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Abstract

Introduction and purpose: Due to improvement in treatment of people with cystic fibrosis (CF), the number of adult patients increases. CF patients are living longer, with better quality of life and a growing number of them are considering parenthood. Most people with CF are suffering because of reduced fertility, however the number of pregnant CF patients rises. The aim of this paper was to summarize the date available in the literature and recent reports about the fertility, pregnancy and treatment of pregnant CF patients.

Material and methods: The literature was reviewed in PubMed database, GoogleScholar and in European Cystic Fibrosis Society database with the use of keywords.

State of knowledge:78% of women with CF declare that they want to have a child in the future. Reduced fertility may be overcome with assisted reproduction technologies, which also gives an opportunity to do preimplantation genetic tests. CFTR modulators therapy during the pregnancy was described in a small number of studies, but the current experts statement declares that those drugs are probably safe for the infant, and discontinuing this therapy is connected with an increased risk of pulmonary exacerbation in mothers.

Summary: Women with CF nowadays have an opportunity to become parents. Despite fertility lower than in the general population, they are able to become pregnant. The decision about the conception should be planned before and consulted with the CF team. Planning the pregnancy gives time to prepare the mother, optimize her nutrition status and make sure medications she takes are safe for the fetus. Data about the use of CFTR modulators during pregnancy and breastfeeding are limited. In the future the MAYFLOWER study may determine the impact of CFTR modulators on pregnancy and breastfeeding.
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Introduction
Cystic fibrosis (CF) is an autosomal recessive genetic disease, caused by mutations in cystic fibrosis conductance regulator (CFTR) gene. The incidence of CF is estimated between 1/3000 and 1/6000 in Caucasian population according to newborn screening (NBS) programs [1] . CF patients suffer from severe pulmonary, pancreatic and gastrointestinal complications. This disease is a.o. connected with progressive lung dysfunction, recurrent acute pancreatitis leading to pancreatic insufficiency, CF related diabetes and CF related bone disease [2].
In the past it was exclusively pediatric disease, but nowadays the proportion of adult patients is higher than the number of children with CF. Research shows that the estimated median age of survival is close to 50 years old in newborn children with CF [3]. The elongation of lifetime in CF is a result of improvement in antimicrobial treatment and nutrition care, successful physiotherapy, screening programmes in newborns, standardization of care in multidisciplinary CF centers and new casual treatment - CFTR modulators. [4]
The growing population of adults with CF also requires medical care in reproductive health since many of them are considering parenthood. Recent study [5] showed that 78% of surveyed young women with CF wanted to have a child in the future, even though 72% of respondents were concerned that their future children might have CF. 

Purpose
The paper presents the current state of knowledge on fertility and pregnancy in CF.  The goal was to summarize the data available in literature, case reports and studies that analyzed the impact of CFTR modulators therapy on pregnancy and breastfeeding. Authors included both advantages and adverse effects of this group of medications.

Material and methods
A review of the PubMed database, GoogleScholar and European Cystic Fibrosis Society database was performed. The articles were searched with the use of keywords such as “cystic fibrosis”,”CF”, “fertility”, “pregnancy”, with a time limitation to years 2013-2023. The search provided 2817 positions, after rejecting scientific papers that did not meet authors’ criteria, 26 of articles were included in this paper. 


State of knowledge

Infertility in men 
According to research over 98% of men with CF are infertile [6] because of congenital bilateral absence of vas deferens with lower semen volume and abnormal semen pH. Partner pregnancy might be achieved by procedures such as in vitro fertilization or intra cytoplasmic injection. These procedures involve accessing spermatozoa from testicles by sperm aspiration or testicular biopsy [7]. Methods of assisted reproduction technologies should be considered individually since the cost of these procedures might be prohibitive. Furthermore, described methods would require female partners of men with CF to undergo a medical procedure despite their normal fertility.

Fertility in women
Subfertility in women with CF has been described since the 1970s. In a retrospective multinational study [8] it was provided that 35% of women with CF who attempted conception are infertile or subfertile, while according to WHO data the subfertility and infertility rate in the general population is about 17,5% [9]. Reduced fertility in women with CF may result from a variety of etiologies. In one study [8] it was shown that subfertility was significantly associated with pancreatic insufficiency. There was also strong association of subfertility and advanced age, which suggest that reduced fertility may be combined with ovarian and hormonal reserve. However, another paper, published in 2023, did not support the hypothesis that reduced ovarian reserve has a major role in decreased fertility in women with CF [10]. It was also pointed out that chronic colonization with Pseudomonas aeruginosa, pulmonary exacerbations, body mass index and lung function were not associated with infertility [8]. 
Women with CF more frequently than healthy women suffer from anovulation [7]. They have elevated levels of testosterone and lower levels of estrogen and progesterone. Those hormonal variations along with hypersecretion of insulin are similar to those in polycystic ovarian syndrome, however examined women had normal follicles by sonography [11].
Historically, it was believed that women with CF experienced menarche at a more advanced age than their relatives, but an Australian study [12] did not find any significant difference in Tanner stage and menarche age between CF girls and healthy control subjects. 
Reduced fertility problems may be usually overcome with assisted reproduction technologies (ART), such as intrauterine insemination or in vitro fertilization (IVF). IVF has a huge advantage, as it gives an opportunity to do preimplantation genetic tests in the case of partners with CFTR mutation. One study [8] showed that 80% of subfertile or infertile women became pregnant due to ART or after more than a year of attempts to conceive.

Planning of parenthood
Reproductive decision making should be consulted with the multidisciplinary CF team but women with CF often are in fear of being advised not to childbear, so they may not want to talk about it [13]. In a paper [13] that studied decision making related to pregnancy in CF, interviewed women pointed out that they want to “feel normal, like someone who didn’t have CF [and] could have a baby”. It is important to remember that the decision whether to conceive or not belongs to the woman and the CF team should respect her own choice. 
It has to be considered that a mother with CF must have time not only for taking care of an infant, but also for her regular treatment and to rest. Before making the decision about procreation the mother should know if she will have some home support to be able to take care of both – the infant and herself. Planning of pregnancy guarantees more time to prepare for not only enlargement of the family, but also to prepare the mothers health and optimize the nutrition status. Poor nutritional status is connected to worse outcomes, such as prematurity and low birth weight, therefore in some patients with low preconceptional BMI even enteral feeding should be considered [14].
In a paper that analyzed association between unplanned pregnancies and maternal pulmonary exacerbations (PEx) it was shown that there is an increased frequency of PEx in unplanned pregnancies in patients with CF compared to planned pregnancies in patients with CF [15]. Higher risk of PEx might potentially affect an increase in infant complications, such as pre-birth or lower APGAR scale [15].
In patients that take CRTF modulators there have been described cases of improved fertility and unplanned pregnancies in women that previously were reported as infertile [16]. In a study [17] it was noticed that women with the mutation G551D have reported an increased number of pregnancies after periods of CFTR modulators trial. To avoid unwanted pregnancies, health providers should discuss with their CF patients who start to take CFTR modulators about potential of increased fertility.
It is also important to notice that women with CF may want to do genetic tests on their partner, to assess the risk for CF disease or carrier status of the offspring. According to study [5] 79% of wwCF would elect to do genetic testing for CF for their future children. Planning of pregnancy gives time for medical providers to not only do genetic tests but also optimize lung function, nutrition and medications before conception [18].
When pregnancy is planned, both the woman and her partner should be tested to specify the genotype of the future mother, and to assess whether the man is a CFTR mutation carrier. It provides data to discuss with a genetic counselor about the risk of an infant having CF [19]. If the partner is a carrier or his genotype cannot be tested, prenatal diagnosis can be performed to verify whether the fetus has CF. 

Psychological support 
Couples considering pregnancy should talk with a specialist at the pre-pregnancy counseling stage, since parenthood with a chronic life-limiting disease may be extremely emotionally taxing. Some older papers [20] suggested that up to 20% of mothers with CF will die before their children's 10th birthday. Today these data might be outdated, but psychological support is definitely an important issue in providing healthcare for people with CF.
Psychological support may be necessary, because some women with more advanced disease might have to deal with advice to avoid pregnancy, despite their drive to have a child. It might be hard for them to cope with it. Even women with relatively good health may need professional psychological help to discuss difficult issues such as the possibility of death while the children are still young [19].
After childbirth women can experience postnatal depression. The rate of this issue in CF is unknown, but in the general population it is seen in 10-20% of mothers [19]. This disorder is connected with feelings of worthlessness, guilt, difficulties in concentration, disturbances in sleep. Treatment of postnatal depression includes antidepressant medications and cognitive-behavioral therapy. Screening of this issue should be considered by the CF team.

Treatment of CF in pregnancy
There are a small number of case reports for women who chose to continue or discontinue CFTR modulators therapy during pregnancy. The first study presenting a case series of the outcome of women taking CRTR modulator through part or entire pregnancy was published in 2020. [21] The paper provides that the available CRTF modulator therapies are generally well tolerated in pregnancy. Among identified 64 pregnancies in 61 women taking Ivacaftor (IVA), Lumacaftor/Ivacaftor (LUM/IVA), Tezacaftor/Ivacaftor (TEZ/IVA), 60 resulted in live births and only two maternal complications that were deemed related to CRTR modulators occurred - one with pulmonary exacerbation and one with acute myelocytic leukemia (AML), however there are no other reports of AML in association with CFTR modulators intake. There were no CFTR modulators-related complications in infants exposed in utero, however children were examined for a limited amount of post-partum time. It is possible that effects of CFTR modulators during pregnancy can be apparent later in chldrens’ lives. 
Cases report [22] published in 2021 described 5 women who had unplanned pregnancies during ETI therapy. Two of them developed elevated transaminases suspected secondary to Elexacaftor-Tezacaftor-Ivacaftor (ETI) treatment. No other maternal or infant complications occurred. Another study [23], published in the same year, analyzed outcomes in women with CF who used ETI during pregnancy and/or lactation. In this study 45 pregnancies with fetal exposure to ETI resulted in 29 live births and 7 on-going uncomplicated pregnancies. Only one maternal complication - cholecystitis was deemed related to ETI use. Complications in 2 women and 3 infants were deemed in unknown relation with ETI use. In this study, 5 women that discontinued ETI therapy experienced clinical decline in pulmonary health. 
Discontinuing CFTR modulators therapy during pregnancy might yield decreased lung function or increased risk of pulmonary exacerbation, but there is limited data and this subject should be investigated in future research [24][25].
Despite limited data from case reports and case series, experts support the ongoing use of CFTR modulators during pregnancy [26]. This therapy not only decreases the severity of pulmonary issues, but also improves the nutritional status, which is crucial during pregnancy and breastfeeding [27]. In 2020 the official statement of European Respiratory Society/Thoracic Society of Australia and New Zealand considered CFTR modulators to be “probably safe” and maternal benefits may outweigh potential risk during pregnancy and/or breastfeeding [28].

Breastfeeding and CFTR modulators
Women with CF require medical help to maintain nutritional health, especially if they decide to breastfeed. Before making the decision to breastfeed it should be consulted with the dietetic to ensure that the nutrition status of the woman provides enough calories for the mother and the child. Although many mothers with CF are not able to maintain breastfeeding for six months, they should be encouraged to continue it as long as possible; however each woman with CF has to be individually assessed and advised whether her clinical condition and circumstances allow her to breastfeed [19]. 
There is limited data on use of CFTR modulators in humans during lactation. In animal models IVA and LUM/IVA were present in breast milk [29][30]. The study that measured fetal and neonatal exposure to Lumacaftor and Ivacaftor during pregnancy and breastfeeding [31] suggested that both of those medicines pass into breast milk in low levels, but high enough to be detectable in infants' plasma. Although IVA is approved in infants with CF as young as 6 months of age [16], there is minimal data demonstrating safety of CFTR modulators during lactation.
It is also important to notice that IVA administered in 0,1 to 0,8 times of maximum recommended human doses in 7 to 35 days old rats led to development of non-congenital lens opacities (cataract) [30]. Non-congenital lens opacities have been also noticed in pediatric patients treated with CFTR modulators [29][30]. Considering this, it is advised that infants that were exposed to those medications in utero or while breastfeeding should be examined by an ophthalmologist. Furthermore, routine evaluation of infant liver function should be considered for infants exposed to CFTR modulators during breastfeeding, since there are concerns about the metabolism of these drugs in the liver [32].
Overall, as a matter of limited data, continuation of CFTR modulators should be individually assessed, with risk benefit discussion between the mother, the CF team and infant pediatrician. 

Pregnancy outcomes
The authors of the study found a significant decrease in percent predicted forced expiratory volume in 1 second (ppFEV1) and body mass index (BMI) while comparing 1-year-pre-parenthood to 1 year after childbirth surveys, also 30% increase from pre- to post-parenthood in the number of IV antibiotics days annually [33]. The same study showed that the use of CFTR modulators mitigated the effect of parenthood on lung function, but had no impact on BMI or number of treatment days in pulmonary exacerbation. 
In a study [34] 149 pregnancies were analyzed and the authors compared pregnancy outcomes in women with FEV1≼ 50% before the pregnancy and women with FEV1>50% before the pregnancy. It was shown that despite lower FEV1 the change in this parameter following pregnancy was not significantly different. Women with lower FEV1 more frequently delivered by the cesarian section than vaginally, but it could be explained by fear of poor tolerance of vaginal delivery. It also has to be mentioned that obstetrical centers may have different practices in delivery in CF, and there are no clear recommendations by experts. Reynaud et al. also noticed that the birth weight was significantly lower in infants born from mothers with FEV1≼50%. None of the women in this study was treated with CFTR modulators [34].
Overall outcomes in women with CF who experience pregnancy are good [35], but there is a need for a long-term study examining the impact of CFTR modulators on pregnancy and breastfeeding. In 2021 such a prospective study began - Maternal and Fetal Outcomes in the Era of Modulators - MAYFLOWERS [36]. This study takes place in 40 care centers across the USA and enrolls about 285 pregnant women with CF. It will be the first study to describe the detailed health outcomes of CFTR modulators therapy on pregnant women and their infants.

Conclusions
Nowadays people with CF live longer and this disease not only occurs in children, but also becomes a chronic disease in adults. The patient's estimated median age of survival is now close to 50 years. This fact gives an opportunity to people with CF to start their own families and become parents. Although almost every man with CF is infertile and about 35% of women with CF struggle with subfertility or infertility, the assisted reproduction techniques may help to achieve pregnancy. It is essential for women with CF to consult her decision about the conception with her CF team, who will help her to prepare her own health, nutrition status and also run some genetic tests to ensure if the partner is a CF carrier. Planned pregnancies in women with CF are connected with better outcomes than those unplanned.          It is also important to provide pregnant women with CF psychological support, since they have to face up not only to changes connected with pregnancy but also perspective that they may not live long enough to see their children becoming adults. 
This article summarized available data about pregnancy and breastfeeding during CFTR modulators therapy. Despite limited data experts suggest maintaining CFTR modulators therapy during pregnancy, however this decision should be taken individually considering advantages and disadvantages by CF patient and the CF team. The MAYFLOWERS study may clearly determine the impact of CFTR modulators on pregnancy and breastfeeding, but as the research is still ongoing, we shall await its conclusions. 

Disclosures
Author contribution: Conceptulization: Karol Zagórski and Mateusz Kozik; methodology: Nina Skalska-Dziobek; software: Weronika Małagocka; check: Karolina Chybowska; formal analysis: Maria Naruszewicz; investigation: Weronika Małagocka; resources: Przemysław Cetnarowski; data curation: Nina Skalska-Dziobek; writing – rough preparation: Karol Zagórski; writing – review and editing: Mateusz Kozik, Weronika Małagocka, Karolina Chybowska; visualization: Przemysław Cetrnarowski; supervision: Maria Naruszewicz; project administration: Weronika Małagocka.
All authors have read and agreed with the final, published version of the manuscript.
Funding statement: No external funding was received to perform this review.
Institutional Review Board Statement: Not applicable – this review included analysis of the available literature.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflict of interest: The authors declare no conflict of interest.

References

[1] Scotet V, Gutierrez H, Farrell PM. Newborn screening for CF across the globe —Where is it worthwhile? Int. J. Neonatal Screen. 2020; 6(1):18. https://doi.org/10.3390/ijns6010018  
[2] Bell SC, Mall MA, Gutierrez H, et al. The future of cystic fibrosis care: a global perspective. Lancet Respir Med. 2020; 8(1):65-124. https://doi.org/10.1016/S2213-2600(19)30337-6
[3] Scotet V, L'Hostis C, Férec C. The Changing Epidemiology of Cystic Fibrosis: Incidence, Survival and Impact of the CFTR Gene Discovery. Genes (Basel). 2020; 11(6):589. https://doi.org/10.3390/genes11060589
[4] Kroon MAGM, Akkerman-Nijland AM, Rottier BL, et al. Drugs during pregnancy and breast feeding in women diagnosed with Cystic Fibrosis - An update. J Cyst Fibros. 2018; 17(1):17-25. https://doi.org/10.1016/j.jcf.2017.11.009
[5] Kazmerski TM, Sawicki GS, Miller E, et al. Sexual and reproductive health behaviors and experiences reported by young women with cystic fibrosis. J Cyst Fibros. 2018; 17(1), 57–63. https://doi.org/10.1016/j.jcf.2017.07.017
[6] Ahmad A, Ahmed A, Patrizio P. Cystic fibrosis and fertility. Curr Opin Obstet Gynecol. 2013; 25(3):167-172. https://doi.org/10.1097/GCO.0b013e32835f1745
[7] Shteinberg M, Taylor-Cousar JL, Durieu I, et al. Fertility and Pregnancy in Cystic Fibrosis. Chest. 2021; 160(6):2051-2060. https://doi.org/10.1016/j.chest.2021.07.024
[8] Shteinberg M, Lulu AB, Downey DG, et al. Failure to conceive in women with CF is associated with pancreatic insufficiency and advancing age. J Cyst Fibros. 2019; 18(4):525-529. https://doi.org/10.1016/j.jcf.2018.10.009
[9] Infertility prevalence estimates, 1990–2021. Geneva: World Health Organization; 2023. Licence: CC BY-NC-SA 3.0 IGO.
[10] Cohen-Cymberknoh M, Garber KM, Reiter J, Shteinberg M, et al. Ovarian reserve in women with cystic fibrosis: is this a cause of sub-fertility? J Ovarian Res. 2023; 16(1):148. https://doi.org/10.1186/s13048-023-01226-x
[11] Johannesson M, Landgren BM, Csemiczky G, et al. Female patients with cystic fibrosis suffer from reproductive endocrinological disorders despite good clinical status. Human Reproduction. 1998; 16(8):2092–2097. https://doi.org/10.1093/humrep/13.8.2092
[12] Buntain HM, Greer RM, Wong JCH, et al. Pubertal development and its influences on bone mineral density in Australian children and adolescents with cystic fibrosis. J Paediatr Child Health. 2005;41(7):317-322. https//doi.org/10.1111/j.1440-1754.2005.00635.x
[13] Kazmerski TM, Gmelin T, Slocum B, et al. Attitudes and Decision Making Related to Pregnancy Among Young Women with Cystic Fibrosis. Matern Child Health J. 2017; 21(4):818–824. https://doi.org/10.1007/s10995-016-2181-z 
[14] Gur M, Pollak M, Bar-Yoseph R, et al. Pregnancy in Cystic Fibrosis-Past, Present, and Future. J Clin Med. 2023;12(4):1468. https://doi.org/10.3390/jcm12041468
[15] Peng G, Taylor-Cousar JL, Lee M, et al. Association between unplanned pregnancies and maternal exacerbations in cystic fibrosis. J Cyst Fibros. 2023; 22(5):796-803. https://doi.org/10.1016/j.jcf.2023.03.020
[16] Taylor-Cousar JL. CFTR Modulators: Impact on Fertility, Pregnancy, and Lactation in Women with Cystic Fibrosis. J Clin Med. 2020; 9(9):2706. https://doi.org/10.3390/jcm9092706. 
[17] Heltshe SL, Godfrey EM, Josephy T, et al. Pregnancy among cystic fibrosis women in the era of CFTR modulators. J Cyst Fibros. 2017; 16(6):687-694. https://doi.org/10.1016/j.jcf.2017.01.008
[18] Hughan KS, Daley T, Rayas MS, et al. Female reproductive health in cystic fibrosis. J Cyst Fibros. 2019; 18(S2):S95–S104. https://doi.org/10.1016/j.jcf.2019.08.024
[19] Edenborough FP, Borgo G, Knoop C, et al. Guidelines for the management of pregnancy in women with cystic fibrosis. J Cyst Fibros. 2008; 7(S1): S2–S32. https//doi.org/10.1016/j.jcf.2007.10.001
[20] Burden C, Ion R, Chung Y, et al. Current pregnancy outcomes in women with cystic fibrosis. Eur J Obstet Gynecol Reprod Biol. 2012; 164(2):142-145. https://doi.org/10.1016/j.ejogrb.2012.06.013
[21] Nash EF, Middleton PG, Taylor-Cousar JL. Outcomes of pregnancy in women with cystic fibrosis (CF) taking CFTR modulators - an international survey. J Cyst Fibros. 2020; 19(4):521-526. https://doi.org/10.1016/j.jcf.2020.02.018
[22] Kendle AM, Roekner JT, Santillana EC, et al. Cystic Fibrosis Transmembrane Conductance Regulator Modulators During Pregnancy: A Case Series. Cureus. 2021; 13(8):e17427. https://doi.org/10.7759/cureus.17427
[23] Taylor-Cousar JL, Jain R. Maternal and fetal outcomes following elexacaftor-tezacaftor-ivacaftor use during pregnancy and lactation. J Cyst Fibros. 2021; 20(3):402-406. https://doi.org/10.1016/j.jcf.2021.03.006
[bookmark: _GoBack][24] Trimble AT, Donaldson SH. Ivacaftor withdrawal syndrome in cystic fibrosis patients with the G551D mutation. J Cyst Fibros. 2018; 17(2):e13-e16 https://doi.org/10.1016/j.jcf.2017.09.006
[25] Vekaria S, Popowicz N, White SW, et al. To be or not to be on CFTR modulators during pregnancy: Risks to be considered. J Cyst Fibros. 2020; 19(2), e7-e8 https://doi.org/10.1016/j.jcf.2019.12.004
[26] Jain R, Taylor-Cousar JL. Fertility, Pregnancy and Lactation Considerations for Women with CF in the CFTR Modulator Era. J Pers Med. 2021; 11(5):418. https://doi.org/10.3390/jpm11050418
[27] Goodwin J, Quon BS, Wilcox PG. Experience to date with CFTR modulators during pregnancy and breastfeeding in the British Columbia Cystic Fibrosis clinic. Respir Med Case Rep. 2022; 40:101778. https://doi.org/10.1016/j.rmcr.2022.101778
[28] Middleton PG, Gade EJ, Aguilera C, et al. ERS/TSANZ Task Force Statement on the management of reproduction and pregnancy in women with airways diseases. Eur Respir J. 2020; 55(2): 1901208. https://doi.org/10.1183/13993003.01208-2019
[29] ORKAMBI (lumacaftor and ivacaftor) prescribing information. https://pi.vrtx.com/files/uspi_lumacaftor_ivacaftor.pdf (accessed: 2023.12.11)
[30] Kalydeco (ivacaftor) prescribing information. http://pi.vrtx.com/files/uspi_ivacaftor.pdf (accessed 2023.12.11)
[31] Trimble A, McKinzie C, Terrell M, et al. Measured fetal and neonatal exposure to Lumacaftor and Ivacaftor during pregnancy and while breastfeeding. J Cyst Fibros. 2018; 17(6):779-782. https://doi.org/10.1016/j.jcf.2018.05.009
[32] Montemayor K, Tullis E, Jain R, et al. Management of pregnancy in cystic fibrosis. Breathe (Sheff). 2022; 18(2):220005. https://doi.org/10.1183/20734735.0005-2022
[33] Kazmerski TM, Jain R, Lee M, et al. Parenthood impacts short-term health outcomes in people with cystic fibrosis. J Cyst Fibros. 2022; 21(4):662-668. https//doi.org/10.1016/j.jcf.2022.02.006
[34] Reynaud Q, Rousset Jablonski C, Poupon-Bourdy S, et al. Pregnancy outcome in women with cystic fibrosis and poor pulmonary function. J Cyst Fibros. 2020; 19(1):80-83. https://doi.org/10.1016/j.jcf.2019.06.003
[35] Jain R, Kazmerski TM, Zuckerwise LC, et al. Pregnancy in cystic fibrosis: Review of the literature and expert recommendations. J Cyst Fibros. 2023; 21(3):387-395. https://doi.org/10.1016/j.jcf.2021.07.019
[36] Jain R, Magaret A, Vu PT, et al. Prospectively evaluating maternal and fetal outcomes in the era of CFTR modulators: the MAYFLOWERS observational clinical trial study design. BMJ Open Respir Res. 2022; 9(1):e001289. https://doi.org/10.1136/bmjresp-2022-001289



1

26
