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Assessing Infertility Literacy and Knowledge Gaps
Among Patients with Cystic Fibrosis

ABSTRACT

Objective: As patients with cystic fibrosis live longer into their reproductive years, fer-
tility concerns are rising. We hypothesized that while patients with cystic fibrosis may
be informed of the impact of their disease on their reproductive potential, they remain
unaware of the promising role of assisted reproductive technology in helping them
conceive biological children.

Methods: We distributed a voluntary and anonymous survey to cystic fibrosis patients
and organizations to assess patient understanding of cystic fibrosis-related infertility.
The survey questions aimed to capture demographic information, their reproductive
education regarding cystic fibrosis, and their preferences for future fertility.

Results: Forty respondents completed the survey (median age of 36 + 14 years).
The median age reported for learning about cystic fibrosis-associated infertility was
18 years. Respondents preferred that reproductive and infertility education be pro-
vided early; 43% reported the optimal age of education was younger than 18 years
while 50% reported between 18 and 24 years. Of the respondents trying to conceive,
43% of patients have been trying to conceive for 1-3 years qualifying for infertility. Yet,
the majority of those patients (69%) have not been offered a semen analysis and 90%
have not had previous fertility treatments.

Conclusion: Our findings highlight that cystic fibrosis patients are knowledgeable
about cystic fibrosis-related impacts on their fertility, with high-rated self-confidence.
A fraction of patients still desire to conceive but have not been provided with assisted
reproductive services. We recommend the establishment of active partnerships
between cystic fibrosis care teams and fertility specialists to maximize their chances
of conception.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive genetic condition caused by mutations in the
cystic fibrosis transmembrane conductance regulator (CFTR) gene. Mutations in the CFTR
gene have been demonstrated to reduce the fertility of men and women with CF. Infertility
in women with CF is less prevalent than with their male CF counterparts with 35%-50% of
women with CF reporting subfertility or infertility." Unlike in men, CFTR mutations in women
do not alter reproductive anatomy, rather, the CFTR mutation primarily affects the function
of the epithelial cells which line the reproductive tract resulting in physicochemical abnor-
malities. Similar to the alteration in secretion viscosity in the lungs of CF patients, functional
changes in the lining of the uterus and fallopian tubes result in overly thick mucus which can
impair the ability of sperm to penetrate and successfully fertilize the egg. Despite this, nearly
50% of women with CF are able to naturally conceive a biological child.?
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Existing literature has demonstrated that over 98% of men with CF
and CFTR mutations will experience infertility secondary to defects in
mesonephric duct derivatives such as a congenital bilateral absence
of the vas deferens (CBAVD). They may also demonstrate atretic
seminal vesicles and epididymis.® All of these contribute to obstruc-
tive azoospermia which is characterized by low semen volume
(0.5-0.7 mL), an acidic pH due to low concentration of fructose and
a-glucosidase, and no sperm.** There are notable cases of infertility
in men with CFTR mutation that demonstrate nonobstructive infer-
tility. In such cases, researchers analyzed the involvement of CFTR
in other processes such as spermatogenesis and sperm capacita-
tion which both rely on modification fluid and electrolyte exchange
within the epididymis.?

Despite pathologic alterations in the structure and function of the
reproductive system in women and men with CF, assisted reproduc-
tive technology (ART) such as intrauterine insemination (IUl) and in
vitro fertilization (IVF) remain options for patients to have biological
children. Though the use of ART techniques in this patient popula-
tion is relatively new, outcomes have been good with high rates of
live births.5” In women with CF who are not able to conceive natu-
rally, IVF and IUl are potential options which allow women with CF
to overcome the hurdle of overly thickened mucus by fertilization
in a dish or delivery of sperm directly into the uterus. For men with
CF, surgical sperm extraction allows for their sperm to be used for
IVF. An added positive of IVF is genetic testing prior to implantation.
However, because surgical sperm retrieval methods and subsequent
IVF or Ul are costly and invasive, it is imperative that both male and
female CF patients be educated about their fertility limitations and
potential fertility treatment options in a sustained and time-sensitive
matter.

With an increasing median age of survival (40-50 years) since the
introduction of CFTR modulators, there is a progressive change in
survival allowing adults with CF to consider the new prospective of
parenthood.? Cystic fibrosis patients and physicians must know the
most appropriate time to discuss reproductive needs in the setting of
reduced fertility/infertility and the potential role of ART. While varied
genitourinary and sexual health concerns exist among CF patients,
this project assessed the gaps in infertility knowledge among men
and women with CF, with the goal to understand patient preferences

MAIN POINTS

« Oursurveyed cystic fibrosis (CF) patients demonstrated a strong
understanding of CF-related infertility pathophysiology, with
high-rated self-confidence in knowledge.

« Cystic fibrosis patients report a preference for early initiation
of physician-led discussions on CF-related infertility and repro-
ductive issues during their adolescence.

« Despite having a strong understanding of CF-related infer-
tility, a subset of patients still express a desire for biological
conception.

« Cystic fibrosis patients who maintain a desire for biological
conception would find it beneficial to engage in discussions
with reproductive specialists, who can explore the potential of
assisted reproductive techniques as a means to assist them in
achieving their goal of conceiving.
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on how to combat these challenges and develop streamlined solu-
tions to better the network of CF healthcare team including fertil-
ity specialists. We proposed that individuals with CF who perceived
a deficiency in their reproductive education would express a sig-
nificant interest in enhancing this area of teaching in their disease
framework.

Material and Methods

This study was reviewed and approved as exempt status by the
Institutional Review Board (IRB) exemption from the University of
Miami as non-human research (IRB No. 20221032). We distributed a
voluntary and anonymous survey using Qualtrics to CF patients and
advocacy organizations to assess patient understanding of fertility
and reproductive processes within CF. Prior to accessing the survey,
participants were required to read through and sign an informed
consent form on the primary page of the Qualtrics webpage. The
survey consisted of 21 questions and was meant to capture demo-
graphics, reproductive knowledge (pathophysiology of infertility in
CF and options for conception), preferences on reproductive educa-
tion, and current conception practices (full questionnaire provided
in Appendix A). Questions regarding preferences were scored on
the Likert scale, confidence regarding reproductive knowledge was
assessed using percentages, and free text response was used to
assess personal experiences.

Statistical Analysis

Statistical analysis was performed on SAS Studio Software, version
5.2. Descriptive statistics were calculated for respondents’ demo-
graphics, preferences, and attitudes and presented as percentanges.
Continuous variables were presented either as mean + standard
deviation or medians and interquartile ranges in accordance with
the data distribution.

Results

Demographics

A total of 41 participants started the survey (median age of 36 +
14 years, with 1 respondent withdrawing from the survey before
completion. An overwhelming majority of survey takers identified
as Caucasian (80.5%) and non-Hispanic (69%). The highest level of
education varied variably between high school level education to
doctorate level, with the most common being a bachelor’s degree
(29.3%). Insurance coverage included a wide range of options, with
the most common options being employer-based plan, Medicare,
and private plans. Most participants in the study were either married
(45.0%) or single (37.5%), while smaller proportions of individuals
reported being divorced (12.5%) or widowed (5.0%). The larger part
of participants (57.5%) reported not having children, while smaller
proportions indicated being a parent to a child that is not biologi-
cally theirs (7.5%), having biological children (30.0%), or having
adopted a child (5.0%). This is due to both men and women partici-
pating in our survey. Survey responder demographics are outlined
inTable 1.

Cystic Fibrosis-Related Reproductive Education

When asked to rate their level of confidence in their knowledge of
how CF impacts fertility, on a percentage scale ranging from 0 to
100%, participants averaged 79% =+ 26.9%.
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Table 1. Study Demographics of Survey Participants

Total
(n=41)
Age (mean + 36+ 14.2
STD) [years]’
Race White 33(80.5%)
Black 3(7.3%)
Other 5(12.2%)
Ethnicity Hispanic/Latino 13 (31.7%)
Non-Hispanic/non-Latino 28 (68.3%)
Highest High school graduate 5(12.2%)
educational Some college 9 (22%)
level Associate’s degree 5(12.2%)
Bachelor’s degree 12 (29.3%)
Master’s degree or professional degree 8 (19.5%)
Doctorate degree 2 (4.8%)
Insurance Private plan 9 (22%)
coverage Employer plan 14 (34.2%)
Medicare 10 (24.4%)
Medigap 1 (2.4%)
Medicaid 6 (14.6%)
Military 1(2.4%)
Relationship Single 15 (37.5%)
status Married 18 (45.0%)
Divorced 5(12.5%)
Widowed 2 (5.0%)
Parental status  No children 23 (57.5%)
| parent a child that is not mine 3(7.5%)
| have biological children 12 (30.0%)
| have adopted a child 2 (5.0%)

Seventy-five percent of patients correctly identified the vas deferens
as the site of anomaly, leading to infertility in men with CF.

Preferences on Fertility and Reproductive Health Education

The median age that participants first became aware of fertility issues
associated with CF was 18 years (quartile range 11 years). The break-
down of where the participant first learned about infertility varied
between the healthcare team (33%), media (18%) and parents or fam-
ily members (13%). One participant reported learned about it while
taking the survey. Half of the participants (50%) said 18-24 years old
is the best time to counsel CF patients on reproductive health and
infertility, while 43% said they would prefer this to be done at an age
younger than 18 years old. Upwards of three-fourths of survey tak-
ers (77%) regarded the inclusion of sexual and reproductive health
knowledge within the CF treatment plan as “extremely important” or
“very important,” the remaining 23% identified with “moderately” or
“slightly” important.

Fertility Data

When asked about future conception preferences, 53% of partici-
pants said “No, they do not want to conceive.” Of the patients who
are currently trying to conceive, 43% have been trying for 1-3 years.
However, an overwhelming majority of these individuals (69%)
struggling with fertility and conception have yet to be offered a
semen analysis by their provider. Most importantly, 90% of all our
respondents report not having undergone any fertility treatments
previously.
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Discussion

In addition to the well-known impacts of CF on the lungs and gastro-
intestinal system, infertility remains a common phenotype of patients
with CFTR mutations. In men, a hallmark of the disease is CBAVD
resulting in obstructive azoospermia and male infertility. While this
is a well-established fact and well known to medical providers, we
aimed to identify if this information is properly conveyed to patients
with CF and if so at what age. Moreover, we aimed to understand if
the subject of infertility and treatment options has been revisited in
adulthood, if desired. The identification of gaps or latency in fertil-
ity education, treatment, and procedure availability creates a unique
opportunity to develop streamlined communication between
patients, partners, CF care teams, and fertility specialists.

To assess patient preferences and knowledge of CF-specific repro-
ductive literacy, we conducted one of the largest cross-sectional
assessments to date including 41 patients with CF. While the median
age that our cohort learned about infertility secondary to CF was
18 years old, 1 patient reported learning about the impact of CF on
fertility through participation in this study. When queried about the
“ideal” age for teaching patients about the role of CFTR mutation on
fertility, the majority (93%) of respondents noted it should be before
age 24.This is consistent with the work of Hailey et al® who surveyed
20 adults with CF about pursuing parenthood and reported that the
majority of patients stated the appropriate window for education
would be in the “mid to late teenage” years.

Of the small fraction of our patients who are currently attempting
to conceive (20%), nearly half have been attempting pregnancy for
1-3 years, qualifying themselves as a couple experiencing infertil-
ity.'° Yet, only 31% of patients interested in achieving paternity had
been offered a semen analysis. Previous work showed that male CF
patients desired to be offered an initial semen analysis in late ado-
lescence.”? And only 10% have undergone previous fertility treat-
ments. The lack of fertility work-up and consideration for fertility
treatment may reflect the archaic notion that patients with chronic
diseases such as CF are not interested in conception or parenthood."

The findings in our study are consistent with other work which has
shown that patients with CF believe that the inclusion of repro-
ductive healthcare into their treatment plan is important.”*'® The
median age of infertility education was 18 years; however, the cur-
rent median age of survey respondents is 36 years (quartile range of
14). Since participants voluntarily chose to participate in our survey
years after they report learning about the fertility implications of CF
and continue to report that reproductive education is of high impor-
tance, it appears that sexual and reproductive health concerns are
truly an important part of improving the quality of life of patients.
While we do not know how important they regarded their fertility at
the time of education, we do know that at this point in time a frac-
tion of our survey respondents will attempt to conceive. This under-
scores the need for sustained and continued communication with CF
patients through different phases of life with multidisciplinary pro-
viders so that reproductive and fertility education can be tailored to
that phase of life.

A novel finding of our study was that patients surveyed were knowl-
edgeable and self-confident about CF-related reproductive abnor-
malities. We found that 75% of patients correctly identified the vas
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deferens as the site of anomaly leading to infertility in men with
CF. Additionally, patients reported a high level of self-confidence
with 79% feeling confident in their knowledge of the limitations on
their reproductive abilities. This finding suggests that despite some
patients learning of their fertility potential in a delayed fashion,
patients are adequately educated about the details of their condition
in regard to fertility. Despite this knowledge, we found that 20% of
survey respondents were actively trying to conceive or were inter-
ested in conceiving in the future. Underlying the concept, that while
patients with CF understand their lowered reproductive potential, a
portion of CF patients continue to desire conception with their part-
ners. Offering the opportunity and need to educate this subsect of CF
patients about assisted reproductive techniques would make repro-
duction possible.

Our study is not without limitations. This was a single-center, cross-
sectional study. Due to the nature of surveying both sexes, the expe-
riences may not be generalizable to the greater male CF patient
population. Therefore, multi-institutional studies are needed in the
future to confirm the results of this study. Another important limita-
tion of this study is the possibility of recall bias with retrospective
questions about fertility education. Finally, we did not ask about
urologic conditions or sexual health concerns besides fertility in this
population. Given the diverse impacts of CF mutations on the geni-
tourinary system, we may have missed an opportunity to learn about
educational practices and desires from patients who have sexual and
reproductive health concerns aside from fertility. Despite these limi-
tations, this survey represents a large study of the fertility and educa-
tional desires of patients. With CF patients living longer and healthier
lives with CFTR modulators, there is a growing need for continued
discussion about infertility diagnosis and treatment options for CF
patients who desire to conceive via assisted reproductive techniques.
This work is an important step toward providing optimal, patient-
centric care and the development of care that matches the wishes
of patients.
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