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Abstract 

Background:  Luteinizing hormone (LH) has the main role in ovarian function in both natural and artificial cycles. A 
normal LH concentration during controlled ovarian hyperstimulation is positively correlated to the number and qual-
ity of retrieved oocytes and resulting embryos.

Main body of the abstract:  In this study, we reviewed whether rLH administration, adjunct to the ovarian stimula-
tion regimen, could improve clinical outcomes. The literature review showed that rLH supplementation improves 
assisted reproductive technology (ART) outcomes among women with hypogonadotropic hypogonadism, and 
hyporesponsive women to follicle-stimulating hormone monotherapy. Besides, rLH supplementation has advantages 
for poor responder women 36–39 years of age. Even though the data suggested no priority regarding the LH source 
for improving ART outcome, women with different LH polymorphisms who did not respond similarly to ovarian 
stimulation may benefit from adjuvant rLH therapy.

Conclusion:  rLH usage for improving ART outcome should be scrutinized via well-designed studies considering the 
subgroups of infertile women who benefit the most from rLH adjuvant therapy, the type of ovarian stimulation proto-
col to which rLH would be added, and also the exact dosage, as well as the proper timing (during or prior to a cycle).
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Background
Gonadotropin therapy has a key role in ovarian stimula-
tion. Extracting gonadotropins from urine as well as the 
production of recombinant human gonadotropins, and 
setting them commercially available was an evolution in 
infertility treatment. Follicle-stimulating hormone (FSH) 
mainly regulates follicular growth, while luteinizing hor-
mone (LH) has varied effects on the different phases of 
both natural and assisted reproductive cycles. LH is a 
heterodimer glycoprotein produced by the anterior pitui-
tary gland under the influence of gonadotropin-releas-
ing hormone (GnRH), and the key functions of LH are 

promoting follicular development, steroidogenesis, and 
growth of the leading follicle [1].

Typically, both GnRH agonists and gonadotropins are 
used during controlled ovarian stimulation (COS) for 
preventing premature LH surge and to simplify folliculo-
genesis. Even though the regimen for ovarian stimulation 
highly depends on the patient’s clinical characteristics 
[2], the optimal LH level achieved after GnRH adminis-
tration is still controversial among subgroups of infertile 
patients [3]. In addition, it is not clear whether all catego-
ries of women undergoing COS benefit from exogenous 
LH supplementation. In this review, we focused on the 
classifications of infertile women who may need LH sup-
plementation during COS and also the role of LH in the 
treatment protocols. Moreover, the role of different LH 
preparation, as well as the LH receptor variation, was 
reviewed.
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Main text
We performed a narrative literature search in the Med-
line/PubMed, Google Scholar, and Scopus databases. The 
end date for the search was June 2021. Our search strat-
egy was based on the following keywords, alone or com-
bined, “luteinizing hormone”, “recombinant LH”, “rLH”, 
“rhLH”, “ovulation induction”, “assisted reproductive 
technology”, “ART”, “in vitro fertilization”, “IVF”, “Intra-
cytoplasmic sperm injection”, “ICSI”, “anovulation”, “poor 
responders”, “hyporesponse”, “LH preparations”, “LHCG 
receptor”, and “polymorphism”.

A brief overview
LH, a glycoprotein that is synthesized periodically by the 
pituitary gland, coupled with FSH, is considered the main 
reproductive hormone. LH direct binding to its receptor 
on the surface of the target cells on the ovaries induces 
a stream of molecular events [4]. This procedure con-
tinues with the activation of specific signaling pathways 
and leads to gene expression. Both LH and human cho-
rionic gonadotropin (hCG) have long been thought to be 
equivalent because of their common receptor, which is 
mostly expressed in the gonads and stimulates the clas-
sical cAMP/protein kinase A steroidogenic pathway [5].

LH stimulates the theca cells, which are located on the 
outer layer of the primary follicles, to secrete androgens 
which are in turn converted to estrogens during folli-
culogenesis [6]. The mid-cycle LH surge motivates final 
oocyte maturation followed by ovulation. The oocyte 
meiosis resumption occurs by the completion of meio-
sis I and initiating meiosis II along with the separation 
of the oocyte–cumulus complex (COC) from the folli-
cle wall leading to ovulation [7]. Both experimental and 
clinical documents represent that there is a “threshold” 
for LH levels to promote normal follicular develop-
ment and oocyte maturation [8, 9]. It is stated that the 
expected amount of LH required for optimum efficacy 
is very low, and usually less than 1% of LH receptors on 
the ovarian follicles need to be occupied for achieving the 
highest steroidogenic response [10]. This perception was 
originated from old pharmacological in  vitro studies on 
the effect of hCG on rodents’ Leydig cells. However, new 
evidence criticizes this concept by indicating differences 
in rodent gonadotropin-responsive cells as opposed to 
human ones [11].

On the other hand, overexposure to LH has a detri-
mental effect on pre-ovulatory follicular development. 
Depending on the follicular developing stage, excessive 
LH concentrations result in premature luteinized follicles 
and follicular atresia [10, 12, 13]. It is stated that a limited 
amount of LH is necessary for normal follicular growth. 
In other words, a “ceiling” can be defined for LH level, 
which is higher for mature follicles than immature ones 

and LH concentrations above the “ceiling” have adverse 
effects on the growing follicles [8]. As a result, the LH 
window during the follicular phase of the menstrual cycle 
is considered LH levels between “threshold” and “ceiling” 
values [8].

LH in controlled ovarian hyperstimulation cycles
COS is considered one of the main factors to achieve a 
desirable outcome in assisted reproductive technology 
(ART) cycles. Moreover, FSH and LH play a synergistic 
role in folliculogenesis during stimulated cycles. At first, 
GnRH analogs and gonadotropins were used to reduce 
unexpected LH surges during COS. Throughout the 
progress of ovarian stimulation in in  vitro fertilization 
(IVF) cycles, the LH potential value and its effective dose 
along with the efficacy of different LH forms have been 
assessed by several studies [14–17]. hCG is the drug of 
choice for inducing LH activity in the clinical use, espe-
cially in ART cycles, and lately recombinant LH (rLH) 
has become available for clinical practice [5].

Recently, a large observational study among poor prog-
nosis women who used the combination of LH and FSH 
during COS showed that adding LH to FSH significantly 
increased the mean of retrieved oocytes and cumulative 
embryos [16]. Exogenous LH may have advantages for 
women with long GnRH agonist downregulation or those 
who were treated with GnRH antagonist protocol as well 
as women of advanced reproductive age and patients 
with hypogonadotropic hypogonadism.

rLH in hypothalamic hypogonadism women; WHO type I 
anovulation
One incontrovertible group of patients who may benefit 
from LH supplementation is hypogonadotropic hypo-
gonadism (HH) women or World Health Organization 
(WHO) type I anovulation with a prevalence of 10% of 
women at reproductive age [18]. These patients have no 
endogenous FSH or LH due to the absence of hypotha-
lamic-pituitary activity and FSH administration alone in 
these women does not result in adequate follicular growth 
and good-quality oocytes [19]. FSH promotes several fol-
licle developments, but ovarian endocrine irregularities 
and low oocyte fertilization rates were observed due to 
the lack of LH activity [20]. The abovementioned ideas 
on gonadotrophic control of folliculogenesis indicate 
that despite normal follicular development stimulated 
by FSH, the exact amount of exogenous LH is required 
for optimizing ovarian stimulation. Thus, co-admin-
istration of FSH and LH in an ideal ratio could be ben-
eficial for attaining optimal results. rLH therefore seems 
to be an ideal adjuvant therapy besides rFSH in women 
with HH. Several studies confirmed the positive effect of 
rLH in addition to recombinant FSH (rFSH) on follicular 
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growth, maturation, and pregnancy rate among women 
affected by HH [21–24]. A daily dose of 75 IU r-LH was 
effective in the majority of patients, although the dose 
of 225 IU may be required in some cases [25]. Overall, it 
is indicated that the proper dose for achieving follicular 
development, optimum serum estradiol level, and opti-
mal endometrial thickness is 150 IU rFSH with 75 IU rLH 
daily by a 2:1 ratio [26]. Adding rLH to rFSH during COS 
is also identified as a cost-effective method for pregnancy, 
which also improves the quality of life in HH women [27, 
28]. On the other hand, in many cases, pretreatment with 
rLH prior to beginning FSH was valuable to increase the 
number of antral follicles and pregnancy rates [29]. The 
mechanism may be defined by the intra-ovarian folli-
cular androgens that stimulate the aromatase activity of 
antral follicles [9, 30]. Consequently, it is assumed that 
increasing LH-induced androgen prior to ovarian stimu-
lation results in an elevation of follicular recruitment and 
pregnancy rates [31, 32]. Therefore, it could be concluded 
that rLH administration in proper dose and appropriate 
FSH:LH ratio is valuable for patients diagnosed with HH.

rLH in WHO type II anovulation
The majority of infertile anovulatory women are catego-
rized as normogonadotropic anovulatory or WHO group 
II anovulation, and most of these patients are diagnosed 
with polycystic ovary syndrome (PCOS) [33]. Hormo-
nal imbalance, elevating LH levels, and abnormal intra-
ovarian regulation of FSH are typical aspects of PCOS 
patients. Both human menopausal gonadotropin (hMG) 
and FSH have been administered effectively for ovulation 
induction in these patients [34]. Generally, it is assumed 
that in the presence of elevated endogenous LH, FSH 
alone is conceptually better in PCOS women [30, 35–37]. 
With this regard, the possible effect of LH administration 
on follicular development in this type of patients should 
be investigated clinically. The data on the effect of addi-
tional LH on ART outcome is limited among women with 
WHO type II anovulation. However, a randomized study 
showed that rLH administration in WHO type II anovu-
latory patients who over-responded to FSH during COS 
increases the percentage of women with developing sin-
gle dominant follicle ≥ 16mm. This study also confirmed 
the “ceiling” theory that stated the administration of 
LH in a high dose could suppress follicular growth [38]. 
The “LH ceiling” concept was also supported by another 
study in which administration of rLH alone triggered 
arrest of follicular growth among the majority of patients 
in the WHO type II anovulatory group [39]. In addition, 
another study showed different LH levels among PCOS 
subgroups and concluded that adjusting LH administra-
tion to minimize the negative effect of LH in hyperandro-
genic PCOS women should be considered [40].

It seems that low FSH supply plus the administration 
of rLH under the “ceiling” during ovarian stimulation 
regimens results in reasonable E2 levels and follicular 
development in women with WHO type II anovulatory. 
However, further evaluations are required to determine 
the strategies for LH administration in PCOS subgroups.

rLH in GnRH agonist cycles
GnRH agonists are administered besides gonadotropins 
for preventing LH premature surge during COS. Without 
using GnRH analogs, an LH rise may occur prematurely 
in approximately 20% of stimulated IVF cycles [41]. It has 
been evidenced that throughout ovarian stimulation with 
both FSH and GnRH agonists, endogenous LH concen-
tration is reduced to the lowest level during the late stim-
ulation phase [42]. Therefore, it could be expected that 
adding LH to the ovarian stimulation protocol improves 
cycle outcome. The results of meta-analyses that assess 
the value of rLH supplementation for COS in rFSH 
and GnRH agonist protocol among the general popula-
tion of infertile women showed fewer days of stimula-
tion, a lower dosage of r-FSH administered and a higher 
serum estradiol level on the day of hCG administration. 
Nonetheless, there were no differences in the number 
of retrieved oocytes, mature oocytes, clinical pregnancy 
rate, implantation rate, miscarriage, and live birth rates 
[43–46]. Conversely, another meta-analysis presented a 
better pregnancy rate by FSH + LH compared with FSH 
alone in GnRH agonist protocols [47]. Besides, two other 
meta-analyses showed that LH plus rFSH in GnRH ago-
nist cycles may improve implantation and clinical preg-
nancy in women ≥ 35 years [48] and poor responder 
patients [49]. In summary, it seems that rLH supple-
mentation may have beneficial effects on pregnancy out-
come in GnRH agonist cycles. However, the effect of rLH 
administration in following subgroups of infertile women 
undergoing GnRH agonist protocol should be considered 
independently.

rLH in GnRH antagonist cycles
GnRH antagonists were introduced into ART cycles 
with high effectiveness and lower side effects than GnRH 
agonists for preventing premature LH surges. A shorter 
duration of administration, lack of vasomotor symptoms, 
prevention of ovarian hyperstimulation, and a remark-
able lower dose of gonadotropin per cycle, make GnRH 
antagonists not only well-tolerated by patients but also 
clinicians’ preference [41]. Adding LH to the GnRH 
protocol for improving ART outcomes has been inves-
tigated in several studies. One study among egg donors 
reported a significantly higher percentage of metaphase 
II (MII) oocytes, 2 pronuclears and embryo quality in the 
group of donors who were undergoing GnRH antagonist 
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supplemented with r-LH. Moreover, the implantation 
rate was higher in recipients who received embryos from 
donors treated with rLH [50]. Furthermore, 253 women 
of > 35 years who were undergoing IVF or intracyto-
plasmic sperm injection (ICSI) and received rFSH plus a 
GnRH antagonist for ovulation induction, were randomly 
supplemented with exogenous LH or rFSH alone. The 
result showed that adding LH during the second part of 
the follicular phase could not improve pregnancy rates, 
implantation rate, or ovarian response in these women 
[51]. In a similar study, Bosch et  al. assessed the effect 
of administration of rFSH alone versus rFSH + rLH on 
IVF outcome. Two groups of women undergoing IVF 
were divided into two subgroups: < 35 years (n = 380) 
and 36–39 years (n = 340). As a result, LH supplementa-
tion significantly improved the implantation rate, but not 
the ongoing pregnancy rate among patients aged 36 to 39 
years [52]. It may be due to the higher susceptibility of 
women older than 35 to LH suppression in GnRH antag-
onist cycles, and consequently, these women are more 
likely to benefit from exogenous LH [53]. Another study 
evaluated 127 infertile patients undergoing IVF/ICSI who 
were randomized to receive rFSH or rFSH plus rLH for 
ovarian stimulation during a GnRH-antagonist cycle. 
The authors found that exogenous LH did not shorten 
the time for ovulation induction. Serum E2 and LH lev-
els were significantly higher in the rLH-supplemented 
group, but the other treatment parameters did not differ 
significantly between the two study groups [14]. Levi-
Setti et  al. randomized 40 infertile normo-ovulatory 
women undergoing GnRH antagonist for ICSI into two 
groups: 20 women received rFSH alone, and 20 women 
were treated with rFSH plus rLH. The results indicated 
that the use of rLH in addition to rFSH may prevent E2 
drop after GnRH antagonist administration, but did not 
improve oocyte number, oocyte maturation, embryo 
quality as well as fertilization rate, pregnancy, or implan-
tation rates [54]. A meta-analysis aimed to evaluate the 
effect of additional LH in women undergoing IVF/ICSI 
who were stimulated with GnRH antagonist protocol. 
This review assessed four of the aforementioned studies. 
The result showed no significant differences between the 
rLH supplementation group and the rFSH alone group 
regarding clinical and ongoing pregnancy [42]. Further-
more, another meta-analysis stated that LH supplemen-
tation during an antagonist protocol could not increase 
the number of mature retrieved oocytes, or ART out-
comes [53]. Therefore, it seems that rLH supplementa-
tion may not be appropriate for improving outcome in 
GnRH antagonist cycles. Nonetheless, rLH co-treatment 
may be valuable for a specific population of infertile 
women undergoing GnRH protocol, such as women aged 
36–39 years.

rLH in women of advanced reproductive age
It is well known that the IVF success rate declines with 
aging and low ovarian sensitivity to gonadotropins. The 
problem is managed by the clinicians through increasing 
gonadotropin dose or adding LH supplementation to the 
treatment protocol [33]. Earlier studies indicated that LH 
adjuvant therapy in downregulated women of advanced 
reproductive age may improve ART outcomes [55, 56]. 
There are studies with conflicting results that evaluated 
the effect of rLH supplementation in GnRH antago-
nist protocol among women ≥ 35 years [51, 52, 57, 58]. 
Some studies found that LH supplementation could not 
increase the implantation, pregnancy or live birth rates in 
women of 35 years and older who have undergone GnRH 
antagonist in IVF/ICSI cycles [51, 57, 58]. They proposed 
that endogenous serum LH concentrations after GnRH 
antagonist administration are adequate for inducing late 
follicular ovarian steroidogenesis in women ≥ 35 years 
[58]. However, Bosch et  al. claimed that implantation 
rate was significantly increased by using rLH in women 
aged between 36 and 39 years [52]. Besides, it is stated 
that adding rLH to rFSH under pituitary downregulation 
would improve the number of oocytes but did not affect 
the number of embryos or pregnancy rate [59]. A sys-
tematic review and meta-analysis on women of advanced 
reproductive age concluded that adding rLH to the treat-
ment protocol during ART cycles could improve implan-
tation and clinical pregnancy rates with no effect on the 
number of the retrieved oocytes [48]. More recently, 
a meta-analysis showed a higher oocyte yield in rFSH 
monotherapy versus an improvement in implantation 
rate and clinical pregnancy rate among women between 
35 and 40 years of age undergoing rLH/rFSH co-treat-
ment during COS [60].

The increasing implantation and clinical pregnancy 
may be due to the increased oocyte competence or devel-
oped endometrial receptivity. Recombinant LH supple-
mentation prevents cumulous cell apoptosis better than 
FSH-only administration, which improved oocyte quality 
in LH-supplemented cycles [61]. The summary of above-
mentioned studies indicated that rLH administration has 
a beneficial effect on both implantation and clinical preg-
nancy rates in women aged 36–39 years, regardless of 
the ovarian stimulation protocol. Nevertheless, the ben-
eficial effect of rLH on improving ART outcome was not 
reported in women aged over 40 years [2].

rLH in hyporesponse women to FSH monotherapy
Hyporesponsive patients are normogonadotropic women 
with an apparent normal ovarian reserve and a low 
response to rFSH during COS. This category shows a 
steady response with regard to follicular growth and E2 
level during ovarian stimulation [2]. These women, who 
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constitute 10–14% of patients undergoing GnRH agonist 
protocol, need high doses of rFSH to attain an adequate 
number of oocytes [48, 62]. Randomized clinical trials 
(RCTs) showed a significantly higher number of oocytes 
as well as implantation and pregnancy rates among 
hyporesponsive women who received rLH supplementa-
tion in addition to rFSH rather than those treated with 
rFSH alone or women with increasing the dose of rFSH 
[61–63]. A systematic review and meta-analysis con-
firmed these results among hyporesponsive women 
treated with rLH compared with hyporesponders who 
underwent FSH monotherapy [64].

Even though the mechanism behind the low response 
in these patients is not entirely identified, it may be due 
to the excessive suppression of endogenous LH after 
downregulation with GnRH agonists. It is also claimed 
that the low response in these patients may be related to 
a mutation in both LH and FSH receptors [65] as women 
with FSH receptor Ser/680 variants require greater doses 
of exogenous FSH for optimal ovarian response [2, 66]. 
Lastly, according to the existing evidence, rLH adminis-
tration during GnRH agonist pituitary downregulation 
has more beneficial effects on ART outcome rather than 
increasing FSH dose in women who show a hyporesponse 
to FSH monotherapy. In other words, rLH supplementa-
tion from day 7 of the stimulation cycle could rescue the 
cycle in patients who did not respond appropriately at 
the beginning of the cycle.

rLH in poor responders
Poor ovarian response to controlled ovarian hyperstim-
ulation is still one of the most challenging subjects in 
assisted reproduction. Almost 9–24% of women under-
going IVF are categorized as poor responders [67]. Some 
studies suggested the necessity of additional LH in poor 
responders during ovarian stimulation with short and 
long protocols of GnRH agonists [68, 69]. LH supple-
mentation seems to be advantageous for poor responders 
with a positive effect on follicular and endometrial con-
ditions, which improves cycle outcome [70]. The effect 
of adding rLH to the ovarian stimulation regimen was 
investigated in different subgroups of poor responders. 
The results showed no significant differences in terms 
of the implantation, fertilization, and pregnancy rates 
along with the number of retrieved and MII oocytes, 
when rLH was added to COS protocols [58, 68, 71, 72]. 
Only one study with a limited sample size claimed that 
rLH administration before starting ovarian stimulation 
could increase the live birth rate [73]. In addition, a large 
study including 4828 ICSI cycles of poor responders cat-
egorized according to the Patient-Oriented Strategies 
Encompassing IndividualizeD Oocyte Number (POSEI-
DON) [74], suggested LH supplementation for improving 

ICSI outcome in women with an expected low response 
to ovarian stimulation [16]. Indeed, the combination of 
LH and FSH is useful in the suboptimal responders (4–9 
oocytes) with poor baseline characteristics such as higher 
age and basal FSH levels as well as lower anti-Mullerian 
hormone and antral follicle count [16]. Summarizing 
the data of RCTs showed that hypo-responder women, 
for instance, groups 1 and 2 POSEIDON who have 1–9 
oocytes, may benefit from rLH during COS [75].

In general, the evidence available on the clinical out-
come after r-hLH supplementation in poor responder 
women is indecisive, mostly because of the high hetero-
geneity in the definition of poor response among studies 
[2].

In summary, the confirmation of positive clinical effect 
of adding rLH to the ovarian stimulation protocol in poor 
responders needs more investigation considering homog-
enous subgroups and gonadotropin receptors.

rLH in women at risk for ovarian hyperstimulation 
syndrome
Ovarian hyperstimulation syndrome (OHSS) is a life-
threatening iatrogenic complication, with a prevalence of 
0.5 to 1% per ART cycle [76]. The mid-cycle rLH admin-
istration can be efficient for preventing OHSS. It is evi-
denced that the growth of several small follicles during 
ovulation induction increases the possibility of OHSS 
[77]. Therefore, the LH administration which reduces the 
number of < 10-mm follicles could decrease the risk of 
OHSS [78]. In an RCT, Caserta et al. compared 999 infer-
tile women ≤ 40 years undergoing long GnRH agonist 
protocol with regard to OHSS development. In this study, 
women treated with rLH plus rFSH were compared with 
those with the administration of rFSH alone. The result 
showed that women supplemented with rLH had a signif-
icantly higher clinical pregnancy rate. Moreover, adding 
rLH caused lower developing clinical OHSS and a chance 
for cycle cancellation due to the risk of OHSS as well [79].

Different sources of LH preparation
Two common commercially available sources of LH are 
hMG (a urinary-derived product which holds both FSH 
and LH in equal concentrations of 75 IU) and rLH (lutro-
pin alfa). More recently, a highly purified form of hMG 
(HP-hMG) has been offered, with 10 IU more hCG and 5 
IU less LH than the other hMG preparations. Later, rFSH 
and rLH were pooled in a single preparation (Follitropin 
alfa/lutropin alfa 150 IU/75 IU), in which two gonadotro-
pins could be simply injected at a 2:1 ratio [80].

Both rLH and HP-hMG bind the LH receptor. How-
ever, it seems that the mechanisms of receptor activa-
tion are different due to the longer hCG half-life and its 
higher binding affinity to the LH receptors [81]. It is also 
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shown that adding rLH and hMG preparations to ovar-
ian stimulation regimens induce upregulation and down-
regulation in several cumulus gene clusters leading to the 
activation of different pathways [82, 83]. The main ques-
tion is whether the addition of various LH forms dur-
ing COS affects ART outcome differently. Many studies 
examined the effect of different sources of LH including 
the abovementioned types along with recombinant hCG 
(rhCG) and urinary hCG (uhCG) during ART cycles. A 
double-blinded randomized trial compared the effect of 
adding rLH to uhCG supplementation in poor respond-
ers undergoing GnRH antagonist protocol in IVF cycles. 
The result showed similar cancellation rates, numbers 
of retrieved oocytes, fertilization rates, the numbers of 
embryos obtained as well as implantation, clinical preg-
nancy, and live birth rates [84]. Moreover, some studies 
that compared the effect of adding hMG to rLH sup-
plementation in stimulation regimen, reported no sig-
nificant differences regarding the total and daily dose 
of gonadotropin, or clinical pregnancy and live birth 
rates; however, the number of retrieved oocytes was sig-
nificantly higher in the application of rLH in compari-
son with using hMG [85, 86]. Recently, a meta-analysis 
reviewed 70 studies and concluded that the number of 
MII oocytes did not vary when FSH alone was compared 
to FSH plus LH, FSH plus hCG, or hMG. The number 
of embryos obtained and implantation rate were higher 
when hMG was administered as a substitute for FSH 
alone. The pregnancy rate was significantly higher in 
patients who received FSH plus LH in comparison with 
the other groups. The live birth rate did not differ signifi-
cantly between groups [47]. Furthermore, a recent review 
assessed the effect of different sources of LH during COS 
protocols on cycle characteristics and its outcome in 11 
studies. The authors concluded that no statistically sig-
nificant differences were detected in ovarian stimulation 
variables and clinical pregnancy and live birth rates when 
hMG was compared with recombinant FSH plus recom-
binant LH [80]. Overall, considering all the RCTs, obser-
vational and retrospective studies, stronger evidence is 
necessary for approving the superiority of one source of 
LH to the others.

LH receptor and ART outcome
Both FSH and LH induce the gonadotropic effects 
through their specific receptors. The FSH receptor 
(FSHR) is located on ovarian granulosa cells, while the 
luteinizing hormone/human chorionic gonadotropin 
receptor (LHCGR) is found on granulosa, theca, and 
luteal cells [87]. It is stated that LH receptor expres-
sion has a crucial role in follicular development, ovu-
lation, and the corpus luteum function [88]. The data 
on LHCGR​ expression and its correlation with ART 

outcomes are limited. It has been shown that women 
undergoing IVF who are carriers of V-betaLH, a common 
genetic polymorphism of LH, demonstrate suboptimal 
ovarian response to long GnRH-agonist protocol [89]. 
One study introduced LHCGR​ gene expression profiling 
as a predictor for ovarian response, duration of stimu-
lation and also pregnancy achievement. LHCGR​ gene 
expression was assessed among 40 women who received 
a 5-day pretreatment with rLH before starting long luteal 
GnRH-agonist protocol for ICSI. A statistically signifi-
cant negative association was found between LHCGR​ 
gene expression and the duration of ovarian stimulation. 
Moreover, six of the seven women who became pregnant 
expressed at least two specific LHCGR​ variants (735 bp, 
621 bp) [90]. In another study, Yin et al. showed an inde-
pendent correlation between the slow ovarian response 
with the LHCGR​ genotypes of rs13405728, the initial 
gonadotropin dose, and the required dose of luteinizing 
hormone [91]. Furthermore, the LHCGR​ expression was 
reported to be associated with the follicle size and follicu-
lar development such that its expression was significantly 
higher in MII oocytes than in metaphase I or germinal 
vesicle oocytes through in  vitro maturation process. 
Besides, overexpression of LHCGR​ in MII oocytes may 
be an indicator of oocytes malfunction and following low 
fertilization capacity [92]. In a large study, women with 
FSHR (rs6166) and LHCGR​ (rs2293275) allele G were 
found to have a 4-fold increased chance of pregnancy ver-
sus A carriers of both polymorphisms [93]. On the other 
hand, some studies reported that LHCGR​ variants could 
predict the chance to deliver a live-born baby during 
IVF. In a cross-sectional study, 348 women undergoing 
IVF were genotyped in terms of LHCGR​ variant N312S. 
The genetic variant compared between the women who 
conceived after IVF with those who did not. Women 
who were homozygous for serine showed higher preg-
nancy rates in comparison with those with homozygous 
asparagine [94]. In a different study, Lu et al. concluded 
that IVF using frozen embryo transfer may be a valuable 
infertility treatment for women with LHCGR​ mutations. 
They reported successful pregnancy and live birth in two 
of the three women affected by pathogenic LHCGR​ vari-
ants (p.Ile585Leufs*16, p.Arg283*, and p.Asn377Asp). 
All three women showed low estradiol and progester-
one levels, enlarged cystic ovaries, oligomenorrhea, and 
infertility. All women had reasonable oocytes and high-
quality embryos and following frozen embryo transfer, 
one woman achieved a successful twin live birth, and the 
other one gave birth to a healthy baby boy [95]. In sum-
mary, only one meta-analysis showed that FSHR (rs6165) 
and FSHR (rs6166) polymorphisms affect the response 
to COS and ART outcomes [96]. However, further large 
studies are needed to confirm the involvement of LHCGR​ 
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expression in follicular and oocyte growth and its pre-
dictability for ART success.

Conclusions
Based on the collected research, rLH supplementation 
is highly recommended for both groups of patients with 
hypogonadotropic hypogonadism and also for hypore-
sponsive women to FSH monotherapy during GnRH 
agonist cycles. Furthermore, according to the available 
evidence, co-treatment with rLH has a positive impact 
on implantation and clinical pregnancy rates during both 
the GnRH agonist and antagonist regimen among women 
of advanced reproductive age between 36 and 39 years. 
Moreover, rLH support is suggested for women at risk 
of OHSS as it could decrease the cancelation rate caused 
by the development of OHSS in these patients. Nonethe-
less, on the topic of poor responders, rLH administration 
during COS cycles is still controversial because of the 
heterogeneity in the poor responder population and also 
various study designs considering different definitions for 
poor responder women. On the other hand, the review 
of the studies has revealed that there is no preference 
in terms of the LH source for improving ART outcome. 
Although the available data suggest that women with dif-
ferent LH polymorphisms respond differently to COS, 
the data is not enough to conclude that women with 
specific LH polymorphisms may benefit from adjuvant 
rLH therapy. Nowadays, with the encouraging attitudes 
toward individualized medicine, the ART regimen would 
also be directed by patients’ characteristics and genetic 
features. To that end, by continuing to pool the findings 
of clinical research, a comprehensive and fixed agreement 
on the proper dose and frequency of LH administration 
during ovarian stimulation may be achieved. Further-
more, the factors that determine women who would ben-
efit the most from exogenous LH need to be clarified, and 
also the cost–benefit ratio in the use of rLH among differ-
ent subgroups of the infertile women should be provided. 
This will deliver new paths on how in the future differ-
ent categories of infertile women may benefit from rLH 
administration during COS cycles that enhance ovarian 
response and oocyte and embryo quality in addition to 
pregnancy outcome.
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