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Abstract

Background: People with cystic fibrosis (pwCF) are increasingly considering their reproductive
options. Currently, there are many genetic testing options available for pwCF and their
reproductive partners. Healthcare providers, including genetic counselors, can educate pwCF
about these options and support them through the decision-making process.

Objective: This study explored the role of genetics in the reproductive decisions of pwCF

and their perspectives and experiences surrounding prenatal and preconception genetic
counseling and testing.

Design: We conducted a qualitative study of a national US sample of pwCF age =18years
recruited from the CF Foundation Community Voice platform.

Methods: We conducted and recorded semi-structured telephone interviews with participants.
We utilized Dedoose software and applied inductive thematic analysis to code the interview
transcripts and elicit themes.

Results: We interviewed 21 participants (76.2% women, 95.2% White, 4.8% Hispanic,

57.1% parents, 23.8% considering parenthood). Key themes included: (1) pwCF appeared

to understand the genetics of CF and were typically first introduced to CF genetics by CF
providers, school, or their parents; (2) pwCF had diverse perspectives on having a child with
CF; (3] carrier testing was an important consideration for some participants when making
decisions about biological parenthood; (4) participants understood the role of genetic
counselors and valued their knowledge, but only half previously met with a genetic counselor;
(5) pwCF believed genetics information should be presented during childhood/adolescence
and reinforced when interested in family planning.

Conclusion: pwCF have discrepant views on passing on CF to future offspring, and although
there is recognition of the role of genetic counseling and a desire for knowledge from genetic
testing, genetic considerations are but one factor involved in parenthood decisions. Future work
should develop patient-, provider-, or system-based interventions to best integrate high-quality
genetics and genetic counseling care into the CF team for those with CF considering parenthood.

Plain language summary

Genetic counseling and testing considerations for people with cystic fibrosis thinking
about becoming parents

More people with Cystic Fibrosis (pwCF) are thinking about becoming parents. Since, Cystic
Fibrosis (CF) is a genetic condition, we wanted to understand if genetics plays a role in
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making decisions about whether to become parents or not. We also wanted to understand
pwCF’s thoughts about prenatal genetic counseling and testing. We interviewed 21 pwCF
and analyzed their interview transcripts and developed 5 themes. 1) pwCF understand
CF genetics, 2) pwCF have different views on having their own child with CF, 3) carrier
testing is important for making parenthood decisions, 4) pwCF understand the role of
genetic counselors but many have never met with one, 5) genetics information should be
discussed when pwCF are younger. Future studies should try to implement interventions
to introduce more genetic counseling and testing services into the CF care team.

Keywords: cystic fibrosis, genetic counseling, patient-centered care, prenatal genetic testing,
qualitative research, reproductive decision-making, sexual and reproductive health
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Introduction

Available therapies for people with cystic fibrosis
(pwCF), including CF transmembrane conduct-
ance regulator (CFTR) modulators, have led to
many pwCF living longer and considering their
reproductive options. Previous work has shown
that 84% of males and 78% of females with CF
wish to have children.!»? In addition, a doubling
of pregnancies among pwCF has been docu-
mented in the United States with the widespread
use of CFTR modulators.?

Many pwCF have concerns about genetic inherit-
ance when they are considering parenthood. One
survey found that 72% of females with CF were
worried that their future children would have CF,
and 79% said that they would want their partners
to undergo CF genetic testing for future chil-
dren.? Attitudes toward and acceptance of prena-
tal screening are also influenced by the timing of
what is offered. One Australian survey found that
while 93% of pwCF agreed that preconception
CF carrier screening should be offered to the gen-
eral prenatal population, there was a marked
decrease in support for carrier screening among
pwCF once a couple is pregnant.* Views on the
purpose of CF carrier screening also vary among
pwCF; in another study, nearly all pwCF agreed
that the goal of preconception CF carrier screen-
ing was to educate couples about the chance of
their children inheriting a genetic disease; approx-
imately half felt that the goal of CF carrier screen-
ing was to “avoid births of all children with CF.”>

In addition to CF carrier screening, there are
other pre-conception, prenatal, and postnatal

genetic testing options available for pwCF to
learn more about their chances of having a child
with CF (Table 1). Assisted reproductive tech-
nologies (ART) such as in vitro fertilization
(IVF), which is commonly utilized by males with
CF who have primary infertility due to congenital
bilateral absence of the vas deferens, incorporates
genetic testing to screen embryos for chromo-
somal aneuploidy and known variants for genetic
conditions before embryo selection. When CFTR
pathogenic variants have been identified in the
reproductive partner of a pwCF, IVF with preim-
plantation genetic testing for monogenic disor-
ders (PGT-M) can be utilized to screen for
embryos with CF.°® During a pregnancy, prenatal
diagnostic testing can be done by obtaining a
sample of fetal cells through chorionic villus sam-
pling (CVS) or amniocentesis. However, both
CVS and amniocentesis carry a risk of miscar-
riage or pre-term labor, which may deter some
pregnant individuals from pursuing these
options.” Analysis of cell-free fetal DNA from
maternal blood is a non-invasive prenatal screen-
ing method available for CF on a limited basis. A
finding of an echogenic bowel on a 20-week anat-
omy ultrasound increases the risk for CF, among
other conditions, and would prompt a discussion
of carrier and prenatal diagnostic options to
inform pregnancy management decisions, includ-
ing birth planning with a multidisciplinary team.8
Infants with CF can be identified after birth
through newborn screening (NBS), which incor-
porates analysis of a panel of CFTR variants in all
US states. Of note, NBS does not detect all
infants with CF; some may be diagnosed later in
life based on the presentation of symptoms and
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Table 1. Genetic testing options available for pwCF to learn more about their chances to have a child with CF.

Genetic testing options and
considerations

Stage

Characteristics

Carrier testing Pre-conception

and/or prenatal

Assisted Reproductive
Technologies such as in vitro
fertilization (IVF) with PGT-M

Pre-conception

Chorionic villus sampling Prenatal
(CVS)/amniocentesis

Cell-free fetal DNA from Prenatal
maternal blood

Echogenic bowel on 20-week  Prenatal
Anatomy ultrasound

Newborn screening Post-natal

Can determine if a pwCF's reproductive partner is
a CF carrier

Commonly used by men with CF who have
primary infertility due to the congenital absence
of the vas deferens

When CFTR pathogenic variants have been
identified in the reproductive partner of a pwCF,
IVF with preimplantation genetic testing for
monogenic disorders (PGT-M] can be utilized to
screen embryos for CFé

Procedures to obtain a sample of fetal cells to
perform diagnostic testing on

Carry an increased risk for miscarriage or
preterm labor?

Non-invasive prenatal screening available for CF
on a limited basis

Soft marker that increases risk for CF and other
conditions®

Finding would prompt a discussion of carrier and
prenatal diagnostic options®

Conducted in all 50 states and incorporates
analysis of a panel of CFTR variants

NBS does not detect all infants with CF, and some
may be diagnosed later in life

For pwCF taking CFTR modulators during
pregnancy, there is a risk of a false negative

due to lowered immunoreactive trypsinogen
evaluation?’; evaluation via sweat chloride testing
and genetic analysis is recommended

diagnostic testing. For pwCF taking CFTR mod-
ulators during pregnancy, there is a risk of a false
negative NBS result due to lowered immunoreac-
tive trypsinogen evaluation in the infant®; diag-
nostic evaluation via sweat chloride testing and
genetic analysis is recommended.

With the abundance of genetic information and
genetic testing options available for pwCF pursu-
ing parenthood, speaking to a genetic profes-
sional, like a genetic counselor, may help pwCF
navigate these choices. Genetic counselors can
educate pwCF and families about genetic inherit-
ance, review the benefits and limitations of avail-
able genetic testing, and discuss family-building
modalities including ART, donor sperm, and
adoption. Studies that have investigated genetics

knowledge and exposure to genetic counseling
among pwCF are limited in number but have
demonstrated gaps in knowledge.!%11 A recent
genetic counseling intervention among pwCF
considering parenthood found that, following
implementation, genetics knowledge improved.!2

The views and experiences about preconception
and prenatal genetic counseling among pwCF have
not been explored in the era of widespread CFTR
modulator use. In addition, the impact of genetic
information on how pwCF perceive their reproduc-
tive futures has not been previously assessed.
Therefore, we aimed to explore the role of genetics
in the reproductive decisions of pwCF and their
perspectives and experiences regarding preconcep-
tion and prenatal genetic counseling and testing.
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Methods

The reporting of this study follows the consoli-
dated criteria for reporting qualitative research
(COREQ) statement.!3 This checklist is included
in Supplemental Figure 1.

Recruitment

We recruited participants who had a diagnosis of
CF, were 18years of age or older, and spoke
English. Between October and November 2023,
we advertised the study via CF Foundation
Community Voice (a platform for pwCF and fam-
ily members of pwCF to learn more and elect to
participate in CF research studies!'4). Community
Voice members received emails containing study
details and a linked interest survey (Supplemental
Figure 2). We sent a subsequent email to survey
respondents with a request to schedule an inter-
view via the principal investigator’s Calendly page.

Interview design

We developed a study interview guide
(Supplemental Figure 3) with input from our
multidisciplinary research team, which includes
clinicians and researchers with experience work-
ing with the CF population and a faculty member
with experience in health communication. We
confirmed the face validity of our interview guide
using the clinical expertise of our research team.
We did not formally pilot test our interview guide
before we began data collection. GR, a female
graduate student in genetic counseling, con-
ducted all interviews. Prior to the interviews, we
assured that all participants were made aware
through email communication about the aims of
the study, what results would be utilized for, and
GR’s status as a genetic counseling graduate stu-
dent. The only communication with GR prior to
interviews was for scheduling purposes. We
obtained verbal consent and confirmed that par-
ticipants met the inclusion criteria as above before
beginning each interview. We conducted inter-
views between November 2023 and January 2024
and compensated all participants with an elec-
tronic gift card.

GR asked participants about their understanding
of CF inheritance, their discussions with health-
care providers about genetics and genetic testing,
experiences with genetic counselors, views on

genetic testing, and the impacts of genetics on
family planning. GR conducted these interviews
over the phone in a private room to ensure confi-
dentiality for participants. No one was present
during these calls except for the interviewer and
the participant. We interviewed each participant
only once, and interviews typically lasted between
30 and 40min. No field notes were made during
or after the interviews.

Data analysis

All interviews were audio-recorded, with partici-
pant consent, and transcribed verbatim by a third
party. We did not return transcripts to partici-
pants for correction or comments. GR and AP, a
bachelor-level research coordinator, analyzed
interview transcripts using inductive thematic
analysis. We each read 20% of the transcripts and
then discussed our identified codes. Following
this discussion, we read an additional 20% of
transcripts. We discussed any disagreements
thoroughly before coming to a consensus. We
then coded all transcripts using the final code-
book with Dedoose software,!> and identified no
new codes, therefore achieving data saturation.
We consolidated the codes into significant themes
and identified representative quotations. Study
participants did not provide feedback on the iden-
tified themes.

Results

Thirty individuals filled out the interest survey,
and 21 subsequently scheduled an interview. We
interviewed all 21 pwCF (age range 18-74years;
16 women). Twenty self-identified as White, and
one identified as Hispanic. Participant demo-
graphics are listed in Table 2.

The majority (n=12) were already parents, and
one-third (n=7) were considering parenthood.
Two participants had decided against pursuing
parenthood. Of the parent participants, nine had
biological children, two had pursued adoption,
and one had pursued ART using a sperm donor.
Of those considering parenthood, six were con-
sidering biological parenthood, and one was
adoption. Eleven participants or their reproduc-
tive partners had met with a genetic counselor,
out of which 10 participants were already
parents.
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Table 2. Patient demographics.

Participant Gender identity Racial/ethnic Age range Parental status Thoughts on pursuing Met with a genetic
ID background (years) parenthood counselor
1 Male White 35-44 No Considering adoption No
2 Male White 35-44 ART-Sperm Already parent No
Donor
3 Female White 45-54 Biological Already parent No
4 Female White 65+ Biological Already parent No
5 Female White 45-54 Biological Already parent Yes
6 Female White 35-44 No Considering biological Yes
7 Female White 25-34 Biological Already parent No
8 Female White 25-34 Biological Already parent Yes
9 Female White 25-34 Biological Already parent Yes
10 Male White 18-24 No Considering biological No
1 Female White 35-44 Adoptive Already parent Yes
12 Female White 35-44 No No No
13 Female White 25-34 No Considering biological Yes
14 Male White 25-34 No Considering biological Yes
15 Female White 25-34 No No No
16 Female White 45-54 Adoptive Already parent Yes
17 Female Hispanic or 25-34 No Considering biological No
Latinx

18 Male White 25-34 Biological Already parent Yes
19 Female White 25-34 Biological Already parent Yes
20 Female White 35-44 Biological Already parent Yes
21 Female White 25-34 No Considering biological No

Identified themes
Key themes and representative quotations are
shown in Table 3 and discussed in detail below.

Theme 1. pwCF understood the genetics of CF and
reported that they were typically first introduced to
CF genetics by CF providers, school, and/or their
parents. Most participants could describe reces-
sive inheritance and demonstrated an under-
standing of CF genetics. One participant
succinctly shared, “Iz is . . . homozygous recessive.

You have to have two recessive copies to create [a per-
son with] CF” (Participant 5). When asked about
CF inheritance, some participants also discussed
the risks associated with two carriers having a
child with CF. One participant commented,
“If both parents have a copy of the gene, there’s a one
n four chance that the child will have CF” (Partici-
pant 8). While participants understood concepts
surrounding CF genetics and recessive inheri-
tance, many used different phrasing to describe
CF-causing mutations or pathogenic variants.
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Table 3. Theme description.

Themes

Representative quotations

Theme 1: pwCF
understood the genetics
of CF and reported that
they were typically first
introduced to CF genetics
by CF providers, school,
and/or their parents

Theme 2: pwCF have
diverse perspectives on
having a child with CF

Theme 3: Carrier Testing
was an important
consideration for some
participants when making
decisions about biological
parenthood

“I've just said it’s genetic and | don’t know a lot about [laughs] the way—the science of genetics, only that
it's basically happens when there is some history on—family history in both parents, and that can result
in that getting passed down.” (Participant 2)

“It needs to be passed down both essentially mom and dad in a gene mutatelon. That's how you get CF.”
(Participant 18]

“My parents had four kids, and two of us got CF, and one’s a carrier and one is not. Even though there’s a
one in four chance, it’s like you're rolling the dice, and every time they conceived, there was a 25 percent
chance.”(Participant 3)

“. . .to go through like what | went through, like being in the hospital in and out. Thank God the hospital
team—the hospital that I've been through been great, but | wouldn't want my child to deal with that if
they are a carrier or do have CF in the future. Or see them go through surgeries and getting stuck and
think—I just wouldn't wanna see them go through those kind of things, even though | know that it’s
helping them to get better.” (Participant 17)

“I guess I just, | focused on that over taking my DNA as a whole and just giving someone life. | was very
focused on, I'm gonna pass on that one gene, and that’s gonna ruin their life, and that’s wrong.” Then
realizing, ‘Well, no, it's not gonna ruin their life. It didn’t ruin my life. | have a good life, and there’s

a lot more to my DNA than just that one gene. There's a lot of good stuff too that I'd be passing on.””
(Participant 7)

“l understand the genetics enough to know that it’s a less likely possibility.” (Participant 13)

“Because | think | would be prepared. | would get a partner tested. | would know the odds, and then |
would also, I think, be inclined to do an IVF route, and maybe select for embryos that don’t have CF.”
(Participant 21)

“Now saying that | don’t see myself as being someone who would say, "Oh, well, the fetus—CF is present
in the fetus, let’s abort.” | don't think | would make that call. | would understand if someone else did. |
think that’s fair. It'd be up to them.” (Participant 2)

“Once it's a fetus inside of me, | personally would not want to terminate. | know other people’s who
have. That's their choice. | don’t care. Yeah, | wouldn’t have been able to terminate or anything.”
(Participant 5)

“Pregnancy would be hard on my health. | was in grad school, and | didn’t want to shorten my life
expectancy just to have a biological child.” (Participant 16)

“I didn’t want to have a child and leave it without—leave that child without a mother. That was something
| definitely had to think about, was a huge possibility because as | said before, before going on Trikafta,

| was going—I was declining very rapidly. | did not wanna leave a child without a mother, even with the
possibility of it having a father in its life. Yeah, that would be the biggest concern | had.” (Participant 12)
“It's not like my husband and | are so genetically, incredibly outstanding that we just have to pass on a
few bits of genetic material. | mean that’s just crazy talk. Yeah, and I've known plenty of people who had
adopted, were adopted. My mother was adopted, and | knew from firsthand experience that a genetic
match or close type or not, the love is the same. That's where | was.” (Participant 16)

“I knew that there would be a risk depending on if my husband was a carrier or not. | think that’s why |
focused so much on that before we conceived—his genetics. | really wanted to know as much as | could
in regards to him.” (Participant 19)

“obviously, yeah, once the testing—once we decided to take the genetic test and having talked through it
with our doctors and everything. Yeah, like | said, obviously, once we got the results back that she wasn't
a carrier, | think then that burden pretty much went away.” (Participant 14)

“It really came down to the risk of them having it on what we would do going forward once | knew there
was basically no risks. | know the test could be like, it can miss some really foreign weird mutation.
Once | was fairly certain that they would be safe, we were good to go.” (Participant 5)

“I think my care team always talked about genetic testing, just like it was an assumed, like of course
you'd do this, and never really talked about the reason behind that, or if that was actually something that
was important to me. When [ had this conversation with my husband later—and that’s part of what was
troubling about it, was that the assumption is almost, or maybe could be—maybe the assumption is just
that you want the knowledge. The assumption could also feel like, especially to a person who has CF,
that one should not be born with CF. | think that very quickly, to me, the conversation can easily feel like
that” (Participant 8).

[Continued)
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Table 3. (Continued)

Themes

Representative quotations

Theme 4: Participants
understood the role of
genetic counselors and
valued their knowledge,
but only half had
previously met with a
genetic counselor

Theme 5: pwCF
believed genetics
information should

be presented during
childhood/adolescence
and reinforced when
interested in family
planning

“I would explain it as a way to gain more information about a genetic illness or component you may
have. Yeah, for example, my mom has ovarian cancer, so | know she had to meet with a genetic
counselor to discuss if she, in tests, to see if she had the BRCA gene or things like that. | guess | would
describe it [genetic counseling] as a way to research or find out more information about your genetics.”
(Participant 12)

“[I] guess to my understanding, they are obviously a resource that can get used within a clinic or even
outside of the CF clinic, specifically that is allowed to—or is able to explain maybe the inner workings
of how the CF gene, obviously, is passed down is a big piece, like maybe how it can—depending on what
mutation or gene makeup you have, how—what the different effects can be there. | think, largely, how
it can not only how can affect you from the history of whatever your parents found on you, but also what
the gene makeup can do going forward in your own life as well.” (Participant 14)

“I think we had some conversations and talked back and forth about passing it down. Are our kids gonna
be carriers? Yes, or no they're all gonna be carriers. Okay, so now we need to know that. Talking a little
bit about my wife’s results and everything” (Participant 18).

“It was about testing my husband to see if he was a carrier and the various places we could have him
tested and what we could have him tested for. We did end up doing that, and he did end up getting that
genetic test done. | don’t really remember much more about it other than them telling us how to—where
to do it, how to get it done, all that.” (Participant 11)

“Normally, they will lay out all the risks to consider. They don't tell you to do it or not do it, but they will
lay out all the risks to consider, which is nice.” (Participant 5)

“If | was talking to a friend that was on the fence about getting genetically tested, | would say, Hey, for
me, it’s more information’s always the better.” Especially if you know that your starting point is slightly
more risky because maybe your partner has a disease that is genetic, then that just helps you know
more.” (Participant 20)

“I would want to know because in one direction, that stress is taken off if everything is okay, and | guess
in the other direction, you have time to prepare and find a good CF pediatrician and just kind of plan your
life and how you're gonna handle it.” (Participant 16)

“For me personally, it was important, | think, before trying to conceive just to have that knowledge. |
didn’t want to have a bunch of unknowns moving forward. | knew that we wanted to have a family, so for
me, the carrier testing just gave us more knowledge to make the best decision that we could make. As |
stated before, we wanted to do the full panel, and we know that there’s—nothing is a hundred percent.
We really wanted to have all of the knowledge that we could.” (Participant 19)

“Really, how our genes transferred? What does that look like for even the families having future
children?” (Participant 1)

“Most people with CF know what their gene pair is, but | think, understanding the prevalence of their
variants,” (Participant é)

“Then especially now, probably, though for the modulators, you know, for folks to understand. . . | just
taught a yoga class for CF families and CF-afflicted, and one of the moms, she was talking about that
she has a child that’s four years old that, you know, they were initially approved for going on modulators.
Like, you know, of course any parents can be, like, Well, why can they do it, and | can't,” you know,
unless they have that education to kind of help, you know, with that emotional reaction. You know, if you
actually get a logical, rational explanation as to why, | think that helps with some of the acceptance.”
(Participant 15)

“I'think there’s an age in whether it's early teenage years or even maybe a little before that just ‘cause
I’'m sure kids question how they got the disease. There could be, again, maybe a base level knowledge
that | think could get taught at an earlier age. Then, | think, there’s the more detailed amount of what
the future will look like and talking about it.” (Participant 14)

“As soon as somebody brings up that they're thinking about a family within five years, probably a good
time to start really delving into the risks.” (Participant 5)

“I'd say having—setting time to have this kind of conversation in adolescence or just teenage years and
then kind of reinforcing it, too, as time goes on, if they forget . . .but at some point it'll stick, and early
enough that they can make the right—they can make decisions for themselves and with full awareness
of passing genes down.” (Participant 21)

(Continued)
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Table 3. (Continued)

Themes

Representative quotations

“I don’t know if this would be a genetic counselor or just your doctor could tell you about what mutation
they have so they know what to expect in terms of modulators and stuff like that or other things like,

I know | have Delta F 508 both mutations of that gene and | know that that can sometimes have more
severe symptoms or something like that. Just things like that.” (Participant 12)

“I'd say it would possibly be beneficial if at some point in your late teens, again, that same sort of range
of maybe 18 to 21, onto 25, if sort of within the clinical teams, if they possibly sort of took a bit more
initiative to put you in touch with the genetic counselors that they have on the team ‘cause at least,

for me, my personal experience is obviously that the genetic counselor that we have in Palmer at the
clinic, I happen to know personally, but never was really exposed to who she was or even that decision
was available for people to reach out if they had any questions or curiosity regarding genetics, wanting
to be a parent, mutations, even just general genetic testing. I'd say just from a clinical perspective
possibly taking a bit more initiative to bring it forth to patients so they can have some time and just the
opportunity to make those decisions if they're curious about wanting to find out more.” (Participant 10)

Some used the term “mutated” or “mutation” or
“defect.” Other participants referred to CFTR
mutations instead as a “CF gene,” “recessive
gene,” or “pathogenic variant.”

Participants described several ways in which they
first learned about CF genetics. Some described
first learning about CF genetics in a school set-
ting: “Years ago, just eighth-grade biology. You learn
about genetics” (Participant 5). Others reported
that they learned about CF genetics from a
healthcare provider: “I don’t have a distinct mem-
ory, but I think it was that I—at one of my routine
visits, I think a doctor explained it to me that way
when I was probably around 10 or so, probably, 1
wanna say” (Participant 2). Some initially heard
about CF genetics from their parents or from a
combination of their CF provider and their par-
ents and a few reported learning about CF genet-
ics through independent research.

Theme 2. pwCF have diverse perspectives on having
a child with CF. Participants had differing levels of
concern about passing CF on to biological chil-
dren. Their perspectives had a myriad of influ-
ences: personal experiences with CF and CF
modulators, understanding of genetics and risks,
and views related to the termination of pregnan-
cies with a CF diagnosis. One participant shared:

“I think it would’ve been incredibly selfish. It’s
hard. It’s just so hard having CF. . . . It’s an early
death, and I just would have not been able to look
my child in the face if they were going in the
hospital, getting IV treatments, and having to think

that I knew this was a possibility, because I have CF
and I put them through that. That would’ve broken
me” (Participant 3).

Another participant said: “Well, because I didn’t
wanna watch them suffer and knowing 1 had given
that to them because growing up, my mom used to sit
there and cry and say, ‘I’m so sorry I gave this to you,
if we had only known.” Thar really made an impres-
sion on me” (Participant 16).

Other participants expressed less concern about
passing CF to their biological children. One
participant shared: “I don’t know if I was just sort
of naive at the time when I was thinking about hav-
ing biological children or notr thinking it through,
really [laughter], bur I don’t know. It just wasn’t a
huge fear of mine. I guess it just goes back to feeling
like thar wouldn’t be the worst thing” (Participant
11). Others noted that quality of life with CF
has improved, making life less difficult: “I don’t
feel like it would be the same feeling now because of
the medications and things that are out there. I
think that—I mean, the fact that they can start
Trikafta [CFTR modulator] with babies wery
young, those babies would live a very different life”
(Participant 9).

Because modulator eligibility is typically based on
the specific CFTR mutations a pwCF has, we
asked participants about their concerns about
having a child with CF who was ineligible for
CFTR modulators. One participant shared:
“Thar would definitely come up, for sure. Fust seeing
the patients who have not been able to at least try the
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modulators and be eligible for that. I would definitely
be concerned about that now, for sure, having one rare
mutation” (Participant 19). Others were less con-
cerned and expressed faith in the development of
new treatments: “I only know two people that are
not eligible for the modulators. I honestly just have full
faith that things—and maybe it’s a horrible way to
look at it—but I have full faith that with CFF [Cystic
Fibrosis Foundation], as wonderful as the foundation
there, that they’ll find something else that works for
those who can’t take Trikafta [CFTR modulator]”
(Participant 1).

Some participants reported that they were less
concerned because they would consider pursuing
genetic testing and/or IVF to avoid having a child
with CF:

“Not really, mainly because I feel like there’s a lot
of steps you can take ... There’s been embryo
testing. There’s IVF. There’s all these paths you
can take to avoid having a child with CF. I’m not
so much worried about that. Although I appreciate
that there’s still always going to be a non-zero
probability that a child with CF could be born to
us as a result of some previously unknown
mutation” (Participant 6).

Perspectives surrounding the termination of
pregnancies with a CF diagnosis influenced par-
ticipants’ views on having a child with CF as
well. One participant revealed that they did not
support termination of pregnancies with a CF
diagnosis: “I’m not really comfortable with the idea
of selective abortion for CF either. It’s a little bit too
close to home [as a person with CF]” (Participant
16). Some participants thought that genetic test-
ing for CF during pregnancy and decisions
regarding the future of the pregnancy should be
an individual decision: “That’s an impossible situ-
ation. It was a very, very hard question and one that
nobody could tell somebody else what to do. I think
thatr ultimately has to be the choice of the two par-
ents, and I would really hope that whatever choice
they made was just not shamed by others because
nobody can understand what somebody’s individual
situation 1s” (Participant 19).

Participants had different views regarding the
utility of genetic testing during pregnancy. For
example, one participant revealed that they were
not sure if they would decide to terminate the
fetus with a CF diagnosis, but they would want

the information to make a well-informed deci-
sion: “I don’t know, it might inform my decision to
do something. I can’t say that I would necessarily ter-
minate a fetus. I can’t put myself in the future know-
g how I would feel in that situation, but I would
certainly want the information so that I can make
that decision™ (Participant 6).

However, other participants revealed that they
would not consider terminating a fetus with a CF
diagnosis, so they would not pursue genetic test-
ing during pregnancy, as shown in the following
example:

“I think that that’s something that I would
understand why someone would potentially do. I
don’t know if that’s something that I would pursue
or not myself, given that I know what CF is, I know
what goes into having CF, and I know it wouldn’t
make a decision for me in terms of if I am already
pregnant, what I want to do—if I want to continue
with that pregnancy” (Participant 13).

Theme 3. Carrier testing was an important con-
sideration for some participants when making
decisions about biological parenthood. One
important genetic consideration for many par-
ticipants was their reproductive partner’s CF
carrier status. Some participants revealed that
when their partner’s carrier status came back
negative, they felt more comfortable pursuing
biological parenthood, as seen in the following
example: “Once we found out thar my husband
wasn’t a carrier, then I really didn’t have a problem
with it [pursuing biological parenthood]” (Partici-
pant 7). Another shared: “It influenced me in the
sense that with the carrier testing, 1 felt much more at
ease that the chances of bringing somebody into the
world with CF were so low. I think it put me at
ease. . .” (Participant 3).

Although many participants found carrier testing
results helpful in making their parenthood deci-
sions, some felt pressure from their healthcare
team. For example, one participant who described
negative reactions from her healthcare team:

“My husband and I had actually started trying
already when it [carrier testing] was brought up at
my CF clinic. I had some pretty negative reactions
from a few of my people on the CF team, like really,
really awful, telling me like, ‘How could I do this?
How could I do this to a baby? . . . which is hard to
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hear that somebody thinks having a person be born
with CF is the worst thing that could happen to a
person . . .” (Participant 11).

This participant and her partner underwent CF
carrier testing, reporting:

“I kinda went into it reluctantly . . . I know it is the
right thing to do, to do genetic testing to avoid
having a child with CF, but it’s hard, too, to be like,
‘Oh, nobody would want a baby with CF.”’ I am a
person living with CF and—I don’t know. It was
just a really difficult time to sort of get to a place
where I was like, ‘Okay, yeah, let’s do this testing,’
mostly because everybody wanted us to do it”
(Participant 11).

Many participants reported that rather than pur-
suing unassisted conception, they instead consid-
ered other options for becoming a parent to limit
the likelihood their child would have CF, like
adoption or ART. For example, one male partici-
pant who pursued parenthood via ART using a
sperm donor reported:

“I don’t have an ego about that enough where—
I’ve known friends who either were adopted or
who adopted kids, and I know that—I'm very
logical believer that your family is not limited to
just who you’re biologically related to, and so I
always just felt like, well, there’s a lot of options
out there other than having biological children and
I would be totally comfortable with both. Sure
enough, my daughter is—she’s my world. She’s
amazing and I just love her so much and I don’t
feel like my feelings for her would be any different
if I were—if she actually shared my DNA or not”
(Participant 2).

Theme 4. Participants understood the role of
genetic counselors and valued their knowledge,
but only half had previously met with a genetic
counselor. Most participants understood the role
of a genetic counselor. Participants valued gain-
ing knowledge about CF genetics and preparing
for potential children with CF. However, only
around half of our participants or their partner
had ever experienced preconception or prenatal
genetic counseling themselves. Participants also
revealed challenges with accessing and receiving
genetic counseling services.

Some participants described genetic counselors
as individuals that could help one learn more

about their own genetic information and genetic
risks: “I would say that they could be a great person
to try and find out more about your genetics on the
regard of if you happen to have any mutations your-
self” (Participant 10). Participants also described
genetic counselors as a resource to ask questions:
“Educate someone on their condition, their genetic
modification and just be a resource to questions about
it. 1 feel like for us, it was more of an opportunity to
understand how it happened, like how this could hap-
pen, and also for us, it was also like what next”
(Participant 18).

Participants also believed that genetic counselors
could provide more nuanced information about
genetic risks. For example, one participant
described: “I think—when we talked about CF—she
mentioned the carrier rates for my ethnic background
and the carrier rates from my husband’s ethnic back-
ground, things like that, so that people would under-
stand, basically, how the odds work for each of these
diseases that they could potentially pass on to a child”
(Participant 6).

Another component of a genetic counselor’s role
that participants highlighted was the discussion
of genetic testing, including the types of genetic
testing and knowledge that would be obtained
following testing. For example, one participant
described: “/Genetic counselors] Really have that
conversation with them to make sure people are well
mnformed about the types of testing that’s out there to
help them make the best decision for themselves
whether to move forward with genetic testing or not”
(Participant 1). Another participant described
how genetic counselors can review the results of
the testing with their patients: “Then to kind of
recommend and prescribe the testing that goes for-
ward with it, and then analyzing and reviewing the
results of the testing, and what risks or complications
the couple might encounter if they do reproduce”
(Participant 15).

Although most participants understood and val-
ued the role of genetic counselors, only half of
participants or their reproductive partner met
with a genetic counselor. Some participants
revealed concerns surrounding access to genetic
counselors and current information genetic
counselors know about CF. For example, one
participant discussed how pwCF may not be
aware about genetic counseling: “ . .Some people
don’t even know genetic counselors exist. . .”
(Participant 5). Another participant said they
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were unsure how to make a genetic counseling
appointment or where to access that information:
“Would they ask their doctor to get that genetic coun-
seling appointment? How do they go about doing
that?” (Participant 12).

Another concern expressed was whether or not
genetic counselors had up-to-date information
about CF prognosis. One participant shared:

“It’s like what kind of information are people getting
about actual life with CF? I talked to one family one
time, in my role at work, where they found out that
they’re 20—she was like 20 weeks along when they
found out that she had CF. They were calling
because they were thinking about terminating the
pregnancy. They wanted to talk to a parent, ‘cause
they didn’t think they could do it. . . They reported
to me that their genetic counselor gave them a lot of
scary information . . . CF has changed so fast. Do
[genetic counselors] have the knowledge of current
treatments to help people make that decision?”
(Participant 8).

Theme 5. pwCF believe genetics information should
be presented during childhood/adolescence and
reinforced when interested in family planning.
Most participants believe genetic information
such as recessive inheritance, personal mutations,
and CFTR modulator eligibility, should be pre-
sented during childhood/adolescence and rein-
forced when interested in family planning. One
participant shared: “I think a basic understanding
of how genetics works in terms of reproductive health
and children feels important, recessive genes versus
dominant genes and some level of understanding on
that, feels like a base level of knowledge that poten-
tially everyone should be aware of > (Participant 13).

Another participant commented: “I think people
with CF should know what mutations they have. 1
was told that when I was young. I’ve always known.
I think 1t’s important because a lot of times especially
for the age I was born, that paper copy is gone. If 1
didn’t know, I’d have to get retested ‘cause it’s not in
my paper records. I have no idea where that paper is”
(Participant 7).

Many participants believed that genetic informa-
tion should be first introduced to pwCF during
childhood/adolescence:

“It’s probably something that the conversation
needs to start happening in pediatrics. I know it was

something I was thinking about before I even had
my first boyfriend in years and years before I was
sexually active or even thinking about—Iike
realistically thinking about having children, but it
was still playing into my decision or long-term

decision making” (Participant 13).

In addition, some participants thought CF genet-
ics information should also be communicated
when a pwCF is at an age to consider family
planning: “/I] would also assume that most people
when they’re still at pediatric clinic are not at a stage
of their life where they’re considering having children,
so 1t’s probably more impactful to do it in an adult
clinic format, where somebody might be approaching
an age where they’re considering having children”
(Participant 6).

Discussion

pwCF have an understanding of CF genetics and
displayed a wide range of views on the role of
genetics in their reproductive decisions. These
views were influenced by participants’ personal
experiences with CF and CFTR modulators,
their understanding of genetics and risks, and
their views about pregnancy termination due to a
prenatal CF diagnosis. Many participants com-
mented on the importance of knowing their part-
ner’s CF carrier status before making a parenthood
decision. Participants were knowledgeable about
the role and value of genetic counselors; however,
only half of our participants had met with a
genetic counselor, meaning such services seem
underutilized.

Our results align with prior studies exploring
genetics knowledge among pwCF. Conway et al
found that >80% of surveyed pwCF understood
that both parents of a pwCF were carriers and
would have a 25% chance of having another child
with CF for each pregnancy. However, only half
understood that a pwCF would pass on a
CF-causing variant to their children, making each
one at least a carrier.!! Another study found that,
while 70% of pwCF understood the chances of
two carriers having a child with CF, only one-
third knew the risks of a pwCF and a CF carrier
having a child with CF.16

Participants reported learning about CF genetics
from conversations with CF providers or their
parents, information taught at school, or inde-
pendent research. If pwCF are learning about CF
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genetics from their parents, parents must under-
stand it. Boyer et al assessed parents of pwCF’s
understanding of CF and their discussion of CF
with their unaffected children and found that
71% of parents had discussed CF genetics with
their unaffected children.!'” While most of our
participants were well-informed about CF genet-
ics, based on the misconceptions reported in pre-
vious studies,!1:16 it is essential for pwCF to be
informed specifically about their own risks of hav-
ing a child with CF or a carrier. Genetic concepts
should be reinforced by trusted healthcare pro-
viders, including genetic counselors and the CF
team.

Prior studies report that pwCF are concerned
about their children also having CF.%18 However,
our participants reported a range of views on
whether having a biological child with CF was a
concern or not. These views were influenced by
multiple factors, including personal experiences
with CF, the availability and effectiveness of
CFTR modulators, and expressed faith in the
development of future treatments for those who
are currently ineligible. Our results highlight that
it is important for healthcare providers of pwCF,
including genetic counselors, to recognize that
having a child with CF is not a concern for all
pwCF and assess their patient’s goals and priori-
ties in a client-centered manner.

Participants also had mixed opinions about
whether they would pursue prenatal genetic testing
for a fetus during pregnancy to determine a CF
diagnosis as well as whether or not to terminate a
pregnancy based on CF diagnosis. These findings
align with the work of Conway et al, which found
that the majority of pwCF would pursue prenatal
genetic diagnosis if they knew their partner was a
CF carrier.!® The authors also found that 68%
shared that abortion can be considered if a fetus
has CF, but only 23% would choose to terminate a
pregnancy of a fetus with CF.1°

Similar to prior studies, many of our study par-
ticipants’ decisions surrounding biological par-
enthood were strongly influenced by their
reproductive partner’s CF carrier testing result.20
The information gained from testing could help
with considerations surrounding birth planning,
monitoring for echogenic bowel, preparing for a
baby and parent with CF, prenatal exposures to
CFTR modulator therapy, planning for a sweat
test, termination of pregnancy, or deciding against

biological parenthood. However, this desire to
pursue genetic testing was not universal. Several
participants shared that they felt pressure from
their healthcare providers for their partners to
pursue carrier testing before making reproductive
decisions. These results underscore that genetic
testing should be a personal decision. PwCF
should be educated about carrier testing and sup-
ported through an informed decision-making
process, but not coerced into making such deci-
sions.2! Genetic counselors are trained specifi-
cally to provide education about genetic testing,
in a nondirective fashion, and therefore, would be
a qualified healthcare provider for pwCF with
whom to discuss carrier testing.

Only half of our participants or their reproductive
partners had ever met with a genetic counselor.
This is comparable to a 2019 study that found
that 57% of pwCF interviewed had previously
met with a genetic counselor?? and increased from
an earlier study where only 27% of pwCF sur-
veyed reported that they were referred for genetic
counseling.??> Considering previous studies have
reported that around 80% of pwCF wish to have
children, genetic counseling is being underuti-
lized in this population.!:2

Potential reasons for the underutilization of
genetic counseling services include significant
access barriers. For example, currently, Medicare
does not recognize genetic counselors as health-
care providers, which presents financial and
insurance barriers.?* U.S. federal legislation rec-
ognizing the healthcare role of genetic counselors
may improve access and use of these services.
Individuals living in rural areas may face geo-
graphic barriers to access genetic counseling ser-
vices, given the scarcity of providers. Telemedicine
and/or satellite clinics are potential ways to over-
come this barrier.?> Additionally, some U.S.
states do not have genetic counseling licensure in
place. This can lead to genetics services being
provided by inadequately trained professionals.26

Most of our participants correctly identified the
core features of a genetic counselor’s role. In con-
trast, Wilson et al found a lack of knowledge
among pwCF regarding genetic counseling and
what was discussed during such an appoint-
ment.22 Similarly, a 2023 study found that genetic
counseling and planning, including partner car-
rier screening, were important in helping pwCF
make decisions regarding parenthood.?”

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

G Rajanikanth, K Prangley et al.

Several of our participants raised concerns about
genetic counseling, such as awareness and access
to these services as well as whether genetic coun-
selors had up-to-date information about CF
prognosis and treatments. Level of association
between genetic counselors and CF care centers
has been shown to influence CF clinician’s views
of genetic counselors’ expertise, value, and acces-
sibility in the setting of CF NBS.28 Elsas et al sur-
veyed prenatal genetic counselors in 2013 about
their knowledge of ivacaftor, the first approved
CFTR modulator. They found that 80% were
unfamiliar with this drug and would not feel com-
fortable discussing it with patients, but would
refer to a CF specialist.?° Unpublished data from
a 2020 survey of prenatal genetic counselors con-
ducted following the 2019 approval of elex-
acaftor—tezacaftor—ivacaftor found that nearly all
respondents had heard of CFTR modulators and
most would refer individuals with a prenatal diag-
nosis of CF to a specialist to discuss elexacaftor—
tezacaftor—ivacaftor.3°

pwCF value education about CF genetics starting
in childhood/adolescence and re-addressed when
they are more interested in family planning.
Currently, there are tools being developed to pro-
vide pwCF making reproductive health decisions
with appropriate information, including informa-
tion about genetics and heritability of CF.3132
Future development and effectiveness and imple-
mentation testing of such patient-facing interven-
tions are needed. Specifically, clinical interventions
for adolescents with CF are needed. Additionally,
development is warranted for provider-facing train-
ings related to reproductive health communication
with pwCF and systems-based interventions to
ensure universal education and care provision for
all reproductive-age pwCF. The values-based,
client-centered tenets of genetic counseling33.34
emphasize non-directiveness in the reproductive
setting, such that providers discussing reproductive
genetic testing should provide education about a
range of options, and support client’s informed
decisions. As our interviews show, prenatal or pre-
conception genetic testing is not desired by all
pwCF and their reproductive partners, and their
goals for seeking testing may be to prepare for hav-
ing a baby with CF rather than prevention.

This study had limitations. As with any qualita-
tive study, our population may not be represent-
ative of pwCF as a whole. Our participants were

all recruited via the CF Foundation Community
Voice, an opt-in program, which implies that, at
baseline, participants were highly motivated to
participate in research studies and are poten-
tially more knowledgeable about CF genetics.
Another limitation is that we had a relatively
homogenous population regarding race/ethnic-
ity. As genetics services in general are underuti-
lized in minority populations,?® pwCF from
minoritized racial and ethnic backgrounds may
have different lived experiences regarding genetic
counseling and testing from our participants,
nearly all of whom were White. This limited
diversity in our study population may limit gen-
eralizability. Therefore future studies should
intentionally focus on and include pwCF from
minority populations. Finally, as with all qualita-
tive studies, the positionality of the interviewer
and coders may shape the interview interactions
with the study participants and interpretations of
the data. In addition, we did not pilot our inter-
view guide prior to conducting our interviews,
which could limit how effective the questions
were. To mitigate bias, we intentionally reviewed
the interview guide, codebook, and analyses with
the research team. However, future studies could
incorporate external coding validation or partici-
pant feedback. Finally, as pwCF who were born
around the introduction of CFTR modulators
grow older and begin considering their repro-
ductive futures, it will be important to explore
their perspectives on having future children with
CF and prenatal and pre-conception CF genetic
testing.

Conclusion

Our findings highlight that pwCF value a person-
alized, client-centered approach to offering
genetic testing and providing genetic counseling
services as they consider parenthood. We believe
that future work should develop patient-, pro-
vider-, and/or systems-based interventions to best
integrate high-quality genetics and implement
recent CF Foundation recommendations to
include genetic counselors on CF care teams.3° In
addition, all health care providers discussing
pregnancy and genetic testing should be trained
in a nondirective approach to discussing repro-
ductive genetic testing. This would allow for
improved access to comprehensive reproductive
healthcare for all pwCF, especially for those who
are making decisions surrounding parenthood.
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