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Traffic Pollution Linked to Distinct Chronic
Rhinosinusitis Phenotypes
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Chronic rhinosinusitis (CRS) presents asignificant clinical challenge dueto its heterogeneous pathophysiol ogy
and variable response to treatment. While genetic predispositions and microbial factors are established
contributors, the role of environmental exposures, particularly traffic-related air pollution (TRAP), in shaping
distinct inflammatory endotypes of CRS has been less clearly defined. Thisunderstanding iscritical for targeted
therapeutic strategies and public health interventions.

The Pivot: Traffic-related air pollution is associated with specific inflammatory patterns in chronic
rhinosinusitis, moving beyond a general irritant role to a driver of distinct endotypes.

The Data: Exposure to higher levels of particulate matter (PM2.5) and nitrogen dioxide (NO2) correlates
with increased prevalence of type 2 inflammatory markers (e.g., eosinophilia) and non-type 2 inflammation
(e.g., neutrophilia) in CRS patients.

The Action: Clinicians should consider environmental exposure histories, particularly to traffic pollution,
when evaluating CRS patients, as it may inform the inflammatory phenotype and guide treatment selection.

Chronic rhinosinusitis (CRS) affects approximately 11% of adults, manifesting as persistent inflammation of the nasal
and paranasal sinus mucosa.1 This chronic inflammatory condition significantly impairs quality of life, leading to
symptoms such as nasal obstruction, facial pain/pressure, mucopurulent discharge, and reduction or loss of smell. Its
classification into phenotypes, such as CRS with nasal polyps (CRSWNP) and CRS without nasal polyps (CRSSNP),
and further into endotypes based on inflammatory profiles (e.g., type 2 or non-type 2 inflammation), is crucial for
guiding therapeutic approaches.2 While endogenous factors like immune dysregulation and biofilm formation are
well-established, exogenous factors, particularly environmental pollutants, are increasingly recognized as modulators
of disease expression.3 Traffic-related air pollution (TRAP), comprising particul ate matter (PM), nitrogen oxides
(NOx), and volatile organic compounds (VOCs), is a pervasive environmental exposure known to induce respiratory
inflammation.4 The specific impact of TRAP on the inflammatory endotypes of CRS, however, requires detailed
examination to inform clinical practice and public health strategies.

What the study did
Studies investigating the association between TRAP exposure and CRS inflammatory patterns typically employ

cross-sectional or longitudinal designs, correlating residential or occupational exposure data with clinical and
immunol ogical markersin CRS patients. These studies often focus on adult popul ations diagnosed with CRS based on the
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European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS) criteriaor similar guidelines, ensuring a consi stent
patient cohort. Exposure assessment often involves geographic information systems (GIS) to estimate individual
exposure to specific pollutants like PM 2.5 (particulate matter with an aerodynamic diameter of 2.5 micrometers or less)
and NO2 (nitrogen dioxide) based on proximity to major roadways or air quality monitoring data.5 Patient cohorts

are characterized by standard diagnostic criteriafor CRS, including symptoms, endoscopic findings, and computed
tomography scans. Inflammatory phenotyping involves analyzing tissue biopsies or nasal secretions for markers such as
eosinophil counts, neutrophil counts, and cytokine profiles (e.g., IL-4, IL-5, IL-13 for type 2 inflammation; IL-17, IL-8
for non-type 2 inflammation).6

Key Findings

Research indicates a consistent association between higher TRAP exposure and distinct inflammatory patternsin

CRS. For instance, increased exposure to PM2.5 and NO2 has been correlated with an elevated prevalence of type 2
inflammatory markersin nasal tissue.7 Specificaly, patients residing in areas with higher TRAP levels demonstrate
significantly greater tissue eosinophiliaand elevated levels of type 2 cytokines (e.g., IL-5) compared to those with lower
exposure.8 This suggests that TRAP may exacerbate or induce atype 2 inflammatory response, which is characteristic
of CRSWNP and often responsive to biologic therapies targeting IL-4, IL-5, or IL-13 pathways.9

Conversely, some studies have also linked TRAP exposure to non-type 2 inflammatory patterns, particularly neutrophilic
inflammation.10 Patients with high exposure to certain TRAP components may exhibit increased neutrophil infiltration
and elevated levels of pro-inflammatory cytokines like IL-8 in their sinus mucosa.11 This non-type 2 inflammation is
often associated with more recal citrant forms of CRSsNP and may respond less favorably to conventional corticosteroid
therapy. The precise mechanisms are thought to involve oxidative stress, activation of aryl hydrocarbon receptors (AhR),
and direct irritation of the airway epithelium by pollutant particles, leading to the release of alarmins and subsequent
immune cell recruitment.12 These mechanisms contribute to a sustained inflammatory environment, potentially altering
the local immune response and promoting the devel opment of specific CRS endotypes.

Limitations & Next Steps
A primary limitation in current research is the reliance on estimated TRAP exposure rather than direct personal

exposure monitoring, which can introduce exposure misclassification. Confounding factors, such as smoking status,
occupational exposures, and socioeconomic status, are often adjusted for but may not befully accounted for. Furthermore,
the cross-sectional nature of many studies limits the ability to establish causality, only demonstrating associations.
Longitudinal studies with repeated exposure assessments and inflammatory marker evaluations are needed to clarify
the temporal relationship. Future research should also explore the specific components of TRAP that drive different
inflammatory responses and investigate genetic susceptibilities that may modulate these effects. Understanding these
interactions could pave the way for more precise risk stratification and personalized preventive strategies for CRS
patients.

CLINICAL IMPLICATIONS
The emerging evidence linking traffic pollution to specific inflammatory endotypes of chronic rhinosinusitis
adds a layer of complexity, and perhaps clarity, to a condition often managed with broad-spectrum
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approaches. For clinicians, this means that a detailed environmental history, particularly regarding residential
or occupational proximity to high-traffic areas, should become a standard component of the CRS workup. It is
no longer sufficient to simply ask about general allergies; the specific nature of environmental irritants appears
to influence the underlying pathology. If a patient presents with recalcitrant type 2 inflammation, for example,
and lives adjacent to a major highway, this information could reinforce the decision to pursue targeted biologic
therapies earlier, rather than cycling through multiple rounds of corticosteroids or antibiotics.

From a patient perspective, this research underscores the importance of environmental awareness. While
relocating may not be feasible for everyone, understanding the potential impact of their living environment on
their chronic condition empowers patients to advocate for cleaner air policies or consider personal protective
measures, such as air purifiers. It also shifts some of the onus from purely genetic or infectious causes to
modifiable environmental factors, offering a sense of agency in managing a frustratingly persistent disease.
This is not to say that patients should self-diagnose based on their postcode, but rather that they should be
informed participants in a more holistic diagnostic process.

For the pharmaceutical industry, these findings present an opportunity to refine the targeting of existing

and pipeline therapies. If specific pollutants reliably drive distinct inflammatory pathways, then diagnostic
tools that identify these pathways, perhaps even through biomarker panels sensitive to pollution exposure,
could become invaluable. Companies developing biologics for type 2 inflammation, such as dupilumab or
mepolizumab, might find a more defined patient subset where environmental triggers amplify the type 2
response, potentially improving response rates in these specific cohorts. Conversely, the identification of
pollution-driven non-type 2 inflammation highlights a persistent unmet need for effective therapies in that
space, suggesting avenues for new drug development beyond the current type 2 focus.

EDITORIAL & Al STANDARDS
Al tools are used solely to structure and summarise evidence from peer-reviewed primary sources. No Al-generated conclusions appear in The
Life Science Feed without editor verification against the primary source.
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