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Abstract
Introduction and Objective. Air pollution is a major 
environmental health problem associated with increased 
respiratory morbidity and mortality. Pollutants such as 
particulate matter (PM2,5, PM10), nitrogen dioxide, sulpher 
dioxide, ozone, and carbon monoxide may damage 
the respiratory tract through oxidative stress, epithelial 
dysfunction, and immune dysregulation. Because the upper 
airways are the first site of contact with inhaled pollutants, 
otolaryngological diseases are particularly susceptible to 
environmental exposure. The aim of this review is to summarize 
current evidence regarding the impact of air pollution on ENT 
diseases and their underlying mechanisms.�  
Brief description of the state of knowledge. Current studies 
demonstrate significant associations between air pollution 
and disorders such as rhinitis, chronic rhinosinusitis, otitis 
media, and laryngeal diseases. Both short- and long-term 
exposure to pollutants increase disease incidence, symptom 
severity, and healthcare utilisation. Oxidative stress, chronic 
inflammation, epithelial barrier dysfunction, and impaired 
mucociliary clearance appear to play central roles in disease 
pathogenesis. Children and the elderly are especially 
vulnerable to pollution-related upper airway diseases. �  
Summary. Air pollution is an important environmental 
determinant of otolaryngological diseases. Its effects 
involve inflammatory, oxidative, and structural mechanisms 
contributing to both acute and chronic upper airway 
pathology. Recognition of environmental exposure, 
implementation of preventive strategies, and further research 
on disease mechanisms may improve prevention and clinical 
management of ENT disorders. 
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Streszczenie
Wprowadzenie i cel pracy. Zanieczyszczenie powietrza sta-
nowi istotny problem zdrowotny prowadzący do zwiększonej 
zachorowalności i śmiertelności z powodu chorób układu 
oddechowego. Zanieczyszczenia, takie jak pyły zawieszone 
(PM2,5, PM10), dwutlenek azotu, dwutlenek siarki, ozon oraz 
tlenek węgla, mogą uszkadzać drogi oddechowe poprzez stres 
oksydacyjny, dysfunkcję bariery nabłonkowej oraz zaburzenia 
odpowiedzi immunologicznej. Górne drogi oddechowe jako 
pierwsze mają kontakt z wdychanymi zanieczyszczeniami i są 
szczególnie narażone na ich szkodliwe działanie. Celem pracy 
było podsumowanie aktualnej wiedzy dotyczącej wpływu 
zanieczyszczenia powietrza na choroby laryngologiczne oraz 
omówienie leżących u ich podstaw mechanizmów.�  
Opis stanu wiedzy. Aktualne badania wykazują istotny zwią-
zek pomiędzy ekspozycją na zanieczyszczenia powietrza 
a występowaniem chorób takich jak nieżyt nosa, przewlekłe 
zapalenie zatok przynosowych, zapalenie ucha środkowego 
oraz choroby krtani. Zarówno krótko-, jak i długoterminowa 
ekspozycja na zanieczyszczenia zwiększa częstość wystę-
powania chorób, nasilenie objawów oraz liczbę kontaktów 
z ochroną zdrowia. Kluczową rolę w patogenezie odgrywają 
stres oksydacyjny, przewlekły stan zapalny, uszkodzenie barie-
ry nabłonkowej oraz zaburzenia klirensu śluzowo-rzęskowego. 
Szczególnie narażone na negatywny wpływ zanieczyszczeń 
są dzieci oraz osoby starsze.�  
Podsumowanie. Zanieczyszczenie powietrza stanowi istotny 
środowiskowy czynnik ryzyka chorób laryngologicznych. Jego 
działanie obejmuje różne mechanizmy wspólnie przyczyniają-
ce się do rozwoju zarówno ostrych, jak i przewlekłych chorób 
górnych dróg oddechowych. Uwzględnianie ekspozycji śro-
dowiskowej, wdrażanie działań profilaktycznych oraz dalsze 
badania nad mechanizmami chorób mogą przyczynić się do 
poprawy profilaktyki i leczenia schorzeń laryngologicznych.

Słowa kluczowe
zanieczyszczenie powietrza, choroby laryngologiczne, stres 
oksydacyjny
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INTRODUCTION

Air pollution has emerged as one of the most significant 
environmental threats to human health worldwide. It is 
responsible for approximately 6.7 millions of deaths annually 
and represents a major contributor to global morbidity 
[1]. Outdoor as well as indoor air pollution are important 
sources of exposure. Nowadays, a substantial proportion 
of time is spend in enclosed environments making indoor 
exposure highly relevant as the pollutant concentrations 
may be equally or even more harmful than those outdoors 
[1]. Air pollutants such as particulate matter (PM2.5 and 
PM10), nitrogen dioxide (NO₂), sulfur dioxide (SO₂), ozone 
(O₃), and carbon monoxide (CO) create a complex mixture 
of chemical and biological components that can adversely 
affect the respiratory system [2]. Due to their small size, 
fine particles are capable of penetrating deep into the 
airways and even entering the systemic circulation, where 
they contribute to both local and systemic inflammatory 
responses [3]. Oxidative stress, epithelial damage, and 
immune dysregulation are the main pathways responsible 
for collectively impair the natural defence mechanisms of the 
respiratory tract [2]. The upper respiratory tract, including 
the nasal cavity, paranasal sinuses, pharynx, and larynx, 
represents the first line of contact with inhaled environmental 
pollutants. Consequently, it is particularly subjected to their 
damaging effects.

Exposure to air pollution is suggested to contribute to a wide 
range of otolaryngological conditions, including allergic and 
non-allergic rhinitis, chronic rhinosinusitis, otitis media, 
and upper respiratory tract infections [4]. Epidemiological 
studies have demonstrated that both short-term and long-
term exposure to air pollutants increase the incidence, 
severity, and recurrence of these conditions, contributing 
significantly to healthcare burden and reduced quality of life 
[5]. Moreover, recent studies have also shown relationship 
between specific pollutants and upper airway diseases. 
For example, particulate matter and nitrogen dioxide have 
been linked to an increased risk of pharyngitis and chronic 
rhinitis, highlighting the direct impact of environmental 
exposure on disease development [6]. Furthermore, children, 
as a particularly vulnerable population, appear to be overly 
affected due to their developing respiratory systems and 
higher relative exposure [2].

Despite the research, the relationship between air pollution 
and otolaryngological diseases still remains only partially 
understood. Therefore, a comprehensive review and further 
studies are crucial to better understand the underlying 
mechanisms and clinical implications. The aim of this review 
is to summarize the current knowledge on the impact of 
air pollution on otolaryngological diseases.

MATERIALS AND METHOD

A literature review was conducted in accordance with 
selected PRISMA principles. Primarily the PubMed database 
was searched for studies published especially within the last 
10 years using key words, including ‘air pollution’, ‘PM2.5’, 
‘PM10’, ‘rhinitis’, ‘chronic rhinosinusitis’, ‘otitis media’, 
‘laryngeal disorders’, and ‘oxidative stress’.

Original studies, systematic reviews, meta-analyses, 
and clinically relevant experimental studies evaluating the 

relationship between air pollution and otolaryngological 
diseases were included. Preference was given to recent studies 
with high methodological quality and direct relevance to 
ENT pathology. Duplicate publications, conference abstracts 
without full-text availability, and studies unrelated to upper 
airway diseases were excluded.

Air pollution. Air pollution is a complex mixture originating 
from various sources, including natural sources, consisting 
of both solid and gaseous components. The most relevant 
pollutants include particulate matter (PM2.5 and PM10), 
nitrogen dioxide (NO₂), sulphur dioxide (SO₂), carbon 
monoxide (CO), and ozone (O₃), which are primarily 
generated by combustion of fossil fuels, industrial activity, 
traffic emissions, and domestic heating [7, 8]. Due to their 
small size, small molecules can deposit within the upper 
airways and penetrate deeper into the respiratory tract, 
while gaseous pollutants directly interact with the airway 
epithelium [9]. These exposures affects the upper respiratory 
tract by increasing the number of incidences of infections and 
inflammatory conditions. Even a short-term and medium-
term exposure to air pollutants is linked to a higher frequency 
of symptoms such as rhinitis, cough, and pharyngitis in both 
children and adults [10, 8]. Pollutants induce oxidative stress, 
epithelial damage, and immune dysregulation, which impair 
mucociliary clearance and increase susceptibility to pathogens 
[9]. In addiction, air pollution may modify the respiratory 
microbiome, contributing to chronic inflammation and 
disease progression. Overall, these findings indicate that 
environmental exposure to air pollutants plays a significant 
role in the development and aggravation of upper airway 
diseases.

Role of oxidative stress in different laryngological 
diseases. Oxidative stress is one of the main mechanism in 
the pathogenesis of a wide range of otorhinolaryngological 
diseases, linking environmental exposure, inflammation, and 
tissue damage. It is characterised by an imbalance between 
excessive production of reactive oxygen species (ROS) and 
insufficient antioxidant defence, leading to cellular injury 
affecting DNA, as well as proteins, and lipids [11]. In the 
upper airways, oxidative stress disrupts epithelial barrier 
integrity, impairs mucociliary clearance, and modifies 
natural immune responses, thus increasing susceptibility 
to infections and chronic inflammatory conditions such as 
chronic rhinosinusitis and nasal polyposis [12, 13].

At the molecular level, ROS activate key inflammatory 
signalling pathways, including NF-κB, and induce 
endoplasmic reticulum stress responses, further amplifying 
cytokine production and sustaining chronic inflammation 
[13]. Moreover, oxidative stress contributes to structural and 
functional damage in the cochlea and vocal folds, where it 
promotes cellular degeneration, fibrosis, and impaired tissue 
regeneration [14, 15]. Simultaneous impact of oxidative stress, 
hypoxia, and inflammation creates a cycle that aggravates 
disease progression and tissue remodelling [16]. All things 
considered, these findings highlight oxidative stress as 
a key unifying mechanism across otorhinolaryngological 
disorders.

Focusing particularly on otolaryngological disorders, it 
is observed that air pollution plays a significant role in their 
development and intensity. To begin with, air pollution is 
increasingly recognized as a significant environmental risk 
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factor of rhinitis. Various studies demonstrate a consistent 
association between exposure to both particulate matter 
(PM₂.₅, PM₁₀) and gaseous pollutants, such as nitrogen 
dioxide (NO₂), sulpher dioxide (SO₂), and carbon monoxide 
(CO), and the prevalence and severity of rhinitis symptoms 
[4, 17]. Epidemiological evidence indicates that higher 
concentrations of these pollutants correlate with increased 
outpatient visits and symptoms severity, suggesting a dose–
response relationship [18].

Air pollutants act as irritants and immunological 
adjuvants, enhancing epithelial permeability, promoting 
allergen penetration, and local inflammatory responses 
within the nasal mucosa [19]. As previously mentioned, 
this process is largely mediated by oxidative stress and the 
overproduction of reactive oxygen species [2]. Vulnerable 
populations, particularly children and individuals exposed 
during early life, appear to be at higher risk due to developing 
respiratory and immune systems [20]. Overall, current 
evidence strongly supports a multifactorial role of air 
pollution in rhinitis pathogenesis, involving inflammatory, 
oxidative, and immune-mediated pathways.

Studies demonstrate that exposure to pollutants, 
particularly particulate matter (PM₂.₅, PM₁₀) and ozone, is 
associated with increased prevalence and symptom severity 
in patients suffering from chronic rhinosinusitis (CRS) and 
related upper airway diseases [21, 22]. Both epidemiological 
and clinical data suggest that even short exposures exacerbate 
sinonasal symptoms, depending on individual factors such 
as gender, comorbid asthma, and seasonal variation [22]. 
Once again, oxidative stress, epithelial barrier dysfunction, 
and impairment of mucociliary clearance play curial role 
in persistent mucosal inflammation [23]. These processes 
are further mediated by activation of immune pathways 
and increased production of pro-inflammatory cytokines 
[24]. Studies also indicate that particulate matter can 
directly damage sinonasal epithelial cells and alter tissue 
structure, supporting its role in disease progression [21]. 
Additionally, long-term exposure to fine particulate matter 
has been implicated in the development of CRS, supporting 
the thesis of a unified airway response to environmental 
irritants [25]. Despite growing evidence, differences in 
exposure assessment methods limits comparability across 
studies, insisting on standardised research approaches for 
better future analysis [23].

Moving on to otitis media, air pollution has been 
consistently identified as an important risk factor, particularly 
in paediatric populations. Large population-based studies 
demonstrate that exposure to pollutants such as particulate 
matter (PM2.5, PM10) and oxidant gases is associated with 
increased incidence of acute otitis media (AOM), with effects 
further amplified by concurrent viral infections, such as 
influenza [26]. Epidemiological analyses show that short-
term increases in pollutants like CO and NO₂ is linked 
to higher rates of emergency department visits within 
days of exposure [27]. Similarly, nationwide cohort data 
indicate that particulate matter has a particularly strong and 
immediate impact on AOM incidence, especially in children 
under two years of age [28]. Long-term exposure to traffic-
related pollutants, including NO₂, PM2.5, and elemental 
carbon, has also been shown to increase the probability of 
developing otitis media in early childhood [29]. Additionally, 
vulnerable groups such as infants – particularly those born 
preterm – show increased susceptibility to pollution-related 

respiratory conditions, including otitis media [30]. These 
findings indicate that air pollution plays a multifactorial role 
in otitis media pathogenesis, acting through both acute and 
chronic mechanisms.

Air pollutants also contribute to both malignant and 
non-malignant laryngeal disorders. Chronic exposure to 
particularly particulate matter and toxic compounds produced 
during combustion of solid fuels, has been associated with an 
increased risk of respiratory tract cancers [31, 32]. While tobacco 
and alcohol remain the primary risk factors, environmental 
exposures such as air pollution, asbestos, and chemical 
irritants further contribute to carcinogenesis, especially in 
populations with prolonged indoor exposure [33]. Further 
data indicate that in low- and middle-income regions where 
exposure to household air pollution is highest are extremely 
influenced [34]. In addition to its role in cancer development, 
air pollution also affects laryngeal function through direct 
irritation and damage to the vocal fold epithelium. The vocal 
fold epithelial barrier serves as the first line of defense against 
environmental insults, and its disruption by pollutants leads 
to increased permeability, inflammation, and susceptibility 
to injury [35]. These processes may result in voice disorders 
such as dysphonia, as well as chronic laryngeal inflammation. 
To sum up, air pollution contributes to laryngeal pathology 
through both long-term carcinogenic mechanisms and short-
term epithelial injury.

Clinical implications. Air pollution has significant clinical 
implications for the diagnosis, management, and prevention 
of otolaryngological diseases, emphasizing the need to 
integrate environmental factors into routine clinical practice. 
Given the recognized associations between exposure to 
pollutants – particularly particulate matter (PM₂.₅, PM₁₀), 
nitrogen dioxide (NO₂), sulpher dioxide (SO₂), and carbon 
monoxide (CO) – and conditions such as rhinitis, chronic 
rhinosinusitis, otitis media, and laryngeal disorders, clinicians 
should systematically assess environmental exposure during 
patient evaluation [17, 36]. A detailed environmental history, 
including residential location, occupational exposure, use of 
solid fuels, and time spent in high-pollution environments, is 
particularly important, as both short- and long-term exposure 
have been shown to increase disease incidence, severity, and 
contact with healthcare [10, 27]. This is especially relevant 
in vulnerable populations such as children and the elderly, 
who demonstrate increased susceptibility to pollution-related 
upper airway diseases [7, 30].

From a preventive perspective, reducing exposure to air 
pollutants may be a key strategy in reducing disease severity. 
Evidence indicates that both outdoor and indoor air pollution 
contribute to otolaryngological pathologies, with household 
air pollution from solid fuel combustion being a major risk 
factor in low- and middle-income districts [31]. Therefore 
patients should be advised on practical exposure-reduction 
strategies, including the use of air purifiers, avoidance of 
outdoor activity during periods of high pollution, smoking 
cessation, and improvement of indoor ventilation. Public 
health interventions, such as cleaner energy policies and 
pollution control measures, are also essential, as population-
level reductions in pollutant exposure have been associated 
with decreased incidence of respiratory and otolaryngological 
diseases [37].

The role of the physician extends beyond individual patient 
care and should include education, early identification 

Med ŚrodowMedycyna Środowiskowa – Environmental MedicineONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST



Zuzanna Parfienowicz, Anna Drużdżel, Marta Krzyżanowska, Kacper Curzytek﻿﻿﻿﻿﻿. Impact of air pollution on otolaryngological disease

of at-risk individuals, and support for environmental 
health. Studies have shown that air pollution induces 
various mechanisms, as previously mentioned, including 
oxidative stress, epithelial barrier dysfunction, and immune 
dysregulation, which contribute to both acute infections 
and chronic inflammatory conditions of the upper airways 
[9, 11]. Growing knowledge can lead to more targeted 
therapeutic approaches, including anti-inflammatory and 
supportive treatments. Furthermore, exposure may act 
synergistically with other risk factors, such as infections 
or smoking, amplifying disease severity and complicating 
clinical management [26, 38].

In conclusion, incorporating environmental exposure 
assessment into clinical practice, as well as promoting 
preventive strategies and engaging in public health initiatives, 
are essential components of modern otolaryngological care. 
Recognising air pollution may improves individual patient 
outcomes as well as contributing to reducing the overall load 
of diseases at the population level.

Further research. Further research on the impact of air 
pollution on otolaryngological diseases should focus on 
addressing current gaps in evidence, particularly regarding 
determinants, exposure assessment, and long-term clinical 
outcomes. Although numerous epidemiological studies 
demonstrate associations between pollutants and various 
disorders, heterogeneity in study design and variability in 
exposure measurement limit comparability and interpretation 
of results [39]. Future studies should therefore focus on 
standardising the methodologies, and may include the use 
of personal monitoring devices, geospatial modelling, and 
integration of environmental data with electronic health 
records. Additionally, more prospective cohort studies are 
crucial for a better understanding of correlations and to 
evaluate the long-term effects of chronic exposure, especially 
in vulnerable populations, such as children and the elderly, 
who exhibit increased susceptibility to pollution-related 
diseases [20].

Another essential path of research should target 
the underlying biological mechanisms. While current 
evidence highlights the role of oxidative stress, epithelial 
barrier dysfunction, and immune dysregulation in disease 
pathogenesis, more detailed studies are required to identify 
specific biomarkers and therapeutic targets [11]. In particular, 
emerging areas such as the interaction between air pollution 
and the respiratory microbiome warrant deeper exploration, 
as they may provide new insights into disease development 
and progression [40].

From a clinical and public health perspective, future 
expertise should also evaluate the effectiveness of preventive 
and interventional strategies, including air quality 
improvement policies, indoor air filtration, and behavioural 
modifications. Evidence suggests that reducing exposure 
to environmental pollutants can decrease the severity of 
respiratory diseases, but more high-quality studies are needed 
to quantify these benefits specifically for otolaryngological 
conditions [37].

Finally, interdisciplinary collaboration is critical for 
developing comprehensive strategies aimed at reducing 
exposure and improving patient outcomes. Overall, advancing 
research in this field will not only enhance understanding of 
the disease mechanisms, but also support the development 
of targeted interventions and evidence-based guidelines for 
clinical practice.

DISCUSSION

The present review highlights air pollution as a significant 
environmental factor contributing to the pathogenesis and 
progression of multiple otolaryngological diseases. Current 
evidence consistently demonstrates associations between 
exposure to particulate matter (PM₂.₅, PM₁₀), nitrogen 
dioxide (NO₂), sulphur dioxide (SO₂), ozone (O₃), and 
carbon monoxide (CO) and increased incidence, severity, 
and recurrence of upper airway disorders, such as rhinitis, 
chronic rhinosinusitis (CRS), otitis media, and laryngeal 
diseases [17, 21, 41]. Although many studies are observational, 
the reproducibility of findings across different populations 
and study designs strongly supports the clinical relevance 
of environmental pollution in ENT pathology.

Among upper airway disorders, allergic rhinitis and CRS 
appear to be the conditions most consistently associated 
with chronic air pollution exposure. Epidemiological studies 
demonstrate that higher levels of particulate matter and 
traffic-related pollutants correlate with increased prevalence 
of rhinitis symptoms, greater disease severity, and more 
frequent visits to healthcare facilities [17, 18]. Similarly, 
patients with CRS exposed to elevated concentrations of 
pollutants show more severe symptoms and poorer disease 
control [22]. Importantly, several studies identified dose–
response relationships, suggesting that increasing pollutant 
exposure directly contributes to worsening upper airway 
inflammation, rather than acting solely as a trigger in 
predisposed individuals [17].

The underlying mechanisms appear to be multifactorial, 
with oxidative stress playing a key role. Exposure to pollutants 
promotes excessive production of reactive oxygen species 
(ROS), resulting in epithelial injury, impaired mucociliary 
clearance, and activation of pro-inflammatory pathways [11, 
13]. Chronic oxidative stress further disrupts epithelial barrier 
integrity, facilitating allergen penetration and increasing 
susceptibility to infections and chronic inflammation [9]. 
Several studies also demonstrated altered expression of 
inflammatory and immune-related genes in CRS and nasal 
polyposis, supporting the concept that pollution-induced 
epithelial dysfunction contributes directly to disease 
pathogenesis [12]. Emerging evidence additionally suggests 
that air pollution may alter the respiratory microbiome, 
creating dysbiosis that further amplifies inflammatory 
responses and disease progression [40].

Air pollution also plays an important role in paediatric 
ENT diseases, particularly otitis media. Both short-term 
and long-term exposure to particulate matter and traffic-
related pollutants were associated with increased incidence of 
acute otitis media and higher rates of emergency department 
visits among children [27, 28]. Infants and young children 
appear especially vulnerable due to immature immune 
and respiratory defence mechanisms [30]. These findings 
are clinically important given the high prevalence of otitis 
media and its impact on hearing, speech development, and 
healthcare burden.

In addition to inflammatory diseases, evidence suggests 
that air pollution contributes to laryngeal pathology through 
both chronic irritation and carcinogenic mechanisms. 
Pollutants can disrupt the vocal fold epithelial barrier, 
increasing susceptibility to inflammation, vocal dysfunction, 
and tissue injury [35]. Long-term exposure to household air 
pollution and combustion-derived toxic compounds has 
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also been associated with increased risk of respiratory tract 
cancers, including laryngeal cancer [31, 38]. While tobacco 
and alcohol remain the dominant risk factors, environmental 
pollution may act synergistically with these exposures and 
contribute to cumulative carcinogenic effects.

The clinical implications of these findings are substantial. 
Environmental exposure should be considered during 
routine otolaryngological assessment, particularly in 
patients with chronic or recurrent upper airway symptoms. 
Detailed environmental history taking, including residential 
conditions, occupational exposure, smoking status, and 
indoor air quality, may improve identification of modifiable 
risk factors [37]. Preventive strategies, such as reducing 
exposure to traffic-related pollution, improving ventilation, 
smoking cessation, and use of cleaner household fuels, 
may contribute to lowering the disease burden at both the 
individual and population levels.

Despite growing evidence, several limitations remain. Due 
to the large number of available publications, this review 
primarily focused on studies with high methodological 
quality and direct clinical relevance to otolaryngological 
diseases. However, many studies rely on ecological or 
retrospective designs and differ considerably in exposure 
assessment methods, making direct comparison difficult [39]. 
Furthermore, confounding factors, such as smoking, socio-
economic status, climate, and occupational exposure, are 
not always fully controlled. Additional prospective studies 
using standardized exposure measurements and molecular 
biomarkers are needed to better define causal relationships 
and identify patients at greatest risk.

Overall, current literature strongly supports the role 
of air pollution as a major environmental determinant of 
otolaryngological diseases. Its effects involve inflammatory, 
oxidative, immunological, and structural mechanisms that 
contribute to both acute and chronic upper airway pathology. 
Improved understanding of these processes may support 
the development of more effective preventive strategies and 
targeted therapeutic approaches in ENT practice.
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