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Objective: This study aimed to evaluate the impact of the four main types of inflammatory arthritis (rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriatic arthritis (PA), juvenile chronic arthritis (JCA)) on female fertility.

Design:

We performed a monocentric observational study, which took place in the Reproductive Medicine Department and the Rheumatology Department of the Toulouse University Hospital. An anonymous questionnaire was sent to patients aged 18 to 50 with RA, AS, PA or JCA who were diagnosed before the age of 40 and who consented to participate in the study. A section of the questionnaire was completed using the medical file of each patient.

Results: Of the 521 eligible patients, 202 (39%) answered the questionnaire. Before being diagnosed with a rheumatic disease, 87% of patients with a desire for pregnancy had a spontaneously obtained live birth, compared to 75% after (P<0.05). However, this decrease only concerned RA (90% before diagnosis vs 68% after; P<0.05). This difference was due to a lower rate of pregnancies achieved, but the number of miscarriages did not increase.

Moreover, for patients who managed to conceive, the time required for conception did not increase, regardless of the type of rheumatic disease they had. Two thirds of patients reported a decrease in the frequency of sexual intercourse after diagnosis, mainly (75%) because of the pain relating to the disease.

Conclusion:

Our study shows a trend of decreased fertility in patients with RA, perhaps due to sexual problems, while no impact of AS and PA on the ability to conceive was found. This impact on fertility didn't seem to be related to the decrease of sexuality. Multidisciplinary care including treatment from a rheumatologist, gynecologist and sexologist would appear essential in order to provide RA patients with the necessary information concerning their fertility, answer their questions about pregnancy and thus optimize their care.

Introduction

Inflammatory arthritis is a group of diseases characterized by inflammation and pain of the joints. These have a prevalence of about 3% in France, for all rheumatic diseases combined [START_REF] Gabriel | Epidemiological studies in incidence, prevalence, mortality, and comorbidity of the rheumatic diseases[END_REF]. The four main types of inflammatory arthritis are rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriatic arthritis (PA) and juvenile chronic arthritis (JCA)). The average age of onset is around 45 years for RA and during the 3rd decade of life for AS, so it can affect young women during the reproductive period.

Depending on the type of rheumatic disease, lesions are predominantly axial (affecting the spine and the sacroiliac joints), or peripheral (around the extremities). The main result is either joint destruction in RA and PA, or ankylosis in AS. Impairment varies based on the type of rheumatic disease, but can lead to severe disability. Patients require close monitoring and, in the majority of cases, long-term treatment [START_REF] Villeneuve | A systematic literature review of strategies promoting early referral and reducing delays in the diagnosis and management of inflammatory arthritis[END_REF].

Non-steroidal anti-inflammatory drugs (NSAIDs) are the treatment of choice for spondyloarthritis [START_REF] Kroon | Non-steroidal anti-inflammatory drugs (NSAIDs) for axial spondyloarthritis (ankylosing spondylitis and non-radiographic axial spondyloarthritis)[END_REF]. In the majority of cases, mainly in RA and PA, disease-modifying antirheumatic drugs (DMARDs) are needed to reduce the activity of the disease. The most commonly-used treatments are synthetic or biologic DMARDs, which target the different immunological actors of the inflammatory reaction. The immunosuppressants used to treat inflammatory arthritis mainly include antimetabolites such as methotrexate (MTX) and leflunomide [START_REF] Mease | Managing patients with psoriatic disease: the diagnosis and pharmacologic treatment of psoriatic arthritis in patients with psoriasis[END_REF]. The main biologic DMARDs used are anti-TNFα [START_REF] Corbett | Tumour necrosis factor-alpha inhibitors for ankylosing spondylitis and non-radiographic axial spondyloarthritis: a systematic review and economic evaluation[END_REF][START_REF] Luchetti | Biologics in inflammatory and immunomediated arthritis[END_REF]. Others, such as rituximab, abatacept and tocilizumab, are used more sparsely, especially in severe or refractory forms [START_REF] Ahmadiani | Rituximab as first choice for patients with refractory rheumatoid arthritis: cost-effectiveness analysis in Iran based on a systematic review and meta-analysis[END_REF][START_REF] Blair | Abatacept: A Review in Rheumatoid Arthritis[END_REF][START_REF] Biggioggero | Tocilizumab in the treatment of rheumatoid arthritis: an evidence-based review and patient selection[END_REF].

Since RA is a chronic and disabling autoimmune disease that can affect women during the reproductive period, its impact on fertility is questioned. It has been shown that ovarian reserve can be diminished in some autoimmune diseases [START_REF] Guideline | ESHRE Guideline: management of women with premature ovarian insufficiency[END_REF], such as Addison's disease which has been reported as a cause of premature ovarian insufficiency [START_REF] Bellis | Natural history of autoimmune primary ovarian insufficiency in patients with Addison's disease: from normal ovarian function to overt ovarian dysfunction[END_REF]. The Wallenius et al. study in 2011 [START_REF] Wallenius | Fertility in women with chronic inflammatory arthritides[END_REF], showed a diminished family size and a significant increase in nulliparity in inflammatory arthritis compared to the general population, and several recent studies like the Jawaheer et al. study [START_REF] Jawaheer | Time to pregnancy among women with rheumatoid arthritis[END_REF], performed on cohort of pregnant women, and the PARA study by Brouwer et al., a nationwide prospective cohort including 245 patients, revealed an increased conception time or time to pregnancy (TTP) [START_REF] Brouwer | Fertility in women with rheumatoid arthritis: influence of disease activity and medication[END_REF]. Moreover, some cases of infertility are thought to be due to decreased frequency of sexual intercourse in patients with RA [START_REF] Provost | Fertility and infertility in rheumatoid arthritis[END_REF]. Lastly, the use of certain treatments could have an impact on fertility and the outcome of the pregnancy. The use of prednisone >7.5mg/day is associated with an increase in TTP, whereas the use of MTX did not show any impact on TTP [START_REF] Brouwer | Subfertility in women with rheumatoid arthritis and the outcome of fertility assessments[END_REF]. Even if few data are available, anti-TNFα does not seem to affect female fertility [START_REF] Grunewald | New systemic agents in dermatology with respect to fertility, pregnancy, and lactation[END_REF] but the administration of most of them (except certolizumab) is discouraged during the third trimester of pregnancy mainly due to the lack of strong evidence of risk of miscarriage and/or congenital malformation and to a potential risk of immunosuppression of the baby related to the trans-placental transfer [START_REF] Flint | BSR and BHPR guideline on prescribing drugs in pregnancy and breastfeeding-Part I: standard and biologic disease modifying anti-rheumatic drugs and corticosteroids[END_REF][START_REF] Skorpen | The EULAR points to consider for use of antirheumatic drugs before pregnancy, and during pregnancy and lactation[END_REF][START_REF] Smeele | Current perspectives on fertility, pregnancy and childbirth in patients with Rheumatoid Arthritis[END_REF]. As for new biotherapies, little data is currently available and the majority of biotherapies must be discontinued before conception in a variable time frame [START_REF] Makol | Rheumatoid arthritis and pregnancy: safety considerations in pharmacological management[END_REF]. Inflammatory arthritis could therefore affect female fertility through several mechanisms, including autoimmune and iatrogenic mechanisms.

Since few data are available, the objective of the present study was to evaluate the impact of the four main types of inflammatory arthritis on female fertility and sexuality.

Materials and methods

Study design and inclusion criteria

We carried out a monocentric retrospective observational study, conducted within the Reproductive Medicine Department and Rheumatology Department of Toulouse University Hospital.

Inclusion criteria were: patients aged 18 to 50 with RA, AS, PA, or JCA, diagnosed before the age of 40 and consenting to participate to the study. Patients were selected if they fulfilled a diagnosis of RA, SpA or JIA according to the rheumatologist opinion. Because of the retrospective way of collecting medical data from medical files, it was not possible to estimate the proportion of patients fulfilling usual classification criteria such as ACR/EULAR 2010 criteria for RA or 2009 ASAS criteria for SpA in this study.

Exclusion criteria were: underage patients and patients over 50, patients diagnosed after the age of 40, and patients with insufficient medical data.

Evaluation criteria

The main evaluation criterion was the rate of live births after spontaneous pregnancy in women who were trying to get pregnant.

The secondary evaluation criteria were the rate of spontaneous pregnancies in women who were trying to get pregnant, the time to pregnancy before and after the disease was diagnosed, the number of times they had sexual intercourse before and after the disease was diagnosed, the rate of live births according to the treatments used and the activity of the disease, the desire rate of pregnancy and the reasons for the absence of desire of pregnancy, the rate of spontaneous early miscarriages.

Patients

Participants were recruited using a list of patients with RA, AS, PA or JCA collected from the Rheumatology Department of Toulouse University Hospital. A letter containing information about the study was first sent to the patients that could be included. Patients could report their refusal to participate by sending an e-mail to the Reproductive Medicine Department. If they did not refuse to participate, a questionnaire was sent to the patient at a later stage with information on the objectives of the study and their rights. This questionnaire was identical to the one used in a previous study on cystic fibrosis [START_REF] Tournier | Fertility of women with cystic fibrosis: a French survey[END_REF]. Patients who responded to the survey were included in the study, according to the inclusion criteria.

In addition to a section sent to the patient, the survey included a medical section which was filled out by the physicians using the patients' medical files. The surveys were anonymous and numbered so that the data could be consolidated later. The data was only available to physicians at the centre.

The inclusion period ran for 6 months, from January to June 2018, followed by data analysis for 3 months.

Statistical analysis and ethics

Statistical analyses were performed with StatView software. The comparison of percentages was made with the χ2 test and the comparison of averages with the Student or Mann-Whitney test according to the normality of the distribution of the variables. A value of p <0.05 was considered statistically significant.

The study received a favourable opinion from the Committee for the People Protection of the French South East (2017-A03539-44.)

Results

Description of the population

There were initially 1,058 patients aged 18 to 50 years old, all with one of the four chronic inflammatory rheumatic diseases. We excluded 537 patients according to the aforementioned exclusion criteria and sent 521 surveys to the patients that could be included and 488 were actually received. Of these 488 surveys, 210 patients responded with a participation rate of 43%. A total of 202 patients were included in the study as shown in the flowchart (Figure 1).

The mean age at diagnosis was 26.8 years for RA, 27.0 years for AS, 28.1 years for PA, and 6.2 years for JCA. BMIs were significantly higher in the PA group compared to the other three. There was no significant difference between the groups regarding smoking status or age of menarche (table 1). The treatments used by the patients before and during they tried to be pregnant are reported in table 2.

Fertility before diagnosis

One hundred and eighteen patients (58.4%) tried to get pregnant before they were diagnosed with a rheumatic disease. There was no data for the JCA group because the patients were underage. The live birth rate after spontaneous pregnancy was 90% in RA, 83% in AS and 89% in PA, with no significant difference between groups (Table 3).

The TTP for the first pregnancy was significantly higher for the PA group. There was no significant difference in the miscarriage rate between the three groups.

Of all patients, only 8 (4%) needed assisted reproductive technology (ART).

Fertility after diagnosis

Eighty four (42%) patients tried to get pregnant after diagnosis (Table 4). The rate of spontaneous pregnancies, for all rheumatic diseases combined, was 81%. For the JCA group, there was only one patient who tried to get pregnant so we will not interpret it. The most common reason for not trying to conceive was a lack of desire for pregnancy (33%) whereas the fear of transmitting the disease was only 14%.

In total, 18% of patients with AS and almost 26% of patients with RA failed to conceive spontaneously, compared with only 8% of patients with PA, but there was no significant difference between groups (Table 3 and figure 2). Similarly, for the live birth rate after spontaneous pregnancy, it was 68% in patients with RA and 74% in patients with AS compared to 92% in PA, with no significant difference.

However, if we compare the rates of spontaneous pregnancies and live births before and after diagnosis, they were significantly lower in RA after diagnosis compared to before (p <0.05), not significantly decreased in AS, and unchanged in PA. In contrast, the TTP for the first pregnancy after diagnosis was normal and not significantly different between the groups (Table 3). The miscarriage rate was not increased for any rheumatic disease either.

Twenty patients (9%) saw a doctor regarding the absence of spontaneous pregnancy. The most common etiology was unexplained infertility (45%), followed by an ovulatory cause (35%). The management of infertility was a success since 80% of the patients get pregnant.

An analysis of the treatments received by patients could not be performed due to the complexity of the therapeutic sequences. Similarly, a study on the impact of rheumatic activity on fertility could not be performed due to a lack of data.

Sexual activity

One third of patients complained of a decrease in the frequency of sexual intercourse after they received their diagnosis, most commonly due to the pain relating to the disease (75%) or due to a lack of desire for sex (figure 3). Since we suspect that the diminished frequency of intercourse is at the root of the infertility, we have compared the number of times the patients who succeeded in getting pregnant had sexual intercourse with the number of times those who failed to get pregnant had sexual intercourse. No significant difference was found between the two groups, suggesting that the absence of spontaneous pregnancy found in 26% of patients with RA was not attributable to decreased sexual activity (table 5).

Discussion

Our study has shown that fertility is only decreased in patients with RA, while sexual activity is affected by all types of inflammatory arthritis.The fertility of patients before diagnosis does not seem to be impaired in our study. Indeed, 87% of patients had a spontaneously obtained live birth, comparable to the general population's rate, reported to be 83% in a recent Swedish study [START_REF] Blohm | A prospective longitudinal population-based study of clinical miscarriage in an urban Swedish population[END_REF]. Only 4% of patients saw a doctor about their infertility, versus 14.1% in the general population, as shown by a French study published in 1991 [START_REF] Thonneau | Incidence and main causes of infertility in a resident population (1,850,000) of three French regions (1988-1989)[END_REF]. The hypothesis of a decrease in fertility even before the diagnosis of RA, which was mentioned in the study by Kay and Bach (25), is therefore not confirmed by our study. However, we found a significantly increased TTP in patients with PA compared to patients with RA or SA, which should be interpreted with caution. Moreover, despite this increased in TTP, the percentage of patients who didn't get pregnant was similar in the three diseases. This is probably related to our small size sample, since this increased TTP was not observed after the diagnosis of PA. Miscarriage rates were also comparable to that of the general population [START_REF] Blohm | A prospective longitudinal population-based study of clinical miscarriage in an urban Swedish population[END_REF].

Retrospective studies on TPP are subjected to biases [START_REF] Joffe | Studying time to pregnancy by use of a retrospective design[END_REF]. To limit them, we have included not only planned pregnancy but also unwanted ones for which TTP was coded as 0.

Moreover, we have included nonbirth pregnancy outcomes.

Regarding the fertility of patients after diagnosis, 81% of all patients (all types of inflammatory arthritis combined) achieved spontaneous pregnancy, compared to 96% before diagnosis, and there was no significant difference between groups. But when spontaneous pregnancy rates before and after diagnosis were compared for each rheumatic disease, there was a significant decrease after diagnosis in patients with RA and a decreasing but statistically insignificant trend in AS, whereas the result was the same in PA. However, this result is to be interpreted with caution since patients were older after diagnosis than before. Indeed, 26% of patients did not achieve spontaneous pregnancy in our study versus 14.1% in the French general population (24) and 15.5% in a more recent American study [START_REF] Thoma | Prevalence of infertility in the United States as estimated by the current duration approach and a traditional constructed approach[END_REF].

One fourth of patients did not manage to have children spontaneously in our study. This result is consistent with the study by Wallenius et al. performed in 2011 (12). In patients with AS, this trend appears to be less obvious in our study and the results found in the literature are discordant. While early fertility data appeared to be similar to that of the general population [START_REF] Ostensen | Ankylosing spondylitis--the female aspect[END_REF], the aforementioned recent study by Wallenius et al. reported an increased nulliparity percentage of 30.7% in chronic arthritis versus 24.5% in the reference population [START_REF] Wallenius | Fertility in women with chronic inflammatory arthritides[END_REF]. However, our study did not find an increase in TTP after the diagnosis of rheumatic disease. This result is discordant compared to two recent studies that found an increase in TTP in patients with RA [START_REF] Brouwer | Fertility in women with rheumatoid arthritis: influence of disease activity and medication[END_REF]. The study by Provost et al. hypothesised that some cases of infertility in patients with RA could be due to decreased sexual activity [START_REF] Provost | Fertility and infertility in rheumatoid arthritis[END_REF], but this does not appear to be the case from our study. Even if 47.8% of the patients describe decreased sexual activity after the diagnosis of RA, the frequency of sexual intercourse did not differ between patients who succeeded and patients who failed to conceive.

In our study, 9.9% of patients saw a doctor about their infertility in the absence of a spontaneous pregnancy after diagnosis. The most common etiology found was unexplained infertility in 45% of cases, followed by ovulatory causes in 35% of cases. These causes of infertility are slightly higher than in the general population in the same area where ovulation defects represent 18% and unexplained infertility causes represent 17% [START_REF] Ferreira | Parenthood and separation in couples 6 years after their first infertility consultation[END_REF].

In our study, we could not highlight the negative impact of a particular treatment in patients with RA or AS who failed to conceive. This is due to a lack of power in our study and the complexity of the therapeutic sequences used. The link between disease activity and fertility could not be studied due to the lack of data.

Regarding the miscarriage rate after diagnosis, it was not higher than that of the general population [START_REF] Jauniaux | The role of ultrasound imaging in diagnosing and investigating early pregnancy failure[END_REF][START_REF] Wang | Conception, early pregnancy loss, and time to clinical pregnancy: a population-based prospective study[END_REF].

Although there appears to be a decrease in spontaneous fertility in patients with RA, our results on fertility in patients with PA seem rather reassuring. This result is consistent with the study by Harder et al [START_REF] Harder | No increased risk of fetal death or prolonged time to pregnancy in women with psoriasis[END_REF].

Our study is observational, retrospective and monocentric. The information was collected using a survey which involved a memory bias. Even if our total sample size was significant, dividing patients into 4 subgroups according to the type of inflammatory arthritis they had decreased our statistical power. Our results are therefore to be interpreted with caution and only concern patients with RA, AS and PA because the JCA group was too small. In addition, the absence of a "control" group limits the interpretation of our results. However, this is one of the few studies that examines the fertility of women with one of these four types of inflammatory arthritis.

Due to the low number of included patients [START_REF] Blair | Abatacept: A Review in Rheumatoid Arthritis[END_REF] and their young age (28.9 ± 6.6) no analysis and conclusion can be done on juvenile chronic arthritis patients.

Conclusion

This study is one of the largest one on the subject and the only one to show that the decrease in fertility is not related to the impact of the pathologies on sexuality.

We found a trend towards a decreased spontaneous fertility in RA. The results are rather reassuring in patients with PA and more difficult to interpret in patients with AS even though they are also reassuring. In the patients who saw a doctor about their infertility (10%), the two most common etiologies were unexplained infertility and ovulatory defects.

The pain caused by these rheumatic diseases seems to alter a lot the sexuality of the patients.

Through this study, we hope to make more information available on the fertility of women with inflammatory arthritis. Additional studies on larger numbers will be needed to obtain data with higher statistical power. Moreover, these results must be interpreted with caution since only 39% of patients had answered the questionnaire and we can exclude a selection bias, for instance fertile and infertile patients could have a different attitude forward such a study [START_REF] Kleinbaum | Selection bias in epidemiologic studies[END_REF].

Patients aged [START_REF] Flint | BSR and BHPR guideline on prescribing drugs in pregnancy and breastfeeding-Part I: standard and biologic disease modifying anti-rheumatic drugs and corticosteroids[END_REF] 
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 1 Demographic data of studied patients

	to 50
	with inflammatory
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	n = 537
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	Undelivered
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	n = 33
	Delivered
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	n = 210
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	n = 8
	Analyzedd
	questionnaires
	n = 202

Figure 1. Flow chart of the study * * P< 0.05 vs before diagnosis

Figure 2. Live birth rate before and after diagnosis in patients who tried to be pregnant

Table 2 .

 2 Treatments before and during pregnancy trials.Since some patients had several treatments in the same time the sum is higher than 202.

	RA	PA	AS	Statistical comparison