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Even though the impact of cystic fibrosis (CF) on male fertility is well known, very few studies have investigated its effect on women fertility. In order to evaluate the fertility status of women with cystic fibrosis a questionnaire was sent to 220 women with cystic fibrosis. The questions concerned their desire to become a parent, achievement or not of a pregnancy, the time to became pregnant, the way to obtain pregnancy (spontaneously or with medical assistance) and the outcome of the pregnancy.. Ninety eight patients responded to the questionnaire. Twenty-five (54%) had at least 1 live birth without treatment, while 11 (24%) required infertility treatment to obtain a live birth and 10 (22%) had no delivery. The mean time to pregnancy was 12 months . The reasons for preferring not to be pregnant were mainly the fear of the interaction between CF and pregnancy and of the transmission of CF to children. Fertility seems to be slightly impaired in CF women since 37% of them failed to become pregnant without medical assistance.

Since the outcome of pregnancies appears normal, patients should be informed of the possibility of becoming mothers and be made aware of the risk of unwanted pregnancies.

Introduction

Cystic Fibrosis (CF) is a chronic disease marked by multiple-organ failure, with a prognosis that historically is very unfavourable. However, improvements in the screening and care of the disease in recent years has brought about a much better life expectancy since it is estimated at over 40 years in most western countries [START_REF] Salvatore | An overview of international literature from cystic fibrosis registries. Part 4: update 2011[END_REF]. In this context of an enlarging adult population, questions regarding parenthood become legitimate and more and more common.

Pregnancies are observed in women with CF, and the knowledge regarding management, progression, and problems arising from pregnancy are more and more complete, with quite a few recent studies on this topic [START_REF] Burden | Current pregnancy outcomes in women with cystic fibrosis[END_REF][START_REF] Thorpe-Beeston | The outcome of pregnancies in women with cystic fibrosis--single centre experience 1998-2011[END_REF], as well as a practical guide established by the team of [START_REF] Edenborough | Guidelines for the management of pregnancy in women with cystic fibrosis[END_REF][START_REF] Edenborough | Guidelines for the management of pregnancy in women with cystic fibrosis[END_REF]. When a pregnancy is planned with a complete preconception workup and contraindications are respected, pregnancies in women with CF turn out well in most cases [START_REF] Edenborough | Women with cystic fibrosis and their potential for reproduction[END_REF][START_REF] Boyd | Fertility and pregnancy outcomes in men and women with cystic fibrosis in the United Kingdom[END_REF]. The obstetric complications that are more common than in the general population are diabetes (pre-existing or gestational) as well as the risk of a premature birth [START_REF] Patel | Medical and obstetric complications among pregnant women with cystic fibrosis[END_REF]. There is no increase in other gestational or obstetric complications [START_REF] Patel | Medical and obstetric complications among pregnant women with cystic fibrosis[END_REF][START_REF] Girault | Maternal and perinatal outcomes of pregnancies in women with cystic fibrosis--A single centre case-control study[END_REF]. Furthermore, pregnancy does not appear to be a factor leading to mortality in those with CF, with studies following women for up to 10 years postpartum [START_REF] Goss | The effect of pregnancy on survival in women with cystic fibrosis[END_REF][START_REF] Ahluwalia | Cystic fibrosis and pregnancy in the modern era: a case control study[END_REF]. Neonatal results are also reassuring [START_REF] Girault | Maternal and perinatal outcomes of pregnancies in women with cystic fibrosis--A single centre case-control study[END_REF].

The impact of CF on fertility is well known in men, since most of them (>95%) have congenital bilateral absence of vas deferens (CBAVD), which makes them sterile [START_REF] Popli | Fertility issues in men with cystic fibrosis: survey of knowledge and opinion of patients[END_REF]. Concerning women fertility, even if pregnancies have been reported, there is only one study, published in 1995, which reported in a cohort study among 55 CF women a 67% clinical pregnancy rate [START_REF] Sawyer | Reproductive health in young women with cystic fibrosis: knowledge, behavior and attitudes[END_REF]. Therefore, there is a lack of knowledge for patients and their parents on their fertility [START_REF] Korzeniewska | Sexual and reproductive health knowledge in cystic fibrosis female patients and their parents[END_REF].

The aim of the present study was to evaluate, through a questionnaire, the fertility of CF women and the information they have received on this subject.

Materials and Methods

This is a multicentric observational study conducted between March 2016 and September 2018 in the CRCM [French acronym: Cystic Fibrosis resource and competence center] for adults of the university hospital of Toulouse (48; 49%), Lille (40; 41%) and Dijon (10; 10%).

The population involved was women CF patients, over 18 years old, who accepted to participate in the study after an informed consent.

The patients received a first information sheet on the methods and aims of the study and later received a questionnaire. If they wished to participate in the study, they returned the questionnaire complete with their written and signed consent. A phone call reminder was made to patients who did not respond.

The questionnaire included 12 questions regarding: Marital status; Gynecological life: age at menarche, gynecological history, periods, contraception.

Attempts to become pregnant, healthcare, problems, and the time-to-pregnancy (time elapsed between the termination of contraception for a pregnancy desire and the onset of pregnancy , with regular sexual intercourses).

Pregnancy outcomes

The roadblocks to the desire to become pregnant.

The information they received and desired concerning the possibilities of parenthood.

We received approval from the Research Ethics Committee of the Toulouse university hospital.

Statistical analyses were performed using StatView software (Abacus Concepts Inc., Berkeley, CA). Data are means ± SD or medians [range] according to their distribution.

The study was approved by Toulouse University Hospital's Clinical Research Ethics Committee. No funding was obtained for this study.

Results

Demographic data

We sent the questionnaire to 220 CF women and received 98 responses (45%).

The average age of the population was 33.7 ± 13.0 years. 70 patients (71%) were in a relationship. The median age at the first menses was 14 years [10][11][12][13][14][15][16][17][18][19][20][21].

Forty-five patients used contraception: 25 women used oral contraception (56%), 17 women had an intrauterine device (38%) 1 woman had a tubal ligation (2%), 2 women used condoms exclusively (4%). No woman used contraceptive implant in our population.

Fertility data (Figure 1)

Among the 46 CF women who wanted and sought a pregnancy, 40 (87%) had at least one pregnancy, and 36 (78%) had delivered at least once. The median time-to-pregnancy was 12 months [range: 1-180].

Seventeen (17/46: 37%) had no spontaneous pregnancy, from whom 13 (76%) had infertility treatment and 11 (85%) were successful.

Four patients (4/10: 10%) who had a spontaneous pregnancy never carried a pregnancy to term due to early spontaneous abortions.

Three patients had unwanted pregnancies, and had 4 induced abortions (one had a further wanted spontaneous pregnancy).

Out of the 77 wanted pregnancies, 61 (79%) resulted in live birth, 15 (19%) in spontaneous miscarriage and 1 (1%) in induced abortion due to a fetal abnormality.

Of all 61 pregnancies resulting in live births: the delivery term was 38.3 ± 3.5 gestational age, the birth weight was 2,847g ± 731g, the method of delivery was vaginal 84% (spontaneous or with instrumental extraction) and cesarean 16%.

Reasons for not wanting a pregnancy

Out of 52 patients, who did not want to be pregnant, 27 (52%) gave the reasons for their absence pregnancy wish. Thirteen (48%) feared that a pregnancy could aggravate the disease, 11 (41%) were afraid of a negative impact of the CF on pregnancy outcomes and 9 (33%) did not want to risk of transmitting the disease to their children. Moreover, 10 (37%) preferred to avoid childhood due to their uncertain future.

Discussion

Our results show that CF patients have a slightly reduced fertility since, despite 3 patients who had unwanted pregnancies, 37% failed to conceive spontaneously. The prevalence of subfertility has been reported from 10% to 24% in the general population [START_REF] Thonneau | Incidence and main causes of infertility in a resident population (1,850,000) of three French regions (1988-1989)[END_REF][START_REF] Slama | Time to pregnancy and semen parameters: a cross-sectional study among fertile couples from four European cities[END_REF][START_REF] Gnoth | Definition and prevalence of subfertility and infertility[END_REF][START_REF] Thoma | Prevalence of infertility in the United States as estimated by the current duration approach and a traditional constructed approach[END_REF]. Moreover, the median time-to-pregnancy was 12 months which was particularly long since the definition of moderately or seriously subfertility is 12 unsuccessful cycles [START_REF] Gnoth | Definition and prevalence of subfertility and infertility[END_REF]. However, the fertility of CF women is far from that of CF men, since the latter are sterile while the former have only an increase in subfertility [START_REF] Popli | Fertility issues in men with cystic fibrosis: survey of knowledge and opinion of patients[END_REF]. This increase in subfertility can be due to an impaired nutritional status often found in CF women [START_REF] Calella | Cystic fibrosis, body composition, and health outcomes: a systematic review[END_REF], which is well known to have a great impact on fertility [START_REF] Pinelli | Nutrition and fertility[END_REF].

The spontaneous abortion rate (18%) was in the range of that reported in the general population (15 to 20%) [START_REF] Jauniaux | The role of ultrasound imaging in diagnosing and investigating early pregnancy failure[END_REF][START_REF] Blohm | A prospective longitudinal population-based study of clinical miscarriage in an urban Swedish population[END_REF]. Our results are in good agreement with those reported by [START_REF] Gillet | Cystic fibrosis and pregnancy. Report from French data[END_REF]Thorpe-Beeston et al. (Gillet et al., 2002, Thorpe-Beeston et al., 2013) with a miscarriage rate similar to the one of the general population. On the opposite, Epelboin et al. have reported 3 miscarriages out of 7 pregnancies obtained by ART [START_REF] Epelboin | Indications and modalities of assisted reproductive techniques in infertile women with cystic fibrosis[END_REF].

Premature delivery (<37 weeks of gestation; 19%) and low weight babies (<2500g; 16%) appeared to be higher than in the total French population (7.5%) [START_REF] Blondel | Trends in perinatal health in metropolitan France from 1995 to 2016: Results from the French National Perinatal Surveys[END_REF]. Low weight and unbalanced diabetes (hyperglycemia in preconception phase) of CF women could explain these findings (Steegers-Theunissen, 1995, Triunfo and[START_REF] Triunfo | Impact of maternal under nutrition on obstetric outcomes[END_REF]. However, the average delivery term and average birth weight were reassuring, also in agreement with the literature, which confirmed the good obstetric and neonatal results of the pregnancies well followed [START_REF] Gillet | Cystic fibrosis and pregnancy. Report from French data[END_REF][START_REF] Goss | The effect of pregnancy on survival in women with cystic fibrosis[END_REF][START_REF] Thorpe-Beeston | The outcome of pregnancies in women with cystic fibrosis--single centre experience 1998-2011[END_REF][START_REF] Ahluwalia | Cystic fibrosis and pregnancy in the modern era: a case control study[END_REF].One surprising result was the significant number of patients who did not want to have a child for fear of aggravating their disease during pregnancy or for fear of a pregnancy disease connected to their disease. These fears seem unjustifiable since the studies on these subjects are very reassuring [START_REF] Patel | Medical and obstetric complications among pregnant women with cystic fibrosis[END_REF][START_REF] Girault | Maternal and perinatal outcomes of pregnancies in women with cystic fibrosis--A single centre case-control study[END_REF]. When asked about the quality of information received on this issue, it appeared satisfactory when it originated from a CF specialist but unsatisfactory from a gynecologist. Patients must correctly be informed about their fertility to avoid unwanted pregnancies and about the interactions of CF and pregnancy (Kazmerski et al., 2017a, Kazmerski et al., 2017b).

New therapies regulating the cystic fibrosis transmembrane conductance regulator (CFTR) such as ivacalfor alone or in association with lumacaftor, have provided real benefits for the health of CF patients [START_REF] Ratjen | Efficacy and safety of lumacaftor and ivacaftor in patients aged 6-11 years with cystic fibrosis homozygous for F508del-CFTR: a randomised, placebo-controlled phase 3 trial[END_REF]. However, their effects on pregnancy outcomes and on the fetus remain unknown, so that they cannot be used during pregnancy, making more difficult the decisions for being pregnant [START_REF] Kroon | Drugs during pregnancy and breast feeding in women diagnosed with Cystic Fibrosis -An update[END_REF].

The main limitation of this study is the lack of genetic data and we cannot exclude that the results could be different among the various mutations. Moreover, the health status at the time of trial to become pregnant was not known. Since only 45% of patients have answered the questionnaire, we cannot be sure that these results are the actual reflect of the fertility status of the whole CF patients. These limitations are due the fact that the study was based on self-administrated questionnaire, and thus the best way to explore this topic would be the follow-up of a prospective cohort of CF women desiring to become pregnant.

Conclusion

Our study emphasizes the need for CF women to be informed regarding their fertility and the outcome of their pregnancies of CF women. These patients must benefit from a early collaboration between CF specialists and ob/gyn to ensure an optimal fertility care. Taking together the fertility and pregnancy data, CF women who desire motherhood must be aware of the importance of their nutritional status to insure an optimal fertility and a good pregnancy outcome. 
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 2 Figure 1. Flow chart of the main responses to the questionnaire