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Figure 1 (Color online) The effect mechanism of air pollution on allergic rhinitis. Serial numbers correspond to different mechanisms in the main text:
(1) represents acting like allergen; (2) represents allergen enhancement; (3) represents oxidative stress; (4) represents inflammatory response; (5)

represents immune system regulation
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Figure 2 (Color online) The synergistic effect of air pollution and other factors on allergic rhinitis
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Allergic rhinitis is an inflammatory disease of the nasal mucosa caused by an immunoglobulin E (IgE) mediated response
to inhaled allergens. The global prevalence of allergic rhinitis ranges from 5% to 50%, and it has been on the rise in recent
years. Allergic rhinitis is often comorbid with allergic conjunctivitis and asthma, causing a burden on personal life and
socio-economic well-being. Except for genetics, environment, and lifestyle, increasing evidence showed that air pollution
is an important factor that increases the risk of allergic rhinitis and exacerbates its symptoms. Due to the complexity of air
pollution, current research focuses more on mixed air pollutants, and other environmental factors have also become
research objects. However, the types of air pollutants studied are still limited, and the mechanisms of many pollutants’
effects are not yet clear. Moreover, research on the synergistic effects with other factors is not complete. Therefore,
summaries of existing research results and deeper studies on the impact of air pollution on allergic rhinitis are crucial for
the prevention and control of the disease.

This study analyzes the effects, mechanisms, and related synergistic factors of air pollution on allergic rhinitis. Multiple
keyword combinations such as “allergic rhinitis” and “air pollution”, “allergens”, “meteorology”, “genetics” or
“intervention” were used to screen relevant literature in four domestic and foreign databases. We excluded studies lacking
explicit pollutant types or potential synergistic factors, focusing on summarizing and analyzing the latest research
developments over the past five years. A qualitative review method was used to identify current research deficiencies and
propose potential future research directions based on the findings.

Our conclusions are as follows: air pollution may affect different stages of the disease process, impacting allergic rhinitis
by acting as allergens or allergen enhancers during sensitization, and influencing the sensitization or effector stages through
oxidative stress, inflammatory responses, or immune system regulation. These effects may involve the interaction of
multiple mechanisms, but most of them ultimately lead to inflammatory response. Epidemiological studies have found
associations between particulate matter (PM, s, PM,,, and their chemical components) and outdoor gaseous pollutants
(80,, NO,, O3, CO) with allergic rhinitis across different regions and populations. And some volatile organic compounds
are associated with allergic rhinitis in indoor environments. These pollutants can affect allergic rhinitis through different
mechanisms mentioned above, which have been corroborated by animal studies. Moreover, air pollution also interacts
synergistically with other environmental factors. Environmental allergens are the direct cause of allergic rhinitis, and air
pollution can synergize with allergens through multiple pathways to promote sensitization. Air pollution can also interact
with meteorological factors such as temperature and humidity and epigenetics factors to influence allergic rhinitis, while
interventions such as wearing masks and using air purifiers can reduce the adverse effects of air pollution on allergic
rhinitis.

Finally, although there have been studies that have shown a correlation between air pollution and allergic rhinitis, the
types of pollutants studied remains limited. Furthermore, there are considerable differences in research methodologies, and
high-quality research is relatively lacking. The impact of air pollution on allergic rhinitis still remains uncertain. Therefore,
we suggest that future research should identify more potential pollutants that may impact allergic rhinitis and investigate
the distinct effects of individual and mixed pollutants. Methods such as omics or machine learning should be used to
explore the effect mechanism and biomarkers of air pollution on allergic rhinitis in the human body. Given the incurable of
allergic rhinitis, it is imperative to develop more effective personalized intervention measures.

air pollution, allergic rhinitis, effect mechanism, meteorological factor, synergistic reaction
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