

[image: image1]
Effects of air pollution on emergency visits for acute otitis media among children: a case-crossover study in Chongqing, China









 


	
	
TYPE Original Research
PUBLISHED 16 October 2023
DOI 10.3389/fpubh.2023.1195660






Effects of air pollution on emergency visits for acute otitis media among children: a case-crossover study in Chongqing, China

Ling Xiao1,2,3,4,5, Shuping Su1,2,3,4,5, Cheng Chen1,2,3,4,5, Hongbing Yao1,2,3,4,5 and Ling Ding1,2,3,4,5*


1Department of Otolaryngology-Head and Neck Surgery, Children’s Hospital of Chongqing Medical University, Chongqing, China

2National Clinical Research Center for Child Health and Disorders, Chongqing, China

3Ministry of Education Key Laboratory of Child Development and Disorders, Chongqing, China

4Chongqing Key Laboratory of Pediatrics, Chongqing, China

5Chongqing Higher Institution Engineering Research Center of Children’s Medical Big Data Intelligent Application, Chongqing, China

[image: image2]

OPEN ACCESS

EDITED BY
 Barbara Piekarska, Medical University of Warsaw, Poland

REVIEWED BY
 Xinlei Deng, National Institute of Environmental Health Sciences (NIH), United States
 Arnab Dey, University of California, San Diego, United States
 Negar Pourvakhshoori, Gilan University of Medical Sciences, Iran

*CORRESPONDENCE
 Ling Ding, 1020145466@qq.com 

RECEIVED 28 March 2023
 ACCEPTED 02 October 2023
 PUBLISHED 16 October 2023

CITATION
 Xiao L, Su S, Chen C, Yao H and Ding L (2023) Effects of air pollution on emergency visits for acute otitis media among children: a case-crossover study in Chongqing, China. Front. Public Health 11:1195660. doi: 10.3389/fpubh.2023.1195660

COPYRIGHT
 © 2023 Xiao, Su, Chen, Yao and Ding. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Background: Many epidemiological studies have demonstrated the short-term effects of air pollution on acute otitis media (AOM) in children, but few studies have explored the association between AOM and air pollution in Chinese children. This study aimed to analyze the effects of air pollution on emergency visits for AOM among children through a time-stratified case-crossover design in Chongqing, China.

Methods: The outpatient medical records of children from nine main urban districts who presented with AOM between December 22, 2018 and December 21, 2021 were collected from the Children’s Hospital of Chongqing Medical University. Data for air pollution variables, including the air quality index (AQI), particulate matter ≤ 10 μm (PM10), PM2.5, SO2, CO, NO2 and O3 from 17 monitoring sites were collected. Data for meteorological factors as confounding variables also were collected. Conditional logistic regression was used to analyze the data with single-pollutant models, multi-pollutant models, and stratified analyses.

Results: Increases in AQI, PM10, PM2.5, SO2, CO and NO2 were positively associated with emergency visits for AOM among children in single-pollutant models and stratified analyses. Increases in PM10, SO2, CO and NO2 were positively associated with emergency visits for AOM among children in multi-pollutant models. NO2 had the most statistically significant OR values in all models, whereas significant effects of O3 were observed only in seasonal stratification. In single-pollutant models, we found that the best lag periods were lag 0–7 for air pollution variables except for O3 and the largest OR values were 1.185 (95%CI: 1.129–1.245) for SO2 in single-pollutant models. In stratified analyses, there were no difference between groups in these statistically significant OR values through gender and age stratification, while the differences between seasons in these OR values of PM10, SO2, CO, NO2 and O3 were statistically significant. Children aged 0 years and 3–5 years represented the most susceptible population, and among the seasons, susceptibility was greater during Winter and Spring.

Conclusion: Short-term exposure to air pollution can increase emergency visits for AOM among children in Chongqing, China.
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1. Introduction

Acute otitis media (AOM) is one of the most common emergencies encountered in pediatrics and otolaryngology departments. It is an acute infectious inflammation of the mucous membrane of the middle ear, with sudden earache as the main manifestation, and in some children, AOM may be accompanied by tinnitus, hearing loss, ear discomfort, and ear discharge. If timely treatment is not administered, AOM can cause tympanic membrane perforation, hearing loss, or even chronic suppurative otitis media, which can create heavy burden for children and their families (1). The anatomical structure of children’s middle ears is smaller and shorter than that of adults, and the Eustachian tube is more neatly arranged horizontally. Accordingly, the incidence of AOM is higher in children than in adults (2). Globally, more than 80% of children under the age of 3 years have suffered from otitis media, and 30%–45% of them have experienced two or more episodes of AOM (3).

Otitis media is a multifactorial disease, with known risk factors including infection, Eustachian tube dysfunction, allergies, immunological disorders, gastroesophageal reflux, and various environmental factors. However, due to their immature immune system and lungs, children have a higher respiratory rate and spend more time breathing through their mouths than adults (4). These factors combined with their participation in more outdoor activities make them more sensitive to air pollution exposure. Indeed, the effects of air pollution on children’s otitis media have received increasing attention from researchers. One pathogenic mechanism involves interaction of pollutants with the Eustachian tube epithelium upon entry into the nasopharynx, which can directly cause swelling of the Eustachian tube mucosa, resulting in Eustachian tube stenosis (5). Second, pollutants may interfere with the clearance of mucocilia, which also can lead to Eustachian tube dysfunction (6). Eustachian tube dysfunction and stenosis ultimately lead to middle ear infection and effusion (7, 8).

Many epidemiological studies around the world have demonstrated the short-term and long-term effects of air pollution on AOM in children (9–13). However, few studies have explored the association between AOM and air pollution in Chinese children. Two birth cohort studies conducted in Changsha, China confirmed the effects of NO2, particulate matter ≤10 μm (PM10) and SO2 on the onset of early AOM in children (14, 15). Additionally, a limited number of Chinese reports describe analyses of the short-term correlation between air pollution and AOM in China through simple cross-sectional studies (16–18). However, these studies did not control for confounding factors such as meteorological factors and personal characteristics, nor did they consider lag effects. Therefore, the present study aimed to analyze the effects of air pollution on emergency visits for AOM among children after controlling for meteorological factors and personal characteristics through a case-crossover design.



2. Materials and methods


2.1. Study region

Chongqing is located in southwest China and is one of the four municipalities directly under the Central Government of China. As an important industrial city in the upper reaches of the Yangtze River, it is among the most heavily polluted cities in the country. Starting in 2013, Chongqing become one of the first 74 cities to implement the new air quality standard in China. The monitoring sites in Chongqing could real-time monitor the concentrations of PM10, PM2.5, SO2, NO2, O3, and CO.

At present, Chongqing has nine main urban districts, including the Yuzhong District, Dadukou District, Jiangbei District, Shapingba District, Jiulongpo District, Nanan District, Beibei District, Yubei District, and Banan District. The Children’s Hospital of Chongqing Medical University is the only public children’s hospital in Chongqing and is currently the third ranked children’s hospital in China. It has two hospital locations in Yubei District and Yuzhong District in Chongqing, and the average number of outpatient visits in the otolaryngology department daily ranges from 900 to 1,100. Because this hospital is the most popular choice for the treatment of children with AOM in this urban area, a large sample of cases treated at this hospital can be considered representative.



2.2. AOM visits

The outpatient medical records of children treated for AOM between December 22, 2018 and December 21, 2021 were collected from the Children’s Hospital of Chongqing Medical University. Children from all nine main urban districts of Chongqing were included according to the following criteria: (1) age 0–18 years; (2) main complaint of ear pain, ear discharge, ear tightness, ear discomfort, hearing loss or other related symptoms; (3) residential address in one of the nine main urban districts; (4) diagnosis of AOM according to the 10th edition (ICD-10) codes H65.0 (acute serous otitis media), H65.1 (other acute nonsuppurative otitis media), or H66.0 (acute suppurative otitis media); and (5) first visit for AOM was in our hospital. Because the course of AOM is 1–2 weeks, review within 2 weeks or multi-department visits for the same disease was only counted as one visit, and the first visit date was taken as the basis.

The following exclusion criteria were applied: (1) prior treatment of AOM in another hospital, or only review in our hospital; (2) absence of symptoms related to AOM, with otitis media found incidentally during physical examination or for another reason; or (3) AOM referred to as previous disease during hospital visit. These types of cases were excluded due to the inaccuracy of the onset date, which could affect the results of the study.

The following data were collected for each included case: patient serial number, sex, date of birth, date of visit, residential address, and chief complaint. The total number of daily cases was calculated.

The research protocol was approved by the Medical Ethics Committee of our hospital, and the research team was committed to protecting patient privacy. Because this study retrospectively collected data from medical records, consent from the patients’ guardians was not required.



2.3. Pollution and meteorological data

The data for air pollutant levels in the main urban area of Chongqing were obtained from a report issued by the Environmental Protection Bureau. The time period was from December 22, 2018 to December 21, 2021. The report included data from the following 17 monitoring sites in the main urban area. The specific locations of the monitoring sites are shown in Figure 1. The average daily AQI and daily concentrations of PM10, PM2.5, SO2, NO2, CO and O3 were collected. AQI is a dimensionless index that is determined by taking the maximum values for air quality sub-indexes of PM10, PM2.5, SO2, NO2, O3, and CO from the Technical Regulation on Ambient Air Quality Index of China (NO: HJ633-2012) (19). The PM10, PM2.5, SO2, NO2, and O3 levels were reported in units of μg/m3, and the CO level as mg/m3. The average concentrations of PM10, PM2.5, SO2, NO2, and CO were obtained by averaging the hourly concentrations sampled 24 times a day. For O3, the 8-h maximum average in a day was used.

[image: Figure 1]

FIGURE 1
 Locations of air quality-monitoring stations in the main urban areas of Chongqing.


The meteorological data for Chongqing were collected between December 22, 2018 and December 21, 2021 from the China Meteorological Data Sharing Service System with a spatial resolution of 0.0625°× 0.0625°.1 The collected data included the daily average values for temperature, relative humidity, atmospheric pressure, and wind speed.



2.4. Study design and statistical analyses

The study employed a time-stratified, case-crossover design and can be viewed as a special case–control study. In this design, each case serves as its own control to control for the potential confounding influence of individual characteristics, such as age, sex, and family economic conditions. This method has been widely used in epidemiological studies to explore the risks of acute events (20). Considering that the medication period for AOM is 1–2 weeks after diagnosis, children will not seek treatment again even if air pollution levels increase during this time. As a result, we selected three control time points for each case of 2 weeks after and 1 and 2 weeks before the day of the emergency visit.

SPSS 23 software was used for statistical analyses of the case characteristics, air pollution variables, and meteorological variables. Correlation analysis was conducted between meteorological variables and air pollution variables. Pearson correlation test was used for data that followed a normal distribution, and Spearman test was used for data not consistent with a normal distribution. Then, a conditional logistic regression method was used with the daily number of patients as the weight through the Cox regression module in the SPSS software (21). Meteorological factors that could affect AOM visits and levels of air pollution variables were viewed as control variables in the model. The model was as follows:

[image: image]

where, “t” refers to the day; “X” refers to the emergency visit; “ln (h (t, X))” refers to the risk function; “ln (h0i (t))” refers to the baseline risk function; “T, RH, AP and WS” refer to the temperature, relative humidity, atmospheric pressure and wind speed, respectively; “C (AQI), C (PM10), C (PM2.5), C (SO2),C (CO), C (NO2), C (O3)” are the corresponding values of AQI or the concentrations of air pollutants; and “β1-β11” refers to the coefficient for each covariate. Results were represented by the percentage change in the number of daily visits caused by an increase in AQI and air pollutant concentrations, in the form of odds ratios (ORs) and the corresponding 95% confidence intervals (CIs).

The health effects of air pollutants have a lag effect, and Wong et al. (22) reported that a single lag model may underestimate the health impact of air pollutants. Therefore, the present study used a lag model that included single-day lags from lag 0 to lag 7 and multi-day lags from lag 0–1 to lag 0–7. Lag 0 referred to the day on which AOM was diagnosed, and lag 1 corresponded to the previous day, up to lag 7. Lag 0–1 referred to the 2-day mean for the same day and previous day, and lag 0–7 referred to the 8-day mean for the same day and all days to 7 days before. The meteorological variables were also lagged when the pollution data lagged in a lagged model. In addition, the best lag periods for air pollution variables were determined according to the maximum values of odds ratios (ORs) in the single-pollutant model.

To adjust for the potential effect of modification such as gender, age and season on the results, cases in this study were stratified according to gender (male and female), age group (0, 1–2, 3–5, and 6–17 years), and season (Spring, Summer, Autumn, and Winter). The health effect values for air pollution variables were analyzed with stratification. The differences were tested for statistical significance by calculating 95% CIs based on the following formula:
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where [image: image]and [image: image] are the effect estimates for the two categories, and [image: image]and [image: image] are their respective standard errors (23).




3. Results


3.1. Characteristics of pediatric patients with AOM

A total of 21,416 children were included in this study, with a male to female ratio of 1.12:1 (11,329:10087). The median age at onset was 4.410 years (3.360 years, 6.015 years). Figure 2A shows the number of cases according to different ages. The 3- to 5-year age range included the largest number of patients, accounting for 57.49% of all patients (n = 12,311). Figure 2B shows the number of cases diagnosed in each month. The month in which the highest number of cases presented was December followed by November and then January.

[image: Figure 2]

FIGURE 2
 (A) Distribution of AOM visits by age (n = 21,416). (B) Distribution of AOM visits by month (n = 21,416).




3.2. Summary statistics for air pollution and meteorological variables

Table 1 shows the summarized data for air pollution variables (AQI, PM10, PM2.5, SO2, NO2, O3, and CO) and meteorological variables (mean temperature, relative humidity, atmospheric pressure, and wind speed) during the study period. The results show that the AQI value, the concentrations of PM10, PM2.5, CO, SO2, CO and NO2 were highest in Winter, whereas the highest concentrations of O3 occurred in Summer. Because these variables were not normally distributed, the Kruskal Wallis test was used to compare the values of variables among different seasons, and the results suggested that all observed group differences were statistically significant.



TABLE 1 Summary statistics for air pollution and meteorological variables (AQI is unitless; CO concentration is reported as mg/m3; and PM10, PM2.5, SO2, NO2 and O3 concentrations are reported as μg/m3).
[image: Table1]



3.3. Correlations between air pollution variables and meteorological variables

The Spearman test was used to identify correlations between different air pollution variables and meteorological variables. As shown by the data in Table 2, PM10 and PM2.5 were most strongly correlated (correlation coefficient = 0.965, p < 0.01).



TABLE 2 Spearman correlation coefficients for correlations between air pollution variables and meteorological variables.
[image: Table2]



3.4. Single-pollutant models for the associations between air pollution variables and emergency visits for AOM in children

Table 3 shows the results from the single-pollutant models for air pollution variables after controlling for the meteorological factors. Increases in AQI and the concentrations of PM10, PM2.5, SO2, CO and NO2 were significantly associated with an increased risk for emergency visits for AOM, while no significant association was detected for changes in the concentrations of O3. The strongest effect on emergency visits was observed on the lag 0–7 model except for O3, and the largest OR was 1.185 (95% CI, 1.129–1.245) for SO2.



TABLE 3 Associations between air pollution variables (per IQR increase in AQI and the concentrations of air pollutants) and emergency visits for AOM in children: single-pollutant models.
[image: Table3]



3.5. Multi-pollutant models for associations between air pollution variables and emergency visits for AOM in children

AQI is not one pollutant as PM10, PM2.5, SO2, NO2, O3, or CO. It is the maximum value reflecting the air quality sub-indexes for six pollutants. If we include AQI in multi-pollutant models, there might be overlapping effects. So we did not include the AQI in the multi-pollutant models. Table 2 shows the correlation coefficient for PM10 and PM2.5 was 0.965, and Table 3 shows PM10 had a higher OR value for influencing emergency visits for AOM. Therefore, we included PM10 and excluded PM2.5 in the multi-pollutant models, consistent with the approach used by Ding et al. and Ko et al. (24, 25). Table 4 shows that in the multi-pollutant models, most OR values for PM10, SO2, CO and NO2 were statistically significant. We found the statistically significant ORS values for PM10 became smaller after adjusting for CO and became slightly bigger after adjusting for O3. For the statistically significant OR values for SO2, the ORs became smaller after adjusting for PM10 and CO, and the OR became slightly bigger after adjusting for O3. Also, the statistically significant OR values for CO became slightly bigger after adjusting for O3. For the statistically significant OR values for NO2, all the ORs became bigger except after adjusting for SO2. The OR values for NO2 were significant in all the multi-pollutant models and the OR values for O3 were not significant in any of the multi-pollutant models.



TABLE 4 Associations between air pollution variables (per IQR increase in AQI and the concentrations of air pollutants) and emergency visits for AOM in children: multi-pollutant models.
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3.6. Stratified analyses of the associations between air pollution variables and emergency visits for AOM in children

Table 5 shows the results of stratified analyses according to gender, age and season. The OR values for associations between O3 and AOM were not statistically significant with any gender and age stratification. With gender stratification, the OR values for the effects of increases in AQI, PM10, PM2.5, CO and NO2 on emergency visits for AOM were greater for male patients than for female patients, and the OR values for increases in SO2 were greater for female patients than for male patients. With age stratification, the statistically significant OR values for the effects of increases in AQI, PM10, SO2, and NO2 on emergency visits for AOM were greatest for patients aged 3–5 years, while the greatest OR values for PM2.5 and CO were observed for the groups aged 0 years, respectively. However, there was no difference between groups in these statistically significant OR values through gender and age stratification. With season stratification, the statistically significant OR values for AQI, PM2.5 and CO were highest in Winter, the statistically significant OR values for PM10, SO2 and NO2 were highest in Spring; and the statistically significant OR values for O3 were highest in Summer. Notably, the differences between seasons in these statistically significant OR values of PM10, SO2, CO, NO2 and O3 were statistically significant.



TABLE 5 Associations between air pollution variables (per IQR increase in AQI and the concentrations of air pollutants) and emergency visits for AOM in children upon stratification by patient characteristics.
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4. Discussion

In one of the first studies on this topic in Asia, the present study analyzed the short-term effects of air pollution on pediatric emergency visits for AOM by collecting data for seven air pollutant variables from 17 monitoring sites in Chongqing, China. Data for a total of 21,416 children aged 0–17 years were collected for this study, representing the largest sample size among the relevant published studies from a single center. A 1:3 case-crossover design was used to control individual characteristics. Additionally, data for meteorological variables were collected as confounding factors.

The results of this study found that in the single-pollutant and stratified analyses increases in the AQI as well as the concentrations of PM10, PM2.5, SO2, CO and NO2 led to statistically significant increases in the number of pediatric AOM cases, and in multi-pollutant models, increases in the concentrations of PM10, SO2, CO and NO2 led to statistically significant increases in the number of pediatric AOM cases. These findings are consistent with most epidemiological studies (12, 26–31). However, a few studies did not find short-term associations between these air pollution variables and AOM. Although a case-crossover study from Windsor, Ontario, Canada reported a significant association between PM2.5 and emergency department visits for AOM in children, they found no significant association between SO2, CO and NO2 levels and AOM presentations (32). Strickland et al. (33) did not find significant associations between emergency department visits for AOM and same-day and previous-day PM2.5 concentrations through time-stratified case-crossover models stratified by ZIP code, year, and month. Moreover, another Canadian study analyzing data collected over 10 years also used a case-crossover design to explore the association between emergency department visits for OM and air pollution through a sample of 14,527 children aged 1–3 years (13). In their study, the ORs for PM10, CO, NO2 and O3 were positive statistically significant, while those for SO2 and PM2.5 were not positive statistically significant.

In the present study, no significant associations were found between increases in O3 concentrations and the number of patients with AOM in the single-pollutant model and multi-pollutant models. Similarly, a time series study from Lanzhou, China analyzed the correlation between environment-meteorological factors and patients with AOM in entire population (34). The results showed that PM2.5, PM10, NO2, SO2, and CO are positively correlated with daily visits to AOM, whereas O3 is not. Surprisingly, we found that the OR values for O3 were statistically significant upon seasonal stratification. However, several other studies did report significant ORs for the effects of O3 concentrations on AOM (12, 13, 27, 32). Therefore, the associations of O3 with AOM need to be confirmed by more epidemiological studies, and seasonal stratification should be carried out if necessary.

In our single pollutant models, we found that the best lag periods were lag 0–7 for air pollution variables except O3. This best period was later than other best periods in some studies (13, 28, 32, 34). One possible reason is that most of these studies did not use cumulative lags, which are more robust and significant than individual lags (13, 28, 32). Another possible reason is that otitis media is often secondary to upper respiratory infection (URI) (31), and thus, the best lag period may be late. However, since the effects would be overlapping and mixed, we did not continue to analyze the effect values after lag 7 and lag 0–7. More studies are needed to explore the best lag periods for air pollution effecting emergency visits for AOM.

Although the results of multi-pollutant models showed that PM10, SO2, CO and NO2 were positively correlated with emergency visits to AOM after controlling some air pollution variables, only the OR values for NO2 were statistically significant in each multi-pollutant model. Also, NO2 had the most statistically significant OR values in the single-pollutant models and stratified analyses. These results indicate that NO2 is the most significant pollutant variable in our study. NO2 was associated with the visits for OM in other studies, but it has not had the most significant OR values (13, 27). In the largest birth cohort studies involving 10 European birth cohorts, a significant positive association was found between NO2 and OM, while no significant association was found between PM10, PM2.5 and OM (9). These results indicate that NO2 has more robust effects on OM than PM10 and PM2.5. The reason maybe NO2 can impair the mucociliary clearance of the upper respiratory tract and middle ear and alter the inflammatory response to infections, possibly resulting in an increased number of visits for URI and OM (30, 35, 36).

The distribution of patients according to age (Figure 2A) showed that the peak incidence of AOM occurred in preschool children aged 3–5 years, which is not completely consistent with other studies (5, 17). With age stratification, our results showed that the highest OR values were aged 0 years or 3–5 years or for air pollution variables. These results indicate that children aged 0 years and 3–5 years may be the most susceptible group to air pollution. One possible explanation is that the immunity of children less than 5 years of age is weaker than that of older children. Another possible reason is that these children may spend more time outdoors, leading to more chances for inhalation of air pollutants. Lastly, children less than 5 years old have the peak incidence of URI, and air pollution can increase the incidence of URI (37, 38). Approximately 35% of pediatric cases of URI are complicated by OM (39, 40). Finally, air pollution indirectly increases the incidence of AOM in children less than 5 years old.

In the present study, November, December and January had the highest AOM incidence (Figure 2B), which is similar to the results of most previous epidemiological studies (27, 41). November in within Autumn, and December and January are in Winter in Chongqing. Our seasonal stratification results showed that the positive significant OR values for AQI, PM10, PM2.5, SO2, CO and NO2 were highest in Winter or Spring. The results indicate that children are most affected by air pollution during Winter and Spring. One explanation may be that heavy pollution combined with the low temperatures lead to the highest incidence of respiratory infection, which is an important cause of AOM in children.

As an environmental epidemiological study, the present study still has some limitations. First, the pollution concentrations we studied came from areas of children’s residences. Although children spend much time in school, China has the policy of going to school near to one’s residence, and thus, children will go to the school that the closest to their home, making the error between the pollution concentrations at their school and residence extremely small. However, the children’s actual exposure levels to air pollution likely differ from the measured pollution concentrations due to differences in indoor environments, personal outdoor activity habits, and so on. Therefore, there is deviation between the exposure level, and it is difficult to estimate the magnitude and direction of this deviation. Second, due to technical limitations and the small area of Chongqing’s main urban area, which is only 4,779 km2, the data for air pollution variables were averaged from 17 fixed monitoring stations. The results would be more accurate if concentrations of air pollutants could be obtained according the children’s specific residential locations. For example, Xiao et al. (12) used CMAQ model simulations and ground-based measurements to estimate the concentrations of air pollutants, and Ko et al. (25) modeled the concentration PM2.5 through satellite, remote sensing, meteorological and land use data. In addition, compared with other multi-center or national studies in developed countries, this study was only a single-center study. Our findings may not be applicable to other cities and populations.

In conclusion, increases in the AQI and the concentrations of PM10, PM2.5, SO2, CO and NO2 were positively associated with emergency visits for AOM by children. However, increases in O3 showed effects on AOM visits just in summer. We found that the best lag periods were lag 0–7 for air pollution variables except O3 in single pollutant models. As NO2 had the most statistically significant OR values in all models of our study, we need to control car exhaust to reduce NO2. Children aged 0 years and 3–5 years were most susceptible to the effects of air pollution on the occurrence of AOM, and Winter and Spring were the seasons when air pollutant levels had the most positive significant effects on AOM visits. These findings can provide a basis for the early prevention in Winter and Spring and for susceptible children to prevent the occurrence of AOM. Further multi-center studies are needed, particularly using more accurate measurement of exposure levels, to explore the effects of air pollution on AOM.
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