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Abstract

Cystic Fibrosis (CF) is a genetic disease caused by mutations in the cystic fibrosis transmembrane 

conductance regulator (CFTR) protein. Due to the distribution of the CFTR protein, CF presents 

with a heterogeneous phenotype. Men with CF may present with infertility due to congenital 

abnormalities of the vas deferens. In addition, they may experience testosterone deficiency. Today, 

they can father biological children with assisted reproductive technologies. We reviewed the 

current literature on the pathophysiology of these conditions, describe interventions that allow men 

with CF to conceive biological children, and provide recommendations for management of CF 

patients with reproductive health concerns.
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Introduction

Cystic Fibrosis (CF) is a genetic condition that is characterized by a mutation in the cystic 

fibrosis transmembrane conductance regulator (CFTR) gene located on chromosome 7.1 

CFTR plays a crucial role in regulating secretion viscosities in several organs including 

the lungs, pancreas, liver, and reproductive organs which leads to a variety of clinical 

manifestations, including pulmonary disease, pancreatitis, and infertility.1 According to the 

Cystic Fibrosis Foundation, there are close to 40,000 CF patients in the United States and 

1000 new cases each year.2 The life expectancy of CF patients has risen from 32 years 

old in the 1990s to 46 years old or more in 2020 with the use of new therapies such as 

CFTR modulator drugs.3 As patients are living longer, improving their quality of life and 

reproductive potential has now become a more pressing concern for patients, their families, 

and their physicians. The majority of CF patients face infertility due to obstructive causes, 

mainly from congenital absence of the vas deferens (CAVD - CBAVD when bilateral and 

CUAVD when unilateral).4 Here, we aim to describe the impact of CF on male infertility and 

hypogonadism, outline recent advances in management that can be utilized to deliver high-

quality care in CF sexual and reproductive health, and provide recommendations for optimal 

management of the sexual and reproductive concerns in this population. In this article, we 

focus solely on those with a CF phenotype to increase awareness of the broader reproductive 

and sexual health concerns in this population besides the well-described sequelae of the 

disease of infertility.

Pathophysiology of Infertility in Men with Cystic Fibrosis

Infertility in men with cystic fibrosis (CF) is almost universal, with around 98% of the 

male CF population presenting with some form of male factor infertility.4,5 This is most 

commonly due to obstructive azoospermia (OA), where blockage of the vas deferens 

prevents sperm from passing out of the body during the process of ejaculation regardless 

of normal sperm production.6 While the absence of vas deferens bilaterally is the principal 

identifiable cause of infertility in men with CF, it is not the only gross anatomical male 

reproductive tract abnormality associated with disease as defects in other mesonephric 

duct derivatives may be seen alongside CBAVD, such as absence of the seminal vesicles 

and epididymis (Figure 1).6 Functionally, these present as reduced ejaculate volume (<1 

mL), acidic semen pH, undetectable or low fructose concentrations (normal: >25 μM), and 

reduced α-glucosidase and carnitine concentrations.7,8

The relationship between CFTR mutations and CBAVD is not entirely consistent across 

various studies, possibly due to differences in scanning methods and ethnic disparities.9 

However, recent research confirmed that isolated CBAVD (iCBAVD) shares a common 

genetic origin with CF, with F508del, 5T, and R117H being the most frequently observed 

mutations.10 In a meta-analysis by Yu et al., it was found that 78% of CBAVD patients had 
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at least one CFTR gene mutation, with 46% having two mutations and 28% having only 

one.10 Attardo et al. proposed that men with CBAVD should be considered carriers of at 

least one CFTR gene mutation, unless the entire gene has been analyzed and mutations have 

been excluded.5

Recent developments in our understanding of the tissue specific expression and regulation 

of CFTR have provided insight as to why CAVD is so widespread in men with CF. Post 

transcriptional modification of mRNA, such as alternative splicing, are less efficient in the 

vas deferens epithelia than in respiratory epithelia or other organ system tissues commonly 

affected in CF which potentially explains the subgroup of men carrying CFTR mutations 

whose only clinical manifestation is CBAVD.11 There exist two prevailing theories on 

how altered CFTR functions lead to abnormalities of the male reproductive tract: first, of 

agenesis, and second, of degeneration.

Theory of Disorder of Embryogenesis

The first theory is that of agenesis, where an early disorder of organogenesis leads to 

an absence of vas deferens development and disturbance in the development of other 

mesonephric derivatives.6 This is supported by the significant proportion of men with 

CAVD also having renal agenesis which is most frequently seen in men with CUAVD and 

concurrent renal abnormalities.9 More specifically, it has been proposed that in individuals 

with CAVD, a single mesonephric duct defect was produced before, or at the time of, 

the formation of the ureteral bud during fetal development leading to CUAVD and renal 

agenesis on the same side.6,9 This hypothesis is opposed by recent investigation, and less 

commonly cited as a possible cause of CAVD in CF. Arguments against this hypothesis 

include the low proportion of CFTR variant carrying patients with CAVD without renal 

agenesis. Additional support against this theory is the discovery that male fetuses with CF of 

gestational ages 12–22 weeks had morphologically normal reproductive tracts.12

Theory of Degeneration

The hypothesis of a degenerative process leading to CAVD has become a common and more 

popular theory to explain the CBAVD in men with CF. Believed to be related to a CFTR 

mutation induced loss of water-ion-PH homeostasis across the intraluminal epithelium of 

the vas deferens and epididymis, a gradual increase in the viscosity of the luminal fluid 

in utero leads to thickened mucous that cannot pass through the developing vas deferens.9 

This impassable mucosal state leaves the lumen obstructed which is believed to induce 

progressive involution of the developing vas deferens.6,7,13 In addition to an increase in the 

fluid viscosity and slower flow rate in a coiled epididymis lumen, the observations of CF 

male fetuses with a normal-looking tract suggest that CF CAVD is not due to the complete 

absence of the vas deferens, but rather a pathophysiological process that begins in the second 

or third trimester of pregnancy and continues after birth.9

With the advent of new genetic and animal studies, support for this hypothesis as the 

cause of CBAVD in CF patients has increased. For example, Murine CFTR knockouts have 

demonstrated diminished levels of Wnt9b gene expression and ZO-1–associated nucleic acid 

binding proteins, both of which play a role in normal differentiation of the vas deferens.14,15 
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Research has revealed that neonatal rats without CFTR gene expression exhibit notable 

structural changes in certain segments of their epididymal duct and vas deferens.16 These 

changes include incomplete development of the periductal smooth muscle and irregularities 

in the surrounding epithelium.16 In the animal model, these conditions worsen quickly after 

birth, resulting in an underdeveloped epididymis and collapsed vas deferens.16 Eventually, 

the vas deferens disappears or becomes atretic in fully mature CFTR knockout rats.9 

Additionally, a strong association between CBAVD and altered CFTR and SLC9A3 (a NaCl/

HCO3- exchanger key in maintaining the pH and ion gradient in conjunction with CFTR in 

the vas deferens) suggests a potential molecular interplay.14 Further, SLC9A3 expression has 

been shown to be dependent on CFTR expression, which means that in tissues deficient in 

functional CFTR there may also be a deficiency of this exchanger.15

Despite recent evolution in our understanding of why the vas deferens are almost universally 

absent in CF, the true causal pathologic process remains unproven. Though current evidence 

favors the theory of a degenerative process, there is also evidence to support that luminal 

obstruction alone may not explain it in its entirety and the reality may lie in some 

combination of the two prevailing theories.

Abnormalities in Spermatogenesis

Infertility amongst individuals with CF may be more complicated than just the previously 

described anomalies of the vas deferens as CFTR has also been shown to play a 

role in spermatogenesis.17 However, the relationship between CFTR mutations and 

spermatogenesis or sperm function has been a subject of controversy in the field.7 Recent 

research has shown that CFTR protein is involved in multiple processes beyond ion 

transport, including spermatogenesis and sperm capacitation, and may impact various 

reproductive processes through different signaling pathways.7 While the majority of men do 

appear to have normal spermatogenesis, some studies find that during sperm retrieval men 

with CF have lower sperm concentration, decreased sperm motility, decreased bicarbonate 

sensitivity, and ultimately lower fertilization rates.18 Van der Ven et al demonstrated that 

among a group of 127 unrelated males, CF variant carrying men were more likely to 

demonstrate infertility or subfertility on semen analysis including 14.3% of men with at least 

one CF mutation presenting with azoospermia.19 An additional study of 93 men with CF 

phenotype showed varied qualitative and quantitative defects.

Hypogonadism in Men with CF

Hypogonadism, or the decreased production of sex hormones such as testosterone (T), 

is a common problem in men with CF.20 The prevalence of low T in men with CF is 

still uncertain, but is reported to be 25%–88% of men with CF which is higher than 

the prevalence of low T in the general population estimated to be 2.1–12.8%.20,21 T is 

the primary male sex hormone, and its deficiency can cause a range of physical and 

psychological symptoms such as low libido, erectile dysfunction, decreased muscle mass 

and bone density, low energy levels, and cognitive and mood changes.6 In CF, low T can 

occur due to a variety of factors, including hypergonadotropic hypogonadism caused by 

chronic inflammation or scarring of the testes or hypogonadotropic hypogonadism caused 

by a lack of maturation of the hypothalamic-pituitary-gonadal (HPG) axis. In CF men, 
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this HPG axis dysfunction may result from chronic disease and low body fat.22 Moreover, 

certain medications used to treat CF, such as glucocorticoids, can interfere with steroid 

hormone production.6

Testosterone plays a crucial role in muscle development and maintenance, and low levels 

can lead to decreased muscle mass and strength. In CF patients who are already at 

risk of osteoporosis and muscle wasting, low T can exacerbate these musculoskeletal 

complications. According to clinical guidelines, the Cystic Fibrosis Foundation recommends 

considering screening for hypogonadism after a DXA scan Z-score is found to be between 

−1 and −2.3,23A low Bone Mineral Density (BMD) score (less than or equal to −2.0 standard 

deviations below mean using Dual-energy x-ray absorptiometry (DXA)) has been found 

in 9%–32% of children and adolescents with CF which increases their susceptibility to 

fractures, disability, and pain.24 A cross-sectional study conducted by Leifke et al. excluding 

those taking glucocorticoids, concluded that low testosterone was significantly correlated 

with low BMD (r=0.32; P<0.05) in CF males.20 Despite this, in our anecdotal experience 

we find that few CF men are offered testing for low T or offered referral to a specialist for 

further management of the sequelae of low T.

In the general population, testosterone replacement therapy (TRT) in hypogonadal men has 

been shown to be an effective treatment option for men with hypogonadism. TRT has been 

found to significantly improve libido, erectile function, sexual satisfaction, and increase 

muscle bone density, and decrease the risk of osteoporosis, leading to improved physical 

performance and decreased risk of falls and fractures.25 However, there is a lack of studies 

regarding benefits of TRT in CF males. Therefore, Cystic Fibrosis Foundation makes an 

emphasis on the importance of individualized therapy and personalized treatment plans that 

are tailored to the unique needs and goals of each individual.3

It is important to note the negative impacts that TT can have on sperm production including 

leading to azoospermia, therefore, cryopreservation of sperm may be a suitable option for 

men with CF and low testosterone (T) who may want to have children in the future but 

begin treatment with TT.26 Additional treatment options for patients desiring of fertility 

may include clomiphene citrate, enclomiphene citrate, or human chorionic gonadotropin 

(hCG).27,28 These management options remain off-label uses of these medications and 

require an in depth discussion about their use in this population with a physician trained in 

the field.

ART for Men with Cystic Fibrosis

Assisted Reproductive Technology (ART) has been a long-standing form of fertility 

treatment for those unable to conceive naturally. In vitro fertilization (IVF) allows 

conception to occur in the laboratory with an embryo then being implanted into the uterus. 

The advent of Intracytoplasmic Sperm Injection (ICSI), involving injection of a single sperm 

into an egg, delivered an alternative to conventional IVF, in which multiple sperm and 

an egg are incubated.29 Thus, men with CF who cannot conceive naturally have multiple 

options to achieve pregnancy.
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Procedures for Sperm Retrieval

Four methods exist for sperm retrieval in men with CF shown in Table 1.30 It is important 

to note that the source of sperm (epididymal vs testicular) does not impact ART outcomes, 

and both can be used for IVF and ICSI in CF patients.31 In cases of CBAVD where only the 

caput of the epididymis is present, the limited space available for extraction must be taken 

into consideration. TESE in combination with ICSI has expanded the options available to 

infertility providers serving couples with CBAVD, and therefore may be a suitable option 

for men with CF who present with an atretic epidydimis.32 Overall, the choice of sperm 

retrieval method in CBAVD patients depends on various factors such as cost, availability 

of expertise, patient preference, and clinical indications.33 As mentioned previously, sperm 

cryopreservation may be an option for men with CF with low T, therefore the ideal method 

of sperm extraction must come from a comprehensive and patient-centered discussion based 

on each individual’s goals of care.

A retrospective study conducted by McCallum et al. investigated the outcomes of MESA 

(Microepidydimal Sperm Aspiration) in men with the F508del CFTR mutation. The authors 

reported a fertilization rate of 75% and a live birth rate per cycle of 43.75%.34 These 

results were corroborated by Persily et al who showed that MESA can be effective for men 

with CBAVD with fertilization and embryo transfer in 90% of cases, ongoing or delivered 

pregnancy rate of 46% per transfer and 42% per cycle, and live-birth rates of 53%.32 

Additionally, a study of 23 men with CF who underwent sperm retrieval and IVF/ICSI found 

similar pregnancy per cycle, overall pregnancy, and live-birth rates (40%, 63%, and 47% 

respectively).17 These findings suggest that these techniques can be effective options for 

men with CBAVD and CF.32,35 Importantly, preimplantation testing of genetic conditions 

such as CF during the 8-cell stage is often recommended.36

Patient Provider Attitudes Regarding ART in Men with CF

Establishing a relationship between men with CF, their partners, and their providers is a 

necessary fundamental in providing the proper conversation about fertility. A systematic 

review reported reduced fertility awareness among men with CF and suggested that 

educational intervention is necessary.37 In particular, the mental health of men with CF 

is adversely affected by their concerns on CF associated infertility.38 A recent study that 

measured the impact of genetic counseling on the knowledge and perception of ART in 

CF participants indicated that low knowledge levels of ART exist within the population.39 

This highlights that potential barriers exist for CF patients such as provider expertise 

and discourse surrounding sexual and reproductive health. Despite high importance to CF 

patients, they report feeling that their reproductive health concerns are of low importance 

during CF team visits perhaps due to provider discomfort or lack of knowledge of 

reproductive and sexual health topics and the traditional focus on pulmonary function and 

longevity rather than comprehensive care within these teams.38 Investigation of provider 

attitudes and perception of CF in urology teams may also be of importance in achieving 

comprehensive care for men with CF.

Campbell et al. Page 6

Urology. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Urologist Recommendations for Management of Male Sexual and Reproductive Health 
Concerns in Men with CF

Given the increasing life expectancy of men with CF, we recommend referral of all adult 

men with CF to a urologist with expertise in sexual medicine and infertility for evaluation. 

To accomplish this, we recommend that CF care teams briefly discuss reproductive and 

sexual health concerns at each visit beginning in puberty through a brief questionnaire. 

This is especially important in patients who demonstrate a change in functional status 

that may reflect the sequelae of low T. Since there currently are no studies describing the 

optimal management of men with CF desiring fertility who are found to be hypogonadal 

and, given the nuances of individualized medical management of hormone deficiencies 

including alternatives to TT in this population, prompt referral to a urologist specializing in 

these topics is of high importance. Further, we recommend providing online resources and 

educational materials about the sexual and reproductive health concerns in CF team offices 

so that patients and their families can fully understand their options.

Conclusions

Here, we presented a review of the sexual and reproductive health concerns for patients with 

CF. With the advent of new treatments for CF, patients are living into adulthood, able to 

focus more on their overall quality of life and are considering their sexual and reproductive 

function. CF has numerous impacts on male sexual and reproductive health. Most well-

known is the congenital absence of vas deferens leading to obstructive azoospermia, but 

patients with CF may also experience hypogonadism both of which may prevent these 

patients from conceiving naturally. Despite success with assisted reproductive technology 

to allow these patients to have biological children, there is work to be done to maximize 

collaboration between reproductive physicians and CF care teams to help CF patients reach 

their fertility and reproductive health goals.
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Figure 1. 
Impact of CF variants on the male reproductive system with black text indicating normal 

function and red text indicating pathophysiology. Adapted from Bieth et al 2021.
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Table 1.

Sperm extraction options for men with CF. Images courtesy of Ranjith Ramasamy, MD.

Technique Surgical 
Approach

Source Advantages Disadvantages Suitable 
for CF 
Patients

Photograph of Technique

Percutaneous 
Epididymal Sperm 
Aspiration (PESA)

Percutaneous Epididymis Outpatient 
procedure with local 
anesthesia Rapid 
patient recovery

25% unsuccessful 
therefore requiring 
TESE or TESA

Yes

Testicular Sperm 
Aspiration (TESA)

Percutaneous Testicular Outpatient 
procedure with local 
anesthesia Rapid 
patient recovery

Minimal tissue 
obtained; usually 
insufficient for 
cryopreservation 
Lower motility than 
PESA

Yes

Testicular Sperm 
Extraction (TESE)

Open Testicular Highest yield in OA 
Large volume of 
sperm suitable for 
cryopreservation

Invasive Requires 
general anesthesia 
May require 
microsurgical 
training and 
microscope (micro-
TESE)

Yes
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Technique Surgical 
Approach

Source Advantages Disadvantages Suitable 
for CF 
Patients

Photograph of Technique

Microepididymal 
Sperm Aspiration 
(MESA)

Open Epididymis High yield in OA 
Large volume of 
sperm suitable for 
cryopreservation

Invasive Requires 
general anesthesia 
Requires 
microsurgical 
training and 
microscope

Yes
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