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Introduction

Few data is available on the natural course of luteinizing hormone (LH) during ovarian stimulation, but it has been suggested that ‘oversuppressed’ LH could decrease fertility outcomes. Our aim with this study is to evaluate the changes in LH depending on the used stimulation protocol to better define LH oversuppressioin.





Methods

Patients undergoing oocyte retrieval in a tertiary fertility center between 01-01-2015 and 30-09-2020 after stimulation with a short-agonist (SA) or antagonist (A) protocol were included. Data were retrospectively retrieved from 858 electronic patient records, of which 338 SA cycles and 783 A cycles. A continuous profile was set out to evaluate the pooled measurements of the mean LH in time during ovarian stimulation and linear mixed modeling was used to compare the change of LH between 4 time points: the day prior to start of gonadotrophins (T1), stimulation day 5 (T2), stimulation day 6 (T3) and on the day of oocyte maturation trigger (T4). Oversuppression of LH was defined as a decrease of LH > 50% after initiation of GnRH antagonist and LH levels < 1.2 IU/l after GnRH antagonist. A subanalysis was performed for type of gonadotrophin (recFSH vs hp-hMG).





Results

In the SA protocol, an initial LH peak was followed by a slow decrease of LH until triggering. In the A protocol, LH decreased after gonadotrophin initiation with a further rapid decrease after initiation of the antagonist and remained low until trigger. LH levels dropped > 50% in 26.2% of the antagonist cycles and LH levels were < 1.2 IU/l in 45.3% of cycles after initiation of GnRH-antagonist.





Conclusion

The course of LH in the SA protocol differs from the A protocol where low mean LH levels are seen. Oversuppression of LH, or iatrogenic LH deficiency as described in earlier studies, may be a rather pervasive phenomenon during stimulation with an antagonist protocol and warrants further investigation to elucidate the clinical relevance of low LH levels during ovarian stimulation.
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1 Introduction

Luteinizing hormone (LH) is a glycoprotein, secreted by the anterior pituitary gland in a pulsatile fashion with variation in frequency and amplitude according to the phase of the menstrual cycle (1). It has a wide range of functions during different stages of the cycle and holds an important role in follicle maturation and maintaining corpus luteum function during the luteal phase. It also plays a key role in the early and mid-follicular phase in promoting steroidogenesis and follicle development (2). In an ovulatory cycle, LH levels are low during the early follicular phase but start to rise in the mid-follicular phase as a response to the rising estrogen levels, and eventually increase to the LH peak prior to ovulation. During controlled ovarian stimulation (COS) in assisted reproductive treatments (ART), i.e. in vitro fertilization (IVF) and intra cytoplasmatic sperm injection (ICSI), exogenous FSH administration ensures follicle growth, either with recombinant FSH (rec-FSH) or with highly purified human menopausal gonadotrophin (hp-hMG) (3, 4). In contrast, standard LH supplementation does not seem to be a prerequisite for successful oocyte retrieval (5). Gonadotrophin releasing hormone (GnRH) agonists have been introduced to inhibit a premature LH surge to optimize IVF treatment outcome. GnRH-agonists cause an initial flare-up of follicle stimulating hormone (FSH) and LH secretion and thereafter suppress gonadotrophin secretion by downregulation (6). Several studies have described lower life birth rates after profound suppression of LH levels during COS with long agonist protocol (7–9). These studies suggest that this iatrogenic LH deficiency may lead to an intrafollicular environment with reduced concentrations of serum estradiol which might lead to suboptimal maturation for a normal oocyte during the follicular phase.

Nowadays, the use of COS with an GnRH antagonist is recommended with regard to prevention of ovarian hyperstimulation syndrome (10). The GnRH antagonist will block the GnRH receptor without a flare-up effect and will cause a decrease of LH levels, whereas FSH levels will be less affected (11). Few studies have evaluated the effect of LH levels during controlled ovarian stimulation on clinical outcome in antagonist cycles and these show conflicting results (12–15). Consequently, it is unclear whether profoundly suppressed endogenous LH levels may impact treatment outcome and how to define this so-called ‘over-suppression’ of LH. Moreover, there is limited information on the course of LH levels during COS in antagonist stimulation protocols. Nevertheless, several studies have suggested that some women may benefit from LH supplementation during COS (2, 16, 17). Until so far, conclusive data on possible candidates for such treatment are lacking (18). Therefore, the aim of our study was to describe the profile of LH during COS with short GnRH agonist and with GnRH antagonist. We also compared LH levels during COS with rec-FSH and with hp-hMG.




2 Methods



2.1 Study population

This study was a retrospective study in patients who underwent ART treatment at a tertiary level infertility clinic, at the Leuven University Fertility Center between 01/01/2015 and 31/09/2020. Clinical and treatment-related data was extracted from the patients’ electronic medical records. All ovarian stimulation cycles with a short agonist (SA) protocol and antagonist protocol (A) were screened. Only cycles with serial hormonal blood sampling including baseline blood sampling were eligible. Since we aimed to describe LH profiles during a standard controlled ovarian stimulation with a short-agonist protocol or antagonist protocol, the following cycles were excluded: stimulation with a long-agonist protocol; cycle cancellation prior to oocyte retrieval; preparation with oral contraceptive pills; concomitant use of clomiphene citrate, aromatase inhibitor or hormonal IUD; dual stimulations; stimulation duration shorter than 9 days or longer than 16 days.




2.2 Primary outcome

Our aim was to describe the change of endogenous LH levels in patients undergoing ovarian stimulation for ART with respect to the effect of GnRH analogues during a standard stimulation. We set out the course of LH from start of ovarian stimulation until oocyte maturation triggering.




2.3 Measurements

A timeline was set out in function of gonadotrophin administration, defining day 0 as the first administration of FSH. A baseline blood testing was taken between menstrual cycle day 1 to 3, i.e. one day prior to or on the day of start of gonadotrophin stimulation. Subsequently, blood samples were taken during ovarian stimulation and the day before or on the day of oocyte maturation triggering for oocyte retrieval. Consequently, four time points were identified at which LH levels were measured (Figure 1). The time line in the two studied stimulation protocols was as follows:




Figure 1 | Time line of study protocol indicating time points of blood sampling during ovarian stimulation in function of gonadotrophin administration in short-agonist protocol (A) and antagonist protocol (B). Created with BioRender.com.



	• Short agonist (SA): treatment is initiated at the beginning of the menstrual cycle day 1 to 3 with a GnRH agonist and gonadotrophin administration is started the day after (Figure 1A)

	 o T1: ‘baseline’: between menstrual cycle day 1 to 3 a blood sample was taken prior to the first injections. This was the day of GnRH agonist initiation (day -1) and 1 day before the first gonadotrophin administration

	 o T2: this blood sample was taken on day 5 of the gonadotrophin administration (6th administration of gonadotrophins)

	 o T3: this blood sample was taken on day 6 of gonadotrophin administration (7th administration of gonadotrophins)

	 o T4: this blood sample was taken on the day of oocyte maturation trigger

	• Antagonist (A): treatment is start at the beginning of the menstrual cycle day 1 to 3 with initation of Gonadotrophins. The GnRH antagonist is initiated on the 6th day of gonadotrophin administration, i.e. a fixed protocol (Figure 1B)

	 o T1: ‘baseline’: between menstrual cycle day 1 to 3 a blood sample was taken prior to the first injections. Gonadotrophins were initiated on that same day (day 0).

	 o T2: this blood sample was taken on day 5 of gonadotrophin administration (6th administration of gonadotrophins). The GnRH antagonist is initiated on that day.

	 o T3: this blood sample was taken on day 6 of gonadotrophin administration (7th administration of gonadotrophins) and approximately 24 hours after the first GnRH antagonist injection.

	 o T4: this blood sample was taken on the day of oocyte maturation trigger



LH levels were measured immediately after blood sample collection. LH and AMH measurements were performed with ECLIA by Roche diagnostics.




2.4 Statistical analysis

Patient characteristics were described, but due to the exploratory nature of this study, characteristics of patients included in the short agonist (SA) protocol were not compared with those of patients in the antagonist (A) group. Mean LH with 95% confidence interval was set out as a continuous, linear profile to evaluate changes over time during stimulation. In addition, descriptive analyses of LH levels were performed at each time point T1, T2, T3 and T4. Finally, linear mixed models (LMM) were used to compare LH Levels between the time points. Random effect for patient and cycle were modelled to deal with clustering. We evaluated the estimated mean LH levels based on a longitudinal model. To account for the skewed distribution of the variables, a log transformation was performed to adjust for the influence of outliers. Change in LH between time points was expressed as the ratio of the later value over the earlier value. A ratio < 1.00 indicated decrease, whereas a ratio > 1.00 indicated increase of LH.

A sub-analysis was performed to evaluate the possible effect of the type of gonadotrophin used on the mean LH levels during COS and after linear mixed models. To identify patients with so-called ‘oversuppressed’ LH levels in the antagonist group, a selection was made of cycles with blood samples performed at both T2 and T3 to evaluate the decrease of LH after GnRH antagonist initiation. Two cut-off levels used in earlier studies to define ‘oversuppression’ were used in this study: a decrease of > 50% between blood samples taken prior to GnRH antagonist administration (T2) and 24 hours after GnRH antagonist administration (T3) (9, 17) and LH levels during ovarian stimulation < 1.2 IU/L at T2 and T3 (9, 19). An additional subanalysis was performed to evaluate possible confounding factors on LH levels (AMH, BMI and age) using a logistic regression analysis to calculate odds ratio with 95% confidence intervals. We applied the same aforementioned cut-off levels as mentioned above to identify cycles with so-called ‘oversuppressed’ LH levels, rather than using a cut-off levels based on e.g. percentiles or quartiles in the current cohort. The odds ratio represented the impact of a 1-unit increase of the predictor on ‘oversuppression’. An odds ratio < 1 indicated a lower probability of LH < 1.2 IU/l at T3 or >50% decrease of LH between T2 and T3. An odds ratio > 1 indicated a higher probability of LH < 1.2 IU/l at T3 or >50% decrease of LH between T2 and T3. We reported pregnancy rates, i.e. positive pregnancy test, after fresh embryo transfer in both groups according to both definitions of oversuppression. Since this was a descriptive study, no power calculation was performed to detect any difference in the number of ‘oversuppressed’ levels or pregnancy rates between the studies groups, neither for the differences in type of gonadotrophin.

Statistical analysis was performed using SAS software version 9.4. Level of significance was set at P < 0.05.





3 Results

A total of 1180 cycles were analyzed in 858 patients. Most cycles (842; 71.4%) were performed with an antagonist (A) protocol, 338 cycles (28.6%) were performed with a short-agonist (SA) protocol. In 783 cycles rec-FSH was used (66.4%), compared to hp-hMG in 397 cycles (33.6%).

The mean age of women in the SA group was 37.0 years (± 4.5 years), whereas the mean age in the A group was 33.1 years (± 5.0 years). Similarly, mean serum AMH in the SA group was 1.2 ng/ml (± 1.2 ng/ml) and 3.2 ng/ml (± 3.3 ng/ml) in the A group. Body mass index was 25.2 kg/m² (± 4.6 kg/m²) in the SA group and 24.3 kg/m² (± 4.3 kg/m²) in the A group. The mean duration of COS was 11.5 days (± 1.9 days) in the SA group, and 11.9 days (± 1.9 days) in the A group. The mean starting dose of gonadotrophins was 231 IU (± 43 IU) with a mean total gonadotrophins dose of 2262 IU (± 669 IU) during stimulation in a short-agonist protocol. In the antagonist group, mean starting dose was lower (187 ± 54 IU) and total mean gonadotrophins dose was 1880 IU (± 627 IU). In the short-agonist group the mean number of oocytes able to retrieve was 5.9 (± 4.3 oocytes), 237 fresh embryo transfers were performed of which 48 had positive HCG test (20.3%). In the antagonist group the mean number of oocytes able to retrieve was 10.4 (± 7.6 oocytes). In this group, 443 embryo transfers were performed of which 146 had a positive HCG test (33.0%) (Table 1).


Table 1 | Patient characteristics and characteristics of stimulation protocol.





3.1 Type of COS protocol

In SA cycles, continuous measurements of LH showed an initial increase of LH levels after initiation of GnRH agonist and a subsequent decrease of LH until oocyte maturation trigger prior to oocyte retrieval (Figure 2). Continuous measurements of LH over time in A cycles showed a steady decrease of LH after start of gonadotrophins and a steep decrease of LH after GnRH antagonist initiation. LH remained low until oocyte maturation trigger for the oocyte retrieval (Figure 3).




Figure 2 | Endocrine profile of mean LH with 95% confidence interval during ovarian stimulation in short-agonist protocol. Black: all cycles; Blue: recombinant gonadotrophins only; Green: highly purified human menopausal gonadotrophin only.






Figure 3 | Endocrine profile of mean LH with 95% confidence interval during ovarian stimulation in antagonist protocol. Black: all cycles; Blue: recombinant gonadotrophins only; Green: highly purified human menopausal gonadotrophin only.



In SA cycles, mean LH was measured at specific time points during ovarian stimulation (Table 2). After performing LMM analyses, mean LH at baseline (T1) was LH 4.45 IU/l (CI: 4.10; 4.82), at T2 mean LH 6.71 IU/l (CI: 6.04; 7.47), at T3 6.36 IU/l (CI: 5.85;6.91) and at T4 5.59 (5.16; 6.06) (Table 3). Using LMM analysis, changes in LH levels as compared to baseline LH (T1) were calculated; ratio T2:T1 was 1.51 (CI 1.66; 1.37; P < 0,001) and ratio T3:T1 was 1.43 (CI: 1.54;1.33; P < 0,001). As compared to the 5th stimulation day (T2), LH levels did not change significantly [ratio T3:T2 0.95 (1.05; 0, 86; P = 0,29)], whereas ratio T4:T2 (ratio 0.83; CI 0.92; 0.76; P < 0.001) and ratio T4:T3 (ratio 0.88; CI 0.95; 0.82; P < 0.001) confirmed a significant change in estimated LH levels until oocyte maturation trigger (Figure 2, Table 4).


Table 2 | Measured mean LH levels (IU/l) for the short-agonist and antagonist protocol at the different set time points.




Table 3 | Mean LH levels (IU/l) for the short-agonist and antagonist protocol at the different set time points after LMM analysis.




Table 4 | Ratio of change in LH levels between time points.



Similarly, mean LH was measured in A cycles (Table 2). Subsequently LMM analysis was performed which showed a mean LH at T1 5.36 IUI/l (CI: 5.03; 5.72), T2 of 1.85 IU/l (CI: 1.73; 1.99), T3 of 1.22 IU/l (CI: 1.14; 1.31) and T4 of 1.30 IU/l (CI: 1.22; 1.39) (Table 3). Significant changes in LH level were observed between T1 and T2 [ratio T2:T1 0.35 (CI: 0.37; 0.33; P < 0.001)], between T1 and T3 (ratio 0.23; CI: 0.24; 0.21; P < 0.001) and between T1 and T4 (ratio 0.24; CI: 0.26; 0.23; P < 0.001). Mean LH levels also changed significantly between T2 and T3 (ratio 0.66 (CI: 0.71; 0.62; P < 0,001) and between T2 and T4 (ratio 0.70; CI: 0.75;0.66; P < 0.001). Finally, a significant change in mean LH was also observed between T3 and T4 (ratio 1.06; CI: 1.14; 1.00; P < 0,05) (Figure 3, Table 4).




3.2 Type of gonadotrophin

In each COS protocol, changes in mean LH levels were also calculated in cycles using rec-FSH and in cycles using hp-hMG. In SA cycles, for the group using rec-FSH, LH at baseline (T1) was LH 4.55 IU/l (CI: 4.10; 5.04), at T2 mean LH 6.91 IU/l (CI: 5.99; 7.98), at T3 6.53 IU/l (CI: 5.87;7.28) and at T4 5.45 (4.92; 6.05) (Table 3). In these cycles using rec-FSH, mean LH changed significantly between all time points, except between T2 and T3 [ratio 0.95 (CI: 1.09;0.82; P = 0.43)] (Figure 2, Table 4). For the group using hp-hMG LH at baseline (T1) was LH 4.29 IU/l (CI: 3.81; 4.83), at T2 mean LH 6.42 IU/l (CI: 5.51; 7.48), at T3 6.09 IU/l (CI: 5.38;6.90) and at T4 5.69 (5.05; 6.41) (Table 3). In cycles with hp-hMG in the SA protocol, mean LH was significantly different in all time points as compared to T1. However, none of the other comparisons reached statistical significance; T2 vs T3 (ratio 0.95 (CI: 1.1;0.82; P = 0.48), T2 vs T4 (ratio 0.89 (CI: 1.02; 0.77; P = 0.09) and T3 vs T4 (ratio 0.93 (CI: 1.04; 0.84; P = 0.20) (Figure 2, Table 4).

In cycles in the antagonist protocol with rec-FSH, mean LH at T1 was 5.43 IUI/l (CI: 5.03; 5.87), T2 of 1.81 IU/l (CI: 1.66; 1.97), T3 of 1.21 IU/l (CI: 1.11; 1.32) and T4 of 1.29 IU/l (CI: 1.20; 1.40) (Table 3). In this group, using rec-FSH, mean LH changed significantly between all time points, except between T3 and T4 (ratio 1.07 (CI: 1.16;0.99; P = 0.08) (Figure 3, Table 4). Similarly, in cycles with hp-hMG, T1 was 5.23 IUI/l (CI: 4.68; 5.85), T2 of 1.97 IU/l (CI: 1.74; 2.22), T3 of 1.26 IU/l (CI: 1.12; 1.43) and T4 of 1.32 IU/l (CI: 1.18; 1.48) (Table 3), and only the change in mean LH levels between T3 vs T4 was not significantly different (ratio 1,05 (CI: 1,16; 0,94; P = 0,40) (Figure 3, Table 4). Thus LMM showed a similar mean LH profile in rec-FSH as compared to hp-hMG cycles for antagonist cycles.




3.3 Oversuppression

In 401 antagonist cycles a blood sample was taken at both time points T2 and T3, i.e. after GnRH antagonist initiation. In 105 (26.2%) cycles a drop of > 50% of LH was observed, indicating possible oversuppression of LH. A drop of > 50% of LH was observed in 77 cycles (77/286; 26.9%) using rec-FSH in an antagonist protocol, and in 28 cycles (28/119; 24.4%) for hp-hMG (Table 5). Logistic regression analysis to evaluate possible confounding factors for LH oversuppression with a > 50% decrease of LH between T2 and T3 showed a significant odds ratio for age (OR 0.95 (0.90;0.99), P 0.02) and BMI (OR 0.94 (0.88;0.99), P = 0.03), whereas AMH had no impact (OR 1.03 (0.96;1.10), P = 0.48) (Table 6). In 216/401 cycles a fresh embryo transfer was performed resulting in a pregnancy rate of 25.6% (11/43) in the oversuppressed group compared to 38.7% (67/173) in the group where the decrease in LH was < 50% between T2 and T3. After using rec-FSH, pregnancy test was positive in 22.6% (7/31) of cycles in the oversuppressed group, compared to 44.4% (51/115) in the group where LH dropped < 50%. Using hp-hMG, pregnancy rates in the oversuppressed group were 33.3% (4/12) and 27.6% (15/58) in the group with LH decrease < 50% (Table 7).


Table 5 | Oversuppression in antagonist cycles.




Table 6 | Odds ratio for the impact of confounding factors based on patient characteristics (Anti-Müllarian hormone, age and Body Mass Index) after logistic regression analysis on LH <1.2 IU/L at T3 or >50% decrease of LH between T2 and T3.




Table 7 | Positive pregnancy test after fresh embryo transfer in antagonist cycles regarding the effect of oversuppression. A decrease of LH > 50% between T2 and T3 or LH levels <1.2 IU/l indicate 'oversuppression'.



In 637 antagonist cycles a blood sample was taken at T2 and in 601 antagonist cycles a blood sample was taken at T3, i.e. 24 hours after GnRH antagonist initiation. When the cut-off level of 1.2 IU/L to define oversuppresion, was applied for T2, in 166 (26.06%) antagonist cycles LH was lower than 1.2 IU/L. However, the highest proportion of low LH levels was seen at T3 after GnRH antagonist initiation, with a drop of LH level below 1.2 IU/l in 45.3% cycles (272/601). In 192 antagonist cycles (192/430; 44.7%) with rec-FSH, LH was lower than 1.2 IU/l after GnRH antagonist initiation, compared to 80 cycles (80/171; 46.8%) with hp-hMG (Table 5). Logistic regression analysis to evaluate possible confounding factors for LH oversuppression with an LH <1.2 IU/L at T3 only showed an significant odds ratio for age (OR 0.91 (0.88;0.94), P <0.01). However, BMI (OR 1.00 (0.96;1.05), P =0.86), and AMH did not impact (OR 1.00 (0.94;1.06), P = 0.93) LH levels < 1.2/L (Table 6). In 317 cycles a fresh embryo transfer was performed resulting in a positive pregnancy test in 36.4% (48/132) of cycles in the oversuppressed group compared to 33.5% (62/185) in the group where LH remained > 1.2 IU/L at T3. Pregnancy rates using rec-FSH lead to a rate of 36.5% (31/85) in the oversuppressed group, compared to 37.4% (46/123) in the group where LH remained > 1.2 IU/L at T3. Using hp-hMG pregnancy rates in the oversuppressed group were 36.2% (17/47) and 25.8% (16/62) in the group where LH remained > 1.2 IU/L at T3 (Table 7).





4 Discussion

To the best of our knowledge, our study is the first to describe the course of LH levels during ovarian stimulation in a short-agonist and antagonist protocol. Our results confirm an initial increase of LH after start of GnRH-analogue administration at start of ovarian stimulation in a short-agonist protocol, hence also referred to as a ‘micro-flare’ protocol. Subsequently, LH levels decrease gradually and remain low until the day of oocyte maturation triggering. On the other hand, during stimulation according to the more commonly used antagonist protocol, a decrease in LH levels was observed as of initiation of gonadotrophins, with a further steep drop in LH levels after administration of the GnRH antagonist. Thereafter, LH levels increased significantly until oocyte maturation triggering, although absolute levels remained low.

Several studies in long-agonist protocols have described a detrimental effect of severe LH suppression on live birth rates (7). In a dose-finding study on GnRH antagonist, a critical role of LH on implantation has been suggested because of a trend of lower clinical pregnancy rates in patients with the lowest LH levels, since the number of follicles, oocytes, quality of oocytes, number and quality of embryos were not significantly different between the studied groups (20). Others have hypothesized that a certain level of LH is required to maintain androgen and subsequently, estradiol production for follicular development during COS (21, 22). Likewise, the clinical phenomenon of ‘oversuppression’ of LH was introduced, referring to a relative LH deficiency within 24 hours after GnRH antagonist administration and subsequent inadequate increase of estradiol levels (17). Kol et al. described oversuppression, 24 hours after GnRH antagonist administration, as LH levels that dropped >50% of pre-injection levels (17). According to the “LH window” concept outlined by Shoham, a 1.2 IU/l threshold level of serum LH should be reached to ensure sufficient estrogen production leading to normal follicular development, endometrial proliferation and corpus luteum formation.

Our data allowed us to compare LH levels during stimulation with different types of gonadotrophins. Despite the structural differences between rec-FSH and hp-hMG, the pattern of change in LH during ovarian stimulation was similar. One can hypothesize that addition of hp-hMG may be an option to prevent low LH levels during stimulation. Multiple studies have shown that the use of hp-hMG, containing hCG and thus LH-activity, was not inferior to recFSH in terms of live birth after ART (3). In our study, changes in LH levels during ovarian stimulation cycles with recFSH and in cycles with hp-hMG followed a rather similar pattern. In addition, the percentage of cycles with oversuppressed levels did not seem to differ between rec-FSH and hp-hMG. These findings suggest that recFSH and hp-hMG seem to have a similar impact on the course of LH levels during ovarian stimulation, and thus on outcomes of stimulation.

In our data we applied aforementioned criteria for LH oversuppression. In up to 26.2% of cycles, a drop in LH > 50% after initiation of GnRH antagonist was observed and in no less than 45.3% of all cycles LH levels dropped below 1.2 IU/l within 24 hours after GnRH antagonist initiation. Hence, our findings indicate that LH oversuppression may be more ubiquitous than suggested by previous studies (17, 19). Until so far, the clinical relevance of LH oversuppression needs to be confirmed. The similar percentage of cycles with low LH levels after GnRH antagonist during COS with hp-hMG as compared with rec-FSH, suggest that LH oversuppression may not have a clinical impact. On the other hand, our data may also suggest that LH-activity in hp-hMG is insufficient to prevent a sharp decrease of LH after GnRH antagonist administration. Unfortunately, data from prospective randomized studies comparing hp-hMG to recombinant FSH + recombinant LH on outcomes of ovarian stimulation and pregnancy are not available. Nevertheless, administration of recombinant LH has been proposed to avoid the so-called oversuppression of LH and to improve outcome (5, 23). More specifically, in women 36-39 years of age, rec-LH supplementation may exert a beneficial effect on implantation rates regardless of pituitary suppression protocol (2). In our study, younger patients were more at risk of LH levels < 1.2 IU/L and a decrease of LH by >50% after GnRH antagonist initiation. Lower BMI levels also had a significant impact on the risk of >50% decrease of LH. This seems contradictory with the aforementioned studies suggesting that rec-LH may be needed in treatment of women age 36-39 years old. Also women with a unexpected low response to FSH monotherapy and GnRH agonist-induced pituitary down-regulation appeared to benefit from rec-LH supplementation (2). However, in none of these studies LH levels were taken into account, i.e. absolute LH levels were not assessed and thus, it remains unclear at what LH level supplementation may improve ART outcomes. Our data are similar to the study by Depalo et al., who observed lowest LH levels after COS in antagonist protocol in young women with good ovarian response who achieved a pregnancy as compared to women who did not get pregnant (14). In our study, the number of positive pregnancy tests was slightly higher in cycles with an LH < 1.2 IU/L (36.4%) and subsequent fresh embryo transfer compared to the group that had an LH > 1.2 IU/L (33.5%). In addition, young women from our study were more prone to have low LH levels. However, women with a low BMI were also more prone for oversuppression, whereas AMH levels did not impact the risk of low LH levels. Moreover, in a considerable part of cycles included in our study, LH levels were profoundly suppressed during COS, even prior to GnRH antagonist initiation at T2 (26.1%). Therefore, our data need to be interpreted with care. This was a retrospective single center study. No analysis was performed to adjust for other possible confounding factors because of the descriptive intent of the study. For the sub-analysis on oversuppression of LH, data were retrieved from a selected number of ovarian stimulation cycles in antagonist protocol alone, during which hormonal measurements had been performed on the day of antagonist initiation and 24 hours later, cycles of a duration of 9 to 16 days and followed by a fresh embryo transfer. Because of the limited number of cycles and thus, even lower number of patients, life birth rates were not calculated and the clinical significance of our findings need to be confirmed in larger data sets to draw firm conclusions on the meaning of low LH levels during ovarian stimulation.




5 Conclusion

In this retrospective study we describe the course of LH during ovarian stimulation cycles in a short-agonist and in an antagonist protocol. Regardless of the type of gonadotrophin administered, LH seems to follow a similar pattern from the midfollicular phase until oocyte maturation trigger. Based on the current findings and earlier described criteria, LH oversuppression may be a rather pervasive phenomenon during ovarian stimulation with an antagonist protocol and warrants further investigation to elucidate the clinical relevance of low LH levels with regard to IVF treatment outcome.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Approval for this retrospective study was obtained by the Ethics Committee Research UZ/KU Leuven (s64874). Study was performed according to the declaration of Helsinki for medical research involving human subjects. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

HV: Conceptualization, Data curation, Investigation, Methodology, Writing – original draft. AL: Data curation, Formal analysis, Writing – original draft. SD: Data curation, Resources, Writing – review & editing. CT: Funding acquisition, Resources, Writing – review & editing. SL: Conceptualization, Methodology, Project administration, Resources, Supervision, Writing – original draft.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by a scientific grant of Merck nv/sa, Hoeilaart, Belgium, an affiliate of Merck KGaA, Darmstadt, Germany. However, Merck was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.





Conflict of interest

Author HV was employed by company Fertility Clinic Brussels. SL is a member of the Advisory Board of Merck nv/sa, Hoeilaart, Belgium. CT was granted a research grant by Merck.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Moenter, SM, Brand, RM, Midgley, AR, and Karsch, FJ. Dynamics of gonadotropin-releasing hormone release during a pulse. Endocrinology. (1992) 130:503–10. doi: 10.1210/endo.130.1.1727719

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

3. van Wely, M, Kwan, I, Burt, AL, Thomas, J, Vail, A, van der Veen, F, et al. Recombinant versus urinary gonadotrophin for ovarian stimulation in assisted reproductive technology cycles. Cochrane Database Syst Rev. (2011) 2011:CD005354. doi: 10.1002/14651858.CD005354.pub2

4. Devroey, P, Pellicer, A, Nyboe Andersen, A, Arce, JC, and Menopur in GnRH Antagonist Cycles with Single Embryo Transfer Trial Group. A randomized assessor-blind trial comparing highly purified hMG and recombinant FSH in a GnRH antagonist cycle with compulsory single-blastocyst transfer. Fertil Steril. (2012) 97:561–71. doi: 10.1016/j.fertnstert.2011.12.016

5. Mochtar, MH, Danhof, NA, Ayeleke, RO, van der Veen, F, and 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. doi: 10.1002/14651858.CD005070.pub3

6. Siristatidis, CS, Gibreel, A, Basios, G, Maheshwari, A, and Bhattacharya, S. Gonadotrophin-releasing hormone agonist protocols for pituitary suppression in assisted reproduction. Cochrane Database Syst Rev. (2015) 2015:CD006919. doi: 10.1002/14651858.CD006919.pub4

7. Westergaard, LG, Laursen, SB, and 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) 15:1003–8. doi: 10.1093/humrep/15.5.1003

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

9. Lahoud, R, Al-Jefout, M, Tyler, J, Ryan, J, and Driscoll, G. A relative reduction in mid-follicular LH concentrations during GnRH agonist IVF/ICSI cycles leads to lower live birth rates. Hum Reprod. (2006) 21:2645–9. doi: 10.1093/humrep/del219

10. OS Guideline Development Group. Ovarian stimulation for IVF/ICSI. Eur Soc Hum Reprod Embryology (ESHRE). (2019), 1–136.

11. Albano, C, Smitz, J, Camus, M, Riethmüller-Winzen, H, Van Steirteghem, A, and Devroey, P. Comparison of different doses of gonadotropin-releasing hormone antagonist Cetrorelix during controlled ovarian hyperstimulation. Fertil Steril. (1997) 67:917–22. doi: 10.1016/s0015-0282(97)81407-0

12. Griesinger, G, Shapiro, DB, Kolibianakis, EM, Witjes, H, and Mannaerts, BM. No association between endogenous LH and pregnancy in a GnRH antagonist protocol: part II, recombinant FSH. Reprod BioMed Online. (2011) 23:457–65. doi: 10.1016/j.rbmo.2011.06.016

13. Hugues, JN, Massé-Laroche, E, Reboul-Marty, J, Boîko, O, Meynant, C, and Cédrin-Durnerin, I. Impact of endogenous luteinizing hormone serum levels on progesterone elevation on the day of human chorionic gonadotropin administration. Fertil Steril. (2011) 96:600–4. doi: 10.1016/j.fertnstert.2011.06.061

14. Depalo, R, Trerotoli, P, Chincoli, A, Vacca, MP, Lamanna, G, and Cicinelli, E. Endogenous luteinizing hormone concentration and IVF outcome during ovarian stimulation in fixed versus flexible GnRH antagonist protocols: An RCT. Int J Reprod Biomed. (2018) 16:175–82. doi: 10.29252/ijrm.16.3.175

15. Luo, Y, Liu, S, Su, H, Hua, L, Ren, H, Liu, M, et al. Low serum LH levels during ovarian stimulation with gnRH antagonist protocol decrease the live birth rate after fresh embryo transfers but have no impact in freeze-all cycles. Front Endocrinol (Lausanne). (2021) 12:640047. doi: 10.3389/fendo.2021.640047

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

17. Kol, S. Individualized treatment from theory to practice: the private case of adding LH during gnRH antagonist-based stimulation protocol. Clin Med Insights Reprod Health. (2014) 8:59–64. doi: 10.4137/CMRH.S17788

18. König, 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) 28:2804–12. doi: 10.1093/humrep/det266

19. Shoham, Z. The clinical therapeutic window for luteinizing hormone in controlled ovarian stimulation. Fertil Steril. (2002) 77:1170–7. doi: 10.1016/s0015-0282(02)03157-6

20. Huirne, JA, van Loenen, AC, Schats, R, McDonnell, J, Hompes, PG, Schoemaker, J, et al. Dose-finding study of daily gonadotropin-releasing hormone (GnRH) antagonist for the prevention of premature luteinizing hormone surges in IVF/ICSI patients: antide and hormone levels. Hum Reprod. (2004) 19:2206–15. doi: 10.1093/humrep/deh357

21. Bosch, E, Alviggi, C, Lispi, M, Conforti, A, Hanyaloglu, AC, Chuderland, D, et al. Reduced FSH and LH action: implications for medically assisted reproduction. Hum Reprod. (2021) 36:1469–80. doi: 10.1093/humrep/deab065

22. Kol, S, and Homburg, R. Change, change, change: hormonal actions depend on changes in blood levels. Hum Reprod. (2008) 23:1004–6. doi: 10.1093/humrep/den061

23. Pezzuto, A, Ferrari, B, Coppola, F, and Nardelli, GB. LH supplementation in down-regulated women undergoing assisted reproduction with baseline low serum LH levels. Gynecol Endocrinol. (2010) 26:118–24. doi: 10.3109/09513590903215516




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Verschuere, Laenen, Debrock, Tomassetti and Lie Fong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1481546-g001.jpg
A. Short-agonist protocol

T1 T2 T3 T4
-1 0 1 2 3 4 5 6 7 8 9 10 11 trigger

Start gonadotrophins

Start GnRH-agonist Y
oocyte maturation
trigger

B. Antagonist protocol (fixed)

T1 T2 T3 T4
-1 0 1 2 3 4 5 6 7 8 9 10 11 trigger

Start gonadotrophins

Start GnRH-antagonist l 1

oocyte maturation
trigger





OEBPS/Images/fendo-15-1481546-g003.jpg
LH (IU/1)

12

11 |

10 -

4 6 8 10 12
Number of days from start gonadotrophins





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Luteinizing hormone profiles during ovarian stimulation in assisted reproductive treatment

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study population

          



          		

            2.2 Primary outcome

          



          		

            2.3 Measurements

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Type of COS protocol

          



          		

            3.2 Type of gonadotrophin

          



          		

            3.3 Oversuppression

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Patient characteristics T2 vs. T3 > 50% decrease LH

Odds Ratio (95% ClI) = p-value

Anti-Miillerian Hormone 1.03 (0.96;1.10) 047
Age 0.95 (0.900.99) 0.02
Body Mass Index (BMI) 0.94 (0.88;0.99) 0.03

Bold: indicates significant impact of patient characteristic.

LH <12 1U/lat T3
Odds Ratio (95% CI)  p-value

1.00 (0.94;1.06) 093
0.91 (0.88;0.94) <0.01
1.00 (0.96;1.05) 0.86





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Agonist-short Antagonist

Time
point (TP) Mean LH SD Mean LH SD
(1u/y) (1u/y
Tl 5,97 5,71 6,32 3,16
T2 7,43 3,48 2,80 ‘ 3,52
T3 7,20 3,05 1,83

T4 6,15 2,70 2,24






OEBPS/Images/table4.jpg
A: Short-agonist

T1vs T2

T1vs T3

T1 vs T4

T2 vs T3

T2 vs T4

T3 vs T4

All gonadotrophins

Ratio (Cl 95%)
151 (1.66;1.37)
143 (1.541.33)
1.26 (1.351.17)
095 (1.05;0.85)
083 (0.92;0.76)

0.88 (0.95;0.82)

B: Antagonist

p-value
<001
<001

< 0,01
0.30

<001

< 0.01

All gonadotrophins

Ratio (Cl 95%)

p-value

Rec-FSH
Ratio (Cl 95% )

i 152 (1.741.33)
1 1.44 (159;1.30)
1 1.20 (1.32:1.09)

‘ = 0.95 (1.09;0.82)
‘ 1 0.80 (0.90;0.69)

I 0.84 (0.92;0.76)

Rec-FSH
Ratio (C1 95% )

1 0.33 (0.36;0.31)

p-value

<0.01 T
<001 1
<001 1
043 &
<001 !
<001 !

Hp-hMG

Ratio (Cl 95% )
150 (1.72;1.31)

142 (1.58;1.28)

1.33 (1.47;1.20)

095 (1.10,0.81)

0.89 (1.02;0.77)

093 (1.040.84)

Hp-hMG
Ratio (C1 95% )

< 0.01

<0.01

< 0.01

0.48

0.09

0.20

Tl vs T2 035 (0.37:0.33) <001 ‘ <001 ! 038 (0.42;0.34) <001
Tl vs T3 023 (0.24:0.21) <001 ‘ 1 022 (0.24;0.21) <001 ! 024 (0.27;0.22) <001
T1 vs T4 024 (0.26;0.23) <001 ‘ 1 0.24 (0.26;0.22) <001 ! 025 (0.27;0.23) <001
T3 067 (0.71;0.62) <001 ‘ 1 0.67 (0.73;061) <001 ! 064 (0.72;0.57) <001
T2 vs T4 070 (0.75;0.66) <001 ‘ 1 0.72 (0.77;0.66) <001 1 067 (0.75;0.60) <001
T3 vs T4 1.07 (0.35;1.00) 0.05 ‘ 1 1.07 (1.16:0.99) 0.08 = 1.05 (1.16;0.94) 0.41

A. Short-agonist protocol. B. Antagonist protocol.

Arrow up: indicates significant increase of LH; Arrow dows

: indicates significant decrease of LH;

indicates no significant change.





OEBPS/Images/table3.jpg
A: all gonadotrophins

Agonist-short Antagonist

Time
point (TP) MeanLH 95% ClI MeanLH 95% CI
(1u/n (1u/v)

(4.10;4.81)

(5.03;5.72)

T2 (1.73;1.99)

(6.04;7.47)

T3 (5.85;:6.91) (1.14;1.31)

(5.16:6.06) (1.22;1.39)

B: rec-FSH

Agonist-short Antagonist
Time
point (TP) Mean LH 95% ClI Mean LH 95% CI
(/) g/

(4.10;5.04) (5.03;5.87)

T2 6.91 (5.99;7.98) 1.81 (1.661.97)

T3 6.53 (5.87;7.28) 121 (1.11;1.32)

T4 545 (4.92;6.05) 1.29 (1.20;1.40)

C: hp-hMG
Agonist-short Antagonist
Time
point (TP) Mean LH  95% CI MeanlLH 95% ClI
(N ()
T1 429 (3.81;4.83) 5.23 (4.68;5.85)
T2 642 (5.51;7.48) 1.97 (1.74;2.22)
T3 6.09 (5.38:6.90) 1.26 (1.125143)
T4 5.69 (5.05;6.41) 1.32 (1.18;1.48)

A. All gonadotrophins. B. Rec-FSH. C. hp-hMG.





OEBPS/Images/fendo-15-1481546-g002.jpg
LH (IU/1)

4 6 8 10 12

Number of days from start gonadotrophins

14

16

18





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2024.1481546_cover.jpg
a frontiers ‘ Frontiers in Endocrinology

Luteinizing hormone profiles during
ovarian stimulation in assisted
reproductive treatment





OEBPS/Images/table7.jpg
A: all gonadotrophins

Statistics

B: rec-FSH

Statistics

Statistics

hCG + /N (%)

A. All gonadotrophins. B. Rec-FSH. C. hp-hMG.

T2 vs. T3 > 50% decrease LH
Yes \[o}

11/43 (25.6%) 67/173 (38.7%)

T2 vs. T3 > 50% decrease LH
Yes No

7131 (22.6%) 51/115 (44.4%)

T2 vs. T3 > 50% decrease LH
Yes \[e]

4/12 (33.3%) 16/58 (27.6%)

LH <12 IU/lat T3
Yes (\[o}

48/132 (36.4%) 62/185 (33.5%)

LH<12IU/lat T3

Yes no

31/85 (36.5%) 46/123 (37.4%)

LH<12IU/lat T3

Yes no

17/47 (36.2%) 16/62 (25.8%)






OEBPS/Images/table1.jpg
A: Patient characteristics

Short-agonist Antagonist
Mean age (years; SD) 37.0 (+ 4.5) 33.1 (+ 5.0)
Anti-Miillerian hormone (ng/ 12 (£ 1.2) 32 (+3.3)
ml; SD)
Body mass index (kg/m? SD) 252 (+ 4.6) 243 (+ 4.3)

B: Stimulation characteristics

Short-agonist

Antagonist

Number of cycles (n:N %) 338/1180 = (28.6%) 842/1180 = (71.4%)
- Recombinant FSH 181/1180 = (15.3%) 602/1180 = (51.0%)
- Hp-hMG 157/1180 = (13.3%) 240/1180 = (20,.3%) |
Duration stimulation 11,5 | (£ 1.9) 11,9 (£ 1.9)
(days; SD)

Starting dose FSH (units; SD) 231 | (+43) 187 | (£ 54)
Total dose FSH (units; SD) 2262 | (* 669) 1880 = (+ 627)
Number of oocytes retrieved 59 ‘ (+43) 104 | (£7.1)
(n; SD)

Number of fresh 237/338 | (70.1%) 443/842  (53.6%)
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A. All gonadotrophins. B. Rec-FSH. C. hp-hMG.






