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Abstract

Background: Females with cystic fibrosis (fwCF) are at increased risk of urinary incontinence
(Ul), likely due to chronic coughing and elevated intra-abdominal pressure. Prevalence rates
reported in the literature vary widely, and no large multicenter study has been carried out

to date.

Objective: To estimate the prevalence and severity of Ul in fwCF and to investigate clinical
variables associated with Ul.

Design: A multicenter, cross-sectional study conducted across 21 Italian CF centers.
Methods: Ul prevalence and severity were assessed using two validated questionnaires. A
multivariable fractional polynomial approach was used to select variables for inclusion in the
final logistic regression model to identify relevant associations with Ul.

Results: Ul was present in 218/542 females (40.2%, 95% Confidence Interval (Cl): 36.1-44.5).
Among children and adolescents, the prevalence was 12/160 (7.5%, 95% ClI: 4.1-13), whereas
among adults it was 206/382 (53.9%, 95% Cl: 48.8-59). FwCF with Ul showed a BM| of 0.2 Z
score higher (95% Cl: 0.1-0.4) than fwCF without Ul; however, the overall prevalence of Ul in
fwCF overweight was 41% (95% Cl: 30.2-52.7) compared to 40.1% (95%Cl: 35.6-44.7) in fwCF
with normal weight. Age (interquartile range-odds ratio (IQR-0R) 4.19, 95% CI: 2.80-6.28),

days of hospitalization (IQR-0R 1.72, 95% Cl: 1.42-2.08), and physical activity (OR 0.66, 95% Cl:

0.53-0.82) were the only factors statistically associated with Ul.

Conclusion: Ul affects mostly adult fwCF and is associated with older age and longer
hospitalization. Physical activity of =150 min per week was also associated with a reduced
probability of Ul.

Plain language summary

How Age, Hospitalizations, and Physical Activity Are Linked to Urinary Incontinence in
People with Cystic Fibrosis

This study looked at how common urinary incontinence (Ul) is among females with cystic
fibrosis (fwCF] in Italy, and what factors might be linked to it. Ul is thought to be more
common in fwCF because of frequent coughing and pressure in the belly. Researchers
collected data from 21 cystic fibrosis centers using two questionnaires. A total of 542
females took part. They found that 40% of fwCF had Ul. It was much more common in adults
(54%) than in children and teens (7.5%). Women with Ul had slightly higher body mass
index (BMI), but being overweight didn’t seem to increase the risk compared to those with
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normal weight. The study found that three factors were strongly linked to Ul: being older,
spending more days in the hospital, and doing less physical activity. Interestingly, women
who exercised more than 150 minutes per week had a lower risk of Ul. This suggests that
staying physically active might help prevent or reduce urinary problems in females with
cystic fibrosis. In summary, urinary incontinence is common among adult females with
cystic fibrosis and is linked to age and time spent in the hospital. Regular physical activity

appears to offer some protection.
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Background

Over the past decade, significant progress in the
early diagnosis of cystic fibrosis (CF) has enabled
timely treatment, regular multidisciplinary fol-
low-up, and more effective therapeutic strate-
gies.! As life expectancy continues to improve,?
new and previously overlooked health issues—
such as urinary incontinence (UI)—are increas-
ingly being identified. Nearly two decades ago,
Ul was first acknowledged as a complication of
chronic obstructive lung disease.?> Many patients
often describe UI as a source of embarrassment
or shame, and in severe cases, it may result in self-
isolation, depression, and limitations in physical
and social activities,* ultimately affecting both
quality of life and lung health.

Individuals with CF are at increased risk of devel-
oping Ul largely due to repeated coughing and
other factors that elevate pressure on the pelvic
floor.® Altered respiratory mechanisms and
abnormal posture may also cause imbalance
within the muscles of the pelvic floor, thereby
compromising continence.>” Despite the pres-
ence of several studies regarding Ul in patients
with CF, broad variation in its prevalence is
reported in both adults and adolescents.>#12 In
general, Ul prevails in 30%-76% of women and
between 19% and 49% in girls with CF.3 Due to
the considerable social and psychological impact
of UI on lifestyle,!3 we aimed to determine the
prevalence of Ul in the Italian female CF popula-
tion by means of two validated instruments to
screen urinary incontinence in children and
adults. The secondary objective was to assess the
association between Ul and features of CF
disease.

Subjects and methods

A cross-sectional multicentric study was con-
ducted from August 2019 to March 2023 within
the network of the Specialty Physiotherapy Group
of the Italian CF Society. A preliminary survey was
conducted to investigate the willingness of Italian
CF centers to join the project and estimate the
most likely number of females with CF (fwCF) in
Italy. Out of 31 Italian centers, 21 participated in
the study, collectively managing 1595 fwCF
according to a preliminary query of the participat-
ing centers. Assuming a prevalence of UI of
approximately 40% among Italian fwCF,>12 a
sample size of 576 females was necessary to esti-
mate prevalence with an 8% margin of error. The
31% of children aged 6-17years old were propor-
tionally recruited from each participating center
according to the number of eligible children, and
the same approach was adopted for the 69% of
adult females. For instance, if a center had 108
children and 85 adult females available, respec-
tively, 39 children and 31 adults were randomly
invited to adhere to the study. Randomization was
ensured by the statistical staff, who generated a
randomization list of pseudonymized identification
codes (provided by the centers) using random.org,
and then returned the list to the centers.

Female patients regularly attending Italian
regional reference CF centers, aged = 6 years and
with a confirmed diagnosis of CF (CF Trans-
membrane conductance Regulator, CFTR muta-
tions and/or positive sweat test) were invited to
participate. We excluded fwCF with neurological
disorders or cognitive impairments. Eligible indi-
viduals and their parents were approached at a
routine outpatient visit to participate in the study.
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Ethics approval was obtained from the local eth-
ics committee (Milano Area B — number
2019/717), and parental and/or patient informed
consent was obtained before study procedures.
The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement
(Supplemental Material).14

Demographic and clinical information for each
participant was obtained from existing electronic
medical records. Collected data included the num-
ber of urinary tract infections in the past 12 months,
presence of constipation, age at menarche, total
days of hospitalization due to respiratory exacerba-
tions in the previous 12months, and history of
gynecological surgeries. Additionally, the presence
of cystic fibrosis-related diabetes (CFRD) and use
of Percutaneous Endoscopic Gastrostomy (PEG)
were recorded. The body mass index (BMI) of
fwCF was calculated and transformed into a Z
score using Italian growth reference curves.!> We
also calculated triponderal mass index (TMI), as
kilograms divided by meters cubed, as an estimate
of body fat percentage.!® Overweight was defined
as a BMI >24.9kg/m? in fwCF aged 20years or as
BMI Z score >1 in fwCF aged <20years; we also
considered overweight fwCF aged between 7 and
18years old with TMI =14.6kg/m3.17 Forced
Expiratory Volume in 1second (FEV,) was con-
verted in Z score and considered in the normal
range if above the —1.64 Z score (lower limit of
normal (LLN) at 5th centile). We considered the
closest lung function data available to the date of
questionnaire administration. Information about
physical activity was dichotomized according to
the amount of time spent in self-report moderate-
intense activities in a week, using 150min as a
cut-off.18

Questionnaires

Prevalence, severity, and impact of Ul were
assessed by means of two validated question-
naires, taking few minutes to be filled. For chil-
dren and adolescents aged 6-18years, we used
the International Consultation on Incontinence
Questionnaire (ICIQ), specifically designed for
pediatric Lower Urinary Tract Symptoms
(CLUTS). Parents of children aged 6-9years old
filled in the same questionnaire.!® Adult females
were administered the ICIQ short form (SF),
which returns four severity levels based on the
total score: slight (1-5), moderate (6—12), severe

(13-18), and very severe (19-21).20 These ques-
tionnaires, recommended by the International
Consultation on Incontinence and available in
Italian, are used to evaluate the prevalence of Ul
in a specific patient population.?! In this study,
UI was defined as the involuntary loss of urine, in
accordance with the International Classification
of Diseases.22 Thus, in this cohort, UI was identi-
fied by an ICIQ-SF SCORE =1 or any response
other than never to items 4 and 5 of the ICIQ-
CLUTS. Physiotherapists at each participating
center were responsible for collecting and record-
ing clinical data in the electronic records through-
out the study.

Statistical analysis

Variables were summarized by mean and *1
standard deviation (SD). Overall prevalence of
UI was reported as a proportion with a 95% con-
fidence interval (CI). To describe the proportion
of fwCF across age groups—defined using 10
quantiles—we computed bias-corrected 95% CI
based on 5000 bootstrap samples. The difference
between continent versus incontinent fwCF was
tested by the Fisher exact test for categorical vari-
ables or by the Wilcoxon rank-sum test for con-
tinuous ones. We used logistic regression to assess
the probability of UI in fwCF. We included age,
BMI and FEV, Z score, number of days of hospi-
talization as continuous covariates, presence of
chronic Pseudomonas aeruginosa and Burkholderia
cepacia infection, pancreatic insufficiency, CFRD,
gynecological surgery, presence of constipation,
parity (nulliparous vs multiparous) and use of
antibiotics for urinary tract infections as dichoto-
mous variables and genotype (F508del homozy-
gous, F508del heterozygous or other alleles) as
categorical variable. We implemented the multi-
variable fractional polynomial approach to select
variables for inclusion in the final model and
identify the best-fitting functional form for con-
tinuous variables.??> Possible interactions were
tested using a likelihood ratio test and the model
with the lowest Akaike information criterion
(AIC) was reported. To account for potential cor-
relation within centers, we re-computed the vari-
ance-covariance matrix with a clustered data
approach. This adjustment allowed us to com-
pute robust standard errors. To mitigate potential
distortion from outliers,?* we examined influen-
tial points in the models and excluded 25 obser-
vations with leverage exceeding twice the mean.
These observations corresponded to fwCF with
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Figure 1. Map of Italy with proportion of females with
CF in each Italian CF center contributing to the study.
CF, cystic fibrosis.

more than 52days of hospitalization, and twelve
of them did not have Ul. Model estimates are
presented either as odds ratio (OR) or probabili-
ties with 95% CI. Model validation was assessed
with 200 bootstraps, summarized as Somer’s D
and shrinkage indices optimism-corrected.

All statistical tests were two-sided and p<<0.05
was considered statistically significant. All analy-
ses were performed using the R Core Team,?>
version 4.4.1, with packages Hmisc, mfp, and
sandwich added.

Results

We were able to recruit 547 fwCF aged 6years or
older regularly followed up in 21/31 Italian CF
centers (Figure 1). Five questionnaires were
excluded due to unreliable completion, leaving
542 valid responses. The mean (SD) age was 28.5
(14.7) years, and 46.1% of fwCF (249/540) pre-
sented normal lung function, expressed as FEV,
above the LLN.

Ul was present in 218/542 (40.2%, 95% CI:
36.1-44.5) females and their age ranged between
6 and 73 years. Among children and adolescents,
the prevalence was 12/160 (7.5%, 95% CI: 4.1—
13), whereas among adults it was 206/382
(53.9%, 95% CI: 48.8-59). Table 1 shows demo-
graphic and clinical characteristics of the included
patients stratified by age and presence of UL
Figure 2 illustrates the point proportion of fwCF
with UI across each age group, highlighting a sig-
nificant shift as fwCF transitions into adulthood.

Compared to fwCF without U, females with Ul
were 10.7 years older (95% CI: 8.4-13) and pre-
sented with worse lung function, that is, 1.0 Z
score less than fwCF without UI (95%CI: —1.4 to
—0.7). They were more often colonized by CF
pathogens, and their disease phenotype more fre-
quently included CFRD (Table 2). In terms of
disease burden, they spent 5.9 days more in hospi-
tal (95% CI: 3.0-8.9) and underwent more often
to gynecological surgery. Women who had experi-
enced at least one pregnancy were more frequent
in the incontinent group (»p=0.002). Although a
higher proportion of vaginal delivery was observed
in the incontinent group, this difference did not
reach statistical significance (p=0.053).

Generally, a lower percentage of fwCF with Ul
(10.8% less) met the 150-min of physical activity
threshold (95% CI: 2.2-19.3). For the majority
of adult fwCF, the severity of UI was slight
(107/204, 52.5%), it was moderate in 75/204
(36.8%), and severe in 21/204 (10.3%).

By adopting TMI, we identified eight more chil-
dren as overweight, yielding 2/12 (16.7%) and
30/206 (14.6%) children and adult females, with
overweight and UI, respectively, compared to
19/148 (12.8%) and 27/176 (17%) with over-
weight without UI. Whereas fwCF with Ul shows
a BMI of 0.2 Z score higher (95% CI: 0.1-0.4)
than fwCF without U, the overall prevalence of
Ul in fwCF overweight is 41% (95% CI: 30.2—
52.7) compared to 40.1% (95% CI: 35.6-44.7)
in fwCF not overweight. In adult fwCF with Ul,
the severity of Ul and overweight did not show
evidence of association (p=0.306).

The logistic model, which included a first-degree
fractional polynomial transformation for age and
for days of hospitalization, along with physical
activity, was identified as the best-fitting model
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Figure 2. Proportion of females with CF and Ul across age groups (solid line). Shaded zones represent bias-
corrected bootstrapped 95% confidence intervals. Square brackets [ ] indicate that the boundary value is
included in the interval, while round brackets (] indicate that the boundary value is excluded.

(AIC 584.01). The probability of UI according to
age and physical activity is depicted in Figure 3.
The relationship between age and the probability
of Ul is nonlinear, with the effect of age being
more pronounced at younger ages and diminish-
ing as patients get older.

For fwCF aged between 17 and 40years old, rep-
resenting the 50% of the present sample, their
interquartile range-OR is 4.01 (95% CI: 2.71-
5.93), and probabilities to be Ul are 21.6% (95%
CI: 17.4-26.6) and 52.5% (95% CI: 44.2-60.7),
respectively, if they are involved in any physical
activity, which was found to decrease the odds of
UI by 0.66 (95% CI: 0.53-0.82). The effect of
physical activity on UI is not statistically signifi-
cant at different ages (p=0.4754) or varying
lengths of hospitalization (p=0.1703). Spending
7 days in hospital increased the odds of Ul by
1.34 (95% CI: 1.21-1.48). Somer’s D optimism-
corrected is 0.52, whereas the shrinkage factor
was 0.97, suggesting that the model has a moder-
ate level of predictive accuracy and minimal over-
fitting. Overall, the model will perform 2.6%
worse on new data.

Discussion

Ul affects approximately 40% of fwCF aged
6years and older in Italian CF centers, with the
majority being adult women experiencing mild
incontinence. On average, fwCF with Ul are

older and show the main features of classic CF
disease: worse lung function, chronic coloniza-
tion by P. aeruginosa, and presence of CFRD.
The factors associated with the presence of UI are
limited to older age, longer time spent in hospital,
and physical activity =150 min.

Our findings align with the prevalence of UI
reported in a few previous studies involving simi-
lar age groups.®® Blackwell et al. observed a 31%
prevalence in a cohort of 26 girls aged 5-18 years;
Prasad et al. reported a 33% prevalence among
51 girls aged 11-17years; and Nixon et al.26
found a 41% prevalence in a sample of 55 female
adolescents aged 12—19 years.

The first Italian study, conducted in 1999, found
that fwCF without UI had higher FEV, % pre-
dicted values.!®© Similarly, a smaller study,!?
observed that females with UI experienced more
severe respiratory impairment, characterized by
greater airflow obstruction. This finding is con-
sistent with our own study, where we also noted a
higher percentage of hospitalizations among fwCF
with UI. As recently reported,” the association
between respiratory impairment and Ul remains
inconsistent, and FEV, did not emerge as a sig-
nificant predictor of Ul in our final logistic model.
On the contrary, a longer hospital stay may signifi-
cantly increase the risk of Ul, largely due to
repeated episodes of elevated abdominal pressure
from coughing during pulmonary exacerbations.
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Table 2. Distribution of characteristics stratified by glucose tolerance.
Study variables CFRD Normal glucose p-Value
tolerance

N 109 433

ul 63 (58) 155 (36) <0.001
Age, years 34 (14) 27 (15) <0.001
FEV,, Z score, median (IQR) -2.85(-4.24,-1.59)  -1.62(-3.31,-0.32) <0.001

BMI, Z score, median (IQR) 0.00 (-0.86, 0.65) -0.14(-0.89, 0.62) 0.7
TMI (kg/m3) 13.4(1.9) 13.4 (2.2) 0.3
Pseudomonas aeruginosa chronic infection (%) 61 (56) 166 (39) 0.001
Burkholderia Cepacea chronic infection (%) 7 (6.4) 8(1.9) 0.019
Pancreatic insufficiency (%) 85 (79) 256 (62) <0.001
Physical activity =150" (%) 58 (53] 223 (52) 0.8
Gynecological surgery (%) 19 (18) 34 (8.1) 0.009
Gastrostomy in situ (%] - 3(0.7) 0.9
Constipation (%) 26 (24) 91 (21) 0.5
Hospitalization, at least one day/year (%) 64 (59) 160 (37) <0.001
Urinary tract infection* (%) 13 (12) 19 (4.4) 0.003
Pregnancy (%) 10 (9.3) 58 (13) 0.243
Types of delivery 0.709
Cesarean section (%) 4 (50) 23 (40)

Vaginal (%) 4 (50) 34 (60)

Values are expressed as absolute number (percentage) or mean (= 1 SD), if not otherwise specified.

*Urinary tract infection treated with antibiotics.

BMI, body mass index; CFRD, cystic fibrosis-related diabetes; FEV,, forced expiratory volume in the first second; TMI,

triponderal mass index; Ul, urinary incontinence.

Additionally, prolonged hospitalization reflects a
greater disease burden, often accompanied by
increased medication use, including oral and
intravenous antibiotics. Some of these antibiotics,
such as aminoglycosides and metronidazole, can
affect nerve function, while others, such as fluoro-
quinolones, may impact bladder function.
Therefore, regardless of lung disease severity, it
remains crucial to monitor for UI symptoms.

Physical activity (PA), commonly associated with
stress incontinence during high-impact activities
such as jumping, CrossFit, or gymnastics—

sports that involve vertical ground reaction
forces?”2%—was found to differ between fwCF
with and without UI in terms of self-reported
total PA. After variable selection, PA remained a
statistically significant protective factor associated
with Ul in the final logistic model, independent of
age and hospitalization days. This finding is
somewhat controversial, as PA is typically consid-
ered a risk factor for stress UL. Nonetheless, regu-
lar physical exercise improves overall muscle tone
and trophism, which may provide greater benefit
than no or insufficient activity. This could explain
why PA might lower the probability of developing
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Figure 3. Predicted probabilities of Ul according to fractional polynomial fitting. Bands are 95% confidence

intervals.

Ul, regardless of age. However, given the cross-
sectional design of this study, the association may
be vulnerable to reverse causation bias, as fwCF
with UI might reduce their engagement in PA
after symptom onset.30:31

Age was modeled as a non-linear function and
found to be associated with Ul In individuals of
15years of age, the probability of UI is 23%,
which is clinically relevant for pediatric CF cent-
ers. However, only 7 out of 124 (5.6%) fwCF
under 18years old in the current Italian cohort
experience U, and they tend to present with a
more severe CF phenotype. In older individuals,
the probability of Ul levels off, although it con-
tinues to increase at a slower rate. Thus, Ul is
not solely a consequence of disease severity,
where high pressure on the pelvic floor due to
coughing can cause micro-lesions in the pelvic
muscles, potentially leading to perineal neuro-
muscular damage and urinary leakage. Age also
plays a significant role, as muscle weakening
leads to a loss of strength and elasticity. In addi-
tion, hormonal changes—particularly after

menopause—contribute to the thinning and
weakening of pelvic tissues, reducing their sup-
portive function. These factors collectively
increase the risk of UL

In the present study, we also observed that, on
average, females with Ul maintained a normal
nutritional status. The BMI Z score was slightly
higher in females with CF and UI, though this
difference was not clinically relevant. Consistent
with previous studies, body mass in females with
and without UI does not appear to be associated
with Ul in individuals with CF.3:3233 Although a
positive association between UI prevalence and
obesity has been well documented in the general
population3*—Ilikely due to the relationship
between BMI, intra-abdominal, and intra-vesical
pressures—the proportion of patients with UI in
our sample was virtually identical between those
who were overweight and those who were not.
Importantly, focusing on BMI targets alone does
not provide a comprehensive assessment of nutri-
tional status.?> The imbalance between anabo-
lism and catabolism resulting from a negative
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energy balance, further exacerbated by chronic
inflammation, can lead to cachexia—a complex
metabolic syndrome characterized by the loss of
muscle mass, with or without fat mass deple-
tion.3® As a result, a normal-to-high BMI may
conceal severe muscle wasting, a condition known
as sarcopenia,3’” which may occur in advanced CF
disease.?% In this context, and given the role of
specific muscle groups—such as those in the ven-
trolateral wall involved in activities such as cough-
ing and speaking%3%—a normal or elevated BMI
does not necessarily rule out impaired muscle
performance. We also considered the TMI, an
index that more accurately reflects fat mass com-
pared to BMI. Using this index, we were able to
better identify fwCF who were classified as nor-
mal weight by BMI but overweight by TMI, lead-
ing to a higher detection of overweight and
children with UI (28.6%) compared to over-
weight children without UI (12.8%). However, in
adults, this trend was reversed, with a slightly
higher proportion of overweight women among
those without UI (16.1%) compared to those
with UI (14.6%), thus making BMI alone poorly
useful to understand UI in CF, at least in adults.

FwCF with CFRD had a higher prevalence of Ul
and generally had poorer lung function with more
frequent exacerbations and experienced more uri-
nary tract infections and gynecologic surgeries.
While the association between diabetes and U is
well documented outside of CF, the link between
CFRD and Ul remains unclear and may be con-
founded by disease severity, particularly through
inflammation. Inflammation contributes not only
to muscle mass loss but also to an overactive blad-
der, a known factor in UI.3° Moreover, inflamma-
tory mediators such as tumor necrosis factor-o—a
recognized risk factor for Ul in the elderly**—may
further exacerbate bladder dysfunction. Insulin
itself could also play a role, as its thirst-stimulat-
ing effects may lead to increased water intake and
retention, potentially placing additional stress on
the pelvic muscles.

Taken together, the previous Italian single-
center!? and this multicenter study show that Ul
is a highly relevant but often under-recognized
complication in fwCF. Both confirm that age is
the strongest risk factor, with prevalence rising
sharply as girls transition into adulthood and sta-
bilizing at around half of adult women affected.
Findings from the present study expand this pic-
ture, demonstrating that Ul is not merely an

age-related phenomenon but also reflects a higher
overall disease burden: women with UI had worse
lung function, were more frequently colonized by
CF pathogens, had more CFRD, and required
more hospitalizations. Lifestyle and reproductive
factors also mattered: lower PA levels and preg-
nancy history are factors that characterized
women with UI. Although most cases were mild,
over one-third were moderate and about 10%
severe, highlighting a clinically significant impact
on quality of life and daily functioning. Together,
these findings argue that Ul in CF should be
viewed as a multifactorial, clinically meaningful
complication—Ilinked not only to age but also to
disease severity, hospitalizations, reproductive
history, and modifiable behaviors. This supports
routine screening, early counseling, and integra-
tion of pelvic floor rehabilitation and activity pro-
motion into comprehensive CF care, especially
for adult women.

One final remark is that our study was conducted
before the introduction of highly effective CFTR
modulator therapy, specifically the elexacaftor—
tezacaftor—ivacaftor (ETI) combination, which
was approved in Europe in 2020 for patients with
at least one copy of the F508del mutation and
later expanded to other genotypes, now approved
for more than 90% of individuals with CF. ETI
therapy has brought unprecedented advance-
ments in CF disease management, significantly
improving lung function,*! nutritional status,
CFRD#243 and reducing the frequency of pulmo-
nary exacerbations. If urinary incontinence were
solely linked to coughing, which is frequently
cited in the literature as a contributing factor to
Ul—then we might expect that women in this
sample receiving modulator therapy could experi-
ence symptom improvement. However, to date,
no studies have investigated the prevalence of this
condition in the post-ETT era, making our study a
valuable baseline for future research.

Strengths and limitations

The questionnaires used in this study are the tools
recommended by the International Consultation
on Incontinence for screening UIl. These can be
easily self-completed during outpatient visits,
providing a discreet and approachable way to
address such an intimate topic. Furthermore, this
is the largest study on fwCF conducted in the CF
population, particularly within the Italian CF
community, offering a unique perspective on the
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health status of females with CF and highlighting
the importance of investigating Ul in individuals
with a chronic respiratory condition.

However, we faced some challenges in study man-
agement, primarily due to delays in enrollment and
the finalization of findings during the SARS-CoV-2
pandemic. Although we did not reach the target
sample size, we still covered the majority of CF
centers, representing 30% of Italian females with
CF under regular follow-up. Participants were
approached during routine outpatient visits across
the 21 centers that chose to participate. While this
approach may have introduced some selection
bias, the use of proportional recruitment across
centers and random selection within each center
helped minimize such bias in the final cohort of
fwCF. Finally, Ul was assessed at a single time
point, which limits our ability to explore changes in
prevalence over the course of disease progression.

With respect to clinical variables, these were
obtained from electronic medical records (thus
minimizing recall bias), while PA relied on
patient self-report and may be more vulnerable
to subjectivity. In addition, physical activity was
dichotomized for interpretability, which inevita-
bly reduced data granularity, like details on the
type and intensity of PA performed. Finally, the
absence of validated cough-specific measures in
CF remains a limitation, as cough burden is
likely to play an important mechanistic role in UI
but could only be indirectly inferred through
proxies such as hospitalizations or IV antibiotic
courses.

Conclusion

Our study is the first to assess the prevalence of Ul
in females with CF across Italy, reporting on a sig-
nificantly larger population compared to previous
national and international studies. Ul is associated
with older age, increased hospitalization days, and
low levels of PA. Future research should incorpo-
rate detailed physical and metabolic assessments,
along with comprehensive muscle characteriza-
tion, to better understand the role of abdominal
mass and pelvic floor muscle tone in the develop-
ment of UL It will also be important to evaluate
how highly effective CFTR modulator therapy,
such as ETI, may influence the prevalence and
severity of Ul. For women with CF who are not
eligible for or not receiving ETI, routine screening,

counseling, and the integration of pelvic floor reha-
bilitation and activity promotion into comprehen-
sive CF care remain essential.
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