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Purpose: Many studies have reported that exposure to air pollution increases the likelihood of acquiring allergic rhinitis (AR). This
study investigated associations between short-term air pollution exposure and AR outpatient visits.

Patients and Methods: The Department of Otorhinolaryngology, Affiliated Hospital of Hangzhou Normal University provided AR
outpatient data from January 1, 2019 to December 31, 2021. Daily air quality information for that period was gathered from the
Hangzhou Air Quality Inspection Station. We used the Poisson’s generalized additive model (GAM) to investigate relationships
between daily outpatient AR visits and air pollution, and investigated lag-exposure relationships across days. Subgroup analyses were
performed by age (adult (>18 years) and non-adult (<18 years)) and sex (male and female).

Results: We recorded 20,653 instances of AR during the study period. Each 10 g/m® increase in fine particulate matter (PM10 and
PM2.5) and carbon monoxide (CO) concentrations was associated with significant increases in AR outpatient Visits. The relative risks
(RR) were: 1.007 (95% confidence interval (CI): 1.001-1.013), 1.026 (95% CI: 1.008-1.413), and 1.019 (95% CI: 1.008-1.047). AR
visits were more likely due to elevated PM2.5, PM10, and CO levels. Additionally, children were more affected than adults.
Conclusion: To better understand the possible effects of air pollution on AR, short-term exposure to ambient air pollution (PM2.5,
PM10, and CO) may be linked to increased daily outpatient AR visits.
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Introduction

In atopic individuals exposed to allergens, allergic rhinitis (AR) can develop, which is a non-infectious chronic
inflammatory illness of the nasal mucosa.! The condition is characterized by paroxysmal sneezing, clear watery
mucus, nasal itching, and nasal congestion.! Although AR is not a fatal condition, it significantly impairs individuals’
quality of life, imposes a substantial economic burden on both patients and society, and has emerged as a significant
public health concern.”? It is estimated that AR affects between 10% and 40% of the global population.* The direct
health expenditure associated with AR is estimated to range from $2 billion to $5 billion annually, with additional
productivity losses of up to $2 billion to $4 billion per year.” Moreover, the incidence of AR is alarmingly increasing
over time.” AR is characterized by a propensity for recurrence and is closely associated with other diseases such as
asthma, chronic rhinosinusitis, and allergic conjunctivitis.® The coexistence of AR, chronic rhinosinusitis, and asthma is
common, with up to 40% of AR patients reporting symptoms of asthma and up to 80% of individuals with asthma
experiencing symptomatic AR.” Additionally, 34—50% of patients with sinusitis suffer from asthma, while 84% of asthma
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patients experience sinusitis, particularly during asthma onset.® Furthermore, a remarkable 88.4% of patients with allergic
conjunctivitis develop AR, and the severity and duration of conjunctivitis are significantly correlated with the severity
and duration of rhinitis across both children and adults.” The mechanism behind these comorbidities can be explained by
the single airway theory and upper airway remodeling.'®

It is now widely accepted that the development of AR is influenced by interactions between genetic factors and the
environment." Among various environmental factors, air pollution is one of the most prevalent forms of pollution.'"*'?
Particulate matter 10 (PM10) are coarse particles of diameter 10 micrometers or less, and fine particles with a diameter of
2.5 micrometers or less are particulate matter 2.5 (PM2.5). The World Health Organization (WHO, 2014) estimated that
7 million people died in 2012 due to air pollution, primarily due to cardiovascular and respiratory ailments. Air pollution
has been proven to be associated with both acute and chronic respiratory diseases. Hospital admissions or emergency
room visits for pneumonia were increased by PM2.5 levels in East Asia.'> Asthma exacerbations were associated with air
pollution.'*'*> Lung function, emphysema prevalence, chronic obstructive pulmonary disease (COPD) progression, and
lung cancer incidence rates were all negatively impacted by long-term exposure to air pollution.'®2°

Although air quality in China has improved significantly in recent years, the annual concentration of inhalable
particulates greatly exceeds WHO guidelines.?'* Critically, Recent research suggests that air pollution can exacerbate
the occurrence and development of AR.**** Air pollution exposure over an extended period, due to transportation and
industrial activity, can impair the immune system, promote inflammation, and increase the chances of developing AR and
asthma.”> However, there is still no unified conclusion on which components have an impact on the incidence rate of AR.
Therefore, we aim to investigate the correlation between short-term air pollution exposure in Hangzhou and the number
of outpatient AR patients to identify the specific components of air pollution that contribute to changes in the short-term

incidence rate of AR.

Materials and Methods

We conducted a retrospective study in Hangzhou, in which we matched air pollution data from Hangzhou with the
number of patients diagnosed with AR at Hangzhou Normal University Affiliated Hospital. The aim of the study was to
investigate the relative risk factors of air pollution components and the incidence of AR, as well as to identify which
specific components have an impact on the number of AR cases. This study was approved by the Ethics Committee of
Affiliated Hospital of Hangzhou Normal University (no. 2022-(E2)-KS-104) and was granted an exemption from
obtaining informed consent from the patients involved.

Air Pollution and Meteorological Data

From January 1, 2019 to December 31, 2021, the Hangzhou Meteorological Bureau released daily air quality data for
PM2.5, PM10, and carbon monoxide (CO) concentrations. Also, daily average temperature and humidity data were
downloaded from the China Meteorological Administration website (http://data.cma.cn/). The daily concentrations are

represented as 24 h averages (Supplementary Table 1).

AR Visits per Day

Between 2019 and 2021, we obtained the number of AR-related outpatient visits from the Department of
Otolaryngology, Affiliated Hospital of Hangzhou Normal University. This tertiary care general hospital is located in
the central city of Hangzhou. The study population comprised all outpatients with AR who were examined by an
otolaryngologist during the study period. Records provided visit date, age, gender, and diagnosis code information
(Supplementary Table 2). Only one visit/patient/day was gathered to prevent double counting. According to the latest

diagnostic standards, the diagnostic program was written in R (The R Foundation R Foundation for Statistical
Computing, Vienna, Austria) to re-diagnose outpatient information recorded in the hospital outpatient database. The
process of incorporating daily medical data of patients with AR, as well as corresponding air pollution and meteor-
ological data, into the study is shown in Figure 1.
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Figure | Flow chart showing outpatient visit inclusion criteria and daily air pollution information.

Statistical Methods

A GAM was used for statistical analysis to examine all data. The GAM used quasi-Poisson regression as daily
outpatient visits generally followed an over-dispersed Poisson distribution. To account for potential confounding
effects, a number of covariates, such as mean daily temperature and mean daily humidity, were included. Firstly,
unmeasured long-term and seasonal trends of > 2 months and a natural cubic regression smoothing function with
seven degrees of freedom (df) per year for calendar time, were excluded. Secondly, according to minimum Akaike
information criterion (AIC) model principles, nonlinear confounding effects for weather were controlled by natural
smoothing functions for mean temperature (6 df) and relative humidity (4 df). Thirdly, public holidays and “day of
the week” indicator variables were implemented. Briefly, the estimated log relative rate of pollution for the city was
obtained by fitting the following log-linear GAM:

LogE(Y;) = pZ, + DOW + ns(time, df’) + ns(temperature, 6) + ns(humidity, 3) + intercept

Where E(Y?) is the expected number of outpatients with AR on day ¢; £ is the log correlation rate of AR associated with
a unit increase in air pollutants; Z, is the pollutant concentration on day ¢; the DOW Jones index is a dummy variable for
a day of the week; and ns is a natural cubic regression smoothing function.

After basic model development, a single pollutant model was initially used and introduced, and the concentrations of
each pollutant on the same day (lag0) were presented in turn. To validate model stability, and considering that the health
effects of ambient air pollutants may have lasted for several days, additional single lag days were used (lag0, lagl, lag2,
lag3, lag4, lag5, lag6, and lag7) and moving average exposures were obtained for multiple days (lag0-1, lag0-2, lag0-3,
lag0—4, lag0->5, 1lag0—6, and lag0—7). The stability of impact estimations following changes for shared contaminants was
then examined using two pollutant models.

All outpatients were stratified by age (< 18 years and > 18 years) and sex as behavioral patterns and common diseases
may have differed.”?” Results were expressed as relative risks (RR) and 95% confidence intervals (CI) associated with
a 10 pg/m’ increase in PM2.5. Statistical tests were two-sided, and effects with a p value < 0.05 were 95% statistically
significant. All statistical models were constructed using R software version 3.6.0 (R Foundation for Statistical
Computing, version 3.6.1; http://www.Rproject.org) in the MGCV package.
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Results

Basic Research Data

Basic information on outpatient visits, pollutants, and weather data are provided (Table 1). In total, 20,653 AR outpatient
visits were recorded between January 1, 2019 and December 31, 2021, with 10,998 male and 9655 female patients.
Opverall, the mean number of daily outpatient visits was 16.34, with minors (< 18 years) accounting for 35% (5.73 visits)
and males for 55% (8.93 visits). The daily mean air PM2.5, PM10, and CO concentrations during the study period were
4221 pg/m?, 61.69 pg/m®, and 24.39 pg/m’, respectively. Daily mean PM2.5 levels were greater than the national
secondary air pollution limit (35 pg/m®). Also, the daily average temperature in Hangzhou was 18.2°C and the average
relative humidity was 72.84%.

Analysis results of Single Day Lag Model

The single-day lagged model findings for age and gender are shown (Table 2). We accounted for the fact that effects were
delayed when compared with exposure. The model included a delay (lag). For instance, lagl indicated an exposure on
a day prior to the resulting incident. Overall, in terms of AR, for PM10, the whole group lag was 0, 2—4, male lag was 0,
4, female lag was 1, 2, adult lag was 0, 2, and non-adult lag was 1-4. For PM2.5, a lag between 0-1, 4 was identified for
the whole group, a lag between 0—1 was identified for males, a lag between 1-2, 6—7 was identified for females, a lag of
1, 7 was identified for adults, and a lag of 1, 4 was identified for non-adults. For CO, the whole group lag was 0, 2, the
male lag was 4, the female lag was 4, the adult lag was 2, and the non-adult lag was 4.

Analysis Results of Cumulative Exposure Model

Age and gender subgroup analysis results in cumulative exposure models (lag00—lag07) are shown (Figure 2).
Statistically significant results were observed at lag 01-07 for PM10 and PM2.5 and lag 03—07 for carbon monoxide
(CO). The impact increased as the lag time increased. Connections between male and female groupings did not differ
significantly. Associations for PM10, PM2.5, and CO were stronger in minors (< 18 years) at different lag days when
compared with adults.

Response curves for outpatient visits, air pollutants (PM2.5, PM10, and CO), and single-day lag times for patients
with AR are shown (Figure 3). From graphs, we identified a positive correlation between RR of AR and pollutant
concentrations; no positive correlation was observed with a single-day lag time. Different air pollutants produced
different irritation peaks in patients. PM10 had the greatest impact on outpatient visits for AR after 1 day of generation;
PM2.5 had the highest RR on the day of generation and after 7 days of generation; while CO displayed the greatest
irritation in patients with AR at 4 days of cumulative exposure.

Table | Descriptive Statistics Showing Daily Allergic Rhinitis Outpatient Visits, Air Pollutant Concentrations, and Weather Conditions

Mean Min Max P25 P50 P75 SD

All 16.34 1.00 48.00 10.00 16.00 22.00 8.52
Sex

Male 893 1.00 28.00 5.00 8.00 12.00 4.95

Female 7.71 1.00 27.00 4.00 7.71 10.00 434
Age

Adult (= 18 years) 11.02 1.00 30.00 7.00 10.00 14.00 5.75

Non-adult (<18 years) 5.73 1.00 24.00 3.00 5.00 8.00 420
Air pollutant concentrations (24 h average)

PM2.5 42.21 11.20 125.00 22.00 34.00 55.00 27.51

PMI10 61.69 14.65 209.00 38.00 58.00 81.00 32.19

CcO 24.39 0.40 120.00 0.83 24.39 41.00 32.67
Air pollutant concentrations (24 h average)

Temperature (°C) 18.20 -2.56 3371 10.62 19.02 25.10 838

Relative humidity (%) 72.84 43.61 98.61 64.15 73.45 84.38 13.67
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Table 2 Relative Risks of Allergic Rhinitis-Associated Outpatient Visits for PM10, PM2.5, and CO at Different Single Lag Days, with 95th Percentiles

Pollutants

Lag Days

All

Sex

Age

Male

Female

Adult

Non-Adult

PMIO

PM2.5

co

N O U1 AW — O N AW — O N AW N — O

1.007 (1.001-1.013)
1.005 (0.999-1.012)
1.011 (1.004-1.013)
1.007 (1.001-1.013)
1.014 (1.008-1.021)
1.002 (0.996-1.008)
1.002 (0.995-1.008)
0.996 (0.990-1.002)
1.026 (1.008-1.413)
1.009 (1.002-1.017)
1.002 (0.995-1.008)
1.001 (0.993-1.008)
1.011 (1.003-1.018)
1.003 (0.995-1.009)
1.002 (0.995-1.009)
1.008 (1.007-1.015)
1.019 (1.008-1.047)
1.006 (0.997-1.014)
1.010 (1.003-1.018)
1.006 (0.998-1.014)
1.007 (0.998-1.015)
1.004 (0.996-1.012)
1.001 (0.992-1.009)
1.006 (0.998-1.015)

1.013 (1.005-1.023)
1.007 (0.999-1.017)
1.004 (0.996-1.013)
0.999 (0.991-1.008)
1.010 (1.002-1.018)
1.001 (0.992-1.009)
0.997 (0.988-1.005)
0.996 (0.987-1.005)
1.012 (1.002-1.022)
1.018 (1.008-1.029)
0.997 (0.986-1.007)
0.995 (0.984-1.005)
1.010 (0.997-1.021)
0.999 (0.989-1.009)
0.996 (0.985-1.006)
1.003 (0.993-1.013)
1.004 (0994-1.016)
1.01'1 (0.999-1.022)
1.009 (0.998-1.021)
1.002 (0.991-1.013)
1.020 (1.009-1.032)
0.998 (0.987-1.009)
1.001 (0.989-1.012)
1.007 (0.996-1.018)

1.005 (0.996-1.015)
1.010 (1.001-1.019)
1.017 (1.008-1.027)
1.001 (0.992-1.009)
1.007 (0.998-1.016)
0.995 (0.986—1.005)
1.005 (0.995-1.014)
1.001 (0.991-1.009)
1.003 (0.992-1.014)
1.012 (1.002-1.027)
1.016 (1.005-1.027)
0.996 (0.985-1.006)
1.002 (0.991-1.012)
0.994 (0.983-1.004)
1.011 (1.002-1.021)
1.014 (1.003-1.025)
1.005 (0.994-1.016)
1.011 (0.999-1.022)
1.009 (0.998-1.021)
1.002 (0.991-1.014)
1.020 (1.009-1.032)
0.998 (0.987-1.009)
1.001 (0.989-1.012)
1.007 (0.996-1.018)

1.012 (1.004-1.020)
1,006 (0.998-1.014)
1.008 (1.001-1.016)
0.996 (0.988-1.004)
1,005 (0.997—1.012)
0.997 (0.990-1.005)
1,004 (0.997—1.012)
0.998 (0.991-1.006)
1,007 (0.997—1.016)
1.012 (1.003-1.022)
0.999 (0.990-1.009)
0.994 (0.984—1.003)
1,001 (0.992-1.010)
0.997 (0.988-1.006)
1,007 (0.997—1.016)
1.013 (1.004-1.022)
1,005 (0.995-1.015)
1,004 (0.994-1.014)
1.013 (1.003-1.024)
1,003 (0.993—1.014)
1,002 (0.992-1.021)
1,002 (0.992-1.012)
1,001 (0.991-1.011)
1,003 (0.993-1.013)

1.004 (0.993-1.015)
1.012 (1.001-1.023)
1.016 (1.005-1.026)
1.011 (1.001-1.022)
1.013 (1.003-1.024)
1.002 (0.991-1.012)
0.998 (0.988-1.009)
0.993 (0.982-1.004)
1.009 (0.996-1.022)
1.023 (1.010-1.036)
1.010 (0.997-1.023)
0.999 (0.986-1.012)
1.014 (1.001-1.028)
1.002 (0.989-1.014)
0.994 (0981-1.006)
1.003 (0.988-1.012)
0.997 (0.9833-1.011)
1.013 (0.999-1.027)
1.011 (0.989-1.037)
1.004 (0.989-1.017)
1.018 (1.005-1.032)
1.007 (0.993-1.021)
1.003 (0.989-1.016)
1.018 (1.004-1.032)

Note: Bold represents statistical significance.
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Figure 2 Ratio risks (95% confidence interval) of daily outpatient visits for allergic rhinitis associated with lag days (0-7) of cumulative exposure models after subgroup
analyses by gender and age ((A—C) represents the entire group for PM2.5, PM10, CO separately; (D—F) represents the male subgroup for PM2.5, PM10, CO separately; (G-
I) represents the female subgroup for PM2.5, PM10, CO separately; (J-L) represents the adult subgroup for PM2.5, PM10, CO separately; (M—O) represents the unadult
subgroup for PM2.5, PM10, CO separately).
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Figure 3 Ratio risks of daily outpatient visits for allergic rhinitis with the concentration of air pollutants and lag days ((A) for PMI10, (B) for PM2.5, and (C) for CO).

Results of Two-Pollutant Model

Table 3 presents the results of the two-pollutant models at lag 0. It was observed that the effects of all three pollutants
substantially attenuated and became less statistically significant when adjusted for co-pollutants. The association between
outpatient visits and PM10, as well as CO, slightly decreased but remained significant after adjustment for PM10 (1.317,
95% CI: 1.118-1.717) and CO (1.209, 95% CI: 1.018-1.347) respectively. However, the associations of PM10 and CO
lost statistical significance after controlling for CO and PM2.5, respectively.

Discussion

Our study presents evidence of the detrimental impact of background air pollution on AR in the Hangzhou region. We
investigated the lag effects of air pollutants and potential differences in gender and age among daily outpatients receiving
AR treatment at a hospital over a 3-year period. Our results revealed a positive and delayed correlation between air
pollution and the frequency of AR outpatient visits. As air pollution levels increased, the RR of AR in outpatients also
increased.

The effects of PM on respiratory disorders have been investigated by several studies.”>****7% PM2.5 are airborne
particles with an aerodynamic equivalent diameter of 2.5 microns or smaller. They reside for a long time in the
atmosphere and are transported over vast distances. Because particle sizes are small enough to pass through fine bronchi
and alveoli, PM2.5 has become one of the major causes of lower respiratory disease. PM10 only reaches the upper
respiratory tract due to its larger diameter. From animal studies, PM2.5 exposure was shown to cause ciliary epithelial

Table 3 Relative Risks of Allergic Rhinitis Outpatient Visits
Associated with a 10 pg/m® (PM10, PM2.5, and CO) Increase in
Pollutant Concentrations in Two-Pollutant Models

Two-Pollutant Models | Estimates

PMIO PM2.5CO 1.007 (1.001-1.013)
1.207 (1.051-1.613)
0.953 (0.551-1.314)

PM2.5 PMI0 CO 1.026 (1.008-1.413)
1.317 (1.118-1.717)
1.009 (1.001-1.108)
CcO PM2.5 PMIO 1.019 (1.008-1.047)
0.619 (0.488-1.001)

1.209 (1.018-1.347)

Note: Bold represents statistical significance.
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destruction, cupped cell proliferation, and increased mucin MUCSAC secretion from the nasal mucosa of AR rats. PM2.5
also inhibited interferon-y (IFN-y) production, suppressed Thl responses, but enhanced Th2 cell-dominated immune
responses, such as increased interleukin-4 (IL-4), IL-13, IL-6 levels, and other pro-inflammatory factor release.’'~** In
human nasal epithelial cells, PM2.5 impaired epithelium barrier function and caused cellular oxidative stress and
inflammation. Epigenetically, PM2.5 upregulated GATA-3 mRNA expression in AR rat nasal mucosa, whereas T-bet
was significantly downregulated.’’ Prolonged exposure to PM2.5 levels positively correlated with IFN-y promoter
methylation levels, possibly through the ERK-DNMT pathway.>* PM2.5 also caused significant changes in nasal mucosal
miRNA expression in AR rats;*? the expression of eight microRNAs were consistent with microRNA gene microarray
results and were shown to have crucial roles regulating PM2.5 effects on the biological behavior and mucosal
inflammation in AR rats.>?> PM may also enhance organism sensitivity to airborne allergens. A Japanese study confirmed
that PM2.5 increased organism sensitivity to pollen.** A Hangzhou study reported that PM2.5 and PM10 were
aggravating factors for dust mite sensitization.®> This may have been due to increased allergens deposited in airways
via particle transport, increased epithelial permeability by oxidative damage, and increased antigenicity and adjuvant
actions of chemically modified proteins.>®

We observed that PM2.5 had stronger pathogenic effects on AR when compared with PM10. When compared with
PM10, PM2.5 had a higher surface area ratio, was more active, and carried more poisonous and hazardous materials,
such as heavy metals and germs. Also, PM2.5 could enter deeper into the lower respiratory tract and alveoli, making it
more difficult to excrete, and causing more intense and sustained oxidative stress when compared with PM10. From
previous toxicological studies, when compared with PM10, PM2.5 induced M1 inflammatory phenotypes, which
decreased phagocytosis and increased macrophage apoptosis. This was manifested as increased tumor necrosis factor-
and M1-related gene expression (inducible nitric oxide synthase) and decreased IL-10 and M2 phenotype gene expres-
sion (arg:{inase).37

Our study suggested that children were more affected by air pollution. AR pathogenesis in children is not significantly
different to adults. Studies have reported that air pollutants are the main pollutants in the respiratory systems of
children.*® Firstly, children weigh less than adults, they have smaller airway calibers, and smaller respiratory surface
areas. Also, children breathe 50% more air per kilogram of body weight. A study shows that 3-month old infants
exhibited 4-fold higher inhalation (PM2.5 and PM10) doses than their mothers.*® Also, the number of particles deposited
per unit of frontal surface area was 45 times higher in children. Secondly, children’s lungs are immature at birth and do
not develop until approximately 6 years old. Such lung epithelium immaturity during infancy facilitates toxins and other
substances from atmospheric pollution crossing the epithelial barrier. Thirdly, the immune system is immature at birth.
Studies have shown that PM disrupt intrapulmonary homeostasis in the innate immune system by affecting epithelial
functions in the lung, macrophages, pattern recognition receptors, and the microbiota.>” Fourthly, distinct to adults,
a child’s respiratory zone is located closer to the ground and is limited by height. Environmental pollutants from
transportation are emitted near the ground and then diffused. Air pollutant concentrations associated with traffic pollution
are highest closer to the ground and this increases children’s exposure to ambient air pollutants.** Combined, these
factors may explain why PM made children more prone to developing AR when compared with adults.

CO had a significant effect on increased AR outpatient visits; these effects were greater in preadolescent children
when compared with adults. Currently, CO relevance to AR is unclear. So far, CO does not appear to have a significant
impact on the incidence rate of AR.>**° However, a 100 parts per billion increase in daily CO levels in children within
a year of birth had a lifetime RR of 1.10 for AR. A previous study supported this view and suggested that children under
15 years of age may be more vulnerable to CO.*' This concurred with our data. Therefore, the relevance of CO to AR
remains to be fully characterized.

In urban environments, the main CO sources are derived from the incomplete combustion of carbon-containing fuels
and photochemical atmospheric reactions. CO, which is frequently found in indoor and outdoor settings, significantly
contributes to air pollution via transportation, tobacco smoke, and gas stove emissions. Due to CO poisoning, reactive
oxygen species are produced, different organs receive less oxygen, and cardiac ion channels are impacted. Critically,
even at non-toxic levels, the impact is still evident. A recent study proposed a connection between reactive oxygen
species formation and childhood allergy illnesses such as asthma and AR, and identified higher malondialdehyde levels
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in nasal and oral samples from children with asthma or AR when compared with healthy controls. This could be why
CO-related AR is getting worse.’! Further studies are required to unravel how CO and AR interact.

When compared with previous studies, firstly, our study period was up to 3 years and included the time since the
outbreak of the COVID-19 pandemic, which reflected a new situation in terms of the impact of air pollution on AR; and
secondly, we selected Hangzhou, a typical tourist city, as the study location, as it provided a good sampling area for
observing air pollution at low concentrations.

Additionally, our study had several drawbacks. Potential mixed factors, such as family allergy history, smoking
habits, pet-breeding behaviors, and drug-use history may have affected relationships between air pollutants and AR.
Secondly, the number of outpatient clinics at a single hospital does not represent levels in a large city. Then, in the
context of the COVID-19 pandemic, people pay more attention to personal protection such as wearing masks, which can
reduce the impact of air pollutants on AR to a certain extent. In the end, the chemical composition of PM was not
analyzed in this study, which makes it challenging to precisely identify a single emission source. If specific public health
actions are required to regulate emission sources, further comprehensive investigations on chemical composition (ions,
elements, black carbon, and organic carbon) and its impact on AR are required.

There are some limitations to this study. Firstly, it is a retrospective study that can only establish a correlation between
air pollution and the number of outpatient visits for AR based on data analysis, but it cannot determine a causal
relationship between the two factors. Secondly, this study was conducted at a single center, and the data included may not
fully represent outpatient visits for AR in Hangzhou. Finally, the study period coincided with the outbreak of a new
epidemic, during which public health measures such as travel restrictions and mask-wearing were implemented, which
may have impacted the incidence rate of AR.

Conclusion

We suggest that air pollution, specifically PM2.5, PM10, and O3, is correlated with the number of outpatient visits for AR
in Hangzhou, particularly among children. We recommend implementing environmental control measures and public
health strategies to address this growing issue.
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