urinary FSH and recombinant FSH. Hum Reprod.
2000;15(7):1440-5. https://doi.org/10.1093/humrep/15.7.1440.

Younis JS, Izhaki |, Ben-Ami M. The effect of rLH supplementation to the
GnRH-antagonist protocol on endocrine dynamics in the advanced
reproductive age. J Endocrinol Investig. 2017,40(8):831-9. https://doi.org/1
0.1007/540618-017-0618-x.

Rahman A, Francomano D, Sagnella F, Lisi F, Manna C. The effect on clinical
results of adding recombinant LH in late phase of ovarian stimulation of patients
with repeated implantation failure: a pilot study. Eur Rev Med Pharmacol Sci.
2017;21(23):5485-90. httpsy//doiorg/10.26355/eurrev_201712_13939.

Huang Y, Zhao Y, Yu Y, Li R, Lin S, Zhang C, et al. Altered amphiregulin
expression induced by diverse luteinizing hormone receptor reactivity in
granulosa cells affects IVF outcomes. Reprod BioMed Online. 2015;30(6):593-
601. https;//doi.org/10.1016/j.rbmo.2015.03.001.

Dapuzzo L, Seitz FE, Dodson WC, Stetter C, Kunselman AR, Legro RS.
Incomplete and inconsistent reporting of maternal and fetal outcomes in
infertility treatment trials. Fertil Steril. 2011,95(8):2527-30. https://doi.org/10.1
016/ fertnstert.2011.02.040.

Santi D, Casarini L, Alviggi C, Simoni M. Efficacy of Follicle-Stimulating
Hormone (FSH) Alone, FSH + Luteinizing Hormone, Human Menopausal
Gonadotropin or FSH + Human Chorionic Gonadotropin on Assisted
Reproductive Technology Outcomes in the "Personalized" Medicine Era: A
Meta-analysis. Front Endocrinol (Lausanne). 2017;8:114.

Filicori M, Cognigni GE, Taraborrelli S, Spettoli D, Ciampaglia W, Tabarelli De
Fatis C, et al. Luteinzing hormone activity in menotropins optimizes
folliculogenesis and treatment in controlled ovarian stimulation. J Clin
Endocrinol Metab. 2001;86(1):337-43. https;//doi.org/10.1210/jcem.86.1.7108.
Tesarik J, Hazout A, Mendoza C. Luteinizing hormone affects uterine
receptivity independently of ovarian function. Reprod BioMed Online. 2003;
7(1):59-64. https://doi.org/10.1016/51472-6483(10)61729-4.

Herrler A, von Rango U, Beier HM. Embryo-maternal signalling: how the embryo
starts talking to its mother to accomplish implantation. Reprod BioMed Online.
2003,6(2):244-56. https.//doiorg/10.1016/51472-6483(10)61717-8.

(2021) 19:91

92.

93.

94.

95.

96.

97.

98.

99.

Page 14 of 14

Gridelet V, Tsampalas M, Berndt S, Hagelstein MT, Charlet-Renard C, Conrath
V, et al. Evidence for cross-talk between the LH receptor and LH during
implantation in mice. Reprod Fertil Dev. 2013;25(3):511-22. https://doi.org/1
0.1071/RD11241.

Braakhekke M, Kamphuis El, Dancet EA, Mol F, van der Veen F, Mol BW.
Ongoing pregnancy qualifies best as the primary outcome measure of
choice in trials in reproductive medicine: an opinion paper. Fertil Steril.
2014;101(5):1203-4. https://doi.org/10.1016/j fertnstert.2014.03.047.

Clarke JF, van Rumste MM, Farquhar CM, Johnson NP, Mol BW, Herbison P.
Measuring outcomes in fertility trials: can we rely on clinical pregnancy rates?
Fertil Steril. 2010,94(5):1647-51. https//doi.org/10.1016/j fertnstert.2009.11.018.
Kirkham JJ, Altman DG, Williamson PR. Bias due to changes in specified
outcomes during the systematic review process. PLoS One. 2010;5(3):9810.
https://doi.org/10.1371/journal.pone.0009810.

Ubaldi FM, Cimadomo D, Capalbo A, Vaiarelli A, Buffo L, Trabucco E, et al.
Preimplantation genetic diagnosis for aneuploidy testing in women older
than 44 years: a multicenter experience. Fertil Steril. 2017;107(5):1173-80.
https://doi.org/10.1016/j fertnstert.2017.03.007.

Lean SC, Derricott H, Jones RL, Heazell AEP. Advanced maternal age
and adverse pregnancy outcomes: a systematic review and meta-
analysis. PLoS One. 2017;12(10):e0186287. https://doi.org/10.1371/journal.
pone.0186287.

Alviggi C, Clarizia R, Mollo A, Ranieri A, De Placido G. Outlook: who needs
LH in ovarian stimulation? Reprod BioMed Online. 2006;12(5):599-607.
https.//doi.org/10.1016/51472-6483(10)61186-8.

Alviggi C, Mollo A, Clarizia R, De Placido G. Exploiting LH in ovarian
stimulation. Reproduct BioMed Online. 2006;12(2):221-33.

. Conforti A, Esteves SC, Di Rella F, Strina |, De Rosa P, Fiorenza A, et al. The

role of recombinant LH in women with hypo-response to controlled
ovarian stimulation: a systematic review and meta-analysis. Reprod Biol
Endocrinol. 2019;17(1):18. https://doi.org/10.1186/512958-019-0460-4.

Publisher’s Note

Spri

nger Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1677/jme.0.0120283
https://doi.org/10.1016/j.fertnstert.2018.01.003
https://doi.org/10.1016/j.fertnstert.2018.01.003
https://doi.org/10.1186/1477-7827-12-128
https://doi.org/10.1016/S0015-0282(16)58203-X
https://doi.org/10.1016/S0015-0282(16)58203-X
https://doi.org/10.1093/humupd/dmz046
https://doi.org/10.1002/14651858.CD009749.pub2
https://doi.org/10.1002/14651858.CD009749.pub2
https://doi.org/10.1016/j.rbmo.2017.07.012
https://doi.org/10.1016/j.rbmo.2017.07.012
https://doi.org/10.1093/humrep/deu044
https://doi.org/10.1093/humrep/deu044
https://doi.org/10.1093/humrep/15.7.1440
https://doi.org/10.1007/s40618-017-0618-x
https://doi.org/10.1007/s40618-017-0618-x
https://doi.org/10.26355/eurrev_201712_13939
https://doi.org/10.1016/j.rbmo.2015.03.001
https://doi.org/10.1016/j.fertnstert.2011.02.040
https://doi.org/10.1016/j.fertnstert.2011.02.040
https://doi.org/10.1210/jcem.86.1.7108
https://doi.org/10.1016/S1472-6483(10)61729-4
https://doi.org/10.1016/S1472-6483(10)61717-8
https://doi.org/10.1071/RD11241
https://doi.org/10.1071/RD11241
https://doi.org/10.1016/j.fertnstert.2014.03.047
https://doi.org/10.1016/j.fertnstert.2009.11.018
https://doi.org/10.1371/journal.pone.0009810
https://doi.org/10.1016/j.fertnstert.2017.03.007
https://doi.org/10.1371/journal.pone.0186287
https://doi.org/10.1371/journal.pone.0186287
https://doi.org/10.1016/S1472-6483(10)61186-8
https://doi.org/10.1186/s12958-019-0460-4

	Abstract
	Introduction
	Material and methods
	Results
	Conclusion

	Introduction
	Material and methods
	Protocol and registration
	Search strategy
	Eligibility and data extraction
	Outcome measures
	Study selection
	Bias assessment
	Statistical analysis
	Subgroup and sensitivity analysis

	Results
	Study selection and characteristics
	Synthesis of results
	Risk of bias across studies
	Sensitivity analysis

	Discussion
	Summary of evidence
	Interpretation of results and clinical considerations
	Limitations
	Future research

	Conclusion
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

