Risk Management and Healthcare Policy Dove

ORIGINAL RESEARCH

The Association Between Air Pollutants and Daily
Outpatient Visits for Allergic Rhinitis: A Time-Series
Analysis Based on Distribution Lag Nonlinear Model
in Chongging, China

Dan Yang(®', Yongjie Yan', Kexue Pu'?

'School of Medical Information, Chongqing Medical University, Chongqing, People’s Republic of China; 2Medical Data Research Institute of Chongging
Medical University, Chongqing, People’s Republic of China

Correspondence: Kexue Pu, Chongging Medical University, Yuanjiagang Campus of Chongqing Medical University, No. | Medical College Road,
Yuzhong District, Chongqing, People’s Republic of China, Tel +86 15683896497, Email pukexue@cqmu.edu.cn

Background: Allergic rhinitis (AR) is a severe and the most common chronic allergic disease, affecting 10-40% of the world
population. The effect of air pollutants on AR has been confirmed in clinical experiments.

Purpose: This study aimed to quantify the association between air pollutants and daily outpatient visits for AR in Chongqing, China.
Methods: Based on the data of AR outpatients in the primary urban area of Chongqing from 2016 to 2017, along with the
atmospheric pollutants and meteorological data in the same period, the distributed lag nonlinear model (DLNM) and generalized
additive model (GAM) were used to analyze the time-series. We examined the effects of the single and double pollutant models with
a maximum lag day of 30 days. Effect estimates were described as relative risk (RR) and 95% confidence intervals (CIs) in daily
outpatient visits for AR per 10 ug/m3 increases in PM; s, PM;g, SO,, NO,, O3, and per 1 mg/m3 increase in CO.

Results: A single pollutant’s O; level had an immediate positive effect on AR within two days, the relative risks (RR, 95% CI) were
1.066 (1.008-1.127), 1.057 (1.005-1.112) and 1.048 (1.002—1.097). PM, 5 had a lag effect within 11-18 days, the max relative risks
(RR, 95% CI) were 1.083 (1.010-1.160). Moreover, O3, PM, s, PM;o, SO, and NO, had significant effects on AR in the two-pollutant
model. The RR cumulative effect of PM, 5 became more pronounced as the concentration increased. The cumulative effect of NO, was
lesser than PM, s.

Conclusion: Air pollutants were associated with the daily outpatient visits for AR, which may have considerable implications for
developing tailored health policies and services to prevent AR in Chongqing and even all over the world.

Keywords: allergic rhinitis, air pollution, time-series analysis, generalized additive model, distributed lag nonlinear model

Introduction

Air pollution has become an extremely important health risk factor and an important cause of respiratory death and
morbidity’ (Ingrid, 2021). Air pollution monitoring and control have become a focal point of global environmental
protection. China, the world’s largest developing country, is dealing with considerable air pollution issues. The root cause
of air pollution lies in the rapid development of industrialization, regional characteristics, and the interactions of
meteorological and environmental factors.

Clinically, allergic rhinitis (AR) is defined as a nasal symptomatic disease caused by IgE (immunoglobulin)-mediated
inflammation after allergen exposure. It is the most common chronic allergic disease, affecting 10-40% of the global
population® (Bousquet, 2008). Sneezing, itching, runny nose, and nasal congestion are the most common nasal symptoms
of AR. It can cause upper-jaw itching, coughing, and swollen eyes. AR can cause fatigue and irritability by impairing cognitive
function and sleep quality. Other negative health conditions, including rhinosinusitis and asthma, are associated with AR,
which are also associated between them™* (Gao, 2021)(Marseglia, 2010). When AR occurs, it not only has a significant impact
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on the quality of life of patients but also imposes a significant psychological, social, economic, and health burden on the
society and country” (D’amato, 2015).

In recent years, the influence of atmospheric environmental factors on AR has attracted considerable attention and
international interest. Chu et al described the impact of atmospheric particulate matter and AR in Nanjing, and their
results suggested that exposure to PM; o and PM, 5 was associated with the risk of AR® (Chu, 2019). To et al investigated
the relationship between early-life exposure to air pollution and childhood asthma, AR, and eczema. Exposures to
oxidant air pollutants (O3 and NO,) but not PM, 5 was associated with an increased risk of incident asthma’ (To et al,
2020). Smith et al examined the effects of air pollution from livestock farms on asthma and AR in nearby residents;
modelled PM,, emission was inversely associated with asthma and AR® (Smith et al, 2014). This meta-analysis showed
a positive association between air pollution and the prevalence of AR, and identified geographic regions and economic
level as the potential modifiers for the association’ (Li, 2022). These papers demonstrated an association between
exposure to air pollution and the risk of AR,

Chonggqing is the most populous city of industry, transportation, and economy in Southwest China. It is known as the
“capital of mountain fog.” The unique regional environment, which includes mountains and the confluence of two rivers,
along with the humid air near the ground is responsible for the weather to become cloudy and rainy. It is affected by high
relative humidity, low wind speed, and weak solar radiation, thus resulting in severe local air pollution. Zhao’s study
demonstrated that the prevalence of AR in Chongqing was 20.42% in 2010'" (Zhao, 2010), whereas Hu’s research
discovered that the prevalence of AR in Chongging in 2017 was 28.5%'" (Hu, 2017).

Consequently, we conducted correlation analysis based on the daily outpatient clinical data of AR and combined it
with the same period air quality and meteorological monitoring data in Chongqing. In this study, the generalized additive
model (GAM) and the distributed lag nonlinear model (DLNM) were used for time-series analysis to examine the
association between air pollutants and AR in Chongqing.

Materials and Methods

Data Sources for Outpatients with AR

The daily outpatient visits (additional unexpected visits) for AR from January 1, 2016 to December 31, 2017 were obtained
from the electronic medical record data on the platform of the Medical Data Research Institute of Chongqing Medical
University. The retrospective clinical data had been anonymous and desensitized. The data platform contains data from six
hospitals, which are: the Second Affiliated Hospital of Chongqing Medical University (Class III Class A Teaching Hospital),
the Third Affiliated Hospital of Chongqing Medical University (Class III Hospital), Yongchuan Hospital Affiliated to
Chongqing Medical University (Class III Class A Hospital), University City Affiliated to Chongqing Medical University
(Class III Hospital), Chongqing Southeast Hospital (Class II Class A hospital), and Tongliang District People’s Hospital of
Chonggqing (Class II Class A Hospital). The principal diagnostic classification of AR was included based on the historical
electronic medical records as per the 10th edition of the International Classification of Diseases (ICD-10, J30.401). Moreover,
outpatients with other respiratory diseases and allergic diseases were excluded. Based on this standard, the clinical data
meeting the research standards were extracted, the current situation was analyzed, and the disease information database of AR
was established. The Ethics Committee of Chongqing Medical University has reviewed the proposed use of human subjects in
the above mentioned projects. Due to the retrospective nature of the study, the patient-level data obtained do not require the
patient’s informed consent. The Ethics Committee of Chongqing Medical University waived the need for informed consent.
We confirmed that the data was anonymized or maintained with confidentiality.

Air Pollutants and Meteorological Data

The data of air pollutants were obtained from Chongqing Municipal Ecological Environmental Bureau, primarily the
daily average concentrations of PM, 5, PM;o, SO,, NO,, CO, and O3-8h (max) from January 1, 2016 to December 31,
2017. There were 17 fixed monitoring stations that measure concentrations of air pollution in Chongqing. The data of air
pollutants was the average of concentrations from all monitoring sites. Meteorological data were collected by the China
Meteorological Data network, including daily average temperature, average humidity, and average air pressure. The
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meteorological data collected had three discrete days of missing values. The method used to fill in the missing values was
to average the first two days and the next two days.

Statistical Analysis

In this study, all data were separately entered by the two personnel checked before being entered in the database. To
analyze the characteristics of AR incidence and develop a time-series database, Excel 2016 was used. The correlation
between air pollutants and incidence rate of AR were demonstrated using Spearman correlation analysis. All tests were
two-sided, and we considered P < 0.05 to be statistically significant. The related factors were included in the DLNM to
analyze the association between air pollutants and AR. In the model, the incidence of AR was treated as the dependent
variable and air pollutants as the independent variable. Moreover, confounding factors, such as meteorological factors,
long-term trends, seasonal trends, day of the week effect, and holiday effects, were controlled.

GAM are free and flexible statistical models, which can be used to detect the influence of nonlinear regression. The
GAM combines the generalized linear model and additive model distinguished using various nonparametric smoothing
functions to control the effect of confounding factors and simulate the correlation between pollutants and health
endpoints'? (Hastie, 1986). GAM takes the following shape:

g(B(Y)) = a+fi(xu) +f(x2) + filxsi) + ..t €

where g(E(Y)) is the expected connection function of the dependent variable, and f1(x1;) and f;(x;) are various basis
functions for fitting nonlinear relationships'? (Huang, 2014).

DLNM add lag dimension to the exposure-response relationship using a cross basis function to describe the
distribution of dependent variables in both the independent variable dimension and lag dimension, allowing it to evaluate
both the lag effect and nonlinear effect of exposure factors. The form of DLNM is as follows:

2(E(Y))= a+ X, £(XijsB)+ Tk ik

where g() is the family of linked functions, Y is the outcome variable, X is an independent variable, and f; is various
basis functions of independent variable Xj, p is other confounding factor, B; and vy are the corresponding parameters in
the equation'* (Gu, 2016).

For the entire population of Chongqing, the incidence and treatment events of outpatients with daily AR were
relatively less, belonging to small probability events, which approximately obeyed the Poisson distribution. Quasi-
Poisson regression would be better than Poisson to deal with over-dispersion in the analysis. Consequently, the quasi-
Poisson distribution was selected as the connection function in the GAM to fit the exposure-response relationship
between the number of outpatients with AR and multiple influencing factors.

Yt~Quasipoisson

LogE(Yt)= a + f air + ns(temp, df)+ns(rthum, df)+ns(press, df ) +ns(timenum, df)+as.factor(holiday)

In our model, where Yt is the daily outpatient visits for AR on day t, a is the model intercept, B is a vector of coefficients
for air pollutant response variable, and ns() is the cross basis matrix generated by DLNM, ns is a natural cubic spline
function, temp is daily average temperature, rhum is daily average relative humidity, the press is daily average air
pressure, timenum is time ordinal variable (timenum = 1, 2, 3, ..., 731), and it was used to control the long-term trend
and seasonal trend of the number of patients with AR, df was degrees of freedom of natural cubic spline function, the
holiday was controlled as a binary variable with holidays and rest days. We considered 610 df for calendar time and 3—7
df for environmental factors. As per the GCV method, we finally decided to use a natural cubic spline of 7 df per year in
the model to control for the long-term and seasonal trends. For environmental factors, a 3 df natural cubic spline was
used to control for their effects.

Based on the acquired basic data, the model of association between air pollutants and AR was built. A GAM was
developed to deal with the complex nonlinear observation relationship between multi component explanatory variables in
air pollutants and dependent variables of AR results; adjust potential confounding factors such as long-term trend,
seasonal trend, and meteorological factors; and quantitatively evaluate time-series analysis of the health effects of air
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pollution. The DLNM was then developed. The cross basis function was established to describe and evaluate the
distribution of AR in the independent variable dimension and lag dimension of air pollutants, and the 3D spatial
distribution map of exposure lag response relationship was obtained to visualize the lag effect and nonlinear effect of
exposure factors.

In the models, we examined the effects of the single pollutant and double pollutant models with a maximum lag
period of 30 days'® (Zhang, 2020). Moreover, a double-pollutant model was fitted with the same parameter settings as the
single model to confirm the pollutant effect estimates after controlling for simultaneous exposure to other pollutants.

Sensitivity Analysis

Sensitivity analysis was performed to identify the robustness of the results by fitting two-pollutant models that correlation
coefficient r > 0.80 between air pollutants was not included in multipollutant model to avoid collinearity among the
independent variables, and changing the df values in the natural cubic spline function of calendar time (6—10 df) and
meteorological variables (3—7 df).

Mathematical and statistical analyses were performed using R 4.1.1 software and SPSS 23.0. GAM and DLNM were
performed using the “mgcv” and “dlnm” packages. In daily outpatient visits, effect estimates were described by relative
risk (RR) and 95% confidence intervals (Cls) for AR per 10 ug/m3 increase in PM; 5, PM;o. SO,, NO,, and O3, and per
1 mg/m? increase in CO.

Results

Data Description

The time series study was performed between January 1, 2016 and December 31, 2017. During the period of the study,
a total of 12,868 cases for AR outpatients were included for these analyses. Table 1 summarizes the characteristics of
daily AR outpatients, meteorological variables, and air pollution variables in Chongging from 2016 to 2017. The average
values of PM; s, PM;y, SO, NO,, CO, O, press, temp, rhum and daily AR outpatients were 49.4 ug/m3, 74.7 pg/m3,
12.4 pg/m?, 46.4 ng/m?®, 0.96 ug/m>, 70.7 pg/m>, 983.4 hPa, 19.5°C, 75.2% and 18. Figure 1 displays the time series of
daily AR outpatients. The daily number of AR outpatients ranged from 0 to 53. And it showed that the number of cases
per day about 630 was mostly frequent, which illustrated the relatively high prevalence of AR and the number of visits
in Chongqing to a certain extent, and there was an obvious long-term and seasonal trend.

Relationships Between Air Pollutions, Environmental Factors and AR Outpatients

The Spearman correlation coefficient between air pollution and meteorological data is shown in Table 2. Table 2
demonstrates that PM, 5 was a strong positive correlation with SO,, NO,, and CO, and a negative correlation between
Os. It was worth noting that PM, 5 and PM,, were highly correlated (correlation coefficient r = 0.956). PM,,, SO,, and

Table | Characteristics of Daily Number for AR Outpatients, Air Pollutants, and Meteorological Factors

Range Average SD Min Max Median P25 P50 P75
PM; 5 163 49.435 29.4237 8 171 42 29 42 64
PMo 219 74.703 38.7631 12 231 68 47 68 95
SO, 28 12.404 4.7415 4 32 12 9 12 15
NO, 85 46.380 12.9202 16 101 46 37 46 55
co 1.6 0.959 0.2548 0.4 2 0.9 0.8 0.9 1.1
O3-8h 245 70.748 51.4632 5 250 55 28 55 104
Press 45.77 983.3638 8.57409 966.53 1012.3 982.45 976.3 982.45 990
Temp 353 19.4976 7.85834 1.2 36.5 19.1 12.03 19.1 25.53
rhum 56 75.2001 11.54935 40.5 96.5 76 67.8 76 84
ARnum 53 17.603 7.9071 0 53 17 12 17 23

Notes: The units of air pollutants: PM, 5(ug/m®); PM,o(ug/m?); SO,(ug/m?); NO,(ug/m?); CO (mg/m?); O3-8h (ug/m®); the units of meteorological factors: press (hPa); temp

(°C); rhum (%).
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Figure | Daily numbers of outpatients of time series.
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O3 had no statistical significance and no correlation, and other pollutants were positively correlated. NO, and CO had

a negative relationship with Os; however, others had a positive relationship. There was a strong inverse relationship

between air pressure and O; and a positive relationship between other air pollutants. The temperature had a strong

Table 2 Spearman’ s Correlation Coefficients Between Air Pollutants and Meteorological Variables

PM, s PM,o SO, NO, co O3-8h Press Temp rhum
PM, 5 r 1.000
sig
PMo r 0.956** 1.000
sig 0.000
SO, r 0.629+* 0.712%* 1.000
sig 0.000 0.000
NO, r 0.751*#* 0.802+* 0.684+* 1.000
sig 0.000 0.000 0.000
Cco r 0.726** 0.685%* 0.552%* 0.705%* 1.000
sig 0.000 0.000 0.000 0.000
O3-8h r —0.164** —0.037 —0.067 —0.145%* —0.400** 1.000
sig 0.000 0.321 0.070 0.000 0.000
Press r 0.309+* 0.225%* 0.24#* 0.363%* 0.425%+* —0.626™* 1.000
sig 0.000 0.000 0.000 0.000 0.000 0.000
Temp r —0.353** —0.240%* —0.250%* —0.360%* —0.487** 0.736** —0.885%* 1.000
sig 0.000 0.000 0.000 0.000 0.000 0.000 0.000
rhum r —0.064 —0.237%* —0.429** —0.110%* 0.203** —0.692** 0.363** —0.470** 1.000
sig 0.082 0.000 0.000 0.003 0.000 0.000 0.000 0.000
ARnum r —0.182%* —0.100** —0.108** —0.034 —0.110%* 0.125%* —0.159** 0.288** —0.105%*
sig 0.000 0.007 0.004 0.363 0.003 0.001 0.000 0.000 0.004

Notes: **The correlation is significant at the level of 0.01; the units of air pollutants: PMy s(ug/m?); PMo(ug/m?); SO,(ug/m’);

units of meteorological factors: press(hPa); temp(°C); rhum(%).
Abbreviations: r, related coefficient (is a statistical index used to reflect the close degree of linear correlation between observation variables); sig, significance (two tailed).

NO,(ug/m®); CO (mg/m?); O5-8h (ug/m®); the
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positive correlation with O; and a negative correlation with other pollutants. Relative humidity had a strong inverse
relationship with O3, a positive correlation with CO, no correlation with PM, 5, and a negative relationship with other
pollutants. There was a positive relationship between O3 and temperature in AR outpatients, and other pollutants and
meteorological factors had an impact. We considered that once the correlation between two independent variables of air
pollutants was greater than 0.8, only one of the air pollutants would be included in our model at one time to eliminate
multicollinearity.

Association Analysis of Model

We developed the single pollutant and two-pollutant models and used the natural cubic spline function to control the
long-term trend of time with 7 df per year and the effect of meteorological factors (air temperature, air pressure, and
relative humidity) with 3 df. As binary response variables, holidays and weekends were controlled.

Single Pollutant Model

As per the abovementioned Spearman correlation analysis results, O5 and air temperature had a positive correlation and
immediate effect on AR, NO, was irrelevant, and others were negatively correlated. Subsequently, we examined the lag
and cumulative utility of air pollutants and including statistically significant air pollutants.

As shown in Table 3, the lag effect of O; was significantly strong, and with the delay of lag days, the utility gradually
weakened, disappeared after a lag of 2 days, each 10 pg/m® increase in the concentration of atmospheric Os led to an
increase in the number of AR outpatients with relative risks (RR, 95% CI) of 1.066 (1.008-1.127), 1.057 (1.005-1.112)
and 1.048 (1.002—1.097). The hysteresis effect of PM, 5 at high concentration was more obvious, and the stronger the
effect with increasing of high concentration, the best hysteresis range was in 11-18 days, as shown in Figures 2 and 3,
each 10 pg/m® increase in the concentration of PM, s led to an increase in the number of AR outpatients with relative
risks (RR, 95% CI) of 1.071 (1.002—-1.141), 1.077 (1.006—1.150), 1.081 (1.009-1.156), 1.083 (1.010-1.160), 1.083
(1.011-1.160), 1.081 (1.010-1.158), 1.077 (1.008-1.153) and 1.071 (1.005—1.146) (in Table 3).

The other four single pollutant models (PM,,, SO,, NO, and CO) were not statistically significant, each 10 pg/m*
increase in the concentration of PM;4, SO, and NO, with relative risks (RR, 95% CI) of 0.958 (0.875—1.048), 0.965
(0.894-1.043) and 0.934 (0.808-1.079), each 1 mg/m? increase in the concentration of CO with relative risks (RR, 95%
CI) of 0.997 (0.884-1.127) (in Table 3).

Two- Pollutant Model
In the two-pollutant model, because of the high correlation between PM;o and PM, s in collinearity analysis (r = 0.956),
only one of PM, 5 and PM, would be included in our model at one time to control collinearity. Table 4 demonstrates that
on the basis of adjusting the cross basis of CO and NO,, O still acted an effect on AR outpatients, each 10 pg/m’
increase in the concentration of Os with relative risks (RR, 95% CI) of 1.049 (1.003—1.098) and 1.044 (1.002-1.087).
After adjusting the cross criteria for O;, CO, SO,, and NO,, PM, 5 affected AR outpatients with relative risks (RR, 95%
CI) of 1.033 (1.012-1.178), 1.083 (1.004-1.212), 1.001 (1.002—1.142) and 1.092 (1.001—1.184) for each 10 pg/m’
increase in PM, 5 concentration. When adjusting the cross criteria of Oz, CO, and SO,, PM,, affected AR outpatients
with relative risks (RR, 95% CI) of 1.089 (1.001-1.183), 1.137 (1.003—1.249), and 1.035 (1.006—1.064) for each 10 pg/
m’ increase. After adjusting the cross criteria of NO,, the effect of PM;, was not statistically significant, with a relative
risk (RR, 95% CI) of 1.074 (0.765—1.174). The impact of CO was not statistically significant after adjusting the cross
criteria of other five pollutants. The effect of SO, was statistically significant after adjusting the cross criteria of Os,
PM, 5, PMo, and CO, with relative risks (RR, 95% CI) of 1.070 (1.003-1.125), 1.012 (1.001-1.022), 1.009 (1.001—
1.018) and 1.061 (1.001-1.124). The effect of NO, was statistically significant after adjusting the cross criteria of PM, 5
and CO, with a relative risk (RR, 95% CI) of 1.021 (1.001-1.048) and 1.022 (1.001-1.041) (in Table 4, Figures 4 and 5).
Figure 6 shows the cumulative effect of PM, 5 and NO, in the double-pollutant model. The RR cumulative effect of PM, s
became more pronounced as the concentration increased. The cumulative impact of NO, was smaller than PM, 5. Other
pollutants had no obvious cumulative effect. Sensitivity analysis results indicated that alternative df values did not
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Table 3 The RR of Effects of Air Pollutants on Outpatients with AR in Single Pollutant Model

Lag

O3

PMy5

PM|0

co

SO,

NO,

00 N o8 L1 AW N — O

30

1,066 (1.008—1.127)*
1,057 (1.005—1.112)*
1.048 (1.002—1.097)*
1.040 (0.998-1.084)
1032 (0.994-1.071)
1024 (0.990—1.060)
1016 (0.984—1.049)
1,009 (0.980—1.040)
1,002 (0.972-1.033)
0.996 (0.966-1.026)
0.990 (0.954-1.021)
0.985 (0.953-1.017)
0.980 (0.945-1.013)
0.976 (0.943-1.010)
0.973 (0.939-1.007)
0.970 (0.937-1.005)
0.968 (0.935-1.003)
0.967 (0.934-1.002)
0.967 (0.934-1.001)
0.968 (0.935-1.001)
0.968 (0.937-1.001)
0.970 (0.938-1.003)
0.972 (0.940-1.005)
0.974 (0.942-1.008)
0.977 (0.943-1.012)
0.980 (0.944-1.017)
0.984 (0.945-1.024)
0.987 (0.945-1.031)
0.991 (0.945-1.040)
0.995 (0.944—1.048)
0.999 (0.943-1.060)

0.950 (0.871-1.035)
0.963 (0.890—1.041)
0.976 (0.908—1.048)
0.988 (0.908—1.055)
1.001 (0.926-1.064)
1.014 (0.942-1.073)
1.025 (0.957-1.084)
1.037 (0.970—1.096)
1.050 (0.980—1.108)
1.056 (0.989—1.120)
1.065 (0.996-1.131)
1.071 (1.002—1.141) *
1.077 (1.006—1.150) *
1.081 (1.009—1.156) *
1.083 (1.010-1.160) *
1.083 (1.011-1.160) *
1.081 (1.010-1.158) *
1.077 (1.008—1.153) *
1.071 (1.005—1.146) *
1.064 (0.996-1.136)
1.055 (0.989-1.125)
1.050 (0.980—1.113)
1.034 (0.970-1.101)
1.022 (0.960—1.088)
1.009 (0.946—1.076)
0.997 (0.931-1.064)
0.982 (0.914-1.054)
0.967 (0.896—1.044)
0.953 (0.877—1.035)
0.939 (0.860-1.027)
0.924 (0.838-1.020)

0.958 (0.875-1.048)
0.969 (0.894-1.051)
0.981 (0.912-1.055)
0.992 (0.930-1.060)
1004 (0.945—1.066)
1.014 (0.959-1.073)
1025 (0.970—1.083)
1,034 (0.979-1.093)
1,043 (0.986-1.104)
1.051 (0.990-1.116)
1058 (0.994—1.126)
1,063 (0.995-1.136)
1,067 (0.996-1.143)
1,070 (0.996-1.149)
1,070 (0.995-1.151)
1,069 (0.993—1.151)
1,066 (0.990—1.147)
1.061 (0.987—1.141)
1.054 (0.982—1.132)
1,046 (0.976-1.121)
1.036 (0.968-1.109)
1.025 (0.959—1.096)
1.013 (0.948-1.083)
1001 (0.936-1.070)
0.987 (0.921-1.058)
0.973 (0.904-1.048)
0.959 (0.885-1.038)
0.944 (0.865-1.030)
0.929 (0.846-1.022)
0.914 (0.823-1.015)
0.900 (0.802—1.009)

0.997 (0.884-1.127)
0.988 (0.882—1.104)
0.979 (0.884—1.084)
0.970 (0.879-1.067)
0.962 (0.883-1.052)
0.953 (0.874—1.040)
0.946 (0.867-1.032)
0.938 (0.859-1.025)
0.932 (0.850-1.021)
0.925 (0.844-1.019)
0.920 (0.845-1.017)
0915 (0.842-1.017)
0911 (0.841-1.016)
0.908 (0.843-1.016)
0.906 (0.839-1.016)
0.904 (0.842-1.016)
0.904 (0.834-1.015)
0.905 (0.832-1.015)
0.906 (0.839-1.015)
0.908 (0.829-1.015)
0911 (0.823-1.015)
0915 (0.824-1.017)
0919 (0.818-1.019)
0.924 (0.817-1.024)
0.930 (0.813-1.030)
0.935 (0.811-1.039)
0.942 (0.809-1.051)
0.948 (0.807—1.065)
0.950 (0.806-1.081)
0.962 (0.805-1.099)
0.969 (0.805-1.120)

0.965 (0.894-1.043)
0.973 (0.907-1.043)
0.980 (0.920-1.043)
0.987 (0.932-1.044)
0.994 (0.944—1.045)
1,000 (0.955-1.047)
1,006 (0.964—1.050)
1012 (0.972-1.053)
1.017 (0.978-1.057)
1021 (0.983-1.061)
1025 (0.986-1.066)
1,028 (0.988-1.070)
1,030 (0.989-1.073)
1,031 (0.989-1.075)
1,031 (0.988-1.075)
1,030 (0.986-1.074)
1.027 (0.984-1.071)
1.023 (0.981-1.067)
1,018 (0.977-1.060)
1,012 (0.972-1.053)
1.005 (0.966—1.046)
0.998 (0.959-1.037)
0.989 (0.951-1.030)
0.980 (0.940-1.022)
0.971 (0.929-1.015)
0.961 (0.916-1.010)
0.951 (0.902—1.004)
0.941 (0.887-0.999)
0.931 (0.871-0.994)
0.920 (0.855-0.990)
0.910 (0.839-0.986)

0.934 (0.808-1.079)
0.936 (0.820-1.068)
0.938 (0.832-1.058)
0.940 (0.842—1.050)
0.943 (0.852-1.043)
0.945 (0.859-1.039)
0.947 (0.865-1.037)
0.950 (0.870-1.037)
0.952 (0.872-1.039)
0.954 (0.873-1.042)
0.956 (0.874—1.047)
0.959 (0.873-1.052)
0.961 (0.873-1.057)
0.963 (0.874-1.062)
0.966 (0.875-1.066)
0.968 (0.876-1.069)
0.970 (0.879-1.071)
0.973 (0.882-1.073)
0.975 (0.886-1.073)
0.977 (0.890-1.073)
0.980 (0.894-1.074)
0.982 (0.897-1.075)
0.984 (0.899-1.078)
0.987 (0.900-1.082)
0.989 (0.898-1.089)
0.991 (0.895-1.098)
0.994 (0.890-1.109)
0.996 (0.884-1.123)
0.999 (0.876-1.139)
1,001 (0.867—1.156)
1.003 (0.857—1.175)

Notes: Effect estimates were described as relative risk (RR for short) and 95% confidence intervals (Cis, the estimation interval of the measured parameter) in daily

outpatient visits for AR per I0ug/m3 increases in PM, 5, PM o SO,, NO,, O3, and per | mg/m3 increase in CO. *The correlation is significant.

substantially influence the effect estimates for the association between air pollution and AR outpatients for time (6—10 per year)

and environmental factors (3—7).

Discussion
There is growing interest in the associations between air pollution and risk of AR, but data on the associations in low- or

middle-income cities are still limited, especially in southwest China. Chongqing is rapidly growing as China’s major

industrial, transportation, and economic city. Private cars are becoming increasingly common as people’s standard of

living improves. The massive emission of industrial exhaust and automobile exhaust makes the atmospheric environment

of Chongqing particularly tense. Therefore, we conducted the time series study combining with DLNM to evaluate the

short-term effects of ambient air pollutants on daily outpatient visits for AR in Chongqing. The data obtained in our

analysis indicated that short-term exposure to Oz, PM, 5, PM;y, NO, and SO, was significantly associated with the

increase of AR outpatient visits, and the effect of CO was not statistically significant. The sensitivity analysis showed

a robustness of the pollutant model results.

Air pollutants in Chongqing have harmed various chronic diseases. Ding and Wang believed that exposure to air

pollution would trigger asthma attacks in Chongqing hospitals'®'” (Ding, 2017)(Wang, 1993). Wang examined that the
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Figure 2 Lag effect diagram of O3 (A) and PM, 5 (B) in single pollutant model.

increased concentration of air pollution led to the increased mortality of respiratory diseases in Chongqing'® (Wang,
2020). She examined that the increase of atmospheric PM, 5 concentration was related to the increase of emergency
patients with cardiovascular and cerebrovascular diseases in Chongging'® (Zhang, 2020). Tang examined the relationship
between short-term exposure to air pollution and sudden stroke in Chongqing®® (Tang, 2021). This research had
conclusively demonstrated that air pollutants in Chongqing had a relatively negative impact on chronic diseases.
Therefore, emphasis should be placed on the prevention and control of air pollutants and their impact on related chronic
diseases in Chongging. AR is a kind of chronic allergic disease with relatively high incidence in Chongging''(Hu, 2017),
has progressed in a severe allergic respiratory disease that harms human health and quality of life. Therefore, attention
should be paid to the prevention and control of air pollutants in Chongqing and their impact on AR.

The pathogenesis of AR is related to various factors both innate genetic background and acquired environmental
effects. It is an inflammatory disease of the nasal mucosa caused by IgE (immunoglobulin) after allergic people come in
contact with allergens, and it involves many immune-active cells and cytokines®' (Deng, 2016). Villeneuve demonstrates
that air pollutants can directly affect the immune system and cause inflammation or oxidative stress. Active trace gases
ozone and nitrogen dioxide can induce post-transcriptional modification and change the immunogenicity of proteins®*
(Villeneuve, 2006).

The health effects of air pollutants and AR outpatients in Chongqing were investigated using epidemiological and
environmental data in the study. The air pollutant database, meteorological database, and AR data database were all
formed on this foundation. The DLNM and the GAM were used to examine the immediate, lag, and cumulative effects of
air pollutants on AR outpatients. Compared with previous studies, the O; level of a single pollutant in this study had an
immediate positive effect on health outcome, lag effect within two days. PM, 5 level of a single pollutant had a lag effect
within 11-18 days. Moreover, Oz, PM; 5, PM;¢. SO, and NO, had effects in two-pollutant model with adjusting the other
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Figure 3 Hysteresis three-dimensional effect diagram O (A) and PM, s (B) in single pollutant model.

pollutant. The RR cumulative effect of PM, 5 became more pronounced as the concentration increased. The cumulative
impacts of NO, were smaller than PM, s.

We found that O3, PM, 5, PM,(, NO, and SO, were significantly associated with the increase of AR outpatient visits,
respectively, which were similar to several previous studies. As shown in Table 5, for example, Teng’s results revealed
that PM, 5, PMo, SO,, and NO, levels were significantly related to prevalence23 (Teng, 2017). PM, 5 was reported to be
associated with outpatient care in this s‘cudy24 (Wang, 2020). According to Chu’s research, PM;, and PM, s were
significantly associated with increased risk in patients who live in warm climates.® There was a strong correlation
between PM;y, SO,, NO,, and AR in Zhang’s study25 (Zhang, 2011). A study in Korea demonstrated that AR and SO,
were associated with high risk, and PM,, was associated with low risk?’ (Kim, 2021). There was a study that researched
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Table 4 The RR of the Effects of Air Pollutants on Outpatients with AR in Two-Pollutant Model

Adjusted O; PM, s PM,, co SO, NO,

Pollutant

Os / 1.033 (1.012-1.178) * | 1.089 (1.001-1.183)* | 0.968 (0.814-1.117) 1.070 (1.003—1.125)* 1.028 (0.802-1.182)
PM,s 1.027 (0.897-1.126) / / 1.009 (0.763-1.182) 1.012 (1.001-1.022)* 1.021 (1.001-1.048)*
PMo 1.038 (0.874-1.137) / / 1.012 (0.701-1.206) 1.009 (1.001-1.018)* 1.060 (0.780-1.275)
co 1.049 (1.003-1.098)* 1.083 (1.004-1.212)* 1.137 (1.003-1.249)* | / 1.061 (1.001-1.124)* 1.022 (1.001-1.041)*
SO, 1.061 (0.867-1.161) 1.001 (1.002—1.142)* 1.035 (1.006—1.064)* 1.070 (0.725-1.264) / 1.160 (0.841-1.405)
NO, 1.044 (1.002—-1.087)* 1.092 (1.001-1.184)* 1.074 (0.765-1.174) 1.003 (0.793-1.174) 1.029 (0.789-1.082) /

Notes: Effect estimates were described as relative risk (RR for short) and 95% confidence intervals (Cis, the estimation interval of the measured parameter)) in daily
outpatient visits for AR per IOug/m3 increases in PM, 5, PM g SO,, NO,, O3, and per | mg/m3 increase in CO; *The correlation is significant.

the strong association between PM, s and allergic rhinitis*® (Fuerte, 2013). According to one research, the greater the
level of exposure to NO,, PM,, the more severe the rhinitis®' (Burte, 2020). According to the results of one study, the
time change trend of the number of patients in AR day had a certain time correspondence with the concentration change
of PM;, SO, and NO, in the air, indicating that in the short term, the increase of the concentration of PM,, SO, and
NO, in the air directly affected the occurrence and aggravation of AR and led to the increase in the number of patients*>
(Zhang, 2011). However, another study showed that there was no correlation between the incidence rate and concentra-
tions of SO,, NO,, and PM;, in the air, and positively correlated with the PM, 5 concentration in the air** (Chai, 2020).
Liu’s study provided the correlation between NO,, SO,, PM;,, PM, 5 and AR, the prevalence of AR was related to SO,,
CO and NOXx levels, but not O3 and PM, levels>’ (Liu, 2020). In addition, our study found that CO was not statistically
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Figure 4 Lag-effect diagram of O; (A and B), PM, s (C-F), PM;, (G-I), SO, (J-M) and NO; (N and O) in two-pollutant model.
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Figure 5 Three-dimensional effect diagram of O3 (A and B), PM, s (C-F), PM|, (G-I), SO, (J-M) and NO, (N and O) in two-pollutant model.
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Figure 6 Cumulative effect diagram of PM, s (A) and NO, (B) in two-pollutant model.

significant. In fact, several studies observed that the effects of CO were inconsistent with our results. A study discovered
a significant correlation between PM;,, SO,, NO,, CO, and AR outpatient visits?® (Wang, 2020) Teng’s results revealed
that CO was significantly related to prevalence23 (Teng, 2017). Carbon monoxide (CO) and nitrogen oxides (NOx) were

Table 5 The Main Findings of Several Previous Studies Reported That the Composition of Air Pollutants Influenced the Occurrence of AR

Papers

The Analytical Composition of Air Pollutants

Findings

Teng, 20172

Wang, 2020%*
Zhang, 201 1%
Wang, 2020%
Kim, 20217
Fuertes, 20132
Chung, 2016%°

Liu, 2020%°

Burte, 20203
Chai, 2020%2

Zhang, 201133

PM; 5, PM,o, SO3, NO,, CO, O;
PMZ»S

PMlO, 507_, NO;_

PM; 5, PM,o, SO3, NO,, CO, O3
PMo, SO,, NO,, CO, O3
PM, 5, NO,, O3

PMo, SO,, NOx, CO, O3

PM; 5, PM,o, SO3, NO,, CO, O;

PM;5, PMo, NO,
PM; 5, PM o, SO,, NO,

PM)o, SO,, NO,

Significant correlation: PM, 5, PM o, SO,, NO,, CO
No correlation: O3

Significant correlation: PM, 5

Significant correlation: PM o, SO,, NO,

Significant correlation: PM, 5, PM o, SO,, NO,, CO
No correlation: CO, O,

Significant correlation: PM,q, SO,

No correlation: NO,, CO, O;

Significant correlation: NO,

No correlation: PM, 5, O3

Significant correlation: NOyx, CO

No correlation: PM,,, SO,, O3

Significant correlation: PM, 5, PM o, SO,, NO,

No correlation: CO, O3

Significant correlation: PM, 5, PM|o, NO,
Significant correlation: PM, 5

No correlation: PM,o, SO,, NO,

Significant correlation: PM,o, SO,, NO,

Notes: The units of air pollutants: PM, s(ug/m®); PM,o(ug/m?); SO,(ug/m®); NO,(ug/m®); CO (mg/m?); O3(ug/m?).
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significantly correlated with AR. Because of both pollutants being considered traffic emissions, this study concludes that
Taiwan should control traffic emissions to reduce the prevalence of AR in children®’ (Chuang, 2016). Variations in study
design, geographic distribution, study populations, and ethnicity may partially explain the inconsistencies between these
results.

This study had four major strengths. First, atmospheric and meteorological research data were obtained via official
channels, which was one of the study’s advantages. Second, the data collection on air pollutants was relatively
comprehensive, as were all of indicators of the ecological environment bureau at the time. Third, the data of daily
outpatient visits for AR in this study were real-world electronic medical record data from six hospitals in Chongqing on
the platform of the Medical Data Research Institute of Chongqing Medical University. The research conclusion was
representative. Fourth, this study was carried out in Chongqing climate, which was a rare association study of air
pollution and AR in Chongqing. Nevertheless, there are some potential limitations as follows. Firstly, the lack of personal
exposure data to air pollutants, and overall data on air pollutants were used, which could not accurately reflect each
patient’s exposure. Secondly, indoor and outdoor environmental factors, such as outdoor pollen allergy, air conditioning,
pet hair, indoor dust mites, would all contribute to AR. Thirdly, the principal diagnosis of AR was only included based on
the historical electronic medical record as per the 10th edition of the International Classification of Diseases (ICD-10,
J30.401). Due to the retrospective nature of the study, the data source of AR historical electronic medical record obtained
from the platform has no record of allergy test. Finally, Chongqing residents appreciate the spicy food culture. Certain
AR patients would eat hot pot to detoxify spicy food to dredge the nasal airway. Patients who were aware of their illness
would take precautionary measures to prevent and control the disease on their own. Another instance was when certain
adults would be ill for a while and then go to the drugstore to get medicine for treatment rather than going to the hospital.
Consequently, these patients were excluded from our research.

In summary, our findings emphasized that government departments need to develop more comprehensive air control
policies to protect sensitive population, as well as considering industrial emissions and traffic emissions control measures.
Continuing to explore the association between air pollution and AR is of great significance for improving its prevention and
control level. Additionally, the mixed meteorological factors controlled in this study had a considerable statistical correlation
with AR outpatients. Subsequent research will study the specific impact of meteorological factors on AR.

We put forward some generalizable opinions that may be of potential interest internationally. The opinions are as
follows: the impact of air pollutants on AR varies in different geography and cities, and the effects of each component are
also different. In addition, the economic level of different cities also affects the utility of air pollutants on AR. Therefore,
government departments should formulate targeted policies and services to prevent and control air pollutants and reduce
the health risk of AR, improve the health quality of residents, and better reduce the burden and financial pressure of the
medical and health departments and the environmental bureau. We suggest that relevant departments should pay attention
to popularizing the knowledge of air pollutants and AR and their association to enhance public awareness and carry out
independent prevention, which is much better than treating health risks after illness.

Conclusions

The impact of atmospheric environmental factors on AR has attracted considerable attention and international interest,
but data on the associations in specific regional cities are still limited. The results of this study demonstrated that O,
PM, 5. PM;, SO, and NO, had significant effects on the number of outpatients with AR, components of air pollutants
were associated with the daily outpatient visits for AR in Chongqing. Consequently, it is necessary to control pollutants
in Chongqing, strengthen energy conservation, emission reduction measures, and recommend that relevant departments
continue to strengthen air pollution control, formulate health intervention strategies, and reduce the impact of air
pollutants on the health of AR patients and improve the quality of life of patients. These results may have significant
implications for developing tailored health policies and services to prevent AR in Chongqing and even all over the world,
and contributing the knowledge for the field of environmental pollution and AR.
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