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Abstract

Paediatric rhinosinusitis (RS), particularly chronic rhinosinusitis (CRS), is a common in-
flammatory condition with a significant impact on quality of life and a well-recognized
association with asthma within the framework of united airway disease. This review aims
to evaluate the impact of RS, mainly CRS, on asthma control in children and explore its
role as a modifiable determinant. Mechanistically, RS and asthma share key pathophysio-
logical features, including type 2 inflammation, epithelial barrier dysfunction, and airway
microbiome dysbiosis, supporting the concept of a unified inflammatory process across the
respiratory tract. Clinically, epidemiological data demonstrate a high prevalence of coex-
isting RS and asthma, with consistent associations with poorer asthma control, increased
disease severity, and higher exacerbation burden, even in cases of subclinical sinonasal
inflammation. Available observational evidence suggests that appropriate management of
CRS, including medical therapy and, in selected cases, surgical intervention, may improve
asthma outcomes such as symptom control and lung function. Targeted biologic therapies
have shown clinical benefit in adolescents with CRS with nasal polyps (CRSWNP) and
high type 2 inflammation, although paediatric data remain limited. However, the exist-
ing evidence is predominantly based on small, heterogeneous, observational studies. RS
therefore represents a potentially treatable trait in paediatric asthma, warranting systematic
evaluation in children with difficult-to-treat disease. Further prospective and interventional
studies are needed to clarify causality and define the impact of RS on long-term outcomes.

Keywords: paediatric rhinosinusitis; chronic rhinosinusitis; asthma; united airway disease;
asthma control; type 2 inflammation; epithelial barrier dysfunction; airway microbiome;
comorbidities; treatable traits

1. Introduction

Paediatric rhinosinusitis (RS), according to European Position Paper on Rhinosinusitis
and Nasal Polyps 2020, is an inflammatory condition of the nose and paranasal sinuses
characterized by the presence of at least two symptoms, one of which must be either nasal
blockage/obstruction/congestion or nasal discharge (anterior or posterior nasal drip), with
or without facial pain/pressure and often including cough in children. The diagnosis is
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further supported, when available, by endoscopic signs such as mucopurulent discharge,
oedema, or nasal polyps, or by changes seen on computed tomography (CT). Acute RS
(ARS) in children is characterized by a sudden onset of symptoms lasting less than 12
weeks, with complete resolution between episodes if recurrent, whereas chronic RS (CRS)
is defined by the persistence of symptoms for 12 weeks or more [1].

Allergic rhinitis (AR) is another common upper airway inflammatory disorder strongly
associated with asthma and may partly mediate the observed relationship between CRS
and asthma. AR has also been proposed to contribute to the development or exacerbation
of CRS, although the association appears stronger in specific CRS endotypes, particularly
allergic fungal rhinosinusitis (AFRS) and central compartment atopic disease (CCAD),
where allergy-driven inflammation may play a pathogenic role [2].

Although paediatric CRS has been less extensively studied, its prevalence appears to
be lower than in adults; its detrimental effect on quality of life is comparable to that seen in
the adult population. It is estimated to affect approximately 2.1% to 4% of the paediatric
population, with the highest prevalence observed among those aged 10 to 15 years [1,3,4].

Asthma is a heterogeneous disease characterized by chronic airway inflammation
and a history of respiratory symptoms (wheeze, shortness of breath, chest tightness, or
cough) that vary over time and are associated with variable airflow limitation [5]. The
global prevalence of asthma in children and adolescents is approximately 4300 per 100,000
population (~4.3%), with higher rates in males and a peak in school-aged children [6].
Asthma control refers to the extent to which asthma manifestations are minimized and
therapeutic goals are achieved, encompassing both current symptom control and the
reduction of future risks, including exacerbations, lung function decline, and treatment-
related adverse effects [5].

The concept of united airway disease (UAD) describes the upper and lower airways
as a single, continuous system sharing common anatomical, epithelial, and immunological
characteristics, whereby inflammatory processes affect the entire respiratory tract rather
than isolated compartments. Within this framework, CRS and asthma are closely intercon-
nected conditions that frequently coexist, with evidence indicating that inflammation in the
upper airway can influence the lower airway and vice versa, contributing to disease severity
and highlighting the need for an integrated diagnostic and therapeutic approach [7].

Although recent studies support a causal relationship between paediatric asthma
and UADs, the clinical implications of these interactions remain insufficiently defined,
particularly regarding whether upper airway inflammation, such as CRS, influences asthma
control or represents a modifiable therapeutic target [8,9].

While RS encompasses both acute and chronic forms, the present review focuses
primarily on CRS, given its persistent inflammatory nature, its established relationship
with asthma within the framework of UAD, and its potential role as a modifiable therapeutic
target. Evidence relating to other forms of paediatric RS is discussed when relevant to
understanding the broader upper—lower airway interaction. This review aims to evaluate
the impact of paediatric RS, particularly CRS, on asthma control in children and explore its
potential as a modifiable determinant.

2. Materials and Methods

A narrative review was conducted using the electronic databases PubMed /MEDLINE,
Scopus, and Google Scholar for studies published in English up to April 2026. The search
focused on studies evaluating the epidemiological, pathophysiological, and clinical associa-
tion between RS and asthma in paediatric populations, as well as the potential impact of
RS treatment on asthma-related outcomes.
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The search strategy applied across databases was as follows: ((“chronic rhinosinusitis”
OR “paediatric rhinosinusitis”) AND (“asthma” OR “asthma control”) AND (“children” OR
“paediatric” OR “pediatric”)) AND (“united airway disease” OR “type 2 inflammation” OR
“epithelial barrier dysfunction” OR “airway microbiome” OR “comorbidities” OR “treatable
traits”). In addition to the predefined database search, manual searches of reference lists
and targeted searches for specific epidemiological, clinical, and mechanistic topics were
performed to ensure comprehensive coverage of the literature and to minimize the risk of
omitting relevant studies that may not have contained all predefined search terms.

Titles and abstracts were independently assessed for relevance by two reviewers,
followed by full-text evaluation of the selected studies. Any disagreements regarding study
eligibility or data interpretation were resolved through discussion and consensus.

Original articles, observational studies, clinical studies, review articles, and relevant
international guideline documents with particular emphasis on paediatric populations
were considered eligible for inclusion. Publications not available in English, conference
abstracts without an accessible full text, and studies not directly relevant to the objectives
of the review were excluded from consideration. Figure 1 depicts the flow diagram for the
study selection process.

Studies identified through database searching

(n=763)

l
Duplicate removal

(n=424)

l
Title and abstract screening

(n=89)

l

Full-text eligibility assessment
(n=67)
l

Articles included in narrative review
(n=53)

Figure 1. Flow diagram for study selection process.

Given the narrative nature of the review, a formal risk-of-bias assessment was not
performed. However, study design, sample size, and relevance to the review objectives were
considered during study selection and interpretation of the evidence. Greater emphasis
was placed on international guideline documents, systematic reviews, and higher-quality
observational studies.

Figure 2 was generated using ChatGPT Plus (OpenAl, San Francisco, CA, USA) version
5.5. The conceptual content, scientific interpretation, and final figure design were reviewed,
revised, and validated by the authors.
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Figure 2. The unified airway model in children. Epithelial barrier dysfunction and type 2 inflam-
mation (TSLP, IL-25, IL-33; IL-4, IL-5, IL-13, IgE, eosinophils) link chronic rhinosinusitis (CRS) and
asthma through bidirectional airway interactions, contributing to poor disease control and increased
severity; generated with assistance from ChatGPT Plus (OpenAl) version 5.5, and reviewed by
the authors.

3. Pathophysiological Link Between Rhinosinusitis and Asthma

The unified airway hypothesis posits that upper and lower airway diseases repre-
sent manifestations of a single pathological process occurring at different sites within a
continuous respiratory system, supported by shared structural, immunological, and epi-
demiological features, including common epithelial architecture and frequent comorbidity
between conditions such as asthma and CRS with nasal polyps (CRSwNP) [10-12]. Further-
more, accumulating pathophysiological and clinical evidence highlights the central role of
type 2 inflammation, particularly eosinophils and interleukin 5 (IL-5), in driving disease
across both airway compartments, with therapeutic targeting of these pathways demon-
strating parallel clinical benefits in upper and lower airway disease, thereby reinforcing
their biological and clinical interconnection [12].

In children with CRS, inflammatory mediators are broadly upregulated (34/40 cy-
tokines in sinus tissue and 36/40 in adenoids), with further amplification in the presence of
asthma (27/40 and 39/40, respectively), indicating a quantitatively intensified but qualita-
tively similar inflammatory process across the unified airway [13]. This pattern is mirrored
at the transcriptomic level, where analyses reveal approximately 91% overlap in gene
expression between the upper and lower airway epithelia, along with conserved biological
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pathways and gene networks involved in immune responses, metabolism, and cellular
function. Moreover, disease-associated gene signatures linked to wheeze and atopy are
consistently observed in both nasal and tracheal epithelium, supporting the concept that air-
way inflammation extends across compartments and reflects a unified pathophysiological
process in children [14].

At the core of these shared inflammatory processes lies epithelial barrier dysfunction,
with the sinonasal epithelium functioning as an active immunologic interface rather than a
passive barrier. Disruption of epithelial integrity results in increased ion permeability, re-
duced tight junction integrity, enhanced exposure to environmental antigens, and impaired
mucociliary clearance [15]. In addition, epithelial cells actively propagate inflammation
by releasing cytokines and chemokines, including thymic stromal lymphopoietin (TSLP),
IL-25, and IL-33, which promote and amplify downstream immune responses [16].

In children, allergic sensitization may represent an additional immunologic mechanism
linking upper and lower airway disease. Through IgE-mediated type 2 inflammation, AR
may contribute to persistent sinonasal inflammation and is frequently observed in children
with CRS and asthma [17]. Furthermore, AR is a common comorbidity in children with
CRS and is independently associated with the presence of asthma in this population [18].
However, the precise contribution of atopy to the pathogenesis of pediatric CRS remains
incompletely understood, and current evidence does not support atopy as a universal
mechanism underlying CRS-asthma comorbidity [19].

Within this disrupted epithelial environment, the established T2 inflammatory axis,
driven by IL-4, IL-5, and IL-13, further amplifies disease expression, promoting eosinophilic
infiltration and contributing to abnormal tissue remodeling, including dysregulated fibrin
deposition [20,21]. Concurrently, microbial-immune interactions, particularly involving
Staphylococcus aureus biofilms and enterotoxin-mediated superantigen activity, amplify
Th2-driven responses and immunoglobulin E (IgE) production [21,22]. In parallel, strong
molecular correlations between the upper and lower airways further reinforce the concept
that these conditions represent interconnected manifestations of a UAD process [21,22].

Beyond localized host-microbe interactions, airway microbiome dysbiosis represents
an additional integrative mechanistic layer linking CRS and asthma. It is characterized by
reduced microbial diversity and shifts in community composition that alter host-microbe
interactions and immune regulation. Rather than acting as an isolated trigger, dysbiosis
participates in a bidirectional feedback loop with epithelial dysfunction and type 2 in-
flammation, while emerging evidence also suggests systemic effects through gut-airway
interactions, collectively contributing to a shared inflammatory milieu across the respiratory
tract [23]. This concept is further supported by prospective data showing that, in children
with CRS, asthma persisted in 23% of cases over a 5-year follow-up, with persistence
strongly associated with atopy [OR (odds ratio): 8.5] and reduced airway microbiome
diversity (OR: 6.0), highlighting the synergistic role of dysbiosis and type 2 inflammation
in sustaining lower airway disease [24].

Although type 2 inflammation is considered the predominant mechanism linking CRS
and asthma, CRS is a heterogeneous disease comprising multiple inflammatory endotypes.
In addition to eosinophilic type 2 inflammation, non-eosinophilic CRS has been character-
ized by type 1 (T1) and type 3 (T3) immune responses, including increased expression of
interferon-y (IFN-y), IL-17, and neutrophilic inflammation rather than eosinophilic infil-
tration [16,25]. Notably, asthma comorbidity has been reported to be associated primarily
with the type 2 endotype, whereas the type 3 endotype has been associated with features
suggestive of infection [16].

The relationship between RS and asthma may vary according to the underlying
phenotype and inflammatory endotype. Evidence linking infectious RS to asthma is
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largely indirect in children. Acute viral and bacterial upper respiratory tract infections
are well-recognized triggers of asthma exacerbations, and severe early-life viral infections,
particularly respiratory syncytial virus (RSV) and rhinovirus, have been associated with
an increased risk of subsequent childhood asthma [26]. In contrast, allergic RS appears
to be more closely associated with asthma severity and poorer disease control, consistent
with the shared type 2 inflammatory pathways observed across the upper and lower
airways [27,28]. Additionally, CRS is a heterogeneous condition comprising CRSWNP and
CRS without nasal polyps (CRSsNP). Although pediatric data remain limited, available
evidence suggests a stronger association between asthma and CRSWNP than CRSsNP,
which is characterized by prominent eosinophilic Th2 inflammation and shares important
immunopathological features with asthma [29].

While transcriptomic overlap, epithelial barrier dysfunction, and microbiome alter-
ations support the hypothesis of a unified airway inflammatory process, these findings
should be interpreted as mechanistic associations rather than proof of causality. Further
longitudinal and interventional studies are required to determine whether these pathways
directly drive disease development and progression.

Table 1 illustrates the key pathophysiological mechanisms connecting RS with asthma,
while Figure 2 depicts how CRS and asthma are linked via epithelial barrier dysfunction
and type 2 inflammation, enabling bidirectional airway interactions that worsen control
and severity.

Table 1. Key pathophysiological mechanisms linking RS and asthma.

. Supporting
Study Population RS Type Asthma Outcome Evidence
Mechanistic,
Type 2 inflammation 1L-4, 1L-5,1L-13, Mucosal Airway translational,
and immune eosinophils, IgE, inflammation, polyp inflammation, observational, and
amplification superantigens formation hyperresponsiveness  biologic intervention
studies [12,20,21]
Increased 'Mef:hanist.ic st}ldies,
Epithelial barrier ermeabilit Enhanced allergen  in vitro epithelial cell
p d . TSLP, IL-25, IL-33 . P 4 penetration, experiments, and
ysfunction impaired mucociliary . . .
clearance inflammation t.ranslatlon'al human
tissue studies [15,16]
Observational
microbiome studies,
Chronic systematic
Microbiome Reduced diversity, inflammation, Persistence and poor reviews/meta-
dysbiosis dysbiosis immune asthma control analyses, mechanistic
dysregulation studies, and limited
longitudinal cohorts
[23,24]
T . . Common epithelial Unified Transcriptomic and
ranscriptomic Shared gene di infl t .
overlap expression (~91%) and immune inflammatory gene expression
pathways response studies [14]

RS: rhinosinusitis, IL: interleukin, IgE: immunoglobulin E, TSLP: thymic stromal lymphopoietin.

4. Epidemiology and Clinical Association of Rhinosinusitis and

Asthma Control

RS is a clinically relevant comorbidity in paediatric asthma, associated with poorer
disease control and increased airway obstruction, and its appropriate management has
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been shown to improve asthma outcomes [4,7,29-33]. Table 2 shows the epidemiological
and clinical association between RS and asthma in children.

Interpretation of the epidemiological literature is complicated by substantial hetero-
geneity in how RS is defined and assessed across studies. While some investigations
evaluated clinically diagnosed CRS, others focused on recurrent RS, allergic RS, occult
sinonasal inflammation detected endoscopically, or radiological sinus abnormalities. These
approaches likely identify different disease phenotypes and patient populations, limiting
direct comparison of prevalence estimates and effect sizes across studies. Nevertheless,
despite these methodological differences, the available literature consistently supports an as-
sociation between sinonasal disease and asthma burden in children. Therefore, the reported
findings should be interpreted as evidence of association rather than proof of causality.

Despite differences in study design, patient selection, and RS definitions, epidemio-
logical data consistently indicate a substantial overlap between upper and lower airway
disease in childhood. RS and asthma coexist in approximately 35-65% of children, and
sinus abnormalities are present in up to 40% of children with asthma, with higher preva-
lence in severe disease [29]. Previous data showed that in children with CRS, asthma was
present in 18.1%, and was significantly more common in those with AR (40.7% vs. 9.8%).
Asthma was strongly associated with AR (OR: 6.24, 95% CI (confidence interval): 5.27-7.39,
p < 0.001), indicating that the asthma-CRS relationship is largely mediated through AR
rather than being direct [18]. This finding highlights the importance of considering po-
tential confounding factors when interpreting epidemiological associations between RS
and asthma. AR, atopy, obesity, environmental exposures, socioeconomic determinants,
and healthcare utilization patterns may all influence both conditions and contribute to the
observed associations. Furthermore, many available studies are cross-sectional or retrospec-
tive, limiting causal inference. In Choi’s study, recurrent RS (defined as >3 episodes/year)
and chronic RS were associated with higher asthma prevalence, with asthma present in
37.5% of chronic/recurrent RS vs. 15.9% in acute/subacute RS, and 62.3% of children with
asthma had chronic or recurrent RS [34].

Recent evidence confirms that RS is associated with worse asthma control, increased
severity, and higher disease burden. A cross-sectional study reported a prevalence of
allergic RS of 48.8% (60/123) among children with asthma. The study demonstrated
a significant association with poor asthma control, observed in 66.7% of allergic RS—
positive compared with 31.7% of allergic RS—negative children (OR: 2.4; 95% CI: 1.5-3.9;
p =0.0002) [28]. A prospective observational study showed that allergic RS (59.2%) and
adenoid hypertrophy (71%) are highly prevalent in children with asthma and are strongly
associated with increased asthma severity. Importantly, both conditions, and especially their
coexistence, were identified as independent predictors of severe asthma (allergic RS—OR:
7.35, p = 0.004; adenoid hypertrophy—OR: 12.65, p = 0.001; combined—OR: 98.65, p < 0.001),
highlighting their substantial impact on disease burden [27]. In the study by Nyenhuis et al.,
RS in children was identified as an independent comorbidity associated with poorer asthma
outcomes. Specifically, pediatric patients with RS were at higher risk of uncontrolled asthma
(OR: 1.15; 95% CI: 1.01-1.31) and increased asthma severity (OR: 1.28; 95% CI: 1.07-1.53).
Additionally, RS was more prevalent among children with more severe disease, particularly
those managed by specialists (46.5% vs. 19.3% in primary care) [35]. In Marseglia et al.’s
study, among 294 children with asthma, 21 with uncontrolled asthma showed endoscopic
evidence of sinusitis despite lacking clinical symptoms, indicating the presence of occult
sinusitis. These findings suggest that subclinical sinonasal inflammation may contribute
to poor asthma control and support the use of targeted endoscopic evaluation in selected
patients [36].
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Although the focus of this review is pediatric disease, findings from mixed adolescent-
adult and adult populations provide additional support for the relationship between
sinonasal disease and asthma outcomes. In patients aged 12-64 years with moderate-to-
severe asthma, 34.2% experienced >1 exacerbation, and those patients had higher rates
of comorbid upper airway diseases, including acute sinusitis (24.4% vs. 16.4%), chronic
sinusitis (14.0% vs. 7.6%), and AR (38.9% vs. 33.9%) compared to those without exacerba-
tions. These patients also demonstrated poorer asthma control, reflected by more frequent
systemic corticosteroid use (44.5% vs. 20.5%) and a greater overall disease burden [37]. In
the Kang et al. adult study, 23.8% (15/63) of patients with CRSsNP and 26.9% (21/78) of
patients with CRSwNP had concomitant asthma. In CRSsNP, asthma prevalence increased
with disease extent (from 0% in single sinusitis to 58.3% in pansinusitis). It was significantly
associated with sinus severity (p = 0.049), while pulmonary function impairment also
correlated with inflammation severity (p = 0.019) [38]. However, these findings should
be interpreted cautiously when applied to children because important differences exist in
airway anatomy, immune maturation, disease endotypes, and the role of adenoidal disease
in pediatric CRS.

Conversely, asthma may also influence the severity and clinical course of sinonasal
disease. In Murtomadki et al.’s study of children with CRS, asthma was present in 47.1%
(49/104) of cases, indicating a high burden of comorbidity between upper and lower airway
disease. Moreover, asthma was identified as a significant predictor of disease severity, being
associated with an increased risk of revision surgery after endoscopic sinus surgery [HR
(hazard ratio): 2.3; 95% CI 1.5-3.4; p < 0.0001], highlighting its impact on disease persistence
and control [39].

Table 2. Epidemiological and clinical association between RS and asthma in children.

Study Population RS Type Asthma Outcome Key Results
Asthma prevalence by RS
type: acute 12.5%, subacute
Children with RS Chronic/Recurrent 17.1%, recurrent 32.7%, and
Choi et al. [34] (n = 296) vs. ARS/Subacute Prevalence chronic 23.6%. 37.5% of
- RS children with asthma were
in the chronic/recurrent
group.
Children with Poor control in children
Nyenhuis et al. asthma (n =13,479), RS (unspecified) (as Control and (OR: 1.15); increased
[35] adolescents and comorbidity) severity severity in children (OR:
adults (n = 15,029) 1.28).
Poor control: 66.7% (allergic
Manoj and Sanjay Children with Allergic RS (as 1 RISI po§1t1ve) Versus 31.7 /0.
28] asthma (n = 123) comorbidity) Contro (allergic RS negative) (OR:
2.4;95% CI1.5-3.9;
p =0.0002).
. RS (OR: 7.35; 95% CI
. . Allergic RS 1.904-28.405; p = 0.004);
Children with adenoid . )
Aroor et al. [27] asthma (n = 76) hypertrophy (as Severity adenoids (OR: 12.65);
- }clgmorbri) diy ) combined (OR: 98.65;
ty p < 0.001).
Asthma prevalence in CRS:
Sedaghat et al. Children with CRS CRS Prevalence 18.1%; 40.7% vs. 9.8% (with
[18] (n =4044) vs. without AR); OR: 6.24;

95% CI1 5.27-7.39, p < 0.001.
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Table 2. Cont.

Study

Population RS Type Asthma Outcome Key Results

Asthma prevalence 47.1%;

Murtomaéki et al. Children (n = 104) CRS (CRSsNP, Prevalence increase in revision surgery
[39] and adults with CRS CRSwNP) risk (HR: 2.3).

Marseglia et al. Children with Occult RS (as Prevalence RS detected in uncontrolled
[36] asthma (n = 294) comorbidity) asthma subgroup (n = 21).

RS: rhinosinusitis, OR: odds ratio, ARS: acute rhinosinusitis, CRS: chronic rhinosinusitis, Cl: confidence interval,
AR: allergic rhinitis, CRSsNP: chronic rhinosinusitis without nasal polyps, CRSWNP: chronic rhinosinusitis with
nasal polyps, HR: hazard ratio.

5. Clinical Management of CRS and Its Impact on Asthma Control

RS represents a clinically relevant comorbidity in paediatric asthma and should be
considered during routine assessment, particularly in children with persistent symptoms
or frequent exacerbations. Current guidelines recommend assessment and optimization of
comorbidities as part of asthma management, particularly in patients with difficult-to-treat
or severe asthma, because these conditions may contribute to symptom burden, poor
quality of life, and impaired asthma control [5,40]. In this context, CRS or CRSWNP should
be considered in children with persistent upper airway symptoms, recurrent exacerba-
tions, poor asthma control despite optimized therapy, or clinical features suggestive of
sinonasal disease. When clinical suspicion is present, referral for ear, nose, and throat (ENT)
assessment, including nasal endoscopy and, when indicated, imaging, may help confirm
or exclude sinonasal pathology [31,36]. Once sinonasal involvement has been identified,
appropriate management warrants consideration, as treatment of CRS may improve asthma
outcomes, although the supporting evidence remains limited and is derived predominantly
from small observational studies.

EPOS 2020 recommends that management of paediatric CRS is primarily medical, with
saline nasal irrigation and intranasal corticosteroids as first-line therapy, while evidence for
antibiotics and most adjunctive treatments remains limited. In children who fail appropriate
medical treatment, adenoidectomy (£sinus irrigation) is regarded as the initial surgical
approach, whilst endoscopic sinus surgery is reserved for selected or refractory cases
following evaluation of comorbidities and underlying conditions [1].

Recent advances in the management of UAD include biologic therapies targeting type
2 inflammatory pathways. Although currently approved indications differ according to
age, asthma phenotype, and CRS subtype, biologics targeting IgE (omalizumab), IL-5/1L-
5Ra (mepolizumab, benralizumab), IL-4Ro (dupilumab), and TSLP (tezepelumab) have
demonstrated clinical benefits in patients with coexisting asthma and CRSwNP [21,41-43].
A recent systematic review and meta-analysis of 16 randomized controlled trials including
3598 patients showed that biologic therapy reduced asthma exacerbations, improved lung
function, asthma control, quality of life, and sinonasal outcomes, while maintaining an
acceptable safety profile [41]. These findings support the concept of a common type 2
inflammatory pathway across the upper and lower airways, reinforcing the rationale for
integrated biologic treatment strategies within the UAD framework. Recent paediatric
evidence suggests that adolescents with T2-high CRSwNP may exhibit inflammatory and
clinical characteristics similar to those observed in adults, supporting an endotype-driven
therapeutic approach [44]. Nevertheless, the paediatric evidence base remains extremely
limited. A recent systematic review identified only one published paediatric study and
one ongoing clinical trial, while highlighting the potential role of biologics in paediatric
UAD management [45]. Current EPOS/EUFOREA recommendations support biologics
in selected severe CRSWNP patients, particularly those with type 2 inflammation and
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comorbid asthma, although pediatric-specific recommendations are still evolving [46]. To
date, most available evidence derives from adolescent and adult populations, and data
specifically addressing paediatric CRS remain scarce [42].

Evidence on the impact of CRS treatment on asthma control in children remains limited
and of generally low methodological quality, but available studies suggest a potential
benefit. Treatment of concomitant CRS has been associated with significant improvement
in asthma outcomes, including increased lung function [Forced Expiratory Volume in
one second (FEV;), p < 0.001] and symptom reduction (p < 0.001), with all participants
shifting from moderate to mild or intermittent asthma within one month [47]. In adults,
similar findings have been reported, with reductions in hospitalizations (from 7 to 2 after
surgery and from 5 to 1 after medical therapy) and decreased systemic corticosteroid use
(from 10 to 4 and from 7 to 1 course, respectively), alongside modest improvements in
lung function (~3-6% FEV;) and airway inflammation, although a small subset of patients
(~8.7%) experienced worsening after surgery [48].

Several earlier observational studies have reported findings consistent with this asso-
ciation. Businco et al. demonstrated a significant reduction in asthma severity, with severe
cases decreasing from 30 to 10 patients and 36% showing marked clinical improvement
(p <0.001) [49]. Friedman et al. reported clinical improvement in 87.5% of children follow-
ing treatment for bacterial sinusitis, accompanied by improvements in lung function [FEV1:
93% to 116%; mid-expiratory flow rates (MMEFR): 57% to 80%] and an approximately
twofold increase in bronchodilator responsiveness [50]. Another retrospective study also
supported this relationship, as Parsons et al. showed that following functional endoscopic
sinus surgery, asthma symptoms resolved in 58% and improved in 38% of children with
asthma, with exacerbations decreasing from 6.7 to 2.5 episodes per month and a 79%
reduction in emergency visits [50].

Objective improvements in airway responsiveness have also been demonstrated in
smaller mechanistic studies. Oliveira et al. reported a significant increase in methacholine
PC20 (0.76 to 2.57 mg/mL, p < 0.05), observed only in participants with radiological
resolution of sinus disease [51]. At the same time, Tsao et al. confirmed these findings in a
prospective study, showing improvements in bronchial hyperresponsiveness (PC20 from
3.68 to 7.31 mg/mL and from 3.11 to 7.00 mg/mL, p < 0.001) following CRS treatment [52].

However, the current evidence base remains limited, as most available studies are
small, observational, retrospective, and relatively outdated. While treatment of CRS appears
to improve asthma-related outcomes in some children, the magnitude of this effect remains
uncertain because contemporary pediatric randomized controlled trials are largely lacking.
Consequently, firm conclusions regarding the effectiveness of CRS-directed interventions
for improving asthma control cannot yet be drawn.

6. Knowledge Gaps and Future Directions

Despite growing recognition of the association between paediatric RS and asthma [27,28],
several important gaps remain in our understanding of their interaction, particularly re-
garding causality, disease heterogeneity, and clinical applicability. While observational
studies consistently demonstrate an association between RS and impaired asthma con-
trol, the direction and magnitude of this relationship remain incompletely defined, and
causal inference is limited by the predominance of cross-sectional and non-interventional
study designs.

A further limitation relates to disease heterogeneity. Both asthma and RS comprise
broad clinical spectra, with variable inflammatory endotypes, severity, chronicity, and
treatment response [29,53]. In children, this complexity is compounded by age-related
anatomical and immunological differences, the role of adenoids, and the evolving natural
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history of allergic disease [4,14]. Future studies should therefore aim to more clearly
distinguish between ARS and CRS, infectious and allergic phenotypes, and eosinophilic
and non-eosinophilic inflammatory patterns to determine which subgroups are most
strongly linked to impaired asthma control.

An additional limitation of this review is that only English-language publications were
included. Consequently, relevant studies published in other languages may have been
missed, introducing potential language and publication bias and limiting the generalizabil-
ity of the findings.

Despite the availability of established guideline-based definitions [1,5], their imple-
mentation in paediatric research is inconsistent, and standardized, age-specific frameworks
integrating upper and lower airway disease are lacking, thereby limiting cross-study com-
parability and evidence synthesis. Harmonization of these parameters would facilitate
more reliable epidemiological estimates and a stronger synthesis of evidence. In parallel,
biomarker-driven approaches, including transcriptomic, microbiome, epithelial barrier,
and type 2 inflammatory biomarker studies, may help clarify shared mechanistic pathways
and identify children in whom upper airway inflammation is most clinically relevant to
lower airway disease. Although no biomarker has been specifically validated for screening
children at risk of RS-related poor asthma control, several biomarkers of type 2 inflam-
mation are currently used in pediatric asthma assessment, including fractional exhaled
nitric oxide (FeNO), peripheral blood eosinophil counts, and total or allergen-specific
IgE [5]. These biomarkers may help identify children with eosinophilic airway disease
and concomitant upper airway inflammation. In addition, eosinophilic cationic protein
(ECP) and type 2 cytokines such as IL-4, IL-5, and IL-13 have been associated with CRS,
particularly CRSwNP, and have been proposed as indicators of shared upper and lower
airway inflammation [31]. However, their predictive value for RS-driven asthma morbidity
in children remains insufficiently established, and further validation studies are needed.

Future precision medicine strategies should aim to integrate biomarkers with imaging
findings (e.g., endoscopic or radiological evidence of sinonasal inflammation) and clinical
phenotypes, including disease severity, atopic status, and inflammatory endotypes. Such
approaches may facilitate risk stratification and help identify children most likely to ben-
efit from CRS-targeted interventions, thereby enabling more personalized management
of UAD.

Finally, interventional research should be prioritized. Well-designed longitudinal and
randomized controlled trials are needed to evaluate whether systematic identification and
treatment of RS can improve asthma control, reduce exacerbations, decrease medication
burden, or alter long-term respiratory outcomes in paediatric populations. Such work
would help determine whether RS should be incorporated more explicitly into asthma
management algorithms as a treatable trait.

7. Conclusions

Paediatric RS, particularly CRS, represents a clinically relevant and potentially modifi-
able determinant of asthma control within the unified airway framework. Accumulating
epidemiological and mechanistic evidence supports a consistent association between RS
and increased asthma severity, poorer disease control, and higher exacerbation burden,
while emerging data suggest that targeted treatment of CRS may lead to meaningful im-
provements in asthma outcomes. Despite these findings, the current evidence base remains
limited by heterogeneity, small sample sizes, and a lack of high-quality interventional
studies, precluding definitive conclusions regarding causality and optimal management
strategies. Systematic identification and appropriate treatment of RS should therefore be
considered in children with uncontrolled or severe asthma, while further well-designed
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prospective and randomized studies are needed to clarify its role as a treatable trait and to
define its impact on long-term respiratory outcomes.
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