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Research Question

Unlike in men, a very limited number of studies were focused on the specificity of ART management of cystic fibrosis (CF) in women. The purpose of this study was to determine the causes of infertility in patients, the appropriate ART treatment, and their prognosis in terms of pregnancy.



Design

We conducted a multicentre analytical case-control study including CF women who were age-matched to non-CF women. We reported the causes of infertility, the ART management type and pregnancy outcomes.



Results

17 cases were compared to 34 controls. There was no significant difference between the groups concerning cause infertility. There was a non-statistically significant trend with a lower antral follicle count in CF compared to controls (19.5 versus 26.8, p=0.08). IUI seemed to be as successful as IVF/ICSI in CF as opposed to controls where the IVF/ICSI was the most effective (in CF group for HCG >100 UI/L: 38.8% vs. 36.8%, p=0.4175). There were more embryos obtained in CF than in controls (3.1 versus 1.6, p=0.02). The number of oocytes and embryos obtained and pregnancy outcomes remained similar between DF508 homozygous group and others CFTR mutations group. The results of ART procedures and pregnancy evolution were not influenced by FEV1. 



Conclusion

In absence of any other pathology, IUI may be first option for CF women. If insemination fails, IVF with a low dose of gonadotropins may be more appropriate to prevent the risk of hyperstimulation syndrome. FEV1 and genetic do not seem to be contributing factors in the prognosis of ART.
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Highlights

There is a significant part of cervical origin in cystic fibrosis subfertility. Intrauterine insemination may be proposed as a first option. If insemination fails, IVF with low doses of gonadotropins may be proposed to avoid hyperstimulation syndrome. Only one embryo should be transferred because of the increased risk of prematurity.



Introduction

Cystic fibrosis (CF) is a common severe genetic disorder in Caucasian population. In Europe and in North America, CF affects 1 in 2500 births (1). In France in 2018, 7180 patients were identified by the national register centre.

CF is caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR, also named ABCC7) gene leading to abnormal mucus in the lung, pancreas, gastro-intestinal tract and reproductive tract (2). In 2012, the first CFTR modulator called ivacaftor was introduced to the market. This new therapy potentiates the probability of opening (or regulation) of the CFTR channel at the cell surface (3), while tezacaftor and elexaftor, later commercialised, facilitate the maturation and the transfer of the CFTR protein to the cell surface (4). In 2020, the triple combination therapy constituted of ivacaftor, tezacaftor and elexaftor was approved (4). Associated with the optimization of multidisciplinary management, this new treatment has drastically reduced the mortality of CF patients (12.4‰ in 2006 to 7.9‰ in 2018 in France) and improved the life expectancy (from 7-year-old in 1965 to 47-year-old) (5).

As a result of increased life expectancy, the question of parenthood for these patients has become now more relevant than before. The fertility of CF males has been widely studied. 97% of the CF males experimented obstructive azoospermia due to congenital bilateral absence of vas deferens in addition to atrophic or absent seminal vesicles (6). Several studies suggested that the atresia of vas deferens resulted from the obstruction of the lumen due to abnormal mucus (6). However, CFTR protein seems to affect the different signaling pathways of spermatogenesis and spermiogenesis. Indeed, CFTR is involved in tight junctions’ formation of the seminiferous tubules which are essential to the haemato-testis barrier. CFTR can also affect transcription factors such as CREB which is essential to sperm nuclear integrity (7). Moreover, other studies (8, 9) have demonstrated that the CFTR protein was involved in the production of bicarbonate molecule in female genital tract which is essential to capacitation.

Regarding CF in women, recent studies (10, 11) have estimated the rate of hypofertility to be around 35-40% while it was only 10% in the overall European population. The primary hypothesis of this subfertility was related to cervical mucus being thicker and as a result acting as a barrier to the passage of the sperm (12). Other studies suggested that it could be also related to abnormal uterine secretions impeding the flow of sperm in the female genital tract (13). Ovarian failure was also suspected as animal studies have shown that the CFTR protein was expressed in the hypothalamus (14) and in the ovaries (15). Thus, the mechanisms of subfertility among CF females are not fully understood despite several identified contributing factors: hypothalamic factor, anovulation, ovarian failure, cervical and tubal causes, with the CFTR protein as a common denominator. Furthermore, when those patients must undergo assisted reproductive technologies (ART) in order to obtain pregnancy, the prognosis of ART is not well-known. In this context, we conducted a retrospective multicentre study to analyze fertility parameters, ART procedures and pregnancy outcomes among CF women compared to non-CF women.



Materials and Methods


Population Recruitment

We conducted a retrospective multicentre analytical case-control study including the CF women between 18 and 42 yrs. who were referred to CF reference centres (CRCM) of Nice University Hospital and Hospices Civils of Lyon between 01/01/2002 and 04/30/2019. These patients were concomitantly treated in ART units in Lyon or Nice. Patients with a significant amount of data missing (n=16) or spontaneously pregnant prior to ART (n=1) were not included in the study. The control group included randomly selected non-CF women treated in Nice ART unit. Controls were matched to patients according to their age at the time of ART treatment and we chose two controls for each CF-patient. All patient husbands underwent a genetic testing before ART procedures and were negative for the CFTR mutations.

Our study was approved by French National Commission on Information Technology and Liberties (R04-001 and MR 1415150219). All participants gave their informed consent and all the data were anonymized before being analyzed.



Outcomes

The main objective of our study was to determine the causes of infertility in CF women, between:

	-ovulation disorders, classified according to the WHO standard (16) as type I (central origin), type IIa (idiopathic eugonadotropic ovulation disorder), type II b (polycystic ovary syndrome), type III (ovarian failure);

	-tubal cause defined by the absence or the obstruction of either tubes which can be identified by hysterosalpingography or by laparoscopy;

	-cervical cause, identified through a negative postcoital test confirming the absence of sperm in the cervical mucus;

	-uterine cause, due to a malformation (such as uterine septum, unicornuate uterus, pseudo-unicornuate, hypoplastic T-shaped uterus) or endometriosis, regardless of the stage;

	-male cause in case of any abnormality of the spermogram or spermocytogram;

	-mixed cause defined by the presence of two or more types of infertility factors;

	-or idiopathic cause.



Fertility parameters such as antral follicle count (AFC), FSH, hysterosalpingography (conducted around day 10 of the cycle), postcoital test, cycle regularity or age of menarche were collected. The AFC and FSH (in IU/L) were performed between the second and the fourth day of the cycle. The number of the antral follicles was assessed by an endovaginal 5-9 MHz probe counting all the follicles with a diameter between 2 and 10 mm. AMH analysis were not considered in our study as the assay kits were different between the two centres and changed twice in Nice during our study.

Secondary objectives included the type of ART procedures (ovulation induction [OI], artificial intrauterine insemination [IUI], in vitro fertilization [IVF] or intracytoplasmic sperm injection [ICSI], artificial insemination with sperm donor or IVF with donated oocytes) and the pregnancy rate. For this last parameter, we considered biological pregnancy as women with positive betaHCG under 100 UI/L at day 14 after insemination or fertilization; viable pregnancy as women with positive betaHCG over 100 UI/L at day 14 with a doubling kinetics during the following week. These pregnancies were confirmed as clinical pregnancy by ultrasonographic visualization of one or more gestational sacs. We also considered the number of ectopic pregnancies, pregnancy loss and finally evaluated the number of live births in each group.

The number of oocytes, the number of embryos obtained for each attempt at IVF in the 2 groups, the occurrence of hyperstimulation and the number of attempts before pregnancy and live birth were also collected for each participant of the study.



Statistical Analysis

Results were presented as mean and deviation-type for quantitative variables, and median and interquartile range for the other variables.

For the comparison between cases and controls, the Student test (also referred as Mann-Whitney nonparametric test) or the Chi-square test (also referred as Fisher test) were used, depending on the nature of the variables considered. The value of the error of first test was set at 5%.




Results


Characteristics of the Population

Among 217 CF women treated in Lyon Sud and Nice’s CRCM, 34 were concomitantly treated in ART units but only 17 women could be included in our study and matched to 34 controls according to their age. The characteristics of CF patients and their controls are detailed in Table 1. Case and controls were not different except for weight and body mass index which were significantly lower in CF women than in controls (p=0.004 and 0.0018, respectively). No patient underwent pulmonary transplant before ART treatment. Only one patient took CFTR modulators before ART treatment. When we compared the patients according to their genetic status (DF508 homozygous mutation [n=8] or other mutations [n=9]), we observed that more DF508 patients experimented history of pulmonary surgery (p=0.02). Furthermore, homozygous DF508 patients seemed to be younger and to exhibit more frequently an exocrine pancreatic insufficiency (Table 1).


Table 1 | Characteristics of the population and comparison between the genetic status of the cases.





Fertility Parameters

Fertility parameters of CF women and controls are detailed in Table 2. There was no significant difference between the two groups concerning infertility’s etiology. However, no conclusion can be drawn in respect of cervix cause due to the lack of data in the control group. There is no difference concerning ovulation disorders type III between CF women and control (23.5% versus 8.8%, p=0.5345). Mean AFC were similar in both groups (19.5 ± 10.8 in CF women vs 26.8 ± 13.5 in controls; p = 0,0884) as FSH levels, age at menarche and cycle duration (Table S1).


Table 2 | Infertility’s etiologies of the population.





ART Procedures and Outcomes

A total of 221 ART procedures were performed in CF women (n = 66) and controls (n = 155). IUI were more practiced in CF women than in control group (39.4% [n=26/66] vs. 28.4% [n=44/155]; p=0.0425), while IVF/ICSI was the most frequent ART procedure in control group (41.3% [n=64/155] vs. 27.3% [n=18/66]; p=0.0425). Ovulation induction and fresh embryo transfer were similarly performed in both groups (respectively 3/66 [4.5%] and 19/66 [28.8%] in CF women, and 17/155 [11%] and 30/155 [19.4%] in control group).

ART outcomes are detailed in Table 3. There is no significant difference between the two groups concerning HCG outcome, ovarian hyperstimulation rate, number of oocytes collected and number of embryos transferred. However, more embryos were obtained in CF women than in the control group (3.1 vs 1.6; p=0.02) and the number of transferred embryos before HCG>100UI/L was significantly lower in CF women than in control group (1.0 ± 0.0 vs. 2.5 ± 1.8; p=0.0295). Nevertheless, the number of pregnancy loss and live births were similar in both groups (Table 3).


Table 3 | ART outcomes and pregnancy outcomes.



Ovarian hyperstimulation was significantly associated with IVF/ICSI procedures in both groups (p=0.0432 in CF women and 0.0018 in controls) (Tables S2, S3). There was no difference between the different procedures regarding the number of pregnancy loss and live births in CF women, especially between IUI and IVF/ICSI (Table S2). At the opposite, in control group, IVF/ICSI significantly led to more issues with HCG > 100 UI/L (48.6% vs 14.3%; p=0.0011) but the number of live births were similar between IVF/ICSI and IUI subgroups in control women (respectively 56.5 and 21.7%; p=0.4507). Fresh embryo transfer was associated with an increase of pregnancy loss and ectopic pregnancies in control women (66.7% vs 0%; p=0.0004) (Tables S2, S3). Estimated live birth rate was 11,1% (52/469 cycles) for IVF/ICSI and 19.4% for IUI (13/67 cycles) in our ART center, not different than the live birth rate observed in CF women (p=0.07 and 0.43 respectively). Estimated clinical pregnancy rate was 11,3% (53/469 cycles) for IVF/ICSI, significantly lower than observed in CF women (p=0.01), and was 17.9% for IUI (12/67 cycles) in our ART center, not different than observed in CF women (p=0.59).

We compared the ART and pregnancies outcomes depending on genotypes of each participant, considering two groups: patients who were homozygous for the classical DF508 mutation (n=28) and patients with all other mutations (n=38). Results are detailed in Table 4. In patients who were homozygous for the classical DF508 mutation, IUI was significantly most frequently used (50.0% vs 31.6%; p=0.0498) while IVF/ICSI was most significantly used in patients exhibiting other mutations (34.2% vs 17.9%; p=0.0498). However, there was no significant difference between the two groups concerning the number of collected oocytes, the number of obtained embryos and pregnancy outcomes.


Table 4 | ART outcomes and pregnancy outcomes according to genotype sampling.



We also analyzed the pregnancy outcomes depending on previous FEV1 (Forced Expiratory Volume in the first second). We observed that FEV1 was similar in women with HCG < 100 UI/L (n=48) and in women with HCG > 100 UI/L (n=18) (60.0 ± 8.6 vs 63.9 ± 16.3% respectively; p=0.7568). The same observation was performed between women with (n=10) or without live birth (n=56) (69.9 ± 21.1 vs 59.7 ± 8.3% respectively; p=0.1461).




Discussion

A recent study (10) has shown reduced fertility in CF patients compared to the general population (37% of infertility versus 10 to 24%). Those women are usually referred to ART centres but few data are available in the literature concerning the prognosis of ART procedures in such women. In this study, we showed that the prognosis of ART in CF patients did not appear to be altered in comparison with unaffected patients.

Historically, cervical origin was the first hypothesis of this subfertility. Indeed, in 1973, Kapito et al. shown a dehydrated and thickened cervical mucus leading to abnormal cervical sperm passage in CF patients. Moreover, these authors noticed in midcycle a lower water content and the absence of sodium peak, which are usually observed just before ovulation (32). Cervical origin would seem to be a significant part of subfertility in CF patients whereas in the general population, it is commonly accepted that cervical origin accounts for less than 5% of infertilities (17). In this study, we could not prove that there were more negative postcoital tests in the CF group compared to the control group due to the small sample size. However, we showed that in the CF group IUI was just as effective as IVF/ICSI in contrast to the control group where IVF/ICSI was more effective in terms of ongoing pregnancy. To our knowledge, no case-report study has reported such data. In France in 2018, IUI represents 29.9% of ART methods against 39.1% for IVF/ICSI, which is consistent with the results of the controls in this study. These results confirm the hypothesis of a predominant cervical cause in the subfertility of CF patients and medical teams used IUI more often in order to bypass the cervical mucus.

Concerning fallopian tubes, it was found that there were 23.5% of tubal infertility in CF patients against 12.9% in controls (p=0.4285). When comparing these results with the general population, there is no difference (25%, 17). Actually, according to some authors (18), the fallopian tubes and the endometrium seem to be relatively unaffected in CF patients as a result of the low expression of CFTR protein in these structures. However, in CF patients, uterine fluid is nevertheless altered because it contains less bicarbonate (19, 20) which is essential to sperm capacitation and to oocyte fertilisation (21). These observations are contradictory to our results since we have shown that there was no more recourse to IVF than to insemination in the CF group compared to the control group (IVF/ICSI: n=18 [27.3%] and IUI: n=26 [39.4%] in the CF group versus IVF/ICSI: n=64 [41.3%] and IUI: n=44 [28.4%] in the control group, p=0.04).

Tizzano et al. did not find expression of CFTR in ovaries. On the opposite, a Canadian study (22) comparing 20 CF patients with 20 controls showed a significant decrease in AMH in the CF group. In line with this study, we reported a non-significant trend with a lower AFC in the CF group compared to the control group (19.5 versus 26.8, p=0.0884) even though we didn't report a higher proportion of ovarian failure (type III ovarian dysovulation) in our CF group.

Despite a non-significant decrease in AFC in CF patients, the oocyte response in IVF/ICSI does not seem to be lower (no difference of oocytes’ number collected between the two groups). And the yield in terms of embryos obtained is even better. This raises the question of a better oocyte quality in these patients.

In addition, we showed that the number of embryos transferred before ongoing pregnancy was lower in the CF group compared to the control group. Thus, we can assume that the uterine environment of CF patients.

Still in the hypothesis of an involvement of the CFTR gene in the functioning of the gonadotropic axis, the literature reported a more delayed puberty in CF patients: older studies (23) attributed this delay to the precarious nutritional and pulmonary condition, but with the progress of treatment and the improvement in the health status of the patients, another study (24) showed that this delay in puberty is independent of the respiratory and nutritional parameters. The mechanism of this pubertal delay is still not known but one hypothesis considers hypothalamus as a possible origin. Indeed, it has been shown that the CFTR gene is expressed in the anterior area of the hypothalamus in humans, which is itself involved in the regulation of puberty. The study by Weyler et al. reported the existence of hypothalamic neurons, called GT1-7, expressing the CFTR gene in rats and humans. In rats, inactivation of CFTR is responsible for a decrease in the secretion, but not the synthesis, of GnRH. The hypothesis is that this inactivation leads to a defect in the release of vesicles containing GnRH neuropeptides. These observations question the preponderance of hypogonadotropic hypogonadism in this population. We did not find any difference between CF and control group in our cohort.

The use of ART in CF patients is not without risk. Indeed, the risk of ovarian hyperstimulation or the occurrence of a multiple pregnancy could be life-threatening for the patients. Studies (25) have shown the deleterious effect of estrogens on the disease. It can therefore be assumed that hyperestrogenism induced by IVF or ICSI procedures could aggravate the disease. If IVF can impact on lung status, we question the influence of FEV1 in the prognosis in ART. We did not find any significant difference in terms of pregnancy or live birth according to previous FEV1.

In the same perspective, as the patients with homozygous DF508 mutation status have more respiratory difficulties, we wondered whether these patients had a worse prognosis in ART and a worse response in IVF. In the literature, only one study (26) has investigated the impact of CFTR gene mutations on the prognosis in ART. The authors reported no significant difference between the CFTR mutation carrier group and non-carrier patients in terms of implantation and pregnancy rates. However, the number of mature oocytes was higher but the number of embryos obtained was lower in the carrier group. In contrast to our study, the patients included were not CF patients but CFTR mutation carriers. In Vanwort et al. study, when interesting more specifically the type of mutation in subgroups, the authors observed an increase in the number of embryos at 2 PN and a decrease in the number of abnormally fertilised embryos in patients with the DF508 mutation.

In our study, there was no significant difference in terms of oocyte response, number of embryos obtained and live births between DF508 homozygous patients compared to patients with other mutations. However, IUI seemed to be used more often in DF508 homozygous patients compared to patients with other mutations where IVF was used more. This may be because the medical team was more reluctant to use IVF with the complications that this can cause. However, all of these results should be balanced against the fact that the patients homozygous for the DF508 mutation were younger than the other patients (trends towards the limit of significance).

Despite the limitations of the study due to the small number of patients and the retrospective nature of the study, interesting new data have been identified that will allow better management of these patients in ART. First of all, before accepting these patients, the clinician will have to check with the referring doctors that there are no contraindications to pregnancy. For many authors (27–29), an FEV1 of less than 50% is predictive of a poor obstetrical and respiratory prognosis. Teratogenic treatments should be replaced. Regarding CFTR modulators, animal data are reassuring but human data are insufficient and caution is needed (30).

Jones et al. (31) noticed the occurrence of pregnancy in patients considered infertile after starting CFTR modulators with a reduction in conception time. Indeed, since these treatments improve the activity of the CFTR protein, we can suppose that these treatments have a direct positive impact on fertility and in particular on cervical mucus. Moreover, several women have also reported a normalization of their menstrual period on CFTR modulators. This observation supports the hypothesis of the involvement of the CFTR protein in ovarian function. Unfortunately, in this study, only one patient had received these treatments. It would be interesting in the area of these new therapies to evaluate in a future study the impact of these treatments on fertility parameters and on the prognosis in ART.
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Supplementary Table 1 | Fertility parameters of the population. Results are expressed as mean ± SD. Results are expressed as absolute values and as percentages in the group (column analysis). Normal cycles are defined by menstrual cycles of 25 to 30 days. Short cycles are defined by menstrual cycles of less than 25 days. Long cycles are defined by menstrual cycles of less than 30 days. NS, non-significant; AFC, antral follicle count; FSH, follicle stimulating hormone; PCT, postcoital test.

Supplementary Table 2 | ART and pregnancy outcomes in CF women depending on ART procedures. Results are expressed as mean ± SD. Results are expressed as absolute values and as percentages for the outcome (column analysis). NS, non-significant; IVF, in vitro fertilisation; ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; OI, ovulation induction; FET, frozen embryo transfer.

Supplementary Table 3 | ART and pregnancy outcomes in control women depending on ART procedures. Results are expressed as mean ± SD. Results are expressed as absolute values and as percentages for the outcome (column analysis). NS, non-significant; IVF, in vitro fertilisation; ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; OI, ovulation induction; FET, frozen embryo transfer.



References

1. Scotet, V, Duguépéroux, I, Saliou, P, Rault, G, Roussey, M, Audrézet, M-P, et al. Evidence for Decline in the Incidence of Cystic Fibrosis: A 35-Year Observational Study in Brittany, France. Orphanet J Rare Dis (2012) 7(1):14. doi: 10.1186/1750-1172-7-14

2. Elborn, JS. Cystic Fibrosis. Lancet (2016) 388(10059):2519–31. doi: 10.1016/S0140-6736(16)00576-6

3. Ramsey, BW, Davies, J, Gerard McElvaney, N, Tullis, E, Bell, SC, Dřevínek, P, et al. A CFTR Potentiator in Patients With Cystic Fibrosis and the G551D Mutation. N Engl J Med (2011) 365(18):1663–72. doi: 10.1056/NEJMoa1105185

4. Heijerman, HGM, McKone, EF, Downey, DG, Braeckel, EV, Rowe, SM, Tullis, E, et al. Efficacy and Safety of the Elexacaftor Plus Tezacaftor Plus Ivacaftor Combination Regimen in People With Cystic Fibrosis Homozygous for the F508del Mutation: A Double-Blind, Randomised, Phase 3 Trial. Lancet (2019) 394(10212):1940–8. doi: 10.1016/S0140-6736(19)32597-8

5. Scotet, V, L’Hostis, C, and Férec, C. The Changing Epidemiology of Cystic Fibrosis: Incidence, Survival and Impact of the CFTR Gene Discovery. Genes (2020) 11(6):E589. doi: 10.3390/genes11060589

6. Smith, HC. Fertility in Men With Cystic Fibrosis Assessment, Investigations and Management. Paediatric Respir Rev (2010) 11(2):80–3. doi: 10.1016/j.prrv.2010.01.003

7. Yefimova, M, Bourmeyster, N, Becq, F, Burel, A, Lavault, M-T, Jouve, G, et al. Update on the Cellular and Molecular Aspects of Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and Male Fertility. Morphologie (2019) 103(341):4–10. doi: 10.1016/j.morpho.2018.11.001

8. Xu, WM, Shi, QX, Chen, WY, Zhou, CX, Ni, Y, Rowlands, DK, et al. Cystic Fibrosis Transmembrane Conductance Regulator Is Vital to Sperm Fertilizing Capacity and Male Fertility. Proc Natl Acad Sci (2007) 104(23):9816–21. doi: 10.1073/pnas.0609253104

9. Chen, MH, Chen, H, Zhou, Z, Ruan, YeC, Wong, HY, Lu, YC, et al. Involvement of CFTR in Oviductal HCO3– Secretion and Its Effect on Soluble Adenylate Cyclase-Dependent Early Embryo Development. Hum Reprod (2010) 25(7):1744−54. doi: 10.1093/humrep/deq094

10. Tournier, A, Murris, M, Prevotat, A, Fanton, A, Bettiol, C, and Parinaud, J. Fertility of Women With Cystic Fibrosis: A French Survey. Reprod BioMedicine Online (2019) 39(3):492–5. doi: 10.1016/j.rbmo.2019.04.128

11. Shteinberg, M, Lulu, AB, Downey, DG, Blumenfeld, Z, Rousset-Jablonski, C, Perceval, M, et al. Failure to Conceive in Women With CF Is Associated With Pancreatic Insufficiency and Advancing Age. J Cystic Fibrosis (2019) 18(4):525–9. doi: 10.1016/j.jcf.2018.10.009

12. Anthony, E, Oppenheimer,, Case, AL, Esterly, JR, and Rothberg, RM. Cervical Mucus in Cystic Fibrosis: A Possible Cause of Infertility. Am J Obstet Gynecol (1970) 108(4):673–4. doi: 10.1016/0002-9378(70)90254-1

13. Hodges, CA, Palmert, MR, and Drumm, ML. Infertility in Females With Cystic Fibrosis Is Multifactorial: Evidence From Mouse Models. Endocrinology (2008) 149(6):2790–7. doi: 10.1210/en.2007-1581

14. Weyler, RT, Yurko-Mauro, KA, Rubenstein, R, Kollen, WJ, Reenstra, W, Altschuler, SM, et al. CFTR Is Functionally Active in GnRH-Expressing GT1-7 Hypothalamic Neurons. Am J Physiol (1999) 277(3):C563–71. doi: 10.1152/ajpcell.1999.277.3.C563

15. Chen, H, Guo, JH, Lu, YC, Ding, GL, Yu, MK, Tsang, LL, et al. Impaired CFTR-Dependent Amplification of FSH-Stimulated Estrogen Production in Cystic Fibrosis and PCOS. J Clin Endocrinol Metab (2012) 97(3):923–32. doi: 10.1210/jc.2011-1363

16. Rowe, PJ, Comhaire, FH, and Hargreave TB and Heather, JM. WHO Manual for the Standardised Investigation and Diagnosis of the Infertile Couple. Cambridge: Cambridge University Press (1997).

17. Hull, MGR, and Cahill, DJ. Female Infertility. Endocrinol Metab Clinics North Am (1998) 27(4):851–76. doi: 10.1016/S0889-8529(05)70044-X

18. Tizzano, EF, Silver, MM, Chitayat, D, Benichou, JC, and Buchwald, M. Differential Cellular Expression of Cystic Fibrosis Transmembrane Regulator in Human Reproductive Tissues. Clues for the Infertility in Patients With Cystic Fibrosis. Am J Pathol (1994) 144(5):906−14. doi: 10.1165/ajrcmb.10.4.7510983

19. Chan, HC, Shi, QiX, Zhou, CXi, Wang, XF, Xu, WM, Chen, WY, et al. Critical Role of CFTR in Uterine Bicarbonate Secretion and the Fertilizing Capacity of Sperm. Mol Cell Endocrinol (2006) 250(12):106–13. doi: 10.1016/j.mce.2005.12.032

20. Wang, XF, Zhou, CXi, Shi, QiX, Yuan, YuY, Yu, MK, Ajonuma, LC, et al. Involvement of CFTR in Uterine Bicarbonate Secretion and the Fertilizing Capacity of Sperm. Nat Cell Biol (2003) 5(10):902−6. doi: 10.1038/ncb1047

21. Visconti, PE, Galantino-Homer, H, Moore, GD, Bailey, JL, Ning, X, Fornes, M, et al. The Molecular Basis of Sperm Capacitation. J Andrology (1998) 19(2):242–48. doi: 10.1002j.1939-4640.1998.tb01994.x


22. Schram, CA, Stephenson, AL, Hannam, TG, and Tullis, E. Cystic Fibrosis (Cf) and Ovarian Reserve: A Cross-Sectional Study Examining Serum Anti-Mullerian Hormone (Amh) in Young Women. J Cystic Fibrosis (2015) 14(3):398–402. doi: 10.1016/j.jcf.2014.09.008

23. Moshang, T. Menarchal Determinants in Cystic Fibrosis. Arch Pediatr Adolesc Med (1980) 134(12):1139. doi: 10.1001/archpedi.1980.02130240023008

24. Johannesson, M, Gottlieb, C, and Hjelte, L. Delayed Puberty in Girls With Cystic Fibrosis Despite Good Clinical Status. Pediatrics (1997) 99(1):29–34. doi: 10.1542/peds.99.1.29

25. Sweezey, NB, and Ratjen, F. The Cystic Fibrosis Gender Gap: Potential Roles of Estrogen: Cystic Fibrosis Gender Gap and Estrogen. Pediatr Pulmonology (2014) 49(4):309–17. doi: 10.1002/ppul.22967

26. VanWort, TA, Lee, JA, Karvir, H, Whitehouse, MC, Beim, PY, and Copperman, AB. Female Cystic Fibrosis Mutation Carriers and Assisted Reproductive Technology: Does Carrier Status Affect Reproductive Outcomes? Fertil Steril (2014) 102(5):1324–30. doi: 10.1016/j.fertnstert.2014.07.1234

27. Gilljam, M, Antoniou, M, Shin, J, Dupuis, A, Corey, M, and Tullis, DE. Pregnancy in Cystic Fibrosis. Fetal and Maternal Outcome. Chest (2000) 118(1):85–91. doi: 10.1378/chest.118.1.85

28. Ødegaard, I, Stray-Pedersen, B, Hallberg, K, Haanaes, OC, Storrøsten, OT, and Johannesson, M. Maternal and Fetal Morbidity in Pregnancies of Norwegian and Swedish Women With Cystic Fibrosis. Acta Obstetricia Et Gynecologica Scandinavica (2002) 81(8):698–705. doi: 10.1080/j.1600-0412.2002.810803.x

29. Reynaud, Q, Jablonski, CR, Poupon-Bourdy, S, Denis, A, Rabilloud, M, Lemonnier, L, et al. Pregnancy Outcome in Women With Cystic Fibrosis and Poor Pulmonary Function. J Cystic Fibrosis (2020) 19(1):80–3. doi: 10.1016/j.jcf.2019.06.003

30. Taylor-Cousar, JL. CFTR Modulators: Impact on Fertility, Pregnancy, and Lactation in Women With Cystic Fibrosis. J Clin Med (2020) 9(9):2706. doi: 10.3390/jcm9092706

31. Jones, GH, and Walshaw, MJ. Potential Impact on Fertility of New Systemic Therapies for Cystic Fibrosis. Paediatric Respir Rev (2015) 16(S1):25–7. doi: 10.1016/j.prrv.2015.07.013

32. Kopito, LE, Kosasky, HJ, and Shwachman, H. Water and Electrolytes in Cervical Mucus From Patients With Cystic Fibrosis. Fertil Steril (1973) 24(7):512−16. doi: 10.1016/S0015-0282(16)39790-4




Conflict of Interest: The 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.


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 © 2022 Braham, Morisot, Boukaïdi, Perceval, Durieu, Rousset-Jablonski, Hieronimus, Leroy and Chevalier. 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.2022.773753_cover.jpg
, frontlers
n Endocrinology

The Prognosis of ART Is Not
Altered in Cystic Fibrosis
Women: A Case-Report Study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Prognosis of ART Is Not Altered in Cystic Fibrosis Women: A Case-Report Study

      

        		

          Research Question

        



        		

          Design

        



        		

          Results

        



        		

          Conclusion

        



        		

          Highlights

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Population Recruitment

          



          		

            Outcomes

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Characteristics of the Population

          



          		

            Fertility Parameters

          



          		

            ART Procedures and Outcomes

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
CF (n=17)

Tubal cause 4 (23.5%)
No tubal cause 18 (76.5%)
Missing data 0
Cervix cause 9 (100%)
No cervix cause 0 (0%)
Missing data 8
Ovulation disorders type | 0 (0%)
Ovulation disorders type Il a,b 5(29.4%)
Ovulation disorders type Il 4 (23.5%)
No ovulation disorders 8 (47.1%)
Uterine disorders- endometriosis 2 (11.8%)
No uterine disorders- endometriosis 15 (88.2%)
Male infertility 8(47.1%)
No male infertility 9 (52.9%)
Idiopathic 1 (5.9%)
No idiopathic 16 (94.1%)
Mixt 9 (62.9%)
No mixt 8 (47.1%)

Controls (n = 34)

4(12.9%)
27 (87.1%)
3
7 (77.8%)
2 (22.2%)

5 (14.7%)
29 (85.3%)
9 (55.9%)
5 (44.1%)
2 (5.9%)
32 (94.1%)
4(41.2%)
20 (58.8%)

NS

NS

NS

NS

NS

NS

NS

Results are expressed as absolute values and as percentages in the group (column analysis).

NS, non-significant.





OEBPS/Images/table4.jpg
Other mutations (n = 38) DF508/DF508 (n = 28) P

Oocytes 9.6 (+ 6.5) 1.2 (£4.9) NS
Live births 5 (18.2%) 5 (17.9%) NS

No live births 33 (86.8%) 23 (82.1%)

Clinical pregnancy 8 (21.0%) 9 (32.1%) 0.390 NS
No clinical pregnancy 30 (79.0%) 19 (67.9%)

HCG >100 UI/L 9 (23.7%) 10 (35.9%) NS

HCG <100 UI/L 3(7.9%) 0 (0%)

HCG negative 26 (68.4%) 18 (64.3%)

Number of embryos obtained 3(x25) 3.2 (x25) NS
IVF/ICSI 13 (34.2%) 5(17.9%) 0.0498
1} 12 (31.6%) 14 (50%)

ol 0 (0%) 3(10.7%)

FET 13 (34.2%) 6(21.4%)

Results are expressed as mean + SD.
Results are expressed as absolute values and as percentages in the group (column analysis).
NS, non-significant: IUI, intrauterine insemination; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; Ol, ovulation induction; FET, frozen embryo transfer.





OEBPS/Images/table3.jpg
CF (n = 66) Controls (n = 155)

Ovarian hyperstimulation 3 (4.5%) 10 (6.5%)
No ovarian hyperstimulation 63 (95.5%) 145 (93.5%)
HCG >100 UI/L 19 (28.8%) 35 (22.6%)
HCG <100 UI/L 3 (4.5%) 4 (2.6%)
HCG negative 44 (66.7%) 116 (74.8%)
Clinical pregnancy 7 (25.8%) 34 (21.9%)
No clinical pregnancy 49 (74.2%) 121 (78.1%)
Pregnancy loss, ectopic pregnancy 8 (12.1%) 12 (7.7%)
No pregnancy loss ectopic pregnancy 58 (87.9%) 143 (92.3%)
Number of oocytes collected 10.1 (5.9 9.1 (593
Number of embryos obtained 3.1(x24) 16 (x1.5)
Abandon in IVF 1(6.7%) 5 (7.8%)
No abandon in IVF 14 (93.3%) 59 (92.2%)
Missing data 3 0

No embryo transferred in IVF 8 (53.3%) 22 (34.4%)
Transfer 7 (46.7%) 42 (65.6%)
Missing data 3 0
Number of embryos transferred (IVF and FET) 0.8 (+ 0.4) 0.9 (£ 0.7)
Switch IVF to IUI 0 (0%) 1(1.6%)
No switch 15 (100%) 63 (98.4%)
Missing data 3 0

Live births 10 (15.2%) 23 (14.8%)
No live births 56 (84.8%) 132 (85.2%)

Results are expressed as mean + SD.
Results are expressed as absolute values and as percentages in the group (column analysis).
NS, non-significant; IUI, intrauterine insemination; IVF, in vitro fertilisation; FET, frozen embryo transfer.

NS

NS

NS

NS

NS

0.0246
NS

NS

NS
NS

NS





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/table1.jpg
Controls CF

(n=34) (n=17)
Age (yrs) 203 (£ 4.1) 293 (x4.2)
Weight (kg) 61.7 (+11.7) 527 (+5.9)
BMI (kg/m?) 236+ 3.8 20.3(+1.8)
History of spontaneous pregnancy 3 (+0.7) 0.2(x04)
History of ART pregnancy 0.1 (x0.4) 0.1(x0.3
Pulmonary Surgery 0.2(x04)
CFTR modulators 0.1 (£0.2)
FEV1 (%) 63.2 ( 18)
Diabetes 0.5(x0.5)
Exocrine insufficiency 0.8(x0.4)
Pseudomonas aeruginosa colonization 09(x0.3

p (Controls vs CF)

NS
0.004
0.0018
NS
NS

DF508 homozygous
(n=18)

27.1 (£8.1)
526 (+6.1)
204 (£2.2)
0.1 (£ 0.4)
0.1 (0.4)
0.5 (+0.5)
0.1 (0.4)
67.1 (+ 24.7)
0.5 (+0.5)
1(£0)
1(£0)

Other mutations

4 (.
7(£08)
s&om

P (DF508 vs
other mutations)

NS
NS
NS
NS
NS
0.0221
NS
NS
NS
NS
NS

Results are expressed as mean + SD.

NS, non-significant; CFTR, cystic fibrosis transmembrane conductance requlator; ART, assisted reproductive technology; FEV'1, forced expiratory volume in 1 second.





