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Running title: Pregnancy in cystic fibrosis

Abstract:

Cystic fibrosis (CF) was historically a disease largely afflicting children. Due to therapeutic 

advancements, there are now more adults with CF than children. In the past decade, 

medications became available that treat the underlying cause of CF and are dramatically 

improving lung function as well as quality and quantity of life for people with CF. As a result, 

more women with CF are having babies. We gathered a panel of experts in CF care, family 

planning, high risk obstetrics, nutrition, genetics and women with CF to review current literature 

on pregnancies and to provide care recommendations for this unique population.
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Introduction:

Cystic Fibrosis (CF) is an autosomal recessive disease caused by mutations in the cystic

fibrosis transmembrane conductance regulator (CFTR) gene.  CFTR codes for a chloride 

channel which regulates ion exchange, located on the epithelial cell surface of several organs.  

Historically, few people survived to adulthood. With the advent of improved therapies and care 

models, the median predicted survival is now in the late fourth decade of life and is projected to 

continue to rise.1 This progressive change in survival, allows women with CF to consider 

important life choices, including the decision to reproduce. A recent survey found that  almost 

80% of  young women with CF desire future children.2 In this review, we include patient 

perspectives, comprehensively summarize the literature, and provide recommendations for pre-

pregnancy, intrapartum, and postpartum care for women with CF.  

From a mother with CF: “Family planning and navigating pregnancy while having CF is not a 

time to play a guessing game, but that is what a lot of my care decisions felt like when I was 

pregnant. Don't get me wrong, the CF and Ob/Gyn care teams supported me through both 

pregnancies and I appreciate all of their hard work. But without research and data, my clinicians 

were forced to make their best guess with limited evidence to guide my care. Complications 

arose when different specialtists trying to coordinate care did not agree on a plan of action. 

There just isn't enough clear science to back a plan of care over another. Through trial and error

the care teams were able to find which medications were safe, when and how to treat an 

exacerbation of a highly resistant Psuedomonas, what state of lung health was safest to start 

planning, and how to balance my care while caring for a newborn. These are all topics that were

not as relevant before but especially in the age of highly effective modulator therapy, these 

topics are going to become a lot more important. Both patients and doctors desire a clear path 

to safely navigate family planning and pregnancy and I am happy these issues are being 

brought to the forefront.”
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Pre-pregnancy planning and considerations

Fertility:

In women with CF, one report found the rate of infertility and subfertility to be 35%,3 

significantly higher than the 5-15% described in the general population.4,5 CFTR is highly 

expressed in women’s reproductive organs, including the cervix and the endometrial 

endothelium.6 For women with CF, the alteration in CFTR function results in several 

pathophysiological processes that potentially reduce fertility, including the production of 

abnormally viscous and pH imbalanced cervical mucus due to altered bicarbonate exchange 

that block sperm transport and limit sperm capacitation.7,8 

Newly available CTFR modulator therapies, oral drugs that correct the underlying CFTR 

defect at the protein level, are now widely available in the U.S. and include ivacaftor, lumacaftor/

ivacaftor, tezacaftor/ivacaftor and elexacaftor/tezacaftor/ivacaftor.  Of these, ivacaftor and the 

triple combination elexacaftor/tezacaftor/ivacaftor are considered highly effective modulator 

therapies (HEMT) because of their profound impact on lung function, quality of life and 

decreased hospitalizations.9-11  Pregnancy rates have markedly increased among women with 

CF on HEMT.12 While the mechanism of action of HEMT in improving CFTR function in the 

reproductive tract is not yet known, it is hypothesized that cervical mucus is less viscous and pH

increased, thus improving conditions for capacitation.  Additional proposed HEMT effects 

include improvements in lung function and nutritional status, that optimize the health of women 

with CF, thus, facilitating easier conception.12,13 

Genetic Counseling:

An important aspect of pre-pregnancy planning for people with CF includes genetic 

testing. As CF is autosomal recessive in inheritance, any infant of a woman with CF will be an 

obligate carrier of one CFTR mutation. Carrier screening for reproductive partners should be 

5



offered to refine the risk of having a child with CF, either in preconception or early pregnancy.14 

As there are over 2000 mutations identified in the CFTR gene,15 CFTR mutation carrier 

screening panels that test only for the twenty-five most common mutations, can lead up to 30% 

of affected pregnancies being missed, particularly in non-Caucasian individuals.16 Next-

generation sequencing allows for more comprehensive CF carrier screening.17 Additional 

genetic counseling is recommended if the reproductive partner is identified as a CF carrier for 

discussion of reproductive options, including sperm or ovum donation, preimplantation genetic 

testing, and prenatal diagnostic testing.14  

Pre-pregnancy Evaluation:

Health status at the time of conception is an important prognosticator of obstetric and 

neonatal outcomes.18 Specific aspects of maternal health that contribute to outcomes of 

pregnancy (in CF) include: pre-conception weight, pulmonary and cardiac function,  pancreatic 

insufficiency, CF related diabetes control, and bacterial burden. Thus, multi-organ pre-

conception evaluation is advised.

Pre-conception consultation by a specialist in Maternal-Fetal Medicine (MFM), in 

collaboration with the CF team, is ideal. Tailored counseling regarding prognosis in pregnancy 

should be offered and overt risks of a pregnancy identified. For example, although a rare 

complication of CF, pulmonary hypertension is widely accepted as an absolute contraindication 

to pregnancy, as recent data suggests a several-fold higher rate of death, severe maternal 

morbidity, and adverse pregnancy outcomes in these pregnancies.19,20 

Spirometry and, specifically, percent predicted forced expiratory volume in 1 second 

(ppFEV1) is one of the primary markers of lung health in a person with CF. Low ppFEV1 (≤ 50%-

60%) carries a higher risk of both maternal and neonatal adverse outcomes.21 Patients with CF 

often have increased protein, fat, and sodium requirements due to malabsobtion from 

pancreatic insufficiency, infection and inflammation. Better pulmonary function is closely 
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associated with improved nutritional status.1,22 Poor nutritional status, defined as an imbalance 

of energy and nutrient intake such that physiologic requirements are not met, is also a risk for 

poor outcomes. Weight gain of at least 11 kg during pregnancy is recommended for women with

CF as opposed to 12.7 to 15.9 kg in women without CF.23,24 More aggressive nutrition 

intervention ranging from oral calorie supplementation to enteral or parenteral nutrition support 

should be considered in the absence of adequate weight gain.23,25 Vitamin supplementation is 

often required and should be adjusted based on serum and plasma micronutrient levels with the

goal of maintaining levels in the normal range.26 Iron and folate supplementation is similar to 

that of women without CF.23 Due to fat-soluble vitamin malabsorption in CF, CF-specific 

multivitamins contain vitamin A, largely as beta-carotene,27,28 which is water soluble29 and not 

found to be associated with congenital defects.30 Up to 50% of women in their reproductive ages

have CF-related diabetes (CFRD).31 Hyperglycemia related to inadequate diabetic control can 

cause major fetal anomalies.32,33  Pre-conception health assessment allows for attempts at 

optimization of lung function, nutritional status, vitamin levels and glycemic control  to prevent 

maternal mortality or neonatal morbidity.

Maternal outcomes in pregnancy:

With increased pregnancy rates in women with CF (Figure 1),1 the impact of pregnancy 

on the health of women in the modern era is important to evaluate. Researchers have 

investigated the impact of pregnancy on respiratory health focusing on lung function and 

pulmonary exacerbations. With one recent exception,34 studies overall demonstrate no 

significant difference in lung function decline between pregnant and non-pregnant women with 

CF when compared from baseline to follow-up visits.35-37 A study of all pregnant CF women seen

in the Toronto CF clinics over a 37-year period demonstrated that women had a 1.6% predicted 

decline in ppFEV1 per year, which is similar to what is observed in the total Toronto CF 

population.36 In a French CF registry study, pregnant women were stratified by lung function 
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severity and found to have no significant difference in ppFEV1 decline over a four-year study 

period (the year before pregnancy until two years after pregnancy).38 Finally, a large study using

the U.S. CF Foundation Patient Registry (CFFPR) showed no survival difference in women who 

experienced pregnancy versus those who did not.39

While other studies demonstrated no difference in pulmonary exacerbation rates 

between pregnant and non-pregnant CF women, data from the Epidemiologic Study of CF did 

show pregnant women with CF received more intravenous (IV) and inhaled antibiotics in the 18 

months before pregnancy and during pregnancy than non-pregnant women with CF.40 

Furthermore, pregnant women with CF had a 33% increase in outpatient visits compared to 

baseline (and 62% more frequent than non-pregnant women) as well as an increase in 

hospitalization rates. Given that the use of IV antibiotics did not increase during the same 

period, the authors believed pregnant women were being admitted more frequently for closer 

surveillance or for potential obstetric complications.35 

Recommendations and considerations once pregnant

Medication Management:

When considering the use of medications during pregnancy, the known and unknown 

risks of the medication for the fetus must be weighed against the risk to the woman’s health 

resulting from therapy discontinuation. Recent comprehensive reviews of medication 

considerations for pregnant women with CF are published.41-43 See Table 1 for considerations 

when prescribing the most commonly used chronic therapies in CF. Here we will discuss data 

on two particular categories of medications used in the chronic management of people with CF: 

chronic azithromycin and CFTR modulators.

Based on the positive pulmonary health impacts of the macrolide, azithromycin in people

with CF,44,45 its use is recommended for chronic daily or every other day therapy.46 However, the
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safety of its use during pregnancy has been a subject of recurrent study and discussion.47-51 

Data suggest low risk in pregnancy, leading the European Respiratory Society/Thoracic Society 

of New Zealand statement to rate the drug as “probably safe” in pregnancy. Because of the 

prolonged presence of azithromycin in white blood cells,52,53 the majority of obstetricians 

continue to prescribe azithromycin for acute infections. We suggest that women with CF who 

consider continuing use of chronic azithromycin during pregnancy be counseled regarding the 

very small potential risks to the fetus with unknown risk to the mother if azithromycin is 

discontinued.54

The global and profound impacts of CFTR modulators on the health of the mother, 

including improved lung function and weight, and decreased pulmonary exacerbations,10,11,55,56 

these medicaitons may indirectly benefit the infant during pregancy. In additiion, there are case 

series reporting marked health decline and even death in people who abruptly discontinued 

CFTR modulators.57,58 With little long-term data, the decision to continue or stop modulators is 

complicated.  

Animal reproduction models did not demonstrate fetal harm at normal human doses of 

CFTR modulators.59-62 Furthermore, data in pregnant women, limited to case reports and case 

series, do not suggest harm.63-68 Recently, Nash and colleagues reported maternal and infant 

outcome data from 61 live births in women who were on CFTR modulators for all or part of their 

pregnancy.69 The miscarriage rate for women with CF on modulator therapy was 4.7% (lower 

than that reported in the general population of pregnant women). Critically, cessation of 

modulator therapy resulted in clinical decline in 9 women, prompting resumption of CFTR 

modulator therapy during pregnancy. In combination, the limted available clincal data are 

reassuring for the safety of use of CFTR modulators during preganancy, however, larger and 

ideally prospective studies are needed.  

Diabetes management in pregnant women with CF:
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Diabetes is common in pregnancies complicated by CF. Of those without CFRD, 14-20%

will receive a diagnosis of gestational diabetes (GDM) while pregnant.36,70,71  The likelihood of 

both CFRD and GDM is even higher for patients with severe pancreatic insufficiency.72 

Complications of hyperglycemia in pregnancy include macrosomia, neonatal hypoglycemia, 

neonatal hyperbilirubinemia, and increased cesarean delivery rate. The management of 

diabetes shares similar goals as for women without CF and is based on risk mitigation of 

adverse pregnancy outcomes related to hyperglycemia. Glucose monitoring in pregnancy is 

typically assessed at least four times daily, including fasting and 1- or 2-hour postprandial after 

each meal or with a continuous glucose monitor. Commonly used targets for adequate glycemic

control include: < 95mg/dL fasting and < 140 or 120mg/dL for 1- and 2-hour postprandial values,

respectively.73 Postprandial and fasting values are evidence-based for use in pregnancy and are

associated with improved glycemic control and lower associated maternal and fetal 

complications.73-76  

Insulin is considered a first-line agent for glycemic control in pregnancy due to its 

favorable safety profile, lack of transport across the placenta, and ability to be continuously 

titrated.77,78 Insulin dosing targets the fasting and post-prandial values with a combination of 

intermediate or long-acting insulin for basal rate and short-acting for meal-time dosing. Women 

with CF may have higher insulin requirements due to their competing need for adequate 

nutritional intake. Oral alternatives including metformin and glyburide are commonly used for 

patients unwilling or unable to adhere to insulin therapy; however, these agents have less 

evidence supporting their use in GDM and are therefore more controversial. Additionally, failure 

to achieve adequate glycemic control may occur in almost 50% of patients who start with 

metformin.79 While the Society for Maternal-Fetal Medicine endorses metformin as a viable first-

line alternative to insulin, other groups (American College of Obstetricians and Gynecologists 

and the American Diabetes Association) maintain that current evidence supports the use of oral 
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hypoglycemics only as second-line options due to limited data, lesser efficacy, and potential for 

long-term effects on offspring.76,78,80 

Timing and mode of delivery: 

Physiologic changes in all pregnancies begin early in the first trimester, increase steadily

into the third trimester, and culminate at the time of labor and delivery. At delivery, maternal 

cardiac output increases up to 40% due to both increased intravascular volume and the effects 

of catecholamine release due to the pain and stress of labor.81,82 Careful hemodynamic 

monitoring is essential, especially for patients with cardiac and pulmonary disease, as there is 

an increased circulating volume of about 300-500mL due to uterine contractions, and also due 

to autotransfusion with placental separation. The increased cardiac output of about 50% poses 

an acute risk of heart failure in women with pulmonary hypertension or cor pulmonale. 

Consultation prior to pregnancy with obstetricians and anethesia allows for 

multidisciplinary delivery planning. While cesarean delivery should be reserved for usual 

obstetric indications, women with worse pulmonary function appear to have a higher incidence 

of cesarean delivery.18 Early establishment of regional analgesia has several benefits for women

with CF, including decreased catecholamine release, increased pain control and ability to rest, 

and potential avoidance of need for general anesthesia and intubation in the case that emergent

cesarean delivery becomes necessary.

Patel and colleagues used a national database to examine outcomes of pregnancies in 

women with CF (N=1119).83 At delivery, women with CF were more likely to have cardiac 

conduction disorders, diabetes, asthma, thrombophilia and anemia, and have a longer length of 

stay following  vaginal delivery than women without CF. Furthermore, although the occurrence 

of deaths and need for mechanical ventilation did not occur frequently, they were much more 

likely to occur in patients with CF than in patients without CF. 
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For all women, and especially those with CF, early mobilization in the immediate 

postpartum period is paramount to reduce risks of thromboembolism, infectious morbidity, and 

deconditioning. Early chest physiotherapy is recommended, as is continued attention to 

medication use with possible resumption of medications that may have been paused due to 

pregnancy, depending on compatibility with lactation. 

Infant outcomes in pregnant women with CF:

Most large CF patient registries unfortunately do not collect detailed information on 

delivery and infant outcomes.1 Jelin et al examined maternal and perinatal outcomes for women 

with CF compared to those in the general population in the state of California.84 Of over 2 million

reported singleton pregnancies ≥ 20 weeks, 77 were complicated by maternal CF and infants 

born to these women had higher rates of jaundice, were more likely to be born via c-section and

more likely to be delivered at <37 weeks. Additionally, infants of women with CF had more 

congenital anomalies, particularly cardiac anomalies. Neonatal and infant deaths were not more

likely for women with CF.

More recently, Ashcroft and colleagues utilized the UK Obstetric Surveillance System to 

explore obstetric and neonatal outcomes in women with CF between 2015-2017.21 Amongst 71 

pregnancies in women with CF, those with ppFEV1 <60% had a higher chance of delivering 

premature, smaller babies. 

Considerations after delivery

Postpartum clinic visits: 

The CF Foundation (CFF) recommends individuals be evaluated by their CF care teams 

quarterly for routine care and management.  In 2018 the average number of clinic visits per year

for people with CF was 4.3.85 with pregnant women averaging 1.45 visits to CF clinic. In the year
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following pregnancy, the average number of clinic visits was 1.1 (Figure 2). These data suggest

that it is difficult to maintain the recommended number of  clinical visits while caring for a new 

baby.  However, because the first year is a time when the new parent with CF may be at highest

risk for health decline,34 CF care teams should consider alternative approaches to ensuring 

health care. Long-term postpartum care should be multidisciplinary and coordinated to optimize 

access and compliance with visits by scheduling multiple in person appointments in a single day

or by utilizing telemedicine. With increasing numbers of successful pregnancies in  women with 

CF, attention should now be directed to the postpartum course and care of these women with 

development of specific recommendations.

Lactation:

Two key concerns of women when considering lactation are nutritional expenditure and 

use of medications. Lactation does require an estimated 500 kcal/day, and restriction of energy/

calorie intake is discouraged.23,86 Weight loss postpartum appears to be rapid in women with CF 

with some returning to their pre-pregnancy weight within the first 6 weeks postpartum25 and 

others not returning to their pre-pregnancy weight by 2 years postpartum.87  To maintain 

adequate nutritional status, the postpartum woman with CF may need to consume at least 500 

kcal/day.88

As with safety of medication use in pregnancy, recent and comprehensive review and 

recommendations of medications frequently used in lactating women with CF are published.42,43 

The most commonly used CF-related medications are considered safe to use during lactation, 

although extensive data are lacking (Table 1).

Data related to CFTR modulators and lactation remain extremely limited.  Based on one 

case report, both ivacaftor and lumacaftor are excreted in breastmilk at subtherapeutic levels.63  

Due to the transient elevation of bilirubin and liver enzymes in this single case report, infant 

monitoring of these measures during breastfeeding may be considered.89 In the survey 

13



conducted by Nash and colleagues on women with CF who continued ivacaftor, 

lumacaftor/ivacaftor, or tezacaftor/ivacaftor, no modulator-related complications were reported in

infants exposed in utero and/or during lactation (n=27). No clinical studies of the use of 

tezacaftor or elexacaftor during lactation currently exist. Overall, CFTR modulators are 

considered “probably safe” during lactation according to expert opinion, and the decision to use 

these medications while breastfeeding should be an individualized decision.42 For women who 

have undergone a lung transplant for end stage lung disease from CF, immunosuppression with

cyclosporine (which has the most supporting clinical data across multiple medical conditions) 

and tacrolimus (which has low excretion into breastmilk) may be compatible with breastfeeding, 

but no lactation data exist for mycophenolate.

Parenthood:

Many women with CF have greater concerns about being a parent rather than the process 

of becoming a parent through pregnancy or other means.2 Common challenges include 

balancing the roles of parent and patient and the impact of parental health decline and early 

mortality on children. Parents with CF have described “being a parent on a compressed 

timeline”.90 A recent systematic review found that, despite potential negative impacts on health 

and treatment adherence, people with CF report an overall positive outlook on parenting.91 

Unfortunately, data are lacking on the longitudinal health impact of parenthood. 

Contraception:

The postpartum period is an important time to consider contraceptive options in order to 

promote birth spacing, which improves both maternal and infant outcomes.92 Combined 

hormonal contraception may be initiated at 3-6 weeks after delivery, depending on maternal 

comorbidities and delivery risk factors. In general, all contraceptive methods appear to be safe 

and effective for women with CF, though studies are limited by their small size.93 As always, 
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specific comorbidities must be considered. The depot medroxyprogesterone injection may 

negatively impact bone mineral density and therefore may not be optimal for women with CF 

with osteopenia or osteoporosis.94,95 Similarly, presence of permanent venous access catheters, 

pancreatic insufficiency, CF-related liver disease, and use of certain medications may modify 

the choice of contraception for women with CF.96 

Conclusions:

The life expectancy and overall health of people with CF is improving, resulting in an 

increased number of women experiencing pregnancy. It is paramount for CF care teams, 

obstetricians, and MFM teams to collaborate in care. We have much to learn about the impact 

of medications used by these women with limited data on risks to the fetus. A large multicenter 

observational study, called Maternal and Fetal Outcomes in the Era of CFTR modulators 

(MAYFLOWERS), is funded by the U.S. Cystic Fibrosis Foundation, and will begin in 2021 with 

the goal of collecting granular data about pregnancy and infant outcomes in CF to further guide 

the CF community.
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Table 1:  Most common therapies used in the chronic treatment of CF

Medication Route of 
Administration

Considerations Use in 
Pregnanc
y

Use in 
Lactation

Inhaled mucolytics
  Dornase alpha 
  Hypertonic saline

Inhaled Limited to no 
systemic 
absorption

Yes Yes

Inhaled antibiotics
  Tobramycin
  Aztreonam
  Colymycin

Inhaled Limited to no 
systemic 
absorption

If 
necessary 
for 
mother’s 
health

Yes

Pancreatic enzymes Oral Benefits of 
appropriate 
nutrition 
outweigh risks

Yes Yes

Fat soluble vitamin replacement
(A, D, E, K)

Oral Monitor vitamin 
A levels if giving
doses higher 
than 25,000IU 
per day

Yes Yes

CFTR modulators (ivacaftor, 
tezacaftor/ivacaftor, lumacaftor/ 
ivacaftor, elexacaftor/tezacaftor/
ivacaftor)

Oral No harm 
observed of 
individual 
components 
given in animal 
models, but 
human data is 
limited

Yes, if 
necessary 
for 
mother’s 
health

Yes, if 
necessary
for 
mother’s 
health

Chronic azithromycin Oral Multiple 
epidemiologic 
studies show 
very low risk of 
congenital 
anomalies in 
pregnant 

Yes, if 
necessary 
for 
mother’s 
health

Yes
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women with 
short term use.

Figure 1

Figure 1: Depicted is the number of pregnancies in women with CF in the U.S.

CF Foundation patient registry from 1999-2019.1  
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Figure 2.

Post-pregnancy

During pregnancy
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Number of CF clinic visits in the year during pregancy and the year after pregnancy.

Figure 2: The CFF recommends 4 CF clinic visits per year for people with CF. Post-

pregnancy, the average number of clinic visits decreased compared to the number of

visits during pregnancy.85 
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