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1 | INTRODUCTION

The quantity and quality of the lives of people with cystic fibrosis (CF)
are increasing.! Consequently, more people with CF are expressing
the desire to become parents. A 2005 Australian survey found that
84% of men with CF wanted children,” whereas a 2018 survey found
that 78% of adolescent and young adult women with CF in the
United States intended to become parents.® The number of people
with CF having pregnancies® and anecdotally, the number of men
who are becoming fathers is increasing. Indeed, the impact of highly
effective modulator therapies (HEMT) will allow many people with CF
to consider all reproductive options, including parenthood, preg-
nancy, or pregnancy prevention. To address the changing priorities of
people with CF afforded by increased longevity, CF care providers
must consider optimal incorporation of all aspects of reproductive
health into the CF care model. This manuscript provides an overview
of the reproductive goals and family-building concerns faced by
people with CF, including fertility, pregnancy, and alternative paths to
parenthood, the known mental and physical health impacts of par-

enthood, and important directions for future research.

2 | REPRODUCTIVE DECISION-MAKING
AND COUNSELING

The decision of whether to become a parent is complex for people
with CF, and CF is a major factor in reproductive decision-making.
Both parents and nonparents with CF express concerns around bal-
ancing their roles as both parent and patient, communicating with
children about CF, and the impact of anticipated health decline and
early mortality on children.* Parents with CF report “being a parent
on compressed time,” reflecting parenting with both a limited life
expectancy and complex daily treatments, and the necessity to
prioritize these often-conflicting needs.” Specifically related to the
decision to become pregnant, women with CF report not being
forthcoming about their reproductive desires for fear of being judged
by their CF team.® A recent systematic review found that many
people with CF report a positive outlook on parenthood, despite
potential negative impacts on health, treatment adherence, the need
for coping strategies for parental stresses, and the pressure of time
related to mortality.”

A recent qualitative study exploring the reproductive decision
support needs and preferences of women with CF demonstrated the
unique reproductive health care needs of this population and the
uncertainty and disjointed care they often face when making family
planning decisions.® Women with CF desire to have tailored, disease-
specific reproductive health discussions with their CF team, begin-
ning in early adolescence.” The majority of adolescent and young
adult women with CF desire such conversations to be initiated by
their CF team, whereas 50% of surveyed older adult women with CF
would prefer to initiate such conversations themselves.’>** Men
with CF also desire clear reproductive health discussions with their
CF team and families during adolescence.” Recent work among

women with CF highlights the utility of a disease-specific re-
productive goals decision aid to encourage relevant parenting,
pregnancy, and contraceptive discussions with care providers.®

As people with CF commonly experience suboptimal and frag-
mented reproductive health care provision, it is crucial to promote
effective collaborations between the CF team, primary care provi-
ders, and reproductive health specialists. Given the heritability of CF,
the role of genetic counselors is especially important as people with
CF consider their reproductive options.? To meet the range of re-
productive needs for people with CF, many reproductive health
specialists may have a role in the comprehensive care of those with
CF including those in obstetrics and gynecology, maternal-fetal
medicine, reproductive endocrinology and fertility services, and ur-
ology. It is critical that such providers understand the complexities of
modern CF care, including the impact of HEMT on quality of life and
life expectancy. Additionally, it is important to consider the psycho-
logical burden of such reproductive decisions and partnership with a
mental health provider familiar with these complex concerns would
be beneficial.

It is also important to consider and respect the family-building and
parenting desires of transgender and gender-diverse individuals.™**
Provision of gender-affirming care is a crucial first step and universal,
nonjudgmental communication about family planning is advised. Fur-
thermore, consideration of fertility preservation may be warranted as
some gender-affirming treatments impact fertility potential.>>*¢

As many people with CF desire pregnancy prevention, contra-
ceptive counseling and provision are imperative as part of routine
comprehensive care in CF. Key clinical considerations and research
related to contraception are detailed in the companion paper in this

issue.”

3 | FERTILITY

Over 97% of all males with CF are infertile based on CF transmembrane
conductance regulator (CFTR) protein-related congenital bilateral absence
of the vas deferens (CBAVD), and atresia or absence of the epididymis18
(Figure 1AB). Males with mutations in CFTR without other CF clinical
manifestations still have infertility associated with atrophy of seminal
vesicles and epididymis with or without an abnormal vas deferens sug-
gesting that this aspect of embryonic development is incredibly sensitive
to CFTR function. Semen analysis for the presence or absence of sperm is
the mainstay of diagnosing infertility in men with CF. Physical exam by an
experienced care provider usually confirms the presence of a vas de-
ferens, but ultrasound, cross-sectional contrast computed tomography
(CT), and magnetic resonance imaging (MRI) will identify the pathogenesis
of azoospermia in most men.*’

It is estimated that approximately 35% of females with CF at-
tempting to conceive are infertile (compared to 5%-15% in the
general population).’® The etiology of female infertility in CF is be-
lieved to be multifactorial and can be related to nutritional defi-
ciencies, defective CFTR in the reproductive tract, and lower ovarian
reserve. Delayed puberty in some females with CF suggests an
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FIGURE 1 Male and female reproductive (A)
anatomy. (A) Reproductive anatomy in people
without cystic fibrosis (CF). (B) The majority of
men with CF are born with congenital bilateral
absence of the vas deferens (CBAVD). Although
the majority of women with CF are fertile, fertility
can be impaired by thickened, acidic mucus
resulting from malfunctioning CF-transmembrane
conductance regulator (CFTR) in the reproductive
tract [Color figure can be viewed at
wileyonlinelibrary.com]
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impaired hypothalamic-pituitary-gonadal axis defect as a potential
cause of anovulation and associated subfertility.”* CFTR dysfunction
throughout the female reproductive tract results in thick, acidic
mucus that may act as a physical barrier to sperm entrance into the
uterus and likely also impairs sperm capacitation (the ability of the
sperm to fertilize the ovum)?° (Figure 1). Imaging in the evaluation of
female infertility includes use of saline ultrasound, a transvaginal ul-
trasound performed while sterile saline is infused into the uterus to
detect uterine abnormalities, or hysterosalpingogram (HSG), which
uses radiographs to assess patency of the fallopian tubes and to
determine if the uterine cavity is normal.’>?> More recently, sono-
HSG has been developed, which is similar to HSG but uses ultrasound
instead of radiation.?* Demonstration of reproductive tract ab-
normalities or obstruction will guide infertility management. Impact
of HEMT on improved female fertility has been widely reported with
the etiology likely due to their beneficial effect on cervical mucus and
normalization of bicarbonate secretion in the uterus and fallopian
tubes.2°'25_27

Although female fertility in CF may be improved by HEMT treat-
ment, it is unlikely that HEMT given to males with CF will impact infertility
based on their CBAVD. For example, Sun and colleagues administered
ivacaftor to pregnant ferrets homo- or heterozygous for the Gly551Asp
(G551D) mutation. While rescue of pancreatic function was
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or homozygous for G551D, only those ferret kits homozygous for G551D
who were exposed in utero throughout pregnancy experienced rescue of
the vas deferens and epididymis.”® Furthermore, there are no cases re-
ported in the literature of rescue of fertility in males with CF treated with
ivacaftor since the time of its approval in 2012. The impact of HEMT on
fertility rescue and prevention of CBAVD via administration to mothers of
male fetuses and neonates with CF has yet to be evaluated.

Assisted reproductive technology (ART) is the overarching term
used for all fertility-related therapy techniques for males and
females (Figures 2 and 3). Genetic counseling should be considered
before initiating ART, and preimplantation genetic testing (PGT) may
be performed on the embryo in certain methods. Success rates de-
pend on patient characteristics and treatment, and are not always CF
related. Figure 2 highlights commonly used ART.

For females with CF, stimulation of ovulation often involves
treatments such as clomiphene citrate, a selective estrogen receptor
modulator, or parenteral gonadotropins. Ovarian hyperstimulation
syndrome, a potentially life-threatening complication, may occur to
varying degrees with symptoms potentially mimicking pulmonary ex-
acerbation with dyspnea, pleural effusions, and gastrointestinal
symptoms.?? Stimulation of ovarian follicle production is often com-
bined with IVF, IUl, or artificial donor insemination. Among ARTS,
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FIGURE 2 Common assisted reproductive technology (ART) used to achieve pregnancy includes IVF, ICSI, and IUl. Hormonal stimulation of
ovarian follicle production is often combined with IVF, 1UI, or artificial donor insemination. Egg retrieval is performed by using an
ultrasound-guided needle into each ovarian follicle. Traditional IVF requires a large number of sperm to be combined in vitro to fertilize an
oocyte. ICSI allows one sperm alone to achieve fertilization by directly injecting it into the cytoplasm of an oocyte. Embryos or sperm are
placed directly into the uterus via IUI. ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; Ul intrauterine insemination [Color figure

can be viewed at wileyonlinelibrary.com]
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IVF and intrauterine insemination (IUl) are the most widely used
methods. In 1Ul, semen is obtained from the partner or donor and
placed directly into the uterus via a catheter. IVF requires that egg and
sperm be combined ex vivo and subsequently implanted (Figure 2). Egg
retrieval is performed by using an ultrasound-guided needle into each
ovarian follicle. Traditional IVF requires a large number of sperm
(50,000-100,000) to be combined in vitro to fertilize an oocyte. A
technique called intracytoplasmic sperm injection (ICSI) allows one
sperm alone to achieve fertilization by directly injecting it into the
cytoplasm of an oocyte.®® |UI is less effective but generally less ex-
pensive than IVF, but cost varies within countries as well as US states.

IVF may be utilized by partners of males with CF or females with
CF who have impaired fertility. In females, failure to conceive fol-
lowing Ul is also a rationale for IVF. Success rates of such procedures
often depend on maternal age and the underlying cause of infertility;
however, no CF-specific outcome data exist. For females under

FIGURE 3 Commonly used assisted
reproductive techniques for sperm retrieval
include testicular sperm extraction (TESE),
testicular sperm aspiration (TESA), percutaneous
epididymal extraction (PESA), and microsurgical
epididymal sperm extraction (MESA). Following
sperm retrieval, intracytoplasmic sperm injection
(ICSI), intrauterine insemination (IU1), and in vitro
fertilization (IVF) are required to achieve
pregnancy [Color figure can be viewed at
wileyonlinelibrary.com]

35 years of age, there is an overall 46%-47% success rate of a live
birth; this decreases to a range of 2.8%-3.5% after age 42 years.>**?
People with CF may potentially experience a reduced success rate of
live births with IVF based on CF-related complications including ab-
normal lung function, CF-related diabetes, pancreatic insufficiency
and protein-calorie malnutrition, thickened cervical mucus and al-
tered motility of fallopian tube cilia, as well as presumed abnormal
vaginal and cervical pH leading to decreased sperm motility and
survival in an abnormally acidic environment.?®?*

For males with CF, several ART options exist. As noted above,
IVF allows males with CF to use their own sperm for fertilization. The
main options for collecting sperm for diagnostic and fertilization
purposes include testicular sperm aspiration (TESA), percutaneous
epididymal sperm aspiration (PESA), and testicular sperm extraction
(TESE) (Figure 3), followed by ICSI (Figure 2). With TESA, sperm for

fertilization are identified in 1/3-1/2 of males and the numbers
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increase approximately 10% when followed by TESE.>*** The rates
of clinical pregnancy with ART are similar to those in the non-CF
population at close to 50% but there is also an increase in the risk of
miscarriages.>®

In animal reproductive models, no impaired fertility or geno-
toxicity was observed based on exposure to the individual compo-
nents of HEMT.3¢ However, it should be noted that males who wish
to undergo ART and completely avoid exposure of sperm in the
testicle to CFTR modulators must discontinue modulators for the life
of an average sperm, approximately 80 days. Furthermore, because
levels of CFTR modulators in seminal fluid are expected to approx-
imate those in plasma, and 100% will be absorbed through the vaginal
wall,®” men wishing to avoid even minimal exposure of the conceptus
to CFTR modulators should use condoms throughout the partner's

pregnancy.

4 | PREGNANCY

Historically, many care providers discouraged people with CF from
becoming pregnant due to fears of maternal and fetal morbidity and
mortality. To support these concerns, an early study of pregnancy in
CF showed women with severe lung disease tended to have lower
weight infants.®® However, as the median age of survival improved,
increasing numbers of people with CF became pregnant. A US reg-
istry study examining pregnancies in females with CF showed that
those who became pregnant were initially healthier and had better
10-year survival rates than females with CF who did not become
pregnant; even with adjustment for initial severity of CF disease,
pregnancy did not decrease survival.>

In the pre-HEMT era, people with CF had higher risks of several
serious complications during pregnancy than occur in the general
population, including preterm infants (adjusted OR [aOR]: 2.3; 95%
Cl: 1.2-4.4) with higher rates of infants with congenital anomalies
(aOR: 2.6; 95% Cl: 1.4-5.0), cesarean delivery (aOR 2.4; 95% ClI:
1.2-4.6), severe preeclampsia (aOR 1.7; 95% Cl: 0.2-12), pneumonia
(aOR: 56.5; 95% Cl: 43.0-74.1), requirement for mechanical venti-
lation (aOR: 18.3; 95% Cl: 10.8-31.2), and (although rare) death
(aOR: 76.0; 95% Cl: 31.6-183).“°** The increased rate of complica-
tions was thought due to underlying disease and failure to gain
adequate weight. In addition to underlying pulmonary disease, other
comorbidities can complicate pregnancies including poorly controlled
CF-related diabetes and pulmonary hypertension.”® Importantly,
pregnancy does not seem to alter the subsequent clinical course for
people with CF with mild to moderate pulmonary disease.*? **
However, the frequency of treatment for pulmonary exacerbations
may increase during pregnancy.*®

In the post-HEMT era, the general health of people with CF
treated with HEMT is improving; pulmonary function has improved
and stabilized and the ability to achieve weight gain may no longer be
an issue in the majority of pregnancies. However, people of advanced
maternal age (>35 years) and those with lower lung function and
body mass index (BMI) have achieved pregnancy on HEMT.*® The

i)

impact on outcomes of such pregnancies in the setting of HEMT is
relatively unknown. Furthermore, CFRD remains an active issue for
many with CF, and careful assessment and management of glycemic
control should be provided.

To further understand pregnancy in the HEMT era, the Maternal
and Fetal Outcomes in the Era of Modulators (MAYFLOWERS), a
prospective, multicenter observational project that will enroll ap-
proximately 285 women with CF will begin in the United States in

summer 2021.*7

The primary goal of the study is to understand the
impact of pregnancy on health outcomes in people with CF and their
infants. One of the MAYFLOWERS substudies will assess the role of

continuous glucose monitoring in pregnancy in CF.

4.1 | Care during pregnancy
CF care providers should address reproductive health concerns with
people with CF on a regular basis. Such discussions should include
addressing reproductive goals, contraception needs, and pregnancy
planning to guide recommendations for partner genetic testing for CF
and for achieving optimal and stable pulmonary function before
conception. Group prenatal care has been shown to be helpful for
pregnancy outcomes in the general population.*® However, in-person
group care would be challenging in people with CF due to infectious
disease control. Use of telehealth may be an exciting avenue to
support people with CF in prenatal care.*’

The European Respiratory Society/Thoracic Society of Australia
and New Zealand Task Force recently wrote a comprehensive review
on reproductive management of women with chronic airway disease,

including CF.*°

Their review, published before the widespread use of
HEMT, highlights the importance of pregnancy planning, including
recommendations related to considerations of baseline lung function,
CF-related diabetes control, close monitoring of nutrition and weight
gain, treatment of increased gestational reflux, and emphasis that
expectant mothers should remain active. During pregnancy, it is cri-
tically important that people with CF attend multidisciplinary CF
clinics on a regular basis, including input by the pulmonologist, nu-
tritionist, social worker, and pharmacist (if available). If prepregnancy
obstetrics consultation did not occur, early referral to an obstetric
team specializing in high-risk pregnancies including those in people
with CF, and regular communication between the CF and obstetrics
teams is essential.

4.2 | CF medications during pregnancy

People with CF must take numerous medications to maintain their
health status.”®>"* However, many therapeutics cross the placenta
and/or can be transferred in breast milk. Therefore, when a person
becomes pregnant, they and their providers must devise a medication
management plan that will prevent deterioration of health while si-
multaneously minimizing risk to the fetus. Historically, to delineate
potential risks to the developing fetus or lactating infant from
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medications consumed by the mother, the US Federal Drug Admin-
istration (FDA) designated medications in categories A-D or X.°2
Category A medications were those that had adequate data in
pregnancy that showed no risk of harming the fetus versus Category
X medications that were ones for which animal and/or human fetal
risk had been demonstrated. After 2015, the Pregnancy and Lacta-
tion Labeling Rule (PLLR) replaced the lettering system. Sponsors
must describe the results of testing in animal reproductive models
(including the dose evaluated in relationship to the maximum re-
commended human dose) and report whether there are adequate and
well-controlled studies in pregnancy to characterize the drug-
associated risks of birth defects or miscarriage.>”

Two recent reviews describe in detail the risks associated with
commonly used medications in the care of people with CF.**°° The
majority of medications used in CF are considered safe in pregnancy
and lactation, including the use of inhaled mucolytics such as hy-
pertonic saline and dornase alpha, pancreatic enzymes, fat-soluble
vitamins (vitamin A should be given at <10,000 IU/day), and insulin.
Inhaled antibiotics are considered probably safe as there is minimal
systemic absorption. Although azithromycin is frequently used in the
acute treatment of infection by obstetricians, chronic use has not
been studied in pregnancy. Large population studies of acute use of
this drug showed no risk to small risks, and it is considered probably
safe for use during pregnancy.’® Notable exceptions for the safe use
of CF medications in pregnancy include the azoles, intravenous ami-
noglycosides (particularly in the first trimester), rifamycins, tri-
methoprim/sulfamethoxazole, and most of the immunosuppressants
used in lung transplant recipients (described in detail in the lung
transplant section below).

Reproductive animal data for CFTR modulators demonstrates
that each of the modulators is transferred across the placenta (and is
present in breast milk), but causes no genotoxicity or congenital birth
defects at normal human doses.’®°°"°” Furthermore, while data
suggest that this class of drugs crosses the blood-brain barrier, no
neurodevelopmental toxicity has been reported.”® Though animal
data was not concerning, pregnant people were excluded from the
Phase Il trials, and, thus, our current knowledge is based on case
reports and case series.>*°?°° Two recent surveys of CF care pro-
viders regarding maternal and fetal outcomes of people who con-
tinued on CFTR modulators for some or all of their pregnancies
provide some reassurance about the use of CFTR modulators during
pregnancy.®>? These studies reported data from a total of 110
pregnancies during which the mother took a CFTR modulator during
all or part of pregnancy. Miscarriage rates for people on CFTR
modulators were below those reported for the general population.®®
The overwhelming majority of maternal and infant complications that
occurred were consistent with the known higher incidence in people
with CF, and rated by care providers as unrelated to CFTR modulator
use.*>%* Two cases of severe congenital anomalies were deemed
unrelated to modulator use based on maternal risk factors. Ad-
ditionally, in a limited retrospective data set focused on fertility,
O'Connor and colleagues reported no known pregnancy complica-

tions in 14 people with CF who became pregnant within a mean of 8

weeks following HEMT initiation.?” Finally, a female infant born with
CF (F508del homozygous but with a negative newborn screen and
pancreatic sufficiency) to a mother with CF who took HEMT
throughout pregnancy was born healthy.®® Although the summary of
these data suggests no alarming signals for use of CFTR modulator
therapy during pregnancy, data from the MAYFLOWERS study will
enable care providers to offer evidence-based guidance to people
regarding use of CFTR modulators in pregnancy. The substudy as-
sessing maternal and infant pharmacokinetics will contribute to our
understanding of the comparative concentrations of CFTR mod-
ulators in mother and infant, and thus the infant's potential exposure
in utero and during lactation.

While the available retrospective data for use of CFTR mod-
ulators in pregnancy is reassuring, ivacaftor did cause congenital
cataracts when directly administered to neonatal rats.”® This finding
led to a label recommendation for baseline and follow-up cataract
evaluation in children receiving ivacaftor alone or ivacaftor-
containing products.’®>” Although none of the infants in the case
series or surveys developed cataracts following exposure in utero or
during lactation, formal ophthalmological testing was performed in-
frequently.®©~%? Thus, it remains unknown if CFTR modulators taken
by mothers can lead to cataracts in their offspring. Trimble and col-
leagues also reported transient transaminitis of unclear relationship
to the mother's lumacaftor-ivacaftor use in a breastfeeding infant.®®
Although the concentration of these drugs in the infant's plasma
during lactation was quite low (2.7% and 0.5% compared to mother's
levels, respectively), dosing of CFTR modulators and incidence of
transaminitis have not been established in infants <4 months of age.
Therefore, care providers of infants exposed to CFTR modulators
through lactation should consider a plan for reflexive or routine

monitoring of liver function tests.

4.3 | Considerations for pregnancy in lung
transplant recipients

People with CF are capable of becoming pregnant after lung trans-
plantation, but there are many risks to consider. As noted above,
pregnancy risks in people with CF before a transplant correlate with
disease severity.®”“® This same correlation applies to those who are
transplant recipients but additional challenges, such as maternal re-
jection of the transplanted lung and infant complications secondary
to maternal health status or exposure to immunosuppressive medi-
cations are important to consider.

Based on data from a small multicenter case series and registry
analysis, maternal and fetal complications associated with pregnancy
after a lung transplantation, specifically preterm delivery and low
infant birth weight, are high.®”~’* A study using data from the Na-
tional Transplantation Pregnancy Registry from 1991 to 2010 re-
ported 30 pregnancies in 21 lung transplant recipients, of which 10
had CF.”? More than half had live births with few associated life-
threatening complications and no reports of permanent disability in

the infants. However, the incidence of preterm birth was 60% and



KAZMERSKI ET AL.

S81

FIGURE 4 Paths to parenthood. While some
people with cystic fibrosis will choose pregnancy
to build their families, other options for
family-building include adoption (assuming the
legal parenting responsibilities for a child whose
parents or legal guardians are unable to care for
them), step-parenthood (assuming full or partial
responsibility for a partner's children), foster care
(providing a home for one or more children while
their own family is temporarily unable to care for
them), and surrogacy (utilizing someone else who
becomes pregnant and carries a child specifically
for another person) [Color figure can be viewed at
wileyonlinelibrary.com]

there were 11 infant complications and 2 neonatal deaths. When
comparing the pregnancies in transplanted recipients with CF and
without CF, there was a higher rate of rejection during pregnancy in
CF, but there was a lower rate of spontaneous abortion. For live
births, mean gestational age was similar but mean birth weight was
lower in CF. Most recently, in an abstract from 2020, investigators
used the Transplant Pregnancy Registry International to search
pregnant lung transplant recipients from 1992 to 2019’ They
reported 51 pregnancy outcomes (including multiple births) in
36 recipients resulting in 31 live births (61%), 14 miscarriages (before
20 weeks' gestation) (28%), 5 terminations (10%), no stillbirths (after
20 weeks' gestation), and 1 ectopic pregnancy. They also reported
62% of infants born with a birth weight of <2500 g.

An additional consideration is increased risk of rejection of the
transplanted lung. In general, lung transplant recipients experience a
higher rate of rejection than other organ recipients.”? In the studies
referenced above, 7%-24% of lung transplant recipients with CF who
became pregnant experienced graft rejection.”®”* The cause of these
increased rates of rejection are unknown, but may be due to provi-
ders and recipients decreasing immunosuppressive medications to
protect the fetus or rarely due to antibody-mediated rejection from
human leukocyte antigen sensitization.”* For this reason, some lung
transplant centers request the recipients avoid pregnancy all to-
gether, whereas others recommend waiting at least 2 years after
transplantation to have the opportunity to safely achieve the lowest
possible doses of immunosuppressive medications before pregnancy.

Caution is advised with immunosuppressive medication use
during pregnancy. Therapies such as cyclosporine and tacrolimus
require frequent monitoring as frequent dose adjustments may be
needed due to maternal weight changes. Certain immunosuppressive
agents such as rapamycin inhibitors (i.e., mycophenolate mofetil)
should be avoided during conception or pregnancy due to teratogenic
effects.”* Other immunosuppressant medications, such as pre-
dnisone, azathioprine, and calcineurin inhibitors, have limited

FAMILY-BUILDING OPTIONS

STEP-PARENTHOOD

information regarding use and management during pregnancy.
Breastfeeding is generally not advised for a lung transplant recipient
as many immunosuppressant medications pass into breast milk and
may harm the infant. Although prior studies have included infants
that were breastfed, data on outcomes were limited and further re-
search is needed.”* Long-term implications of health and parenting
experiences of lung transplant recipients must also be considered and
investigated further.

Overall, successful pregnancies are possible after lung trans-
plantation, but this option should be considered with extreme caution
as these are high-risk pregnancies with associated risks for maternal
graft rejection, prematurity, and low birthweight infants. An honest
conversation between care providers and transplant recipients, ide-
ally before transplant, is needed to discuss reproductive goals and
family-building options, including key information on contraception
and the known risks of pregnancy. Importantly, before lung trans-
plantation, discussion of fertility preservation is warranted due to the

teratogenic effects of common immunosuppressants.”®

5 | ALTERNATIVE PATHS TO
PARENTHOOD

Other options for family-building include fostering, adoption, and
surrogacy. There is limited CF-specific data available on the health
impact and the prevalence of these paths to parenthood.” However,
people with CF have pursued and do qualify for each of these op-
tions. Figure 4 highlights the variety of paths to parenthood for
people with CF.

Fostering is when a person provides a home for one or more
children while their own family is temporarily unable to care for them.
Adoption is when a person assumes the legal parenting responsi-
bilities for a child whose parents or legal guardians are unable to care
for them. Options for adoption vary based on geographic location,
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but can include domestic adoption (adopting a child from one's own
country) or international adoption (adopting a child from another
country). Each has its advantages and disadvantages, and different
adoption agencies may have their own guidelines and requirements
for placing children with families. Importantly, each state and country
has its own regulations, processes, and costs for fostering or adopting
children. As a CF team, it may be helpful to be familiar with local
agencies or guidelines related to these options.

Surrogacy is when someone else becomes pregnant and carries a
child specifically for another person. There is gestational and tradi-
tional surrogacy. In gestational surrogacy, IVF is used (Figure 2), and
one or more eggs from the female partner (or an egg donor) is fer-
tilized with sperm from the male partner (or a sperm donor), and the
developing embryo is implanted in the surrogate. In traditional sur-
rogacy, the surrogate is inseminated with semen from the male
partner or a donor. Traditional surrogacy, which relies on the surro-
gate's egg, can have additional legal complications because the sur-
rogate is the biological mother of the child. Surrogacy may be a good
option for people with CF, depending on their baseline health, fer-
tility, or partner's carrier status. Similar to adoption and foster care,
regulations around surrogacy vary by US state and country. Again,
people with CF may find it reassuring to receive some guidance or
information related to local surrogacy laws from their CF team as
they navigate these options and build their family. The ability of the
CF team to provide such guidance will likely require local outreach to

governing bodies.

6 | MENTAL HEALTH ASPECTS OF
FAMILY-BUILDING AND PARENTING

CF teams can provide support and respond to changes in mental
health throughout the process of decision-making, becoming a par-
ent, and raising a family. Infertility or pregnancy loss may result in
stress, anxiety, and depression for both men and women.”¢"%° Con-
sidering parenthood through ART, adoption, or fostering can also
raise complex issues, including grief and loss, impact on relationships,
and disclosure to children and others.2* ®° The American Society for
Reproductive Medicine/Society for ART recommends psychoeduca-
tional consultation for people undergoing ART procedures, with re-
ferral for mental health evaluation and treatment as needed.®*
Limited evidence exists regarding effective psychological interven-
tions to address psychological distress, coping, relationship func-
tioning, and parenting in those facing subfertility or infertility and
considering alternative options for family-building.t> %’

For people of any gender, a range of positive and negative ex-
pectations, feelings and experiences can accompany the role shifts of
becoming a parent.” ?? Mental health symptoms often emerge in
the peripartum period, and women with a prior history of psychiatric
disorder are at elevated risk.”®> Most women notice transient shifts in
anxiety, mood, and sleep in the first 2 weeks postpartum.”* About
one out of five meet the criteria for major depression during or in the

first year after pregnancy, and half of the postpartum depressive

episodes begin during pregnancy.”® Women with bipolar disorder
often suffer postpartum exacerbations, with 17% experiencing de-
pression severe enough to require hospitalization, mania, or psy-
chosis.”® While rare in the general population, perinatal psychosis is a
psychiatric emergency, can be triggered by peripartum endocrine and
immunological changes in the absence of prior history, and carries a
high risk of relapse following subsequent pregnancies.”® Perinatal
anxiety, obstetric traumatic stress, and obsessions/compulsions are
also common.”76-78

Multiple professional organizations recommend screening for
depression and anxiety during pregnancy and postpartum.’? %! The
Edinburgh Depression Scale and Patient Health Questionnaire-9
(PHQ-9) are often used to detect depression in obstetric popula-
tions.”> The PHQ-9 provides useful information about somatic
symptoms (e.g., fatigue, sleep, appetite), which may be attributable to
mood/anxiety, perinatal physiologic changes, parenting an infant,
and/or CF, and have bidirectional interactions with physical and
mental health. Like the PHQ-9, the Generalized Anxiety Disorder 7-
Item Scale is routinely used by CF teams,'°? %% but it does not in-
clude items about obsessions/compulsions or trauma. Given the ad-
verse impact of substance use on maternal and child health, its
routine screening is also recommended for pregnant people.'%>1%¢

Psychotherapy and social support are typically first-line inter-
ventions for mild to moderate peripartum psychiatric symptoms, with
a strong evidence base for cognitive behavioral therapy.”* However,
access, expense, and time burden may limit feasibility. Low social
support and parenting self-efficacy increase the risk of depression in
new parents, and interventions may target infant attachment in at-
risk families.”7* 107

During preconception planning, pregnancy, and breastfeeding,
deciding whether to continue, initiate, or change psychotropic med-
ication is a collaborative process taking into account individual risk
tolerance and preferences, analogous to discussions around using
CFTR modulators or other CF therapies peripartum. Women and
their care providers should consider personal treatment history and

75108 photential consequences of
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likelihood of relapse of symptoms,
untreated psychiatric symptoms for both mother and chil
and the benefits and known and unknown risks of pharma-
cotherapies.****? Some psychotropic medications (e.g., fluoxetine)
are well-studied and frequently continued during pregnancy and
lactation, whereas others have limited available safety data.'****?
Exposure to polypharmacy should be limited when possible.**!
However, antidepressant doses may need to be increased in the
second to third trimester due to physiologic changes of pregnancy.'?
Medications with high teratogenicity (e.g., valproate) are best avoided
in women of childbearing age.*****?

People with chronic physical illness or poor physical health
postpartum may be at higher risk for perinatal psychiatric symp-
toms.”>**% In a multinational study during the COVID-19 pandemic,
breastfeeding people (n=5134) more often reported elevated
symptoms of depression and anxiety if they had a chronic physical
illness.’™ In a study of nearly 29,000 pregnancies, people with
chronic physical illness, and specifically those with pulmonary
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disease, were no more likely to plan pregnancy than those without a
medical condition, and those with mental illness or Type 2 diabetes
engaged in less planning.'*® In a population surveillance survey, at-
tending a doctor's visit for concomitant chronic physical illness sub-
stantially reduced the risk of avoiding care assistance for postpartum
depression among White, Hispanic, and African American women.**®

Specific investigations related to the mental health implications
of family-building and pregnancy in CF and optimal intervention
strategies are lacking. A qualitative study of men and women with CF
indicated the emotional and practical impact of infertility, pregnancy,
and parenting with CF, and the desire for conversation, education,
and support around these concerns.” Most recently, a qualitative
study of French parents with CF and their spouses highlighted that,
while most express joy in parenthood and feel that it motivates them
to self-care, they desire additional support during the ART process
and in discussing CF with their children.'’” The CF Foundation
Mental Health Advisory Committee created educational materials for
adults with CF who are parenting; other online resources providing
psychoeducation and referral to perinatal support groups and mental
healthcare are also available. Table 1 summarizes selected mental
health resources related to parenthood and family-building for peo-
ple with CF. With depression and anxiety screening programs already
in place, and the advantage of longitudinal relationships, CF teams
are well-positioned to implement prevention and intervention stra-

tegies for people with CF who seek to become parents.

7 | PHYSICAL HEALTH IMPACTS OF
PARENTHOOD

The different stages of childhood present varying physical challenges
to every parent, but may do so particularly for those with CF. In a
recent survey to characterize treatment burden in CF, people with CF
reported spending 2-3h per day on the many tasks required to
maintain their health, including taking oral and inhaled therapies,
cleaning of equipment, performing airway clearance, and managing
diabetes.'*® Parents caring for newborns experience sleep depriva-

tion,**?

even in the absence of these additional tasks required to
maintain their own health. The attempts to split time between caring
for children and managing self-care could lead to decreased ad-
herence to therapy, which can adversely impact health.'?° Ad-
ditionally, approximately one third of pulmonary exacerbations are
thought to be initiated following contraction of an upper respiratory
tract infection™???; thus, when children start in daycare or school
settings, parents with CF often have an increased risk of repeated
exposure to viral pathogens.

Few studies have formally evaluated the short- and long-term
impacts of parenthood on the physical health of people with CF, and
there is a particular paucity of studies in fathers with CF. In one study
conducted using the French CF registry among 48 men with mod-
erate disease, fathers had a nonsignificant trend toward increased
outpatient care center visits, but they did not experience clinical

deterioration in lung function or BMI in the 3 years following

Selected resources on mental health aspects of family-building and parenting

TABLE 1

Parenting/children's
mental health

Pregnancy, postpartum,

Pregnancy loss and breastfeeding

Adoption,
fostering

Infertility
and ART

Resource

X

Massachusetts General Hospital Center for Women's Mental Health (https://

womensmentalhealth.org)

X

American Society for Reproductive Medicine (https://www.reproductivefacts.org/)

Resolve: The National Infertility Association (https://resolve.org)

HHS Child Welfare Information Gateway (https://www.childwelfare.gov/)

Postpartum Support International (PSI) (https://postpartum.net/)

Cystic Fibrosis Foundation (https://www.cff.org)

Parenting at a Challenging Time (PACT) (https://www.mghpact.org/)

American Academy of Child and Adolescent Psychiatry (AACAP) (https://www.

aacap.org/AACAP/Families_and_Youth/Family_Resources/Home.aspx)

American Psychological Association (https://www.apa.org/helpcenter/family)

Consortium for Science-Based Information on Children, Youth and Families

S83

(https://infoaboutkids.org/)
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paternity compared to matched men with CF who did not become
fathers.?® In contrast, Bianco and colleagues recently evaluated
health outcomes in fathers in the United Kingdom with moderate
disease and found a statistically significant decline in weight and a
trend toward a decline in lung function in the first 12 months of
fatherhood. Half of men with severe disease at the time of father-
hood died or underwent transplant in the 12-15 months after they
became fathers.’?* Two relatively large studies of long-term follow-
up of mothers with CF have been conducted. As noted above
(Section 4, pregnancy), data from the US CF registry (1985-1997)
demonstrated that women with CF who became pregnant had higher
baseline lung function and better 10-year survival than women who
did not become pregnant.®’ Data collected from 1994 to 2005 in the
Epidemiologic Study of Cystic Fibrosis showed that baseline lung
function was higher in women who became pregnant than in those

who did not become pregnant.*®

Although mothers did not experi-
ence accelerated disease progression in the 18 months following
pregnancy, mothers did require more courses of IV antibiotics, had
more illness-related outpatient visits, and lower quality of life scores
for physical functional, vitality, health perceptions, and respiratory
symptoms compared to women who did not become mothers.
Because all of these studies were conducted in the premodulator era
and/or excluded those on CFTR modulators, the ability of HEMT to
mitigate the potential adverse impacts of parenthood is currently
unknown.

8 | FUTURE DIRECTIONS

It is clear that as people with CF continue to live longer, healthier
lives, more and more adults will choose to become parents. It is
anticipated that those who start HEMT very early in life might not
have the many associated complications of CF disease and current
burden and cost of therapy. However, those who start HEMT as
adults must consider the balance they will need to achieve between
self-care and care of their children.* While the US CF registry con-
tains a wealth of information regarding multiple aspects of CF
health, there is only one question related to pregnancy in women,
and there are no questions related to becoming a parent by routes
other than pregnancy for people with CF. Other international re-
gistries collect limited data on parenthood timing and route. Thus,
registry collection modification and additional data sources are nee-
ded to comprehensively evaluate the physical or mental health im-
pacts of parenthood on people with CF.

Importantly, investigators in France are prospectively evaluating
the perceptions, experiences, expectations, and needs of both people
with CF who become parents (Parenting Concerns in Patients With
CF [MucoPar]) as well as those of children whose parents have CF
(Concerns of Children Whose Parents Have CF [MUCOKIDS]).*2>12¢
This study will provide valuable data regarding psychosocial aspects
of parenthood. Investigators in the United States are developing
patient-centered decision aids to assist women with CF recognize

and realize their reproductive goals in the context of their disease.?”

To better characterize and explore the lived experience of parents
with CF, investigators are also conducting individual interviews and
PhotoVoice-based qualitative studies among mothers and fathers
with CF.*?%2? Given the paucity of data available about the physical
health impacts of parenthood for people with CF in the current era, a
prospective, multicenter study is greatly needed. Such a study would
extensively aid clinicians in their desire to provide evidence-based

guidance to prospective parents with CF.
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