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ABSTRACT

Introduction: Cystic fibrosis (CF) is a complex genetic disorder characterized by significant clinical heterogeneity. We aimed
to investigate the genotype-phenotype relationship of nasal polyps (NP) in CF Registry of Turkey (CFRT).

Methods: The study included all children registered in the CFRT in 2023, divided into two groups based on NP presentation.
Clinical and demographic data were compared. The Sinus-Nasal Quality of Life (QoL) Survey-5(SN-5) evaluated patients with
NP history.
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Results: A total of 2258 patients were registered, with 115 (5.1%) having NP and 2143 without NP. Age was higher in the NP
group (p < 0.001). The first and second sweat tests were higher in the NP group (p < 0.05). Median FEV1% was 89 (31-133) for
the NP group and 85 (15-142) for those without NP (p =0.015). Chronic colonization of MSSA and MRSA, CF-related liver
disease, and CF-related diabetes were also more common in NP (p < 0.05). No differences were detected in pulmonary ex-
acerbations (p > 0.05). In the NP group, severe genotype and F508del were more frequent (p < 0.05). Elexacaftor/tezacaftor/
ivacaftor use was more common in NP (p =0.003). A weak negative correlation was found between age and the SN-5 score
(p =0.020, r=—0.231), as well as a weak positive correlation between age and the Visual Analog Scale (VAS) (p =0.001,

r=0.322).

Conclusion: Although uncommon, NP is associated with more severe clinical and genetic characteristics in CF. These findings

underscore the importance of integrating upper airway evaluation into CF management and highlight the potential for age-

related adaptation or improved symptom perception in older patients.

1 | Introduction

Cystic fibrosis (CF) is a complex genetic disorder characterized
by significant clinical heterogeneity, primarily affecting the
pulmonary and pancreatic systems. Despite the predominant
focus on pulmonary manifestations, sinonasal involvement is a
frequent yet under-recognized component of CF. Accumulating
evidence suggests that sinonasal secretions can be aspirated into
the lower airways, potentially exacerbating pulmonary infec-
tions and contributing to the progression of lung disease and a
decline in pulmonary function. In patients with CF, over time,
such pulmonary exacerbations may lead to cumulative tissue
damage and an irreversible decline in lung function. Given the
critical importance of preventing pulmonary exacerbations and
maintaining optimal lung function in CF, addressing sinonasal
disease as an integral component of CF management is essen-
tial [1-3].

Nasal polyps (NP) are notably common in patients with CF, as
revealed by imaging studies and nasal endoscopies. Although
studies report varying prevalence rates of NP in children with
CF, they have been documented as frequently as 40%, indicating
a notably high occurrence [4]. However, despite the significant
occurrence of sinonasal disease in CF, many patients may not
report their sinonasal symptoms, which can result in delayed
diagnoses and inadequate management. Additionally, NP in CF
are linked to negative outcomes, including decreased quality of
life, disrupted sleep, and complications with hearing and
speech. Nevertheless, information on the clinical significance of
sinonasal disease, including NP, in pediatric CF populations is
limited. Furthermore, genetic variability in CF may also affect
the likelihood of sinonasal disease. Specifically, CFTR muta-
tions, whether severe or mild, have been associated with the
development of sinonasal issues. Recent studies suggest that the
F508del mutation, one of the most prevalent severe CFTR
mutations, is associated with chronic rhinosinusitis and NP
formation. Although CFTR modulators have shown potential in
alleviating sinonasal symptoms in individuals with F508del, the
extent of these therapeutic effects and their relationship to
specific genetic profiles remain to be further investigated
[1, 5, 6].

Despite these findings, the existing literature lacks compre-
hensive data on NP prevalence and its clinical and genetic
correlations within large CF populations. Therefore, this study
aims to evaluate the prevalence of NP in a well-characterized
cohort of CF patients and to examine potential associations

between NP occurrence, clinical features, and CFTR genotypic
profiles.

2 | Methods

This research constitutes a retrospective cross-sectional analysis
derived from registry data. All procedures conducted in studies
involving human participants adhered to the ethical standards
set by the institutional and/or national research committee
(Gazi University Ethics Comitte, date: 12.11.2024, meeting: 18,
reference number: 2024-1681), as well as the Declaration of
Helsinki and its subsequent amendments or similar ethical
guidelines.

2.1 | Consent to Participate and Publish

Written informed consent was obtained from all individual
participants for participation in the study and publication of the
findings. For participants under 18, permission was obtained
from their parents or legal guardians.

2.2 | Patient Selection and Data Collection

The Cystic Fibrosis Registry of Turkey (CFRT) was established
to systematically collect data on CF patients nationwide and
provide a comprehensive database for clinical and epidemiolo-
gical research. As of 2023, the CFRT includes data from 34
different CF centers. Data entry is conducted annually through
secure, web-based software, encompassing both demographic
and clinical variables. The CFRT comprises demographic
characteristics, clinical parameters, genotypic data, nutritional
status, and CF-related complications in patients. In this study,
all demographic, clinical, and laboratory data were collected
from the CFRT as of 2023.

The collected data encompassed the patient's age, body weight,
height, BMI z-scores, results from the initial and follow-up
sweat tests, fecal elastase values, identified genetic mutations,
PFT results, sputum culture findings, and colonization status.

The CFRT has comprehensively documented complications
associated with CF, such as CF-related chronic liver disease
(CFLD), CF-related diabetes (CFRD), pseudo-Bartter syndrome,
distal intestinal obstruction syndrome (DIOS), allergic bronch-
opulmonary aspergillosis (ABPA), and hemoptysis.
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The therapeutic data encompassed the use of pancreatic en-
zyme replacement therapy (PERT), inhaled and oral treatments
(including recombinant human deoxyribonuclease [rhDNase],
inhaled hypertonic saline, inhaled mannitol, continuous
inhaled bronchodilators, inhaled steroids, oral steroids, con-
tinuous macrolides [administered for a duration exceeding 3
months], ursodeoxycholic acid [UDCA], proton pump inhibi-
tors [PPI], enteral nutrition, multivitamins, and fat-soluble
vitamins A, D, E, and K, as well as calcium supplementation),
along with oxygen therapy and modulator treatments.

Additionally, the status of noninvasive mechanical ventilation
(NIPPV), the occurrence and frequency of pulmonary exacer-
bations over the preceding year, the total number of
hospital days, and the duration of intravenous (IV) antibiotic
therapy were meticulously documented.

Patients were classified into two groups based on the presence of
NP. The demographic and clinical data, along with the genetic
analysis results, were compared between the two groups.

2.3 | CF Diagnosis

The diagnosis of CF was made based on the criteria set by the
European Cystic Fibrosis Society (ECFS). Patients meeting
these criteria were enrolled in the CFRT. To qualify, individuals
are required to have either two sweat tests indicating chloride
levels exceeding 59 mmol/L or a single test at this level, com-
bined with DNA analysis/genotyping confirming two identified
mutations responsible for the disease. For sweat test results of
59 mmol/L or lower, at least two additional criteria must be
met: either the identification of two mutations through DNA
analysis or genotyping, or the presence of clinical signs sug-
gestive of CF [7]. Sweat tests were conducted in accordance
with the ECFS standards.

Pancreatic insufficiency is identified if fecal elastase levels are
below 200 ug/g, whereas levels of 200 ug/g or higher indicate
pancreatic sufficiency.

2.4 | Genetic Classification

Genetic mutations were assessed, with patients exhibiting two
mutations classified into classes 1, 2, or 3 categorized as possessing
a “severe genotype.” Conversely, individuals with at least one
mutation in classes 4, 5, or 6 were designated as having a “mild
genotype.” Variants that are not documented in CFTR variant
databases and for which publicly accessible classifications do not
exist are classified as “unknown.” [8].

2.5 | Pulmonary Function Test (PFT)

PFT was carried out according to the guidelines set by the Amer-
ican and European Respiratory Societies. In Turkey, PFTs are
typically performed for individuals aged six and above [9].

2.6 | NP Diagnosis

In this study, the diagnosis of NP was established through direct
inspection, nasal endoscopy, or imaging modalities such as

paranasal computed tomography or magnetic resonance imag-
ing. If any of these methods indicated polyp formation in the
sinonasal cavity, the presence of NP was confirmed.

2.7 | NP Regression

Regression of NP was defined as a reduction in polyp size or
complete resolution, assessed through clinical examination
and/or endoscopic findings after medical treatment and/or NP

surgery.

2.8 | Quality of Life Measurements

The Sinus and Nasal Quality of Life Survey (SN-5) is a validated
tool that assesses sinonasal symptoms in children. It includes
five domains: sinus infection, nasal obstruction, allergy symp-
toms, emotional distress, and activity limitations. It was scored
on a 7-point Likert scale, with higher scores indicating greater
severity. Caregivers also rate the child's overall quality of life
using a Visual Analog Scale (VAS), ranging from 0 to 10, where
higher scores indicate a better quality of life. The Turkish ver-
sion was developed for cultural relevance and linguistic accu-
racy, showing strong internal consistency and high test-retest
reliability. The SN-5 was used in this study to assess sinonasal
quality of life and its correlates in children with CF [10, 11].

2.9 | Statistical

IBM SPSS Statistics version 22.0 (IBM, Armonk, NY, USA) was
utilized for all statistical analyses. In the descriptive statistics
section, categorical variables are shown with counts and per-
centages, while continuous variables are expressed as mean +
standard deviation and median (range from minimum to
maximum). Categorical variables were evaluated using the
Pearson chi-square test and Fisher's exact test. For comparisons
between two independent groups, the Mann-Whitney U test
was applied to data that did not follow a normal distribution,
whereas the independent samples t-test was used for normally
distributed data. When comparing three or more groups, one-
way ANOVA was performed under parametric assumptions,
and the Kruskal-Wallis H test was used if those assumptions
were not met. The relationship between non-normally distrib-
uted variables was assessed with Spearman's correlation, while
Pearson's correlation was used for normally distributed vari-
ables. A p-value less than 0.05 was considered statistically
significant.

3 | Results

A total of 2258 CF patients were registered in the CFRT in 2023.
There were 2143 patients in the group without NP and 115 in
the group with NP. No significant difference was detected
between the groups in terms of gender (p = 0.553). In the group
without NP, the current age was 8.9 (0.03-48.7) years, and the
diagnosis age of CF was 0.3 (0.08-41) years. In the group with
NP, the current age was 13.4 (0.8-25.6) years, and the diagnosis
age of CF was 0.42 (0.08-18) years (respectively, p <0.001,
p=0.809). There were no differences between the groups in
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terms of weight, height, and BMI z-scores (respectively,
p =0.432, p=0.329, p =0.458). The first and second sweat test
results were higher in the group with NP (p < 0.001, p = 0.001).
In the group without NP, 1771 (82.7%) patients had pancreatic
insufficiency, and in the group with NP, 103 (89.6%) patients
had pancreatic insufficiency.

In the group without NP, the mutation evaluation revealed 627
(29.3%) mild mutations, 1291 (60.3%) severe mutations, and 225
(10.4%) unknown mutations. In the group with NP, the mutation
evaluation indicated 17 (14.8%) mild mutations, 93 (80.9%) severe
mutations, and 5 (4.3%) unknown mutations. The group with NP
displayed a higher prevalence of severe mutations (p < 0.001). The
comparison of the presence of the F508del mutation showed it was
more common in the group with NP (p =0.010). There were no
differences between the groups in the presence of the N1303K,
G85E, 1677delTA, G542X, and M470V mutations (p > 0.05).

The evaluation of the group's pulmonary function test revealed
that for the group without NP, the median FEV1% was 85
(15-142) and FVC% was 92 (19-142). In the group with NP, the
median FEV1% was 89 (31-133) and FVC% was 93 (34-133).
The FEV1% value was higher in the group with NP (p = 0.015).
The comparison of the groups’ demographic and clinical data,
mutation classes, genetic analysis results, and PFT values is
shown in Table 1.

The comparison of the groups’ treatments, including the use of
rhDNAse, bronchodilator, and UDCA, was more common in
the group with NP (respectively, p=0.001, p=0.006, and
p=0.001). There were no differences between the groups using
pancreatin, antibiotics, PPI, inhaled steroids, azithromycin, and
mannitol (p > 0.05). The use of ETI is more common in the NP
group (p =0.003). A comparison of the group's treatments is
presented in Table 2.

The comparison of the groups’ complications indicates that
CFLD and CFRD are more common in the NP group (p < 0.001,
p<0.001). No differences were observed regarding pseudo-
Bartter, ABPA, DIOS, hemoptysis, pneumothorax, pulmonary
exacerbation, and total IV antibiotic treatment days in the
past year (p > 0.05). The number of hospitalization days in the
last year was higher in the group without NP (p = 0.017).

The MSSA and MRSA colonization was detected more com-
monly in the group with NP (p=0.042, p=0.001). No differ-
ences were detected between the groups in the presence of
Pseudomonas aeruginosa (PsA) (p =0.607), Haemophilus influ-
enzae (p=0.283), and Aspergillus fumigatus (p=0.603)
colonisation.

The comparison of the group's complications and colonization
status is shown in Table 3.

TABLE 1 | Comparison of the groups' demographic, clinical data and genetic analyses.
Group without NP n = 2143 (%) Group with NP n =115 (%) p
Female n (%) 1002 (46.7) 57 (49.6) 0.553
Male n (%) 1141 (53.3) 58 (50.4)
Current age (years)* 8.9 (0.03-48.7) 13.4 (0.8-25.6) <0.001
Diagnosis age of CF (years)i 0.3 (0.08-41) 0.42 (0.08-18) 0.809
Weight z score* —0.07 (—3.55 to 4.23) —0.13 (—1.74 to 3.86) 0.432
Height z score® 0.02 (—4.42 to 3.45) —0.13 (—3.18 to 2.58) 0.329
BMI z score* —0.14 (—3.23 to 4.47) —0.2 (=1.71 to 3.41) 0.458
1st sweat test (mmol/L)* 84 (11-160) 98 (20-149) < 0.001
2nd sweat test (mmol/L)* 85 (10-160) 98 (29-148) 0.001
Pancreatic insufficiency 1771 (82.7) 103 (89.6) 0.058
Mutation classes
Mild 627 (29.3) 17 (14.8) <0.001
Severe 1291 (60.3) 93 (80.9)
Unknown 225 (10.4) 5(4.3)
Genetic results
F508del n (%) 567 (26.7) 43 (37.4) 0.010
N1303K n (%) 114 (5.3) 11 (9.6) 0.053
GS85E n (%) 63 (2.9) 7 (6.1) 0.087
1677delTA n (%) 113 (5.3) 5(4.3) 0.663
G542X n (%) 71 (3.3) 3 (2.6) 0.679
M470V n (%) 19 (0.9) 3(2.6) 0.065
PFT n:952 n:89
FEV1%* 85 (15-142) 89 (31-133) 0.015
FVC%* 92 (19-142) 93 (34-133) 0.091

Note: Bold values indicate statistically significant p-values (p < 0.05).

Abbreviations: BMI, body mass index; CF, cystic fibrosis; NP, nasal polyp; PFT, pulmonary function test.

*:[median (min-max)].
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TABLE 2 | Comparison of the groups treatments.

Group Group
without NP with NP

n (%) n (%) p
RhDNAse 1853 (86.5) 112 (97.4)  0.001
PERT 1771 (82.7) 103 (89.6)  0.058
Bronchodilator 650 (30.3) 49 (42.6) 0.006
Hypertonic saline 504 (23.5) 41 (35.7) 0.003
IV antibiotics 426 (19.9) 28 (24.3) 0.249
PPI 335 (15.6) 22 (19.1) 0.320
UDCA 316 (14.8) 30 (26.1)  0.001
Steroid (inhaled) 301 (14.1) 17 (14.8) 0.830
Azithromycin 222 (10.4) 10 (8.7) 0.565
0, 67 (3.1) 0
NIPPV 54 (2.5) 0
Inhaled Mannitol 59 (2.8) 3(2.6) 0.925
Oral steroid 30 (1.4) 0
Modulatory
treatments
ETI 252 (11.8) 27 (23.5)  0.003
Ivacaftor 53 (2.5) 2(1.7) 0.618
Lumacaftor- 17 (0.8) 0
Ivacaftor
Tezacaftor- 7 (0.3) 0
Ivacaftor

Note: Bold values indicate statistically significant p-values (p < 0.05).
Abbreviations: ETI, elexacaftor-tezacaftor-ivacaftor; NIPPV, non-invasive positive
pressure ventilation; PPI, proton pump inhibitor; PERT, pancreatic enzyme
replacement treatment; TB, tuberculosis; UDCA, ursodeoxycholic acid.

In the group with NP, the diagnosed age of NP was 120 months
(range: 18-310). The most common presenting symptoms were
snoring (43, 37.4%), breathing with an open mouth while
sleeping (42, 36.6%), daytime sleepiness (24, 20.9%). In 38
(30.4%) patients, NP presented unilaterally, while in 77 (67.0%)
patients, it presented bilaterally. In seven patients, NP was the
first sign of the CF. When evaluating the presence of systemic
diseases other than CF in patients with NP, 11 patients had
asthma, 4 had allergic rhinitis, and 2 had both asthma and
allergic rhinitis. Thirty Five (30.4%) exhibit recurrent char-
acteristics. Among them, 96 (83.5%) received medical treat-
ments (such as intranasal steroids, oral steroids, antihistamines,
montelukast, and nasal lavage), and 49 (42.6%) regressed with
these treatments. Additionally, 33 (28.7%) underwent surgical
therapies, with a median age for NP surgery of 110 months
(range, 24-192 months). The demographic, clinical data, and
SN-5 scores of the CF patients with NP are shown in Table 4.

There was a weak negative correlation between current age and
SN-5 score, and a weak positive correlation with VAS (p = 0.001,
r=0.322). There was a weak negative correlation between the
2nd sweat test and SN-5 score (p = 0.028, r = —0.291), and a weak
positive correlation with the VAS (p =0.032, r =0.287). No cor-
relation was detected between the diagnosis age of CF, the
diagnosis age of NP, growth z-scores, first sweat test, PFTs, pul-
monary exacerbations, hospitalization days in the last year, total
IV antibiotic treatment days in the previous year, SN-5 score, and

VAS (p > 0.05). The correlation between demographic and clin-
ical parameters, as well as the summary of SN-5 and visual
health quality of life for patients with NP, is shown in Table 5.

The most commonly detected mutations in the NP group are
F508del (27.4%), N1303K (7%), G85E (5.2%), 1677delTA (3.9%),
and G542X (3%). All detected variants and allele frequencies are
shown in Table 6.

4 | Discussion

This extensive registry study involving 2258 children with CF
offers new perspectives on the clinical and genetic features of
patients with NP. NP was found in 5.1% of these patients, who
exhibited significantly older ages and elevated sweat chloride
levels compared to those without NP. Notably, the NP group
had a higher prevalence of severe CFTR mutations, particularly
F508del, and increased rates of MSSA and MRSA colonization.
Interestingly, while NP was associated with various indicators
of disease severity and systemic involvement, including CFLD
and CFRD, PFT remained better in this group, possibly due to
the advantages of effective modulatory treatment management.
Overall, these findings suggest that NP could reflect a greater
disease burden in CF and emphasize the necessity for early
detection and comprehensive care for those affected. The weak
negative correlation between age and SN-5 scores, along with
the positive correlation between VAS, may indicate an im-
proved perception of quality of life or enhanced coping mech-
anisms in older patients.

Recent evidence suggests that chronic sinonasal inflammation
impairs CFTR function, even in individuals without CF. Han
et al. [12]. demonstrated reduced CFTR expression in NP tissue,
linking epithelial dysfunction and persistent inflammation to
further CFTR impairment. In CF, this may contribute to NP
formation and recurrence despite treatment. This pathophy-
siological mechanism may help explain some of our clinical
observations regarding the age and frequency of NP diagnosis in
CF. Previous studies report a wide diagnostic age range for NP
in children, from 32 months to 16 years [13, 14]. Our cohort's
median age at NP diagnosis was 120 months, with cases as early
as 18 months, slightly younger than previously reported. This
suggests substantial heterogeneity and highlights that NP may
develop insidiously, often remaining asymptomatic. Addition-
ally, in a study of adult CF patients, NP prevalence was detected
at 37%, higher than in our cohort [15]. This may be explained by
our group's younger age. In many cases, older age may reflect
delayed symptom onset and underrecognition. However, the
clinical complexity of CF typically leads to a primary focus on
pulmonary manifestations, with upper airway symptoms being
examined only when they become severe. These findings sup-
port routine sinonasal assessment in pediatric CF, regardless of
symptom presence, to detect early NP and inform comprehen-
sive care.

Genetic variation in CFTR may influence both pulmonary and
extrapulmonary manifestations, such as NP, affecting quality of
life and complicating CF management. In our study, severe
mutations, particularly F508del, were more prevalent among
NP patients, supporting a connection between genetic severity
and sinonasal disease. The higher frequency of F508del may
reflect its greater impact on epithelial ion transport, mucociliary
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TABLE 3 | Comparison of the groups complications, colonizations and tuberculosis culture positivity.
Group without NP n (%) Group with NP n (%) p
Complications

CFLD 382 (17.8) 39 (33.9) <0.001
CFRD 115 (5.4) 16 (13.9) <0.001
Pseudo-Bartter Syndrome 88 (4.1) 2(1.7) 0.214
ABPA 39 (1.8) 3 (2.6) 0.505
DIOS 27 (1.3) 2 (1.7) 0.642
Hemoptysis 15 (0.7) 1(0.9) 0.834
Pneumothorax 10 (0.5)

Pulmonary exacerbation in the past year (n) 390 (18.2) 24 (20.9) 0.475
Hospitalisation days in the last year 14 (1-268) 8.5 (1-52) 0.017
Total IV antibiotic treatment days in the last year 14 (1-242) 14 (3-52) 0.341

Colonizations and Tuberculosis Culture Positivity

PsA 366 (17.1) 22 (19.1) 0.607
MSSA 309 (14.4) 26 (22.6) 0.042
MRSA 78 (3.6) 9 (7.8) 0.001
Haemophilus influenzae 26 (1.2) 3(2.6) 0.283
Burkholderia cepacia 8 (0.4)

Acinetobacter 8 (0.4)

Stenotrophomonas maltophilia 2(0.1)

Non-TB mycobacteria 17 (0.8)

Aspergillus fumigatus 41 (1.9) 2 (2.6) 0.603

Note: Bold values indicate statistically significant p-values (p < 0.05).

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; CFLD, cystic fibrosis related liver disease; CFRD, cystic fibrosis related diabetes; DIOS, distal intestinal
obstruction syndrome; IV, intravenous; MSSA, meticillin-sensitive Staphylococcus aureus; MRSA, meticillin-resistant Staphylococcus aureus; PSA, Pseudomonas

aeruginosa; TB, tuberculosis.

clearance, and inflammation, all central to the pathogenesis of
NP in CF. Certain patients with NP had rare CFTR mutations,
suggesting that the CFTR genotype may influence the clinical
presentation of upper airway conditions and that CF-related NP
could indicate a genetically determined phenotype. Previous
studies suggest that increased NP prevalence in F508del
homozygotes points to a distinct sinonasal phenotype, even in
the absence of severe pulmonary disease. Isolated NP has also
been observed in CF patients with complex genotypes, indi-
cating that sinonasal involvement can occur independently of
lower airway pathology. In another study, no genotype differ-
ence was observed between NP-positive and NP-negative
groups, possibly due to limitations in sample size and muta-
tion classification [16-18]. These findings emphasize the
importance of considering both common and rare CFTR var-
iants in evaluating NP as a genetically influenced manifestation
in CF.

CFTR dysfunction affects epithelial tissues by altering mucus
viscosity and impairing mucociliary clearance, contributing to
multi-organ involvement in CF. In our study, children with CF
and NP had higher rates of CFLD and CFRD, along with ele-
vated sweat chloride levels. They were also more likely to
receive targeted therapies such as rhDNase, bronchodilators,
UDCA, and ETI. These findings suggest that NP may reflect
broader systemic disease and a more severe CF phenotype,
possibly driven by this group's higher prevalence of severe
CFTR mutations. Interestingly, despite genotypic severity, NP

patients had higher median FEV1% values than non-NP pa-
tients, while FVC remained similar. This may be explained by
the more frequent use of ETI, regular participation in spirom-
etry follow-up, and better adherence to inhaled medication
therapies. Additionally, fewer hospitalization days in the NP
group support the protective role of modulator therapy and may
reflect age-related differences in disease management, treat-
ment adherence, and implementation. Overall, NP may not be
an isolated sinonasal issue but rather a marker of underlying
genetic burden and systemic disease in CF. Its evaluation
should incorporate genotype and treatment history to guide
personalized care strategies [19-21].

Chronic colonizations, particularly Staphylococcus aureus, have
been proposed in various studies to play a significant role in the
development and persistence of NP in patients with CF. This
association has been linked to characteristic features of upper
airway pathophysiology specific to CF, including impaired
mucociliary clearance, accumulation of viscous secretions, and
neutrophil-dominated inflammation [16, 22]. Conversely, PsA, a
significant pathogen in lower respiratory tract infections, is
observed less frequently in the upper airways, suggesting a
regionally distinct microbial ecosystem. Indeed, several studies
have reported that this organism could not be detected in nasal
specimens in patients chronically colonized with PsA in the
lungs [18]. These findings suggest that localized microbiological
responses in the sinonasal region significantly influence NP
development more than systemic or lower airway colonization.
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TABLE 4 | The demographic, clinical data, and SN-5 scores of the

CF patients with NP.

n =115 (%)

Female 57 (49.6)
Male 58 (50.4)
Age at diagnosis of NP 120 (18-310)
Symptoms

Snoring 43 (37.4)

Breathing with an open mouth while 42 (36.6)

sleeping

Daytime sleepiness 24 (20.9)

Morning headache 15 (13.0)

Witnessed apnea 10 (8.7))
NP presentation

Unilateral 38 (30.4)

Bilateral 77 (67.0)
The CF first presentation with NP 7 (6.1)
Recurrent NP 35 (30.4)
Medical treatments of NP(Intranasal& 96 (83.5)
oral steroids, antihistamines, montelukast,
nasal lavage)
Regression in NP with medical treatments 49 (42.6)
Regression in NP with modulatory 14 (12.2)
treatments
Surgical treatments of NP 33 (28.7)
The age of Surgical treatments of NP 110 (24-192)
SN-5 score 2.6 (1-6)
VAS score 7 (1-10)

Abbreviations: CF, cystic fibrosis; NP, nasal polyp; SN, sino-nasal; VAS, visual
analog scale.

Our study shows that MSSA and MRSA colonization are more
common in NP patients [16, 18, 22]. The role of S. aureus in NP
development has been discussed in various mechanisms. This
includes inducing local IgE production, predominantly Th2
inflammation through enterotoxin creation, and intracellular
persistence within immune cells like mast cells, which helps
them evade immune detection. Additionally, the formation of
biofilm by S. aureus may contribute to prolonged or worsened
chronic inflammation, further supporting its role in NP patho-
genesis. The presence of NP may also create conditions that
favor S. aureus colonization, emphasizing the complex interplay
of microbes in NP pathogenesis [23-25]. Therefore, regular
microbiological monitoring of the sinonasal area in CF patients
suspected or diagnosed with NP could help implement practical
medical or surgical treatment approaches.

The assessment of sinonasal symptoms using the SN-5 ques-
tionnaire and the VAS provided limited yet meaningful insights
into age-related differences in symptom perception among
children with NP. A weak but significant negative correlation
was found between age and SN-5 scores, indicating that older
children reported fewer symptoms. Similarly, the positive cor-
relation between age and VAS scores may reflect an improved
perception of quality of life or enhanced coping mechanisms in

TABLE 5 | The correlation between demographic and clinical
parameters and the summary of SN-5 and visual health quality of life
for patients with NP.

SN-5 score VAS

p r p r
Current age 0.020 —0.231  0.001 0.322
Age of CF 0.184 0.133 0.613 -0.052
diagnosis
Age of NP 0.291 —0.110  0.064 0.195
diagnosis
Weight z score 0.910 0.011 0.547 —0.062
Height z score 0.751 0.032 0.569 —0.059
BMI z score 0.609 0.052 0432  —0.081
1st sweat test 0.521 —0.075 0.628 0.058
(mmol/L)
2nd sweat test 0.028 -0.291 0.032 0.287
(mmol/L)
FEV1% 0.085 —0.191 0.168 0.157
FVC% 0.140 —0.165  0.211 0.142
Pulmonary 0.804 —0.053 0.748 —0.069
exacerbation
number in the
past year
Hospitalisationdays  0.507 0.102 0.257 —0.175
in the last year
Total IV antibiotic 0.880 —0.033  0.784  —0.059

treatment days in
the last year

Note: Bold values indicate statistically significant p-values (p < 0.05).
Abbreviations: BMI, body mass index; CF, cystic fibrosis; IV, intravenous; NP,
nasal polyp; SN, sino-nasal; VAS, visual analog scale.

older patients. However, no significant correlations were
observed between SN-5 or VAS scores and clinical parameters
such as age at CF or NP diagnosis, nutritional status, pulmonary
function, frequency of exacerbations, or hospitalizations.
Therefore, while SN-5 and VAS offer valuable patient-reported
data, they may not fully capture the clinical severity of the
disease. These findings underscore the need for a multi-
dimensional evaluation approach in CF care that integrates
both patient-reported outcomes and objective clinical measures.

The retrospective design and the inability of all patients to
perform PFT were the limitations of this study. Despite these
limitations, the multicenter design and large sample size
improve the generalizability of our findings.

In conclusion, NP is linked to a more complex clinical and
genetic profile in children with CF. NP occurrence was asso-
ciated with older age, higher sweat chloride levels, more severe
CFTR mutations, especially F508del, and increased MRSA and
MSSA colonization. Patients with NP had a greater burden of
comorbidities, such as CFLD and CFRD, and were more often
treated with modulators and additional therapies. Despite this,
pulmonary function remained stable, likely due to CFTR
modulators. Notably, patient-reported sinonasal symptoms did
not always match objective clinical indicators, underscoring the
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TABLE 6 | Allel frequencies of the patients with NP.

n (%) n (%)
F508del 63 (27.4) R792X 2 (0.8)
N1303K 16 (7) 1248 + 1G->A 2(0.8)
GS5E 12 (5.2) 1525-1G->A 2 (0.8)
1677delTA 9 (3.9) 2043delG 2 (0.8)
G542X 7 (3) 2184delA 2(0.8)
M470V 5(2.2) 2184insA 1(0.4)
R851X 5(2.2) 406-1G->A 1 (0.4)
R785X 4(1.7) 711 4+ 3A->G 1 (0.4)
W1282X 4 (1.7) ¢.1330G>C 1(0.4)
621 + 1G->T 4 (1.7) ¢.1935delG 1(0.4)
R1162X 4(1.7) c.470G>A 1 (0.4)
E92K 4(1.7) CFTRdele2,3 1(0.4)
2183AA->G 4(1.7) E1104X 1(0.4)
R347P 4(1.7) E831X 1 (0.4)
CFTRdele2 4(1.7) F1052V 1(0.4)
2184delA 3(1.3) L732X 1(0.4)
2789 + 5G>A 3(1.3) K1060T 1 (0.4)
CFTRdele4-10 3(1.3) L570X 1(0.4)
D1152H 3 (1.3) Q1463Q 1(0.4)
E585X 3(1.3) Q720X 1 (0.4)
3849 + 5G->A 3(1.3) R1070Q 1(0.4)
G178R 3(1.3) R170H 1 (0.4)
3199del6 2 (0.8) R709X 1 (0.4)
.1766 + 2T>C 2 (0.8) R334W 1(0.4)
4096-3C->G 2 (0.8) S945L, 1(0.4)
¢.3131A>G 2(0.8) T854T 1 (0.4)
C.3874-3C>G 2 (0.8) V407M 1(0.4)
175V 2 (0.8) W120X 1(0.4)
L5718 2 (0.8) 1342-11TTT->G 1 (0.4)
Q1291R 2 (0.8) Unknown 10 (4.3)
R352Q 2 (0.8)

need for regular screening and thorough evaluations. These
findings stress the importance of addressing upper airway
conditions in comprehensive CF management. Future longitu-
dinal research is crucial to clarify NP's natural progression in
CF, assess targeted treatment effects on sinonasal disease, and
determine if NP could serve as a predictive marker for overall
disease severity and treatment efficacy.
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