
 

 

International Journal of 

Innovative Technologies in 

Social Science 
 

e-ISSN: 2544-9435 

Operating Publisher  

SciFormat Publishing Inc. 

ISNI: 0000 0005 1449 8214 

 

2734 17 Avenue SW, 

Calgary, Alberta, T3E0A7, 

Canada  

+15878858911 

editorial-office@sciformat.ca 

 

 

 

 

ARTICLE TITLE 

IMPACT OF ENVIRONMENTAL AIR POLLUTION ON ALLERGIC 

RHINITIS SEVERITY AND QUALITY OF LIFE IN ADULTS: A 

NARRATIVE REVIEW 

DOI https://doi.org/10.31435/ijitss.3(51).2026.6048 

RECEIVED 29 April 2026 

ACCEPTED 24 June 2026 

PUBLISHED 06 July 2026 

LICENSE 
 

The article is licensed under a Creative Commons Attribution 4.0 

International License. 

 
© The author(s) 2026. 

This article is published as open access under the Creative Commons Attribution 4.0 International 

License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the 

content to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including 

adaptation and commercial use, as long as proper attribution is provided. 

 



3(51) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 1 

 

IMPACT OF ENVIRONMENTAL AIR POLLUTION ON 

ALLERGIC RHINITIS SEVERITY AND QUALITY OF LIFE IN 

ADULTS: A NARRATIVE REVIEW 

 
Adela Dzwonkowska (Corresponding Author, Email: adelaziolkowska@gmail.com) 
Szpitale Tczewskie S.A., Tczew, Poland 

ORCID ID: 0009-0004-7026-7437 
 

Jakub Dzwonkowski 

Szpital Wojewódzki im. Mikołaja Kopernika, Koszalin, Poland 
ORCID ID: 0009-0006-5087-0698 

 

Alicja Kozłowska 

Szpital Morski im. PCK, Gdynia, Poland 

ORCID ID: 0009-0000-5991-7401 
 

Karolina Przybysz 
Szpital Morski im. PCK, Gdynia, Poland 

ORCID ID: 0009-0002-9001-829X 

 

Jarosław Rachoń 

7 Szpital Marynarki Wojennej, Gdańsk, Poland 
ORCID ID: 0009-0007-9691-2221 

 

Luiza Stadnik 

Szpital św. Wojciecha Copernicus PL Sp. z o.o., Gdańsk, Poland 

ORCID ID: 0009-0009-6854-4905 
 

Nicol Szerenos 

Szpital Morski im. PCK, Gdynia, Poland 

ORCID ID: 0009-0009-2754-8344 

 

Daria Trocka 

Szpital św. Wojciecha Copernicus PL Sp. z o.o., Gdańsk, Poland 
ORCID ID: 0000-0001-9684-5881 

 

Natalia Woroniecka 
Samodzielny Publiczny Zakład Opieki Zdrowotnej MSWiA w Gdańsku, Poland 

ORCID ID: 0009-0006-4713-4526 
 

Natalia Zienkiewicz 

Szpital Morski im. PCK, Gdynia, Poland 
ORCID ID: 0009-0009-3380-0470 

 
 

 

 
 

 
 

 

 
 



3(51) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 2 

 

 

ABSTRACT 

Air pollution is recognized as one of the leading environmental determinants of human health. It has been associated with a 
growing burden of respiratory diseases worldwide. Allergic rhinitis (AR), a chronic inflammatory disorder of the upper 
airways, may be susceptible to the effects of environmental pollutants. This narrative review aimed to summarize current 
evidence regarding the impact of air pollution on allergic rhinitis severity, disease control, and quality of life in adults. 
A literature search was conducted using the PubMed database. Relevant publications were identified using combinations of 
the keywords with priority given to recent systematic reviews, meta-analyses, observational studies, clinical investigations, 
and international clinical guidelines. 
The reviewed evidence consistently demonstrated positive associations between exposure to ambient air pollutants and 
allergic rhinitis outcomes. Particulate matter (PM2.5 and PM10), nitrogen dioxide (NO₂), ozone (O₃), and sulfur dioxide 
(SO₂) were most frequently associated with increased symptom severity, poorer disease control, and reduced quality of life. 
Particulate matter showed the strongest and most consistent relationship with allergic rhinitis burden. Proposed biological 
mechanisms include oxidative stress, epithelial barrier dysfunction, chronic inflammation, and immune dysregulation.  
In conclusion, air pollution represents an important and potentially modifiable determinant of allergic rhinitis severity and 
quality of life. Improving air quality and reducing individual exposure to environmental pollutants may contribute to better 
disease control and reduced burden of allergic respiratory diseases, highlighting the importance of both clinical and public 
health interventions. 
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1. Introduction 

1.1 Air pollution 

Air pollution is one of the most important environmental risk factors for health and contributes to a wide 

range of health problems [14, 26]. According to the World Health Organization (WHO), millions of people 

are exposed daily to harmful concentrations of airborne pollutants that contribute to respiratory and 

cardiovascular diseases [25, 26]. 

Air pollution is inextricably associated with human activity. Major anthropogenic sources include road 

traffic, industrial production, energy generation and residential heating. Traffic-related air pollution is 

considered particularly relevant for respiratory diseases because vehicle emissions contain particulate matter, 

nitrogen oxides, volatile organic compounds, and secondary pollutants formed through atmospheric reactions. 

It is predicted that climate change may worsen air quality through increased global temperatures, altered 

atmospheric circulation patterns, more frequent wildfires, and longer pollen seasons. 

The pollutants under review include particulate matter with a diameter of less than 2,5 μm (PM2.5), less 

than 10 μm (PM10), ozone (O3), nitrogen dioxide (NO2) and sulfur dioxide (SO2). PM is a complex mixture 

with components of different chemical and physical characteristics. Common components of particulate matter 

(PM) are liquid and solid particles suspended in the air like elemental carbon and organic carbon molecules, 

such as polyaromatic hydrocarbons (PAHs), nitrates, sulfates and various metals [7, 27]. Different 

characteristics of PM may be relevant to different health effects [25]. 

Tropospheric ozone (O3), sulfur dioxide (SO2) and nitrogen dioxide gas (NO2) are strong oxidants [25]. 

Overproduction of strong oxidants are the primary drivers of oxidative stress. 

The respiratory system is a primary target for pollutants. Inhaling these pollutants leads to inflammation, 

oxidative stress, and impaired lung function [6]. 
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Increasing evidence suggests that environmental pollution may also influence the occurrence and 

severity of allergic diseases, including allergic rhinitis [1]. 

 

1.2 Allergic rhinitis 

Allergic rhinitis (AR) is one of the most prevalent allergic diseases [1]. It affects up to 30% of the 

European population and up to 60 million people in the United States, including children, adolescents and 

adults [3, 24]. The prevalence of allergic rhinitis is likely to increase. Allergic rhinitis is an atopic disease 

associated with inflammation, and characterized by symptoms of nasal congestion, rhinorrhea, sneezing - 

especially paroxysmal, postnasal drip, ocular symptoms (such as itch, redness or tearing), nasal itch and 

obstruction. Patient presenting two or more mentioned above nasal symptoms may be diagnosed to allergic 

rhinitis [4, 24]. 

AR is primarily an IgE-mediates (immunoglobulin E) inflammatory disease triggered by exposure to an 

allergen. 

Many recent studies found the link between pollution and the development of AR [4, 15]. Rhinitis 

symptom control is associated with exposure to environmental triggers (e.g. aeroallergens, pollutants, and 

irritants), not only allergens [13]. 

Classically, seasonal AR was associated with outdoor allergens like pollen, perennial AR with indoor 
year-round exposure to allergens such as dust mites or pet dander, and episodic AR with temporary allergen 

exposures not normally occurring in the patient’s environment, such as visiting a home with pets. However, 

climate change, air pollution and polysensitization may change these classifications [2, 3, 21]. 

According to current knowledge allergic rhinitis may have a mild, moderate, or severe clinical course. The 

criteria for this classification are the impact of the disease on daily activities, sports, attendance at school or work, 

sleep, and the patient's reported need for therapy [5]. Both classifications can be intertwined (Figure 1). 

 
Fig. 1. Classification of allergic rhinitis according to ARIA (adapted from Emeryk et al. [5]). 

 

2. Materials and Methods 

This study was designed as a narrative review of the literature. The aim of the study is to summarize 

current evidence regarding the relationship between exposure to air pollution and the severity of allergic 

rhinitis in adults, with emphasis on the biological mechanisms involved and the public health implications of 
these associations. To achieve this, the authors conducted a review of relevant and current articles from the 

PubMed database. 

The search strategy included combinations of keywords such as: “allergic rhinitis”, “hay fever”, 

“severity”, “control”, “air pollution”, “PM2.5”, “PM10”, “NO2”, “ozone”. To increase accuracy of the results, 

logical operators “AND” and “OR” were used. 

Priority was given to recent studies, systematic reviews, meta-analyses and clinical investigations. 

Studies investigating impact of air pollution on health, especially the respiratory system and atopic diseases 

were searched for. 

The analysis excluded non-peer-reviewed publications, case studies, conference abstracts without full 

text. Studies focusing on pediatric population or publication not available in Polish or English were also 

excluded. 
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The selection process proceeded in several stages. First, titles and abstracts were screened for thematic 

relevance, and then the full text of the selected studies were analyzed. The collected material was grouped 

according to thematic categories. 

Clinical guidelines for allergic rhinitis were also reviewed: American Academy of Allergy, Asthma & 

Immunology (AAAAI), Allergic Rhinitis and its Impact on Asthma (ARIA). In total, 27 sources were included 

in the review, with 26 published no later than 2020. 

The selected literature was reviewed and synthesized narratively according to major thematic areas. 

Although no risk-of-bias tool was used, the methodological quality of the included studies was critically 

analyzed by the authors. 

Due to the nature of narrative review, formal systematic procedures, as PRISMA, were not used, which 

is a potential limitation of the study. 

 

3. Air Pollution and Allergic Rhinitis 

3.1 Epidemiological Evidence 

Most studies suggest that exposure to air pollution is associated with an increased burden of allergic 

rhinitis (AR) and other allergic diseases. Multiple epidemiological studies have demonstrated positive 

associations between exposure to ambient pollutants and the prevalence, severity, and persistence of allergic 
respiratory diseases. Exposure to air pollution, particularly particulate matter and traffic-related pollutants, was 

significantly associated with an increased risk of allergic rhinitis. PM2.5 and NO₂ demonstrated the most 

consistent associations with allergic airway disease [1, 8, 10, 18]. 

Geographic location, degree of urbanization, and socioeconomic factors were identified as potential 

modifiers of this relationship [1, 15]. 

 

3.2 Effects of Particulate Matter on Allergic Rhinitis 

Particulate matter appears to be the most extensively studied pollutant in relation to allergic rhinitis. 

Several investigations have demonstrated that both PM2.5 and PM10 are associated with increased symptom 

severity, including nasal congestion, rhinorrhea, sneezing, and nasal itching. 

Some studies reported that long-term exposure to PM2.5 was associated with the presence of rhinitis in 

older adults and that inflammatory cytokine profiles partially mediated this relationship. Similarly, there was 

observed a positive correlation between PM10 concentrations and both the severity and duration of rhinitis 

symptoms [7, 8, 9, 10, 20]. 

Additional support for the role of particulate matter comes from intervention studies. Park et al. found 

that the use of high-efficiency particulate air (HEPA) filters significantly reduced indoor PM2.5 concentrations 

and was associated with decreased medication requirements among patients with house dust mite-induced 

allergic rhinitis [12]. 

 

3.3 Oxidative Stress and Biological Mechanisms 

Several studies have explored the biological mechanisms linking air pollution to allergic rhinitis. These 

mechanisms involve multiple pathways associated with oxidative stress, immune dysregulation, epithelial 

barrier dysfunction, and chronic inflammation. Oxidative stress is considered one of the principal pathways 

through which pollutants exert adverse effects on the respiratory tract. It also may stimulate the expression of 

antioxidant genes and recruitment of inflammatory cells to the nasal mucosa [2, 8, 10, 11]. 

Air pollutants, particularly particulate matter, ozone, and nitrogen dioxide, are capable of generating 

reactive oxygen species (ROS) within the airway epithelium. Short-term exposure to mixtures of air pollutants 

is associated with increased oxidative stress markers, including elevated malondialdehyde (MDA) levels, a 

biomarker of lipid peroxidation and oxidative damage, and reduced superoxide dismutase (SOD) activity - one 

of the major endogenous antioxidant enzymes responsible for neutralizing reactive oxygen species. Patients 

exposed to higher pollutant concentrations experienced more severe nasal symptoms and poorer quality of life, 

suggesting an association between pollutant-induced oxidative stress and disease severity [22]. 

Population-based studies have demonstrated that long-term exposure to fine particulate matter and 

markers of airway inflammation (specific inflammatory cytokine profiles) in older adults suggest that 

pollution-related inflammatory processes may contribute not only to lower respiratory diseases but also to 

upper airway conditions such as allergic rhinitis [10, 17]. 

Particulate matter, ozone, and nitrogen dioxide are known to generate reactive oxygen species within 

the respiratory epithelium, leading to epithelial barrier dysfunction, inflammation, and enhanced allergic 
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sensitization. Pollutants may stimulate epithelial cells, macrophages, and dendritic cells to release pro-

inflammatory mediators, resulting in the recruitment of inflammatory cells [8, 10]. The nasal epithelium is the 

first line of defense against inhaled pollutants, making it particularly vulnerable to oxidative injury. Chronic 

exposure may contribute to persistent airway inflammation and increased susceptibility to respiratory 

symptoms. 

 

3.4 Air pollution and aeroallergen interactions 

Recent studies have highlighted the interaction between atmospheric pollution and aeroallergens. 

During pollen seasons, exposure to particulate matter (especially PM2,5) and gaseous pollutants may amplify 

allergic responses and exacerbate respiratory symptoms in sensitized individuals. Air pollutants can modify 

pollen content, morphology, immunomodulatory properties, and immunogenicity. They have been linked to 

elevated pollen allergenic proteins potency. Furthermore, air pollutants can cause negative health effects even 

in individuals without diagnosed allergies [13, 19, 21]. 

Moreover, because of global warming, pollen season have become longer and more intense. Vegetation 

patterns, plant physiology and concentration of pollens have changed. This interaction may become 

increasingly relevant in the context of climate change and prolonged pollen seasons. Finding suggest that 

environmental factors play an important role in allergic rhinitis control [21, 23]. 
 

3.5 Disease Control, Quality of Life, and Public Health Implications 

Beyond its effects on symptom severity, air pollution may substantially influence disease control and 

quality of life among individuals with allergic rhinitis. Increased pollutant exposure has been associated with 

greater healthcare utilization, more frequent outpatient visits, and increased medication use [22, 23]. 

Li et al. reported that concentrations of PM2.5, PM10, NO₂, SO₂, and CO (carbon monoxide) were 

significantly associated with increased outpatient visits for otolaryngologic diseases, including allergic rhinitis. 

The strongest effects were observed several days after pollutant exposure, suggesting cumulative impacts on 

respiratory health [16]. 

Air pollution may also affect daily functioning and overall well-being. Studies indicate that individuals 

exposed to higher pollution levels report poorer health-related quality of life, increased symptom burden, and 

greater limitations in everyday activities. These findings emphasize that allergic rhinitis should be considered 

not only a clinical condition but also a public health concern influenced by environmental factors [6, 25, 26]. 

Given increasing urbanization and ongoing environmental challenges, reducing exposure to harmful air 

pollutants may represent an important strategy for improving respiratory health outcomes and reducing the 

societal burden associated with allergic diseases. 

 

4. Discussion 

Our study summarizes the relationship between air pollution exposure and allergic rhinitis severity in 

adults. The findings indicate that exposure to ambient air pollutants as particularly particulate matter (PM2.5 

and PM10), nitrogen dioxide (NO₂), sulfur dioxide (SO₂), and ozone (O₃), is associated with increased symptom 

severity, poorer disease control, and reduced quality of life among individuals with allergic rhinitis. 

Among the pollutants evaluated, particulate matter demonstrated the most consistent association with 

allergic rhinitis outcomes. Several studies reported positive correlations between PM2.5 and PM10 

concentrations and the severity, duration, and persistence of rhinitis symptoms [7, 9, 10, 20]. 

The biological mechanisms underlying these associations are probably complex and multifactorial. 

According to current knowledge, air pollutants can induce oxidative stress through the generation of reactive 

oxygen species, resulting in epithelial barrier dysfunction, local inflammation, and increased mucosal 

permeability [8, 10]. Furthermore, chronic exposure to pollutants may promote the release of pro-inflammatory 

cytokines and contribute to persistent airway inflammation. The observed increases in oxidative stress 

biomarkers and reductions in antioxidant activity among patients exposed to pollutant mixtures provide 

additional evidence supporting these mechanisms [22]. 

Another important finding is the interaction between air pollution and aeroallergens. Several studies 

suggest that pollutants may amplify the effects of pollen exposure, resulting in more severe respiratory 

symptoms during pollen seasons. Consequently, environmental factors should be considered alongside 

traditional allergen avoidance strategies in the management of allergic rhinitis [13, 19, 20, 21, 23]. 

The subsequent challenge is urbanization. Increasing population density in large agglomerations, 

expanding transportation networks, and industrial development contribute to elevated pollution levels in many 
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regions, especially in developing countries. Individuals residing in urban environments are therefore more 

likely to experience chronic exposure to traffic-related pollutants and other airborne contaminants associated 

with respiratory disease burden [26]. As urban populations continue to grow, the impact of environmental 

pollution on allergic diseases may increase significantly. 

Environmental exposure assessment should be considered an important component of patient medical 

evaluation [2,3]. Consequently, clinicians should take more interest with supplementing the medical history 

with information about environmental conditions, occupational exposures, residential proximity to major roads 

or industrial facilities, and indoor air quality when assessing patients with allergic rhinitis. Identification of 

environmental risk factors may enable to implement more individualized management strategies. These 

individualized strategies may lead to a significant reduction of medication dosage taken by patient. 

Patient education programs should include recommendations about monitoring local air quality indices, 

limiting outdoor activities during periods of poor air quality, reducing exposure during peak traffic hours, and 

utilizing air purification systems in indoor environments. Although these interventions do not fully replace 

pharmacological treatment and proper specialists care, they may contribute to improved symptom control and 

reduced disease burden [2]. 

In present times, modern approaches to managing allergic rhinitis are based on the concept of 

environmental control. The International Consensus statement on Allergy and Rhinology (ICAR) reiterates the 
significance of the environmental factors in the development of the allergic illness and recommends a 

comprehensive treatment plan, which comprises pharmacological interventions, avoidance of allergens, and 

environmental interventions where needed [2]. Along the same lines, the Rhinitis 2020 practice parameter 

emphasizes the fact that environmental factors contribute to the severity of symptoms and encourages the 

inclusion of exposure reduction measures in patient education [3]. 

We cannot ignore public health implications. Allergic rhinitis is associated with impaired sleep quality, 

reduced work and school productivity, and diminished quality of life. Air pollution may further exacerbate 

these outcomes by increasing symptom burden and healthcare utilization. From a public health perspective, 

improving air quality has become an important strategy for reducing the burden of respiratory diseases, 

including rhinitis and improving the health of the population [25, 26]. 

Public health interventions focused on improving air quality have the potential to produce more benefits 

than to allergic rhinitis alone. Strategies such as promotion of renewable energy sources, cleaner transportation 

systems, stricter industrial emission standards, and improved urban planning may reduce exposure to harmful 

pollutants and improve respiratory health at all the population [25,26]. Such measures may also contribute to 

reductions in healthcare expenditures and productivity losses associated with chronic respiratory diseases. 

Finally, increasing attention among healthcare professionals, politicians, and the general public remains 

essential. Allergic rhinitis is often perceived as a relatively mild condition despite its substantial impact on 

daily functioning and quality of life. However, we must not forget that air pollution also has a significant 

impact on other diseases, such as cardiovascular and respiratory diseases, and are estimated to be responsible 

for approximately 6.7 million attributable deaths each year [26]. Recognition of the contribution of 

environmental pollution to disease burden may encourage greater investment in prevention strategies and 

support policies aimed at improving air quality. 

The findings of this review are not without limitations. First, most available studies were observational 

in nature, limiting the ability to establish causal relationships. Second, considerable heterogeneity existed in 

exposure assessment methods, pollutant measurements, study populations, and outcome definitions. Third, 

many studies relied on regional air quality monitoring data, which may not accurately reflect individual 

exposure levels. Finally, publication bias and residual confounding cannot be excluded. 

For all these limitations, the available evidence consistently suggests that air pollution contributes to the 

severity and burden of allergic rhinitis. Future research should focus on large prospective cohort studies using 

standardized exposure assessment methods and validated measures of disease control and quality of life. 

Additional investigation is also needed to evaluate the effectiveness of environmental interventions, including 

air quality improvement policies and individual exposure reduction strategies. 
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5. Conclusions 

Based on the conducted literature review, it can be concluded that air pollutants, particularly particulate 

matter (PM2.5 and PM10), nitrogen dioxide (NO₂), ozone (O₃), and sulfur dioxide (SO₂) are a major 

contributor to both quantity and severity of episodes of allergic rhinitis. Among these pollutants, particulate 

matter (PM) appears to show the most consistent relationship with allergic rhinitis severity, symptom 

persistence, and impaired disease control. Furthermore, air pollutants can cause negative health effects even 

in individuals without diagnosed allergies. 

Air pollution should be recognized as a significant and potentially modifiable determinant of allergic 

rhinitis severity and quality of life. Given the growing burden of environmental pollution worldwide, 

improving air quality should be considered an important public health strategy to reduce the impact of allergic 

respiratory diseases. Reducing environmental pollutant exposure may not only alleviate the burden of allergic 

rhinitis but also contribute to broader improvements in respiratory health and population well-being. 
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