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We performed a retrospective study aiming to study the relationship between the ratio of
the exogenous luteinizing hormone to follicle stimulating hormone (LH/FSH) administrated
for controlled ovarian stimulation (COS) and the number and competence of the oocytes re-
trieved for in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI). Eight hundred
sixty-eight consecutive infertile patients (mean age 34.54 + 4.01 years, mean anti-Mdllerian
hormone (AMH) 2.94 + 2.07 ng/ml) treated with long agonist protocol and a mixed go-
nadotropin protocol (human menopausal gonadotropin in association with recombinant FSH
(recFSH)) who performed IVF/ICSI between January 2013 and February 2016, were included.
Patients with severe male factor were excluded. LH/FSH was calculated based on total
doses of the two gonadotropins. We found, after adjustment for confounders, a positive re-
lationship between LH/FSH and the retrieved oocytes’ (3 = 0.229, P<0.0001) and zygotes’
number (f = 0.144, P<0.0001) in the entire study group and in subgroups according to age
(<35 and =35 years) and ovarian reserve (AMH < 1.1 and > 1.1 ng/ml). The fertilization rate
was positively associated with LH/FSH in patients with LH/FSH in the lowest three quartiles
(below 0.77) (p = 0.096, P=0.034). However, patients in the fourth quartile of LH/FSH had
a lower fertilization rate as compared with patients in quartiles 1-3 which, after adjustment
for covariates, was only marginally negatively related with LH/FSH (3 = —0.108, P=0.05). In
conclusion, our results suggest that the adequate LH/FSH administrated during COS can
improve the oocytes’ and zygotes’ number in IVF/ICSI cycles, but also the fertilization rate
when a certain proportion of LH/FSH is not exceeded.

Introduction

Optimization of the response to assisted reproduction represents a continuous challenge for the practi-
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oners in the reproductive medicine field taking into account the psychological burden of the patients

seeking this treatment [1]. The controlled ovarian stimulation (COS) regimen is one of the parameters

Revised: 13 December 2019 that can contribute to the success of assisted reproduction [2]. Although the luteinizing hormone (LH)
Accepted: 17 December 2019 role during the natural cycle is established [3,4], the utility of exogenous LH addition to exogenous follicle
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stimulating hormone (FSH) for COS is still widely debated. The existing data do not strongly support

18 December 2019 the universal administration of LH to infertile normogonadotropic patients undergoing COS for in vitro
Version of Record published: fertilization (IVF) [5-7], although some particular categories of patients may benefit. Thus, it was demon-
03 January 2020 strated that the association of recombinant LH (recLH) with recombinant FSH (recFSH) results in higher
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ongoing pregnancy rate in comparison with administration of recFSH in women with low serum testosterone levels
[8] or of advanced reproductive age (over 35 years old) [9,10]. Similar data are suggested by the studies that compared
recFSH with highly purified human menopausal gonadotropin (HP-HMG). HP-HMG is a gonadotropin extracted
from the urine of menopausal women which contains both FSH and LH activities, the latter being mainly derived from
the urinary hCG present in HP-HMG. These studies found that HP-HMG might be superior to recFSH regarding
the live birth rate [11-13], some of the embryo quality parameters and implantation rate of the top-quality embryos
[14]. Moreover, it was found a positive relationship between serum HCG level (from HP-HMG composition) and the
ongoing pregnancy rate [15,16] and the embryos’ quality [16], supporting the hypothesis that LH activity of HCG
is responsible for these outcomes. The most probable explanation for these effects of LH is its influence on the hor-
monal milieu. Thus, it was demonstrated that both recLH and HMG administration are associated with higher levels
of estradiol, androstenedione and testosterone in serum [16] and follicular fluid [16,17], while serum progesterone
was higher in patients receiving only recFSH. The two gonadotropins, LH and FSH, have different effects on ovarian
steroidogenesis according to the ‘two cells two gonadotropins’ theory [18], therefore, it is expected that various pro-
portions of LH and FSH used in COS to be associated with different levels of ovarian steroids production. In support
of this hypothesis, it was shown that various ratios of exogenous LH to FSH are associated with different values of
late follicular phase serum progesterone [19] and with different estrogens, androgens and progesterone levels in fol-
licular fluid [20]. However, similar data regarding the relationship between LH to FSH ratio and the full range of the
reproductive parameters are lacking. The number of the oocytes retrieved after COS and their competence are sig-
nificant predictors of the live birth and pregnancy rate [21] and could be influenced by the hormonal ovarian milieu
[22]. Still, the possible relationship between the full spectrum of the proportion of doses of exogenous LH and FSH
during COS and the number and developmental competence of the oocytes was not previously analyzed. Moreover,
studies that reported the oocytes number in patients treated with LH in association with FSH found divergent results,
probably due to the heterogeneity of the study protocols and populations [9,23-26]. Therefore, our study aimed to
analyze whether there is a relationship between the ratio of doses of LH and FSH administrated for COS in patients
performing IVF/intracytoplasmic sperm injection (ICSI) and the number of the oocytes obtained at egg collection
and their developmental competence.

Materials and methods

Study population

We performed a retrospective study in the Reproductive Medicine Department of Medlife Hospital. The medical data
of the patients with all causes of infertility who underwent IVF or ICSI cycles between January 2013 and February
2016 were reviewed. Only patients with all the following data available in the medical records were included: age, cause
of infertility, height, weight, doses and type of gonadotropins used for COS, anti-Miillerian hormone (AMH) serum
level, the number of oocytes retrieved at eggs collection, the number of zygotes (normally fertilized oocytes the day
after IVF/ICSI identified by two pronuclei). Height and weight of the patients were used to calculate the body mass
index (BMI) by dividing the weight in kilograms by the square of height in meters. Only patients treated with long
agonist protocol in association with a mixed protocol of gonadotropins (HP-HMG in association with recFSH) were
selected for the study. The following were considered exclusion criteria: severe male factor as surgically retrieved
sperm, cryptozoospermia and non-viable, non-motile sperm after preparation (to avoid the confounding effect of
severe male factor on fertilization rate). All the patients gave written informed consent before treatment.

Stimulation protocols

The common practice in the Reproductive Medicine Department of Medlife Hospital is to administer mixed proto-
cols that include the administration of HMG and recFSH in different proportions in a long agonist protocol, except in
a minority of patients which are treated with antagonist protocol for increased risk of ovarian hyperstimulation. Only
one clinician established the ovarian stimulation protocol for each case in particular according to age, medical history,
BMI, AMH levels, antral follicle count, and, were appropriate, clinician/patients preferences. Dose adjustments were
performed according to serum estradiol determinations and ovarian follicles number and dimensions evaluated at
transvaginal scans. In all the patients the treatment started with the administration of a combined oral contraceptive
pill containing etinilestradiol 0.03 mg and levonorgestrel 0.15 mg for 10-21 days, followed by a long GnRH agonist
protocol for pituitary down-regulation (triptorelin 0.1 mg/day starting in the last 2 days of the combined oral con-
traceptive pill administration till the day before ovulation trigger) (Figure 1). The ovarian stimulation was carried
out with recFSH (follitropinum « or follitropinum f3) in association with HP-HMG starting after 7 days of pill-free
interval. In the antagonist protocol HP-HMG in association with recFSH were administrated starting in the day 2 of
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OCP 10-21 days
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Last 2 days of 10 000 UI HCG
OCP trigger
After 7 days of When at least two
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Figure 1. The agonist protocol used for COS in the study group

a spontaneous menstrual cycle (without previous administration of combined oral contraceptive pills), followed by
GnRH antagonist administration (a single dose of cetrotide 0.25 mg in the morning) at day 5 of the cycle. In both
protocols oocytes maturation was triggered with a single dose of 10000 UI urinary HCG when at least two follicles
reached 17 mm. Oocytes retrieval was performed 36-38 h after HCG administration.

Study design

A total number of 868 patients were included in the study. The relationship between ratio of the exogenous luteinizing
hormone to follicle stimulating hormone (LH/FSH) and retrieved oocytes number, zygotes number and fertilization
rate was analyzed in the entire study group and subgroups according to age category (<35 and >35 years) and ovarian
reserve based on serum AMH level (low ovarian reserve AMH < 1.1 ng/ml and normal ovarian reserve AMH > 1.1
ng/ml) [27]. Patients were considered to be poor responders if they had less than five retrieved oocytes, low responders
if the oocytes number was between 5 and 9 and normal responders if the oocytes number was above 9. Because a low
number of patients had more than 15 oocytes at eggs collection (1=30), they were included in the normal responder
category. The causes of infertility were categorized as male factor (less than 5 million spermatozoa with progressive
motility), endometriosis (laparoscopically diagnosed), polycystic ovary syndrome (diagnosed by Rotterdam criteria),
tubal factor (at least one nonpermeable tube) and idiopathic.

AMH levels were measured by a commercial ELISA kit (AMH Gen II ELISA kit from Beckman-Coulter) with the
AMH limit of detection of 0.08 ng/ml. During the study period, the same culture system was used, and the oocytes and
zygotes number were reported by the same embryology team. Fertilization rate was calculated by dividing the number
of zygotes obtained by the total number of inseminated oocytes for IVF patients and, for ICSI patients, as the total
number of zygotes obtained divided by the total number of mature metaphase II injected oocytes. The fertilization
rate and zygotes number were used as indicators of oocytes’ developmental competence (the ability of the oocyte to
develop into an embryo).

The LH/FSH was calculated based on the total dose of each gonadotropin. One vial of HP-HMG of 75 IU was
considered to correspond to 75 IU of human FSH and 75 IU of human LH. The total FSH dose was calculated as the
FSH dose from HP-HMG added to the total dose of recFSH.

Statistical analysis

Statistical analysis was conducted using Statistical Package for the Social Sciences (SPSS) software version 20. A
P-value below 0.05 was considered indicative of statistical significance. Data are expressed as mean and standard devi-
ation (SD) for continuous variables or percentages for categorical variables, as appropriate. The correlations between
the variables analyzed were tested using Pearson product-moment correlation analysis. For comparisons between
groups, Student’s ¢ test for independent samples was applied for continuous variables. In order to adjust for con-
founders, we constructed few models of multivariate linear regression (for continuous dependent variables: oocytes
number, zygotes number and fertilization rate) and multinomial logistic regression (for nominal dependent variables
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Total Age < 35 years Age > 35 years AMH < 1.1 ng/ml AMH > 1.1 ng/ml
Age (vears) 34.54 + 4.01 31.07 +2.36 37.76 +2.34 36.19+3.75 33.73 +3.94
AMH (ng/mi) 2.94 +2.07 35+3 2.4+168 0.6+0.27 3.89+2.18
BMIl (kg/m?) 2297 +2.3 22.84+25 22,5+ 3.94 22.36 + 3.93 23.6 + 3.44
Oocytes (no) 7.76 + 4.69 9.09 + 4.79 6.49 + 4.25 430+3 9.18+ 4.6
Embryos (no) 51+3.34 5.78 +3.52 436+3 3.16 +2.35 5.85 + 3.44
Fertilization rate 0.7 +0.25 0.69 +0.25 0.72+0.26 0.75+0.28 0.69 +0.23
Total FSH dose (IU) 2444 4 + 622.7 2324 + 564.4 2570 + 634.5 2764.2 +716.19 2330.51 + 540.63
Total LH dose (IU) 1746 + 392 1705 + 359.1 1793 + 409.4 1842.36 + 471.34 1723.35 + 349.16
LH/FSH 0.58 4+ 0.13 0.74 + 0.1 0.71 +0.09 0.67 +0.08 0.75+0.09
Table 2 The crude and adjusted correlation between LH/FSH and oocytes and zygotes number
Oocytes number Zygotes number

r coeff P-value 3 coeff* P-value r coeff P-value B coefff P-value
Total 0.383 <0.0001 0.229 <0.0001 0.284 <0.0001 0.144 <0.0001
AMH < 1.1 0.136 0.047 0.138 0.032 0.140 0.041 0.147 0.025
ng/ml
AMH > 1.1 0.335 <0.0001 0.230 <0.0001 0.192 <0.0001 0.121 0.008
ng/ml
Age < 35 years 0.370 <0.0001 0.247 <0.0001 0.269 <0.0001 0.158 0.004
Age > 35 years 0.346 <0.0001 0.220 <0.0001 0.262 <0.0001 0.138 0.007

"B coefficient for
serum level, BMI
B coefficient for
serum level, BMI

LH/FSH in a multivariate linear regression with oocytes number as dependent variable, after adjustment for confounders (age, AMH
and infertility cause).
LH/FSH in a multivariate linear regression with zygotes number as dependent variable, after adjustment for confounders (age, AMH
and infertility cause).

with more than two values: type of responder). In order to identify nonlinear relationships between LH/FSH and vari-
ables studied, the study group was divided into four categories according to LH/FSH quartiles. All the multivariate
regression models were adjusted for infertility cause, age, AMH serum level and BMI or other confounding variables
(as mentioned were appropriate).

Results

Characteristics of the study group

The patients included in the study had a mean age of 34.54 & 4.01 years and a mean AMH of 2.94 + 2.07 ng/ml (Table
1). Patients were subdivided in groups according to age: below 35 years (n=420 patients, mean age 31.07 & 2.36 years,
mean AMH 3.5 + 3 ng/ml) and 35 years and older (n=448 patients, mean age 37.76 + 2.34 years, mean AMH 2.4 +
1.68 ng/ml). They were also divided according to AMH serum level: <1.1 ng/ml (n=286 patients) and >1.1 ng/ml
(n=582 patients). The patients were also categorized as poor responders (1=232), low responders (=361 patients)
and normal responders (n=275 patients). Ninety percent of the patients had the LH/FSH ratio between 0.59 and
0.97 (5th and 95th percentiles) and only 10% of the patients had the LH/FSH ratio above 0.85. The cut-off values for
the LH/FSH quartiles were: the first quartile below 0.67, second quartile 0.67-0.7, third quartile 0.7-0.77 and fourth
quartile above 0.77.

The relationship between LH/FSH and oocytes number

When the entire study group was analyzed, we found that the number of the oocytes retrieved was positively correlated
with LH/FSH (r = 0.383, P<0.0001) and AMH serum level (r = 0.498, P<0.0001) and negatively with age (r =
—0.357, P<0.0001) and total doses of LH (r = —0.236, P<0.0001) and FSH (r = —0.449, P<0.0001).

The positive correlation between LH/FSH and oocytes number was maintained when patients were divided in
subgroups according to age (above or below 35 years) and AMH value (below and above 1.1 ng/ml) (Table 2). This
positive relationship was maintained in total group and in all subgroups after adjustment for age, AMH serum level,
BMI and cause of infertility (Table 2). The negative relationship between oocytes number and total doses of LH and
FSH was found in all subgroups of patients after adjustment for confounders (total study group: for LH 3 = —0.167,
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Table 3 The correlation between LH and FSH doses and oocytes number after adjustment for confounders
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Oocytes number

FSH dose (IU) LH dose (IU)
3 coeff* P-value B coefft P-value
Total —0.307 <0.0001 —-0.167 <0.0001
AMH < 1.1 ng/ml —-0.192 0.003 —0.102 0.05
AMH > 1.1 ng/ml —0.339 <0.0001 —0.202 <0.0001
Age < 35 years —0.368 <0.0001 —-0.222 <0.0001
Age > 35 years —0.255 <0.0001 —-0.123 0.006

"B coefficient for FSH dose in a multivariate regression model with oocytes number as dependent variable, after adjustment for confounders (age, AMH

serum level, BMI and infertility cause).
B coefficient for LH dose in a multivariate regression model with oocytes number as dependent variable, after adjustment for confou
serum level, BMI and infertility cause).

nders (age, AMH

Table 4 The risk of being poor and low responder according to the quartile of LH/FSH

Poor responder Low responder
OR P-value OR P-value
First LH/FSH quartile 6.7 P<0.0001 5.68 P<0.0001
Second LH/FSH quartile 3.1 P<0.0001 3.77 P<0.0001
Third LH/FSH quartile 1.52 NS 2 0.003
Fourth quatrtile Reference category Reference category

P<0.0001, for FSH 3 = —0.307, P<0.0001; patients < 35 years: for LH 3 = —0.222, P<0.0001, for FSH 3 = —0.368,
P<0.0001; patients > 35 years: for LH 3 = —0.123, P=0.006, for FSH 3 = —0.255, P<0.0001; patients with AMH
< 1.1 ng/ml: for LH 3 = —0.102, P=0.05, for FSH 3 = —0.191, P=0.003; patients with AMH > 1.1 ng/ml: for LH
3 = —0.202, P<0.0001, for FSH 3 = —0.339, P<0.0001) (Table 3). In a multinomial regression model we found
that patients treated with LH/FSH in the lowest quartiles associated an increased risk of being a poor responder (OR
6.7, P<0.0001 for the first quartile and OR 3.1, P<0.0001 for the second quartile) or a low responder (OR 5.68,
P<0.0001 for the first quartile, OR 3.77, P<0.0001 for the second quartile and OR 2, P=0.003 for the third quartile)
in comparison with patients in the forth LH/FSH quartile after adjustment for confounders (Table 4).

The relationship between LH/FSH and oocytes’ developmental

competence parameters

The LH/FSH ratio was positively correlated with the zygotes number (r = 0.284, P<0.0001) in the study group and the
subgroups of patients according to age and AMH serum level, and this relationship was maintained after adjustment
for confounders (Table 2).

In the bivariate analysis the fertilization rate was significantly lower in patients in the fourth quartile of LH/FSH in
comparison with patients in the other three quartiles (0.67 £ 0.22 versus 0.72 £ 0.26, P=0.02) (Figure 2). In a model
of multivariate linear regression with fertilization rate as the dependent variable, after adjustment for age, AMH serum
level, BMI, infertility cause and oocytes number, the fourth quartile of LH/FSH remained marginally and negatively
associated with fertilization rate (3 = —0.108, P=0.05) (Table 5). When only patients in the first three quartiles of
LH/FSH were analyzed, the fertilization rate was weak, but positively correlated with the LH/FSH ratio (3 = 0.096,
P=0.034 after adjustment for confounders) (Table 5). In a multivariate linear regression model with zygotes number
as a dependent variable, the oocytes number (3 = 0.866, P<0.0001) and fertilization rate (3 = 0.441, P<0.0001), but
not LH/FSH, were significant predictors of higher zygotes number.

Discussion

The results of our study support the importance of an optimal ratio of doses of exogenous LH to FSH used in COS
before IVF/ICSI for obtaining a higher oocytes and zygotes number. To the best of our knowledge, this is the first study
that reports a linear relationship between LH/FSH doses administrated for COS and oocytes and zygotes number. A
possible explanation for the observed positive relationship between gonadotropins ratio and oocytes number can
be provided by the differential impact of the two gonadotropins and their doses on the ovarian endocrine milieu.
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Figure 2. The fertilization rate according to LH/FSH quartile

Table 5 The relationship between fertilization rate and LH/FSH

Fertilization rate (dependent variable)

[8) P-value
Model 1* (fourth LH/FSH quartile) —0.108! 0.05
Model 21 (LH/FSH as continuous variable) 0.096" 0.034

"Model 1: linear multivariate regression model with fertilization rate as dependent variable and LH/FSH quartiles, age, AMH serum level, BMI and infertility
cause as independent variables. ¥, B for the fourth LH/FH quartile as independent variable in the model 1 of multivariate regression

fModel 2: linear multivariate regression model in patients in the first three quartiles of LH/FSH with fertilization rate as dependent variable and LH/FSH
(as continuous variable), age, AMH serum level, BMI, infertility cause and oocytes number as independent variables. §, p for LH/FSH as continuous
independent variable in model 2 of multivariate regression.

Therefore, in MERIT study it was observed that the administration of HP-HMG, which contains both urinary FSH
and LH, is associated with a different hormonal profile in comparison with recFSH administration [16]. Thus, patients
who received HP-HMG had higher levels of androstenedione, total testosterone and free androgen index in follicular
fluid and serum during ovarian stimulation than those treated with recFSH [16]. Based on the available experimental
data, it is believed that androgens act during the early and intermediate stages of folliculogenesis stimulating the
transition of the ovarian follicles from the dormant to the growing pool, facilitating the effects of IGF 1 on follicular
growth and amplifying the actions of FSH in the FSH-dependent, early antral stages [28]. In the primates’ ovaries,
the highest androgen receptor density was found in preantral and antral follicles [29], suggesting the importance of
androgens in these stages of development. In humans, a recent study showed a strong association between androgen
receptor and FSH receptor mRNA gene expression in antral follicles of 3-13 mm [30], supporting the existence of
synergism between androgens and FSH action. Thus, according to these data, androgens are essential in early follicular
phase for antral follicle growth and FSH-responsiveness and, therefore, the ovarian microenvironment characterized
by higher androgens levels in patients receiving LH can contribute to a higher number of antral follicles available for
recruitment under FSH stimulation in COS.
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The theoretical basis for the differential effect of the two gonadotropins on the hormonal milieu is provided by
the theory of two cells, two gonadotropins. According to this theory, LH stimulates the production of androgens in
the theca cells which are then transported to the granulosa cells where they are converted into estrogens under FSH
stimulation [18]. Recently it was shown that FSH increases the activity of 33-HSD, 173-HSD and aromatase expres-
sion in granulosa cells of human ovaries, but does not affect CYP17A1 enzyme expression [31]. Therefore, under
exclusive FSH influence ovarian steroidogenesis will be characterized by increased progesterone production and de-
creased androgen production [31]. When LH is co-administrated with FSH from the beginning of the stimulation, the
pregnenolone produced in granulosa cells can be converted by LH action in androgens in theca cells which are abun-
dant in LH/HCG receptors during the early follicular phase [32,33], contributing to an ovarian microenvironment
characterized by higher androgens.

The potential benefit of LH addition to FSH for COS was analyzed by several studies which reported divergent
results, probably as a consequence of the heterogeneity of the study population and the stimulation protocols. Most
of these studies analyzed patients on long agonist protocol and compared COS using only recFSH with patients re-
ceiving recFSH in association with recLH [23,24]. These studies found that early LH administration starting on day 1
of stimulation was associated with a higher number of oocytes and embryos [23], while late administration from day
8 or 6 proved no benefit in terms of oocytes, embryos and pregnancy rate [24,25]. On the contrary, studies which an-
alyzed regimens of COS with antagonist protocol found that recLH addition to recFSH was associated with a lower or
a similar number of oocytes retrieved in comparison with patients treated only with recFSH [9,26]. A possible expla-
nation for the divergent results of the published studies is the different suppression of the endogenous gonadotropins
in agonist versus antagonist protocol. Therefore, in agonist protocol, the suppression of the endogenous LH is as-
sumed to be more profound than in the antagonist protocol, and so the LH substitution could be more important in
the former [34]. Moreover, in studies which included patients pretreated with combined oral contraceptives (COCs),
endogenous LH could be even more profoundly suppressed [34], making the benefit of LH administration more ev-
ident. Moreover, the LH administration from the beginning of stimulation could be essential in order to maximize
the benefits on folliculogenesis. In antagonist protocol, the antagonist is administrated after few days of gonadotropin
stimulation, allowing early action of endogenous LH before gonadotropins suppression by the antagonist. Therefore,
in patients treated with antagonist protocol, it is assumed that early follicular phase LH-driven androgen production
is not suppressed, making the addition of LH unnecessary. Moreover, fluctuations of LH level during ovarian stim-
ulation were showed to be detrimental to the reproductive outcome [35], probably offering another explanation for
the lack of benefit or even detrimental effect of LH supplementation on oocytes number in antagonist studies.

An important finding of our study is the fact that the positive relationship between LH/FSH and oocytes number
was maintained in particular subgroups of patients like those above 35 years old and those with decreased ovarian
reserve in which optimization of the ovarian response to stimulation is an essential part of infertility treatment. More-
over, patients treated with the lowest proportions of LH to FSH (in the first and second quartiles, LH/FSH below 0.7)
were more likely to be poor responders than normal responders and those treated with LH/FSH ratios in the lowest
three quartiles were more likely to be low responders than normal responders. Therefore, our results suggest that we
should take into consideration the administration of higher proportions of exogenous LH to FSH ratio to decrease
the risk of poor and low response to stimulation.

In our study, a negative correlation between total doses of FSH and LH used for stimulation and oocytes number was
observed in the study group and the subgroups of patients according to age and AMH value. One possible explanation
is that this negative relationship reflects the higher doses of gonadotropins intuitively administrated in patients with
predicted poor response to stimulation. Still, taking into account that the relationship was independent of age and
AMH serum level, we can also hypothesis that higher gonadotropin doses can negatively affect the ovarian response
to stimulation. Although the data in humans regarding this aspect are scarce, in cattle the FSH doses exceeding a
maximal value decreased the number of retrieved and fertilized ova [36,37] and increased the number of degenerated
embryos [38], suggesting a negative impact on oocytes quality as well. However, in our patients the doses used for
stimulation where rather moderate than excessive, with 90% of the patients receiving mean FSH daily doses below
293 TU and mean LH daily doses below 204 IU (data not showed). Thus, we can hypothesize that even moderately
increased doses can negatively impact the oocytes yield. Nevertheless, the positive relationship between LH/FSH ratio
and oocytes and embryos number suggests that an optimal proportion between LH and FSH can counteract a possible
negative impact of higher gonadotropins doses on ovarian response to stimulation.

We found a marginally negative relationship between fertilization rate and the LH/FSH in the fourth quartile,
suggesting that LH/FSH above 0.77 can have a negative impact, although mild, on the fertilization capacity of the
oocytes. We also noticed a positive linear relationship between LH/FSH and fertilization rate in patients treated with
gonadotropins in the lowest three quartiles of the LH/FSH ratio (below 0.77). Thus, the increasing proportion of LH to
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FSH seems to be positively related to the fertilization rate until a certain proportion is exceeded. Since the fertilization
rate is an indicator of oocytes quality [39], our results suggest that LH/FSH can contribute to oocytes quality. One
possible explanation is that the proportion of the two gonadotropins influence the oocytes quality by modulation
of the proportion of the androgens and estrogens in the follicular fluid. Thus, it was shown that increasing doses
of HCG in association with a fixed dose of FSH administrated for COS are associated with an increase in estradiol,
androstenedione and testosterone level in the follicular fluid, but also with a gradually increasing predominance of
androgens over estradiol in the follicular fluid [20]. The absolute estrogens levels, but also the estrogens to androgens
ratios in the follicular fluid were demonstrated to be positively associated with oocytes quality [40] and with their
capacity to give rise to good quality embryos [20]. Experimental in vitro studies showed that the non-genomic effect
of estradiol on cytoplasmic oocytes maturation could be counteracted by androstenedione, the primary androgen
in the follicular fluid [41]. These data in conjunction with our results suggest that increasing ratios of LH/FSH are
associated with increasing androgens to estrogens ratios which can negatively impact the oocytes quality when a
certain proportion of the two steroids is exceeded. On the other hand, the positive relationship between LH/FSH and
fertilization rate at ratios below 0.77 can be the results of the increasing amounts of androgens that serve as a substrate
for estrogens production through aromatization without androgen predominance in the follicular milieu. Another
mechanism that can be involved in the relationship between LH/FSH and oocytes competence is the regulation of
gene expression. Thus, it was shown that recFSH and HMG are associated with different gene expression in granulosa
cells of the human ovary [42], HMG administration increasing with more than five-fold the expression of pyruvate
kinase, which is the primary source for cellular energy of the oocyte [42]. Therefore, patients treated with increasing
amounts of LH in our study and, thus, of HMG could have increasingly competent oocytes with better fertilization
rate.

In our patients, LH/FSH was also positively associated with zygotes number, but this association was lost after ad-
justment for confounders including the oocytes number and fertilization rate which were both independently and
positively associated with the zygotes number. These findings suggest that possible mechanism underlying the ob-
served relationship between LH/FSH and zygotes number is its ability to increase the oocytes yield available for fer-
tilization and the fertilization rate, at least in patients in the lower quartiles of LH/FSH. Both the number of oocytes
retrieved and of embryos obtained after fertilization were reported as important predictors of IVF success [21,43],
being assumed that a high oocytes yield is an indicator of good oocytes quality [43] and oocytes euploidy [44]. In
light of these data, the ability of LH/FSH to influence the oocytes and embryos number can offer a way to influence
the final IVF outcome.

From the clinical point of view, the correlation between LH/FSH and oocytes’ number and quality, although rel-
atively weak, was statistically significant and deserved to be considered especially in particular situations when the
improvement of oocytes and zygotes number is essential. Taking into account that the fourth quartile of LH/FSH is
only marginally related to a lower fertilization rate, in clinical practice, when you deal with a patient with a very poor
predicted response, seems to be more critical to increase the oocytes number by using higher LH/FSH ratios. How-
ever, in situations when you anticipate a low fertilization rate could be a better option to avoid significantly increased
LH/FSH.

There are some strengths of our study, including the large sample size and the uniformity of the management of
the study group by the same clinician, including the administration of the LH in the form of HCG from HP-HMG
in all the patients. Moreover, all the parameters included in the analysis are part of the systematic protocol of the
department and were collected in all the patients consecutively treated between January 2013 and February 2016.
The main limitation of the study is the relatively narrow range of LH/FSH used in our patients, only 5% of them
being treated with LH/FSH below 0.59. Therefore, our findings should be used with caution in patients treated with
lower LH/FSH. Another limitation of the study is its retrospective design, which is at least in part overcome by the
advantage of observations based on a real-life experience. The HCG-derived LH activity in our patients might have
different pharmacological properties [45] and actions [46] from recLH; therefore, it is possible that our results can
not be applied to patients treated with the latter product. Moreover, all the patients in our study were treated with a
long agonist protocol which has a particular endogenous hormonal profile which probably influences the results of
our study. Therefore, our findings should not be extended to other types of protocols.

In conclusion, our study showed that in a long agonist protocol with pre-administration of combined oral contra-
ceptives, the addition of adequate amounts of exogenous LH to exogenous FSH for COS before IVF/ICSI can increase
the oocytes and zygotes number, which are significant predictors of IVF success. Our data also suggest a positive asso-
ciation between LH/FSH and fertilization rate when the gonadotropins ratio did not exceed 0.77 and only a marginally
negative relationship above this value. Nevertheless, the oocytes number was a strong independent predictor of the
zygotes number, suggesting that LH/FSH can contribute to a higher zygotes number by increasing the oocytes yield

8 (© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2020) 40 BSR20190811 °
https://doi.org/10.1042/BSR20190811 '. (] ESE%ELAND
°

even in patients with highest LH/FSH in the absence of a severe negative impact on the fertilization rate. However,
our findings should be limited to patients treated with long agonist protocol and with HCG-derived LH activity. Due
to the complex influence of the LH and FSH on variate reproductive parameters, it remains to be clarified by further
studies the impact of LH/FSH on the final IVF outcome.
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