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Abstract

:

Testis stimulation with follicle-stimulating hormone (FSH) is one of the empirical treatments proposed for male idiopathic infertility, although reliable markers to predict its efficacy are still lacking. This study aimed to identify parameters able to predict FSH efficacy in terms of pregnancy achievement. A real-world study was conducted, enrolling idiopathic infertile men treated with FSH 150IU three times weekly. Patients were treated until pregnancy achievement or for a maximum of two years and two visits were considered: V0 (baseline) and V1 (end of FSH treatment). Primary endpoints were the V1-V0 percentage change in sperm concentration, total sperm count, and total motile sperm number. In total, 48 pregnancies were recorded (27.7%) among 173 men (age 37.9 ± 6.2 years). All three endpoints increased after FSH administration, and only the V1-V0 percentage of sperm concentration significantly predicted pregnancy (p = 0.007). A V1-V0 sperm concentration of 30.8% predicted pregnancy, and the sperm concentration V1-V0 percentage (Y) required to obtain a pregnancy was predicted according to its baseline values (x): Y = 9.8433x2 − 203.67x + 958.29. A higher number of pregnancies was reached in men with baseline sperm concentration below 7.3 million/mL. Thus, the percentage of sperm concentration increasing after FSH administration could predict the treatment efficacy in terms of pregnancy. At the dosage used, the efficacy was significantly higher in patients with a starting sperm concentration < 7.3 mill/mL. Mathematical analyses identified a function able to predict the sperm concentration increase required to obtain a pregnancy in relation to the baseline sperm number.
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1. Introduction


Male idiopathic infertility represents a wide category of infertile men in which the cause of spermatogenesis failure is still not detectable [1]. For this reason, available treatments are generally empirical and not evidence-based, including hormone administration [2], which is proposed to mimic the current treatment of male hypogonadotropic hypogonadism [3]. Indeed, in hypogonadotropic hypogonadism, the physiological hypothalamo–pituitary–gonadal axis is not functional, and much evidence demonstrated that the restoration of the stimulation of the testis through exogenous hormones is able to promote spermatogenesis, finally increasing pregnancy chances [3,4]. Several hormones could be used for this purpose, from the more physiological but little-used gonadotropin-releasing hormone (GnRH), to the easier-to-handle stimulation with follicle-stimulating hormone (FSH) and human chorionic gonadotropin (hCG) [3]. The reasoning behind this treatment is essentially that of a replacement therapy: where physiological hormones are lacking, they are therapeutically replaced to restore the natural regulation of spermatogenesis. A similar approach is empirically proposed in male idiopathic infertility, although in this clinical scenario, insufficient gonadotropins stimulation on the testis is not demonstrated [2,5]. In other words, a replacement treatment is used even in those patients in which the hormones are not quantitatively missing. Consequently, the actual efficacy of this empirical approach is limited, as suggested by 21 clinical trials available in the literature [6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25]. Collectively, these studies show that FSH administration to idiopathic infertile men increases the overall pregnancy rate, but the calculated number required to treat is elevated, suggesting that from 10 to 18 men should be treated to achieve one additional pregnancy [26]. Undeniably, this result indicates that FSH might not be the best treatment in case of idiopathic infertility, at least if administered with a replacement approach. The results may be different, shifting to an over-stimulatory approach [27]. A recent meta-analysis suggested that FSH administration increases sperm concentration and total sperm count in a dose-dependent manner [28]. FSH administration with an over-stimulating intent is already applied in clinical practice to women to obtain the largest possible number of oocytes to be used in assisted reproduction [29,30,31]. Thus, if a FSH-mediated supraphysiological stimulation is demonstrated efficient to increase gamete production in the female gonad, there are no endocrinological reasons why the same approach should not work in the male.



To switch from replacement to an over-stimulating approach in the male setting, the most urgent need is to clarify how to measure FSH action, thus finding a pharmacodynamic marker of FSH efficacy. Then, the second step should be to identify a priori which subjects could be considered responders or non-responders to this treatment. These two issues remain without answer but are crucial in the therapeutic management of FSH for male idiopathic infertility. In a recent real-world data analysis evaluating idiopathic infertile men treated with FSH, we demonstrated that male partners of couples who achieved a pregnancy showed a sperm concentration and progressive sperm motility increase higher than equally treated men who did not reach pregnancy [32]. However, which sperm parameter improvement is necessary to reach a pregnancy? Are there any thresholds of sperm parameters’ change after FSH administration able to predict pregnancy? This retrospective clinical trial based on real-world data was designed to determine which semen parameters before and after FSH stimulation are able to distinguish male partners of pregnant couples from the others. As a secondary objective, we tried to identify, if possible, thresholds or mathematical functions able to measure the semen parameters improvement sufficient to obtain a pregnancy.




2. Materials and Methods


2.1. Study Design


A single-center, retrospective, observational study was carried out based on real-world data. The original study was published elsewhere [32]. The current study started with a similar approach, increasing the sample size, considering all patients consecutively evaluated in the outpatient andrological clinic for couple infertility in Modena from June 2015 to May 2023.



Inclusion criteria were: (i) male subjects, (ii) partner of infertile couple, (iii) meeting the eligibility criteria for the reimbursement of FSH required by note number 74 of the Agenzia Italiana del Farmaco (AIFA) [33], and (iv) treated with FSH. In detail, the AIFA note number 74 allows FSH reimbursement for those men with altered semen analysis and FSH basal levels below 8 IU/L. Only patients in which FSH administration was concluded were considered, i.e., (i) when pregnancy was achieved or (ii) after a maximum of one year of treatment without success. Thus, patients lost during the follow-up or still under FSH treatment were excluded.



Data collected during routinely performed visits were used to create a single dataset, in which two visits for each patient were included: the visit at baseline (V0) performed before FSH administration and the follow-up visit (V1) performed at the end of FSH treatment.




2.2. Andrological Diagnostic Work-Up


Data collected in the final dataset followed the standard diagnostic work-up provided for male infertility [34,35], as already described elsewhere [32].



When the patient fulfilled AIFA note 74, FSH was prescribed at the dosage of 150 IU three times weekly. Follow-up visits were scheduled after four months for a total of one year. During each visit, hormonal evaluations and semen analysis were performed.




2.3. Data Collection


Among the data collected, the most relevant variables were represented by semen parameters obtained through conventional semen analyses, which were performed in the centralized laboratory of the Department of Clinical Pathology (Ospedale Civile of Baggiovara, Modena, Italy), following the World Health Organization (WHO) manual. The following semen parameters were considered: semen volume, sperm concentration, total sperm number, percentage of progressive and non-progressive motility, and percentage of sperm with normal morphology. On these data, the total motile sperm (TMS) number was calculated, multiplicating the percentage of progressive motile sperm by the total sperm number.



The main endpoints of this study were the calculations of the percentage change from V0 to V1 (Δ) of the three most relevant parameters, i.e., sperm concentration, total sperm number, and TMS number.



The number of clinical pregnancies obtained was recorded and used to divide patients a posteriori in the study (male partners of pregnant couples) and control group (male partners of non-pregnant couples).




2.4. Ethical


The study protocol was approved by the local ethics committee of the “Area Vasta Emilia Nord Modena” (protocol number AOU0024637/19 of 09/2019). Due to the retrospective design of the study, informed consent was not necessary.




2.5. Statistical Analysis


Each of the three main endpoints was evaluated separately. First, a descriptive analysis of Δ of semen analysis parameters after FSH treatment was performed. Second, the difference between the study and control groups was evaluated for each of the three main endpoints, using the Mann–Whitney U-test. Third, receiving operator curve (ROC) analysis was performed, using pregnancy as a state variable and the Δ of the three most relevant semen analysis parameters as test variables. Fourth, a logistic regression analysis was performed using pregnancy as a dependent and each of the three main endpoints as an independent variable separately. Finally, the distribution of the three main endpoints was evaluated against the baseline value of the semen parameter by visual inspection of the scatter plot. The most accurate function describing data dispersion was calculated, and the R-squared was used to evaluate the accuracy (Figure 1).



The “Statistical Package for the Social Science” software for Windows (version 28.0; SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Statistical significance was considered for p-values < 0.05.





3. Results


One hundred and seventy-three subjects were included, and forty-eight pregnancies were recorded (27.7%) (Table 1).



3.1. Sperm Concentration


Considering the entire cohort, the overall Δ sperm concentration was 347.4 ± 1089.1%, without significant differences between study and control groups (433.6 ± 1076.1% versus 314.4 ± 1096.4%, p = 0.521). This result suggests that the evaluation of the simple Δ sperm concentration is not sufficient to predict pregnancy.



A ROC curve was generated considering pregnancy as a state variable and Δ sperm concentration as a test variable. The area under the curve (AUC) was 0.618 with p = 0.017 (confidence interval [CI]95%: 0.521–0.714). Thus, a Δ sperm concentration of 30.8% predicted pregnancy with 60.4% sensitivity and 60% specificity (Figure 2).



This analysis highlighted that a Δ sperm concentration cut-off able to predict pregnancy could be suggested, although its accuracy remains low for potential clinical application.



Logistic regression analysis highlighted that Δ sperm concentration significantly predicted pregnancy (Wald 7.196, OR 1.001, 95%CI: 1.000, 1.002, p = 0.007). This result remained after adjustment for treatment duration (Wald 7.392, OR 1.001, 95%CI: 1.000, 1.002, p = 0.007), confirming the predictive role of this variable.



The Δ sperm concentration distribution was evaluated against baseline sperm concentration separately for the study and control group. Second-level polynomial functions best described the trend in both groups. Indeed, Δ sperm concentration in the study group was described by the following equation (R-squared 0.119) (Figure 3):


Y = 9.8433x2 − 203.67x + 958.29,



(1)




where x represents the baseline sperm concentration.



The Δ sperm concentration in the control group was described by the following equation (R-squared 0.196) (Figure 3):


Y = 2.6624x2 − 58.725x + 282.69.











Figure 2 shows the Δ sperm concentration in both groups, with the green line representing the Δ sperm concentration distribution in the study group and the blue line in the control group (Figure 3). The vertical red line indicates the baseline sperm concentration threshold above which the two distributions overlap (i.e., 7.3 million/mL) (Figure 3).



Since the second-order polynomial function significantly described the Δ sperm concentration (F 4.78, p = 0.013), the 5th and the 95th centiles of this regression analysis were used to calculate the two functions describing the confidence interval of this trend.


5th centile: Y = 1.7907x2 − 377.55x + 491.88,










95th centile: Y = 21.47x2 − 29.78x + 1424.69.











These analyses indicate that treatment success in terms of pregnancy is expected when baseline sperm concentration is lower than 7.3 million/mL and when the Δ sperm concentration is included within the interval obtained by Y = 1.7907x2 − 377.55x + 491.88 and Y = 21.47x2 − 29.78x + 1424.69, where x represents the baseline sperm concentration.



By visual inspection of Figure 2, 67 patients (38.7%) did not increase sperm concentration after FSH administration. Thus, we divided the entire cohort of patients into two different subgroups, considering men who experienced a sperm concentration increase after FSH administration and those who did not. In the study group, the number of pregnancies was significantly higher in men who improved sperm concentration after FSH administration compared to the others (33.0% versus 19.0%, p = 0.037) (Table 2), suggesting that the pregnancy chance is related to sperm parameters improvement. However, all variables available were not significantly different between the two subgroups created considering control groups (Table 2).



The patient cohort was then divided according to the sperm concentration threshold detected to determine when study and control group Δ sperm concentration distributions overlapped (i.e., 7.3 million/mL). In this way, we highlighted that a higher proportion of pregnancies was achieved in men with baseline sperm concentration below 7.3 million/mL compared to the other subjects (32.5% versus 17.8%, p = 0.032) (Table 3). Moreover, the two subgroups were significantly different in terms of Δ sperm concentration (p = 0.021 and p < 0.001, respectively), baseline progressive motility (p = 0.012), and FSH therapy duration (p = 0.004) (Table 3).



Similarly, the Δ sperm concentration was significantly higher in the study compared to the control group only when men with baseline sperm concentrations below 7.3 million/mL were considered. Finally, in the subgroup of patients with baseline sperm concentration < 7.3 million/mL, the ROC analysis was repeated. The AUC was 0.61 with p = 0.047 (CI95%: 0.503–0.725), confirming that a threshold of Δ sperm concentration of 33.9% predicted pregnancy with 71.1% sensitivity and 58.2% specificity.




3.2. Total Sperm Count


A mean Δ total sperm number of 195.9 ± 577.5% was recorded in the overall cohort, showing no significant differences between study and control groups (160.8 ± 616.2% versus 208.5 ± 616.2%, p = 0.636). This result confirms that the Δ total sperm number is highly variable, with a high standard deviation and a scarce capability to predict the response to FSH stimulation.



The ROC analysis showed low accuracy (AUC 0.45, 95%CI:0.343, 0.548), impeding the identification of a Δ total sperm number threshold to predict FSH efficacy (p = 0.281).



The Δ total sperm count distribution was described by the second-order polynomial function, with the following function in the study group (R-squared 0.0523) (Figure 4):


Y = −0.0822x2 − 5.7225x + 261.3,








where x represents the baseline sperm concentration.



The Δ total sperm number distribution according to baseline levels in the control group was described by the following equation (R-squared 0.0032) (Figure 4):


Y = −0.0427x2 + 1.7418x + 203.72.



(2)







These two polynomial functions showed limited statistical relevance, as reported by the low R-squared and a substantial overlap (Figure 4), suggesting that total sperm count could not be considered a good parameter to predict FSH administration efficacy. Accordingly, logistic regression analysis was not able to demonstrate any predictive value of total sperm count (Wald 0.198, OR 1.000, 95%CI: 0.999, 1.001, p = 0.656).




3.3. Total Motile Sperm Number


A mean Δ TMS of 41.1 ± 250.7% was recorded after FSH administration, without a statistically significant difference between the study and control groups (207.0 ± 700.8% versus 41.1 ± 250.7%, p = 0.153). Similarly, the ROC analysis was not able to detect a Δ TMS threshold predicting pregnancy (AUC 0.42, 95%CI: 0.319, 0.531, p = 0.173).



The trend of Δ TMS was described by the following second-order polynomial functions in the study group (R-squared 0.0637) (Figure 5):


Y = 1.1034x2 − 28.5x + 105.65,








where x represents the baseline sperm concentration.



Additionally, in the control group (R-squared 0.0265) (Figure 5):


Y = 5.5136x2 − 90.3x + 295.66.











The functions describing the Δ TMS showed low accuracy and substantial overlap at visual inspection (Figure 5). Accordingly, logistic regression analysis failed to demonstrate a Δ TMS capability to predict pregnancy (Wald 0.122, OR 1.000, 95%CI: 0.999, 1.001, p = 0.727). This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn.





4. Discussion


Here, we demonstrate for the first time that FSH administration efficacy in terms of pregnancy achievement could be predicted by conventional semen parameters in male idiopathic infertility. In particular, not the sperm concentration per se, but its increase over baseline after FSH administration is able to predict pregnancy. In the clinical management of male idiopathic infertility, it appears evident that most FSH-treated men experience a variable degree of sperm concentration increase. However, this improvement does not always result in a pregnancy, as detected in one case out of four in our series. With this approach, we identified a mathematical function able to discriminate FSH-responders from non-responders through the Δ calculation of sperm concentration, intended as the difference between baseline and treatment values. Applying a conventional statistical analysis, we detected that an increase of 30.8% in sperm concentration resulted in predicting pregnancy, although with a suboptimal accuracy. Then, we evaluated the Δ sperm concentration distribution in study and control groups, showing that the two trends are divergent for men with baseline sperm concentrations below 7.3 million/mL. Thus, we calculated the confidence interval of the Δ sperm concentration distribution in the study group, identifying FSH-responders. With this in mind, we could speculate that an FSH-responder is a man with a baseline sperm concentration below 7.3 million/mL and with a Δ sperm concentration included between Y = 1.7907x2 − 377.55x + 491.88 and Y = 21.47x2 − 29.78x + 1424.69 (where x represents the baseline sperm concentration). This result was obtained by looking at the clinical practice and considering the current FSH application in male idiopathic infertility, but obviously, it requires further confirmation in specific research settings and/or in independent cohorts and might be different when using higher FSH dosages. We address the topic of FSH efficacy predictors with a more complex statistical analysis. Indeed, several attempts to determine potential predictors have been performed so far without conclusive remarks. Thus, we decided to face the challenge with a more complex approach, aiming to address the trend of FSH efficacy, although the result is still difficult to apply directly to clinical practice.



Although our study has a retrospective design, subgroup analyses are particularly interesting. Indeed, these further examinations confirmed that pregnancy chances are higher when baseline sperm concentration is lower than 7.3 million/mL. Moreover, pregnancies were achieved in this subgroup of men with a shorter duration of FSH administration, suggesting that a relatively fast sperm improvement could be expected. With this in mind, we could speculate that men with idiopathic infertility and sperm concentration below 7.3 million/mL are the best responders to the current FSH schedule, i.e., 150 IU three times weekly. In other words, the subgroup of subjects with the worst sperm concentration at baseline seems to be similar to hypogonadotropic hypogonadal men, who are known to respond well to FSH administration at a replacement dosage. As a confirmation, patients with baseline sperm concentration below 7.3 million/mL showed reduced sperm progressive motility at baseline compared to other men, suggesting that spermatogenesis in these patients is much more compromised compared to men with baseline sperm concentration higher than this threshold. This result confirms the potential analogy between these two different clinical conditions, suggesting that men with normal FSH levels and sperm concentration < 7.3 million/mL can be regarded as patients with “functional” hypogonadotropic hypogonadism. On the contrary, we could speculate that men with baseline sperm concentrations higher than 7.3 million/mL might respond to an over-stimulatory approach. Indeed, in this second subgroup, the Δ sperm concentration after treatment was similar compared to the study and control groups. These patients should be enrolled in future studies in which higher FSH dosages should be applied. Overall, our work describes two different populations within the same cohort of men with idiopathic infertility, confirming the known high heterogeneity of this clinical condition. Future studies in this field must consider this heterogeneity when assessing FSH efficacy.



This is not the first attempt to correlate semen parameters with pregnancy. In the literature, several studies attempted to identify a potential predictive role of seminal data in couple infertility, although without definitive results. Old studies suggested semen parameters as potential predictors of time to pregnancy (TTP) [36], although this association failed to be confirmed subsequently [37,38,39,40]. Larger cohorts have been recently evaluated, showing promising results. A recent longitudinal cohort study of over 6000 couples found that higher sperm concentration, total sperm count, progressive motility and TMS were associated with better chances of conception during a five-year period and a shorter time to conception [41]. A TMS threshold of 50 million in the overall cohort and of 20 million in the natural conception cohort were identified to best predict a pregnancy within five years [29]. Accordingly, over 90,000 intra-uterine insemination (IUI) cycles were evaluated in a coeval study, showing that pregnancy rates were the highest when TMS was higher than 9 million [42]. A large real-world data analysis on 22,013 assisted reproduction cycles showed that sperm motility plays a role in predicting in vitro fertilization success, while sperm morphology resulted in the relevant parameter in intracytoplasmic sperm injection cycles [43]. All these results were not confirmed by a recent meta-analysis in which 17 studies were combined, showing no significant associations between sperm concentration, motility, or morphology and clinical pregnancy rate [44]. Thus, the bulk of current evidence suggests that individual semen parameters could have a role in the prediction of pregnancy, although their statistical power is still limited and requires a large number of samples. Among influencing factors, it should be considered that all these results are heterogeneous, evaluating mixed clinical conditions and generally not considering all factors that could be related to pregnancy, such as sperm quality (i.e., sperm DNA fragmentation index), potential treatments for the male partner, and all variables related to female fertility/infertility treatment. Comprehensively, a clear identification of which should be the most relevant male parameter able to measure/monitor male fertility status is still lacking. In this complex scenario, even less evidence is available on the best efficacy marker of FSH treatment in male idiopathic infertility. Several studies reported an average increase in sperm concentration in response to FSH administration [45], while in other studies, a reduction in sperm DNA fragmentation index emerged [13,46]. However, this latter parameter, which has recently been promoted as an additional in the latest WHO manual [47], is still far from being used in clinical practice, and data are limited to research settings. Although the identification of the most appropriate marker of FSH efficacy is outside the scope of our study, it is undeniable that this issue remains the watershed in the FSH therapeutic management in male idiopathic infertility. In addition, no clinical parameters are currently applied in clinical practice to distinguish a priori FSH-responders from non-responders; despite some attempts involving testosterone serum levels [48], inhibin B serum levels [49], spermatid count [50], and pharmacogenetics markers (i.e., FSHβ or FSH receptor polymorphisms) [20,24], this remains unconfirmed.




5. Conclusions


Our study has several limitations, notably the retrospective design and the limited sample size. On the other hand, we enrolled a relatively homogeneous population, evaluated in a single center, who performed all hormonal and semen examinations in the same laboratory. Moreover, our study had the main virtue of describing the trend of seminal parameters after FSH-administration in an objective way for the first time, suggesting that a prediction of pregnancy is possible starting from routinely performed conventional semen analyses.







Author Contributions


Conceptualization, D.S. and M.S.; methodology, D.S. and G.S.; formal analysis, D.S. and L.S.; data curation, D.S., L.D.V., M.R., F.N., L.R., M.C.D.S., T.T. and A.R.M.G.; writing—original draft preparation, D.S. and G.S.; writing—review and editing, D.S., G.S. and M.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the local ethics committee of the “Area Vasta Emilia Nord Modena” (protocol number AOU0024637/19 of 09/2019).




Informed Consent Statement


Patient consent was waived due to the retrospective design of the study.




Data Availability Statement


Data are available after contact with the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



De Jonge, C.; Barratt, C.L.R. The present crisis in male reproductive health: An urgent need for a political, social, and research roadmap. Andrology 2019, 7, 762–768. [Google Scholar] [CrossRef]

	



Colpi, G.M.; Francavilla, S.; Haidl, G.; Link, K.; Behre, H.M.; Goulis, D.G.; Krausz, C.; Giwercman, A. European Academy of Andrology guideline Management of oligo-astheno-teratozoospermia. Andrology 2018, 6, 513–524. [Google Scholar] [CrossRef]

	



Rastrelli, G.; Corona, G.; Mannucci, E.; Maggi, M. Factors affecting spermatogenesis upon gonadotropin-replacement therapy: A meta-analytic study. Andrology 2014, 2, 794–808. [Google Scholar] [CrossRef]

	



Santi, D.; Corona, G. Primary and secondary hypogonadism. In Endocrinology of the Testis and Male Reproduction; Simoni, M., Huhtaniemi, I., Eds.; Springer: Berlin/Heidelberg, Germany, 2017. [Google Scholar]

	



Barbonetti, A.; Calogero, A.E.; Balercia, G.; Garolla, A.; Krausz, C.; La Vignera, S.; Lombardo, F.; Jannini, E.A.; Maggi, M.; Lenzi, A.; et al. The use of follicle stimulating hormone (FSH) for the treatment of the infertile man: Position statement from the Italian Society of Andrology and Sexual Medicine (SIAMS). J. Endocrinol. Investig. 2018, 41, 1107–1122. [Google Scholar] [CrossRef]

	



Ashkenazi, J.; Bar-Hava, I.; Farhi, J.; Levy, T.; Feldberg, D.; Orvieto, R.; Ben-Rafael, Z. The role of purified follicle stimulating hormone therapy in the male partner before intracytoplasmic sperm injection. Fertil. Steril. 1999, 72, 670–673. [Google Scholar] [CrossRef]

	



Baccetti, B.; Piomboni, P.; Bruni, E.; Capitani, S.; Gambera, L.; Moretti, E.; Sterzik, K.; Strehler, E. Effect of follicle-stimulating hormone on sperm quality and pregnancy rate. Asian J. Androl. 2004, 6, 133–137. [Google Scholar] [PubMed]

	



Bartoov, B.; Eltes, F.; Lunenfeld, E.; Har-Even, D.; Lederman, H.; Lunenfeld, B. Sperm quality of subfertile males before and after treatment with human follicle-stimulating hormone. Fertil. Steril. 1994, 61, 727–734. [Google Scholar] [CrossRef] [PubMed]

	



Ben-Rafael, Z.; Farhi, J.; Feldberg, D.; Bartoov, B.; Kovo, M.; Eltes, F.; Ashkenazi, J. Follicle-stimulating hormone treatment for men with idiopathic oligoteratoasthenozoospermia before in vitro fertilization: The impact on sperm microstructure and fertilization potential. Fertil. Steril. 2000, 73, 24–30. [Google Scholar] [CrossRef] [PubMed]

	



Caroppo, E.; Niederberger, C.; Vizziello, G.M.; D’Amato, G. Recombinant human follicle-stimulating hormone as a pretreatment for idiopathic oligoasthenoteratozoospermic patients undergoing intracytoplasmic sperm injection. Fertil. Steril. 2003, 80, 1398–1403. [Google Scholar] [CrossRef]

	



Colacurci, N.; Monti, M.G.; Fornaro, F.; Izzo, G.; Izzo, P.; Trotta, C.; Mele, D.; De Franciscis, P. Recombinant human FSH reduces sperm DNA fragmentation in men with idiopathic oligoasthenoteratozoospermia. J. Androl. 2012, 33, 588–593. [Google Scholar] [CrossRef]

	



Ding, Y.M.; Zhang, X.J.; Li, J.P.; Chen, S.S.; Zhang, R.T.; Tan, W.L.; Shi, X.J. Treatment of idiopathic oligozoospermia with recombinant human follicle-stimulating hormone: A prospective, randomized, double-blind, placebo-controlled clinical study in Chinese population. Clin. Endocrinol. 2015, 83, 866–871. [Google Scholar] [CrossRef]

	



Simoni, M.; Santi, D.; Negri, L.; Hoffmann, I.; Muratori, M.; Baldi, E.; Cambi, M.; Marcou, M.; Greither, T.; Baraldi, E.; et al. Treatment with human, recombinant FSH improves sperm DNA fragmentation in idiopathic infertile men depending on the FSH receptor polymorphism p.N680S: A pharmacogenetic study. Hum. Reprod. 2016, 31, 1960–1969. [Google Scholar] [CrossRef] [PubMed]

	



Kamischke, A.; Behre, H.M.; Bergmann, M.; Simoni, M.; Schafer, T.; Nieschlag, E. Recombinant human follicle stimulating hormone for treatment of male idiopathic infertility: A randomized, double-blind, placebo-controlled, clinical trial. Hum. Reprod. 1998, 13, 596–603. [Google Scholar] [CrossRef] [PubMed]

	



Matorras, R.; Perez, C.; Corcostegui, B.; Pijoan, J.I.; Ramon, O.; Delgado, P.; Rodriguez-Escudero, F.J. Treatment of the male with follicle-stimulating hormone in intrauterine insemination with husband’s spermatozoa: A randomized study. Hum. Reprod. 1997, 12, 24–28. [Google Scholar] [CrossRef] [PubMed]

	



Paradisi, R.; Busacchi, P.; Seracchioli, R.; Porcu, E.; Venturoli, S. Effects of high doses of recombinant human follicle-stimulating hormone in the treatment of male factor infertility: Results of a pilot study. Fertil. Steril. 2006, 86, 728–731. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Bettella, A.; Garolla, A.; Ambrosini, G.; Ferlin, A. Treatment of male idiopathic infertility with recombinant human follicle-stimulating hormone: A prospective, controlled, randomized clinical study. Fertil. Steril. 2005, 84, 654–661. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Bettella, A.; Merico, M.; Garolla, A.; Ferlin, A.; Rossato, M. Use of recombinant human follicle-stimulating hormone in the treatment of male factor infertility. Fertil. Steril. 2002, 77, 238–244. [Google Scholar] [CrossRef]

	



Foresta, C.; Selice, R.; Moretti, A.; Pati, M.A.; Carraro, M.; Engl, B.; Garolla, A. Gonadotropin administration after gonadotropin-releasing-hormone agonist: A therapeutic option in severe testiculopathies. Fertil. Steril. 2009, 92, 1326–1332. [Google Scholar] [CrossRef]

	



Selice, R.; Garolla, A.; Pengo, M.; Caretta, N.; Ferlin, A.; Foresta, C. The response to FSH treatment in oligozoospermic men depends on FSH receptor gene polymorphisms. Int. J. Androl. 2011, 34, 306–312. [Google Scholar] [CrossRef]

	



Knuth, U.A.; Honigl, W.; Bals-Pratsch, M.; Schleicher, G.; Nieschlag, E. Treatment of severe oligospermia with human chorionic gonadotropin/human menopausal gonadotropin: A placebo-controlled, double blind trial. J. Clin. Endocrinol. Metab. 1987, 65, 1081–1087. [Google Scholar] [CrossRef]

	



Verdi, A.; Nasr-Esfahani, M.H.; Forouzanfar, M.; Tavalaee, M. The Effect of Recombinant Human Follicle-Stimulating Hormone on Sperm Quality, Chromatin Status and Clinical Outcomes of Infertile Oligozoospermic Men Candidate for Intracytoplasmic Sperm Injection: A Randomized Clinical Trial. Int. J. Fertil. Steril. 2021, 15, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Aljuhayman, A.; Almardawi, A.; Fallatah, M.; Alhathal, N. Efficacy of follicle-stimulating hormone as a treatment of severe idiopathic oligospermia: A retrospective study. Urol. Ann. 2020, 12, 69–72. [Google Scholar] [CrossRef] [PubMed]

	



Ferlin, A.; Vinanzi, C.; Selice, R.; Garolla, A.; Frigo, A.C.; Foresta, C. Toward a pharmacogenetic approach to male infertility: Polymorphism of follicle-stimulating hormone beta-subunit promoter. Fertil. Steril. 2011, 96, 1344–1349.e2. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Bettella, A.; Merico, M.; Garolla, A.; Plebani, M.; Ferlin, A.; Rossato, M. FSH in the treatment of oligozoospermia. Mol. Cell. Endocrinol. 2000, 161, 89–97. [Google Scholar] [CrossRef] [PubMed]

	



Santi, D.; Granata, A.R.; Simoni, M. Follicle-stimulating hormone treatment of male idiopathic infertility improves pregnancy rate: A meta-analysis. Endocr. Connect. 2015, 4, R46–R58. [Google Scholar] [CrossRef] [PubMed]

	



Simoni, M.; Santi, D. FSH Treatment of male idiopathic infertility: Time for a paradigm change. Andrology 2019, 8, 535–544. [Google Scholar] [CrossRef]

	



Cannarella, R.; La Vignera, S.; Condorelli, R.A.; Mongioi, L.M.; Calogero, A.E. FSH dosage effect on conventional sperm parameters: A meta-analysis of randomized controlled studies. Asian J. Androl. 2019, 22, 309–316. [Google Scholar] [CrossRef]

	



Fatemi, H.; Bilger, W.; Denis, D.; Griesinger, G.; La Marca, A.; Longobardi, S.; Mahony, M.; Yin, X.; D’Hooghe, T. Dose adjustment of follicle-stimulating hormone (FSH) during ovarian stimulation as part of medically-assisted reproduction in clinical studies: A systematic review covering 10 years (2007–2017). Reprod. Biol. Endocrinol. RB&E 2021, 19, 68. [Google Scholar] [CrossRef]

	



Prodromidou, A.; Anagnostou, E.; Mavrogianni, D.; Liokari, E.; Dimitroulia, E.; Drakakis, P.; Loutradis, D. Past, Present, and Future of Gonadotropin Use in Controlled Ovarian Stimulation During Assisted Reproductive Techniques. Cureus 2021, 13, e15663. [Google Scholar] [CrossRef]

	



Racca, A.; Drakopoulos, P.; Neves, A.R.; Polyzos, N.P. Current Therapeutic Options for Controlled Ovarian Stimulation in Assisted Reproductive Technology. Drugs 2020, 80, 973–994. [Google Scholar] [CrossRef]

	



Romeo, M.; Spaggiari, G.; Nuzzo, F.; Granata, A.R.M.; Simoni, M.; Santi, D. Follicle-stimulating hormone effectiveness in male idiopathic infertility: What happens in daily practice? Andrology 2022, 11, 478–488. [Google Scholar] [CrossRef] [PubMed]

	



AIFA: Note 74. 2010. Available online: http://www.agenziafarmaco.gov.it/it/content/nota-74 (accessed on 31 March 2023).

	



Rastrelli, G.; Cipriani, S.; Craparo, A.; De Vincentis, S.; Granata, A.R.M.; Spaggiari, G.; Simoni, M.; Maggi, M.; Santi, D. The physician’s gender influences the results of the diagnostic workup for erectile dysfunction. Andrology 2020, 8, 671–679. [Google Scholar] [CrossRef] [PubMed]

	



Santi, D.; Spaggiari, G.; Romeo, M.; Ebert, R.; Corradini, F.; Baraldi, C.; Granata, A.R.M.; Rochira, V.; Simoni, M.; Gavioli, L.; et al. Qualitative and quantitative analysis of doctor-patient interactions during andrological consultations. Andrology 2022, 10, 1240–1249. [Google Scholar] [CrossRef]

	



Bonde, J.P.; Ernst, E.; Jensen, T.K.; Hjollund, N.H.; Kolstad, H.; Henriksen, T.B.; Scheike, T.; Giwercman, A.; Olsen, J.; Skakkebaek, N.E. Relation between semen quality and fertility: A population-based study of 430 first-pregnancy planners. Lancet 1998, 352, 1172–1177. [Google Scholar] [CrossRef] [PubMed]

	



Andersen, A.G.; Ziebe, S.; Jørgensen, N.; Petersen, J.H.; Skakkebaek, N.E.; Andersen, A.N. Time to pregnancy in relation to semen quality assessed by CASA before and after sperm separation. Hum. Reprod. 2002, 17, 173–177. [Google Scholar] [CrossRef]

	



Buck Louis, G.M.; Sundaram, R.; Schisterman, E.F.; Sweeney, A.; Lynch, C.D.; Kim, S.; Maisog, J.M.; Gore-Langton, R.; Eisenberg, M.L.; Chen, Z. Semen quality and time to pregnancy: The Longitudinal Investigation of Fertility and the Environment Study. Fertil. Steril. 2014, 101, 453–462. [Google Scholar] [CrossRef]

	



Lamb, D.J.; Marinaro, J.A. Semen parameter prediction of pregnancy. Fertil. Steril. 2023, S0015-0282. [Google Scholar] [CrossRef]

	



Zinaman, M.J.; Brown, C.C.; Selevan, S.G.; Clegg, E.D. Semen quality and human fertility: A prospective study with healthy couples. J. Androl. 2000, 21, 145–153. [Google Scholar]

	



Keihani, S.; Verrilli, L.E.; Zhang, C.; Presson, A.P.; Hanson, H.A.; Pastuszak, A.W.; Johnstone, E.B.; Hotaling, J.M. Semen parameter thresholds and time-to-conception in subfertile couples: How high is high enough? Hum. Reprod. 2021, 36, 2121–2133. [Google Scholar] [CrossRef]

	



Muthigi, A.; Jahandideh, S.; Bishop, L.A.; Naeemi, F.K.; Shipley, S.K.; O’Brien, J.E.; Shin, P.R.; Devine, K.; Tanrikut, C. Clarifying the relationship between total motile sperm counts and intrauterine insemination pregnancy rates. Fertil. Steril. 2021, 115, 1454–1460. [Google Scholar] [CrossRef]

	



Villani, M.T.; Morini, D.; Spaggiari, G.; Falbo, A.I.; Melli, B.; La Sala, G.B.; Romeo, M.; Simoni, M.; Aguzzoli, L.; Santi, D. Are sperm parameters able to predict the success of assisted reproductive technologies? A retrospective analysis of over 22000 ART cycles. Andrology 2021, 10, 310–321. [Google Scholar] [CrossRef] [PubMed]

	



Del Giudice, F.; Belladelli, F.; Chen, T.; Glover, F.; Mulloy, E.A.; Kasman, A.M.; Sciarra, A.; Salciccia, S.; Canale, V.; Maggi, M.; et al. The association of impaired semen quality and pregnancy rates in assisted reproduction technology cycles: Systematic review and meta-analysis. Andrologia 2022, 54, e14409. [Google Scholar] [CrossRef]

	



Casarini, L.; Crépieux, P.; Reiter, E.; Lazzaretti, C.; Paradiso, E.; Rochira, V.; Brigante, G.; Santi, D.; Simoni, M. FSH for the Treatment of Male Infertility. Int. J. Mol. Sci. 2020, 21, 2270. [Google Scholar] [CrossRef] [PubMed]

	



Lispi, M.; Drakopoulos, P.; Spaggiari, G.; Caprio, F.; Colacurci, N.; Simoni, M.; Santi, D. Testosterone Serum Levels Are Related to Sperm DNA Fragmentation Index Reduction after FSH Administration in Males with Idiopathic Infertility. Biomedicines 2022, 10, 2599. [Google Scholar] [CrossRef]

	



Björndahl, L.; Barratt, C.L.R.; Mortimer, D.; Agarwal, A.; Aitken, R.J.; Alvarez, J.G.; Aneck-Hahn, N.; Arver, S.; Baldi, E.; Bassas, L.; et al. Standards in semen examination: Publishing reproducible and reliable data based on high-quality methodology. Hum. Reprod. 2022, 37, 2497–2502. [Google Scholar] [CrossRef]

	



La Vignera, S.; Condorelli, R.A.; Duca, Y.; Mongioi, L.M.; Cannarella, R.; Giacone, F.; Calogero, A.E. FSH therapy for idiopathic male infertility: Four schemes are better than one. Aging Male Off. J. Int. Soc. Study Aging Male 2020, 23, 750–755. [Google Scholar] [CrossRef] [PubMed]

	



Valenti, D.; La Vignera, S.; Condorelli, R.A.; Rago, R.; Barone, N.; Vicari, E.; Calogero, A.E. Follicle-stimulating hormone treatment in normogonadotropic infertile men. Nat. Rev. Urol. 2013, 10, 55–62. [Google Scholar] [CrossRef] [PubMed]

	



Garolla, A.; Selice, R.; Engl, B.; Bertoldo, A.; Menegazzo, M.; Finos, L.; Lenzi, A.; Foresta, C. Spermatid count as a predictor of response to FSH therapy. Reprod. Biomed. Online 2014, 29, 102–112. [Google Scholar] [CrossRef]








[image: Cells 12 02236 g001] 





Figure 1. Flow chart to explain the statistical analysis approach. 
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Figure 2. Receiving operator curve (ROC) analysis using pregnancy as test variable and the percentage of sperm concentration increase as state variable. The green line is the intercept, the blue line the one calculated. 
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Figure 3. Scatter plot of percentage of sperm concentration change after follicle-stimulating hormone (FSH) administration versus baseline sperm concentration. The dimension of each point is related to the duration of FSH stimulation. The vertical red line indicates the baseline sperm concentration threshold above which the two distributions overlap (i.e., 7.3 million/mL) (Footnotes to Figure 2: FSH = follicle-stimulating hormone). 
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Figure 4. Scatter plot of percentage of total sperm count change after follicle-stimulating hormone (FSH) administration versus total sperm count at baseline. The dimension of each point is related to the duration of FSH stimulation (Footnotes to Figure 3: FSH = follicle-stimulating hormone). 
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Figure 5. Scatter plot of percentage of total motile sperm number change after FSH administration versus total motile sperm number at baseline. The dimension of each point is related to the duration of FSH stimulation. 
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Table 1. Baseline characteristics of follicle-stimulating hormone (FSH)-treated patients. Continuous data are reported as mean ± standard deviation (minimum, maximum).
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	Variables
	FSH-Treated Patients (n = 173)





	Age (years)
	37.9 ± 6.2 (23.3–51.4)



	Infertility duration (years)
	2.4 ± 3.1



	Primary infertility n (%)
	156 (90.2)



	Total testosterone (ng/mL)
	5.5 ± 2.7 (2.1–11.8)



	Luteinising hormone (LH) (IU/L)
	3.5 ± 1.4 (1.7–9.5)



	Follicle-stimulating hormone (FSH) (IU/L)
	4.4 ± 2.0 (1.0–7.9)



	Prolactin (ng/mL)
	12.9 ± 6.1 (1.5–30.9)



	Semen volume (mL)
	2.5 ± 1.6 (0.3–11.5)



	Sperm concentration (million/mL)
	5.5 ± 4.7 (0.1–14.9)



	Progressive sperm motility (%)
	18.6 ± 16.3 (0.0–71.0)



	Sperm with normal morphology (%)
	2.7 ± 5.6 (0.0–17.0)



	Duration of FSH administration (months)
	8.0 ± 4.5 (2.0–12.0)



	Pregnancies obtained n (%)
	48 (27.7)










 





Table 2. Characteristics of follicle-stimulating hormone (FSH)-treated patients dividing study and control group and comparing patients who increased (n = 71) to those who did not increase (n = 54) sperm concentration after treatment. Continuous data are reported as mean ± standard deviation and compared with the Mann–Whitney U-test. Categorical data are expressed as numbers (%) and compared with the Fisher Exact test.






Table 2. Characteristics of follicle-stimulating hormone (FSH)-treated patients dividing study and control group and comparing patients who increased (n = 71) to those who did not increase (n = 54) sperm concentration after treatment. Continuous data are reported as mean ± standard deviation and compared with the Mann–Whitney U-test. Categorical data are expressed as numbers (%) and compared with the Fisher Exact test.











	Variables
	Study Group (n = 48)
	Control Group (n = 125)
	p-Value





	Age (years)
	
	
	



	Increased sperm concentration
	35.7 ± 4.9
	39.0 ± 6.9
	0.064



	Not increased sperm concentration
	37.4 ± 4.7
	37.9 ± 6.0
	0.774



	p-value
	0.305
	0.343
	



	Total testosterone (ng/mL)
	
	
	



	Increased sperm concentration
	5.7 ± 3.0
	5.5 ± 2.4
	0.750



	Not increased sperm concentration
	5.0 ± 1.6
	5.5 ± 3.2
	0.600



	p-value
	0.509
	0.882
	



	Luteinising hormone (LH) (IU/L)
	
	
	



	Increased sperm concentration
	3.8 ± 1.0
	3.4 ± 1.3
	0.292



	Not increased sperm concentration
	4.3 ± 2.2
	3.3 ± 1.3
	0.091



	p-value
	0.374
	0.701
	



	Follicle-stimulating hormone (FSH) (IU/L)
	
	
	



	Increased sperm concentration
	4.4 ± 1.4
	4.3 ± 2.1
	0.848



	Not increased sperm concentration
	5.0 ± 2.1
	4.5 ± 2.0
	0.491



	p-value
	0.332
	0.589
	



	Prolactin (ng/mL)
	
	
	



	Increased sperm concentration
	13.1 ± 4.1
	12.6 ± 6.1
	0.824



	Not increased sperm concentration
	9.3 ± 4.7
	13.8 ± 7.0
	0.181



	p-value
	0.120
	0.538
	



	Baseline semen volume (mL)
	
	
	



	Increased sperm concentration
	2.3 ± 1.3
	2.5 ± 1.7
	0.647



	Not increased sperm concentration
	3.5 ± 1.7
	2.3 ± 1.8
	0.065



	p-value
	0.018
	0.704
	



	Δ Total sperm count
	
	
	



	Increased sperm concentration
	204.0 ± 939.5
	237.2 ± 507.1
	0.809



	Not increased sperm concentration
	57.5 ± 300.9
	169.4 ± 441.5
	0.391



	p-value
	0.568
	0.443
	



	Baseline progressive sperm motility (%)
	
	
	



	Increased sperm concentration
	21.1 ± 17.8
	17.4 ± 17.0
	0.391



	Not increased sperm concentration
	21.6 ± 10.6
	17.6 ± 16.0
	0.429



	p-value
	0.933
	0.957
	



	Δ total motile sperm number (%)
	
	
	



	Increased sperm concentration
	236.0 ± 939.5
	237.2 ± 594.9
	0.992



	Not increased sperm concentration
	13.8 ± 238.5
	26.3 ± 222.9
	0.882



	p-value
	0.490
	0.086
	



	Baseline sperm with normal morphology (%)
	
	
	



	Increased sperm concentration
	4.9 ± 11.8
	2.0 ± 2.7
	0.237



	Not increased sperm concentration
	2.6 ± 4.0
	2.3 ± 2.7
	0.761



	p-value
	0.610
	0.749
	



	Duration of FSH administration (months)
	
	
	



	Increased sperm concentration
	7.4 ± 4.2
	8.1 ± 4.6
	0.487



	Not increased sperm concentration
	7.9 ± 5.4
	8.2 ± 4.3
	0.814



	p-value
	0.751
	0.854
	



	Patients’ distribution n (%)
	
	
	



	Increased sperm concentration
	35 (20.2)
	71 (41.0)
	-



	Not increased sperm concentration
	13 (7.5)
	54 (31.2)
	-



	p-value
	-
	-
	0.037










 





Table 3. Characteristics of follicle-stimulating hormone (FSH)-treated patients dividing study and control group and comparing patients with baseline sperm concentration below (n = 117) or above (n = 56) 7.3 million/mL Continuous data are reported as mean ± standard deviation and compared with the Mann–Whitney U-test. Categorical data are expressed as numbers (%) and compared with the Fisher Exact test.
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	Variables
	Study Group (n = 48)
	Control Group (n = 125)
	p-Value





	Age (years)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	36.5 ± 5.0
	37.6 ± 6.2
	0.347



	Baseline sperm concentration > 7.3 million/mL
	35.0 ± 4.2
	40.2 ± 6.9
	0.088



	p-value
	0.409
	0.082
	



	Total testosterone (ng/mL)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	5.4 ± 2.6
	5.3 ± 2.8
	0.832



	Baseline sperm concentration > 7.3 million/mL
	5.5 ± 2.7
	5.9 ± 2.8
	0.728



	p-value
	0.948
	0.324
	



	Luteinising hormone (LH) (IU/L)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	3.9 ± 1.6
	3.5 ± 1.4
	0.283



	Baseline sperm concentration > 7.3 million/mL
	4.1 ± 1.0
	3.3 ± 1.2
	0.065



	p-value
	0.648
	0.524
	



	Follicle-stimulating hormone (FSH) (IU/L)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	4.4 ± 1.6
	4.3 ± 2.0
	0.828



	Baseline sperm concentration > 7.3 million/mL
	5.0 ± 1.7
	4.5 ± 2.1
	0.506



	p-value
	0.377
	0.699
	



	Prolactin (ng/mL)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	12.5 ± 3.4
	12.8 ± 6.6
	0.868



	Baseline sperm concentration > 7.3 million/mL
	11.2 ± 5.9
	13.7 ± 6.5
	0.362



	p-value
	0.584
	0.639
	



	Baseline semen volume (mL)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	2.6 ± 1.5
	2.6 ± 1.8
	0.983



	Baseline sperm concentration > 7.3 million/mL
	2.9 ± 1.3
	2.1 ± 1.5
	0.185



	p-value
	0.619
	0.137
	



	Δ sperm concentration (%)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	445.0 ± 781.8
	164.5 ± 315.1
	0.007



	Baseline sperm concentration > 7.3 million/mL
	−9.8 ± 79.1
	−16.8 ± 59.3
	0.752



	p-value
	0.021
	<0.001
	



	Δ Total sperm count
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	174.8 ± 853.2
	203.2 ± 465.8
	0.818



	Baseline sperm concentration > 7.3 million/mL
	124.3 ± 411.1
	217.0 ± 507.2
	0.592



	p-value
	0.857
	0.879
	



	Baseline progressive sperm motility (%)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	17.6 ± 14.7
	15.0 ± 15.0
	0.465



	Baseline sperm concentration > 7.3 million/mL
	32.3 ± 13.5
	21.0 ± 17.9
	0.083



	p-value
	0.012
	0.087
	



	Δ total motile sperm number (%)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	198.5 ± 921.7
	200.5 ± 578.9
	0.990



	Baseline sperm concentration > 7.3 million/mL
	136.1 ± 362.0
	60.8 ± 247.6
	0.479



	p-value
	0.853
	0.175
	



	Baseline sperm with normal morphology (%)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	1.6 ± 1.9
	1.8 ± 2.2
	0.832



	Baseline sperm concentration > 7.3 million/mL
	4.7 ± 5.9
	2.5 ± 3.0
	0.098



	p-value
	0.065
	0.333
	



	Duration of FSH administration (months)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	6.7 ± 3.7
	8.3 ± 4.5
	0.065



	Baseline sperm concentration > 7.3 million/mL
	11.7 ± 6.2
	8.0 ± 4.4
	0.111



	p-value
	0.004
	0.720
	



	Patients’ distribution n (%)
	
	
	



	Baseline sperm concentration < 7.3 million/mL
	38 (22.0)
	79 (45.7)
	-



	Baseline sperm concentration > 7.3 million/mL
	10 (5.8)
	46 (26.6)
	-



	p-value
	-
	-
	0.032
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