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Abstract
Limited evidence was seen as the association between fine particulate matter (PM2.5) and physician visits for allergic rhinitis
(AR), especially in countries with extreme air pollution exposure. This paper addressed the issues about the association between
PM2.5 and daily outpatient visits for AR among individuals residing in Beijing, China. Data on daily outpatient visits for AR
obtained from Beijing Medical Claim Data for Employees and daily PM2.5 concentrations available from US embassy reports
were linked by date from January 1, 2010, to June 30, 2012. A time-series analysis was conducted with a generalized additive
Poissonmodel to assess the association between PM2.5 and AR, adjusting for daily average temperature, relative humidity, day of
the week, calendar time, and public holiday. Totally, 229,685 outpatient visits for AR were included in the analysis. The daily
mean (SD) concentration of PM2.5 was 99.5 (75.3) μg/m

3 during the study period. We found that a 10-μg/m3 increase in PM2.5

content was associated with a 0.47% (95% CI: 0.39% to 0.55%) increase in the number of outpatient visits on the same day.
Furthermore, results from subgroup analyses suggested that the association was consistently significant among the groups of
different ages (< 65 years and ≥ 65 years) and gender. However, this study failed to find a statistically significant association in the
autumn season but found significant positive associations during the spring and summer seasons (P for interaction < 0.001). This
study indicated a possible association between PM2.5 and AR outpatients, which may benefit further researches in studying PM2.5

and its influence on diseases in a real and seriously air-polluted context.

Keywords Particulate matter 2.5 . Allergic rhinitis . Air pollution . Outpatients . Time-series

Introduction

As a global allergic disease, allergic rhinitis (AR) causes seri-
ous morbidity and disability worldwide (Brozek et al. 2017;
Zhang and Zhang 2019). Symptoms of AR including
rhinorrhea, sneezing, nasal congestion, and nasal itching
could result in reduced quality of life (Brozek et al. 2017).
In addition, AR is associated with a great loss of productivity
and considerable economic burdens (Dykewicz and Hamilos

2010; Seidman et al. 2015; Yoo et al. 2016). The prevalence of
AR has increased in recent years worldwide, with a variation
of 10–40% across different countries (Sakashita et al. 2010;
Katelaris et al. 2012; Teng et al. 2017). Approximately, the
prevalence of AR was 8.7% in Asia and 14% in China (Teng
et al. 2017).

Epidemiologic studies have reported positive associations
between ambient levels of air pollution and increased mortal-
ity and hospital visits for cardiovascular and respiratory dis-
eases (Di et al. 2017; Pun et al. 2017; Tian et al. 2017; Tian
et al. 2018). Among the individual air pollutants, the particu-
late with an aerodynamic diameter of 2.5 μm or less (PM2.5)
was considered to be strongly associated with adverse health
effects on respiratory system due to deep deposition into the
lungs and large concentration of toxic substances per unit
mass (Pope and Dockery 2006; Sarnat et al. 2016). Previous
studies showed that long-term exposure of high PM2.5 content
could possibly lead to an increased risk of AR (Parker et al.
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2009; Zhang et al. 2009; Nishijima et al. 2018). However,
little is known about the short-term effect of ambient PM2.5

on AR. Furthermore, outpatient data was considered as a pos-
sible outcome metric to represent the short-term effect of air
pollution on health, which has been practiced extensively by
literature review. (Wang and Chau 2013; Liu et al. 2017).
Despite an important contributor to general practice office
visits, outpatient visit data on AR was limited in many coun-
tries due to a lack of available information from the general
practitioner-based referral system (Cayirli et al. 2010). In ad-
dition, although AR affects mostly adults (Min 2010), most of
the previous studies merely evaluated the effect of PM2.5 on
AR among children (Zou et al. 2018; Chen et al. 2019).
Therefore, further investigation on the association between
PM2.5 and outpatient visits for AR among adults is expected
to suffice the evidence.

With the rapid urbanization and economic growth, China
has been smothered by the severe and deteriorating air pollu-
tion. As the capital city of China, Beijing is confronted with a
serious air pollution problem. Moreover, accumulating evi-
dence has demonstrated PM2.5 was associated with various
adverse health impacts in Beijing (Li et al. 2018a, b; Guan
et al. 2019). Thus, we conducted the current study to examine
the association between PM2.5 and daily outpatient visits for
AR among adult individuals residing in Beijing, China, over
the period of January 1, 2010, to June 30, 2012, using a time-
series design.

Materials and methods

Study area

Beijing is located in northeastern China; the city covers 14
districts and 2 counties, with a total area of about
16,410.54 km2. The population size in Beijing is more than
20 million, and 51.6% of them are males. In addition, Beijing
has a sub-humid warm temperate continental monsoon cli-
mate, with a hot and humid summer and a cold and dry winter.
In recent years, Beijing has experienced extremely serious and
persistent haze pollution, especially in autumn and winter
(Chen et al. 2018). Moreover, according to Köppen-Geiger
climate classification, Beijing belongs to the climate type
Dwa (Yang and Matzarakis 2016).

Hospitalization data

Data on daily outpatient visits for AR was obtained from
Beijing Medical Claim Data for Employees (BMCDE). The
BMCDE database recordedmedical claim data for all working
or retired employees covered by basic medical insurance in
Beijing. The information including basic demographics (sex
and age), dates of hospital visits, medication use, and

discharge diagnosis in Chinese and corresponding
International Classification of Diseases, 10th Revision (ICD-
10) codes was recorded in BMCDE. Daily outpatient visits for
AR were identified using the ICD-10 code of J30.401 from
January 1, 2010, to June 30, 2012, and were checked using the
corresponding Chinese diagnoses.

Environmental data

The data of daily PM2.5 content from January 1, 2010, to
June 30, 2012, was available from US embassy reports, which
were based on an air quality monitoring station on the rooftop
of the embassy building located in ChaoyangDistrict, Beijing,
and could represent the citywide PM2.5 content (Wang et al.
2013; Tian et al. 2017). It has been reported that all areas with
population density > 5000 people/km2, 97.8% of the tertiary
hospitals, and 79.3% of the secondary hospitals in Beijing are
located within a 40-km radius of the monitoring station (Xie
et al. 2015). In addition, 79.2% of the total residents in Beijing
lived within a 40-km radius of the monitoring station.
Previous studies have shown that for individuals residing <
40 km from the monitoring station, the monitoring data could
estimate personal exposure with the minimum error (Wilson
and Suh 1997; Li et al. 2018a, b). Meteorological data of daily
24-h average temperature (°C) and relative humidity (%) were
obtained from the Chinese Meteorological Bureau.

Statistical analysis

Daily average PM2.5 content, daily outpatient visits for AR,
and meteorological data were linked by date from January 1,
2010, to June 30, 2012. We conducted a time-series analysis
using a generalized additive Poisson model to assess the as-
sociation between PM2.5 and AR, adjusting for daily average
temperature, relative humidity, day of the week, calendar time,
and public holiday.

Log[E(Yt)] =α +βPM2.5 + day of the week + public holi-
day + ps(calendar time, 10) + ps(temperature, 3) + ps(relative
humidity, 3)

In the model above, t represents the day of the observation;
E(Yt) denotes the expected number of outpatient visits for AR
on day t; α is the model intercept; PM2.5 is the mean PM2.5

concentration on day t; β represents regression coefficient
(log-relative risk of AR in relation to a unit increase in
PM2.5); ps() denotes penalized spline function.

Public holiday and the day of the week were adjusted as
categorical variables to control for the differences in outpatient
visits rates for each day in the model. We used the penalized
spline (ps) function of calendar time with 10 degrees of free-
dom (df) to adjust for seasonality and long-term trends. In
addition, we adopted the ps functions of daily average tem-
perature (df = 3) and relative humidity (df = 3) to control for
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the potential nonlinear confounding effects of weather condi-
tions (Dominici et al. 2006; Kan et al. 2007; Xie et al. 2015) .

Besides, to assess the temporal association between PM2.5

and outpatient visits for AR, we fitted the models with single-
day lag structures from the current day (lag0) up to two lag
days (lag02) as well as multiple-day lags (lag0–1 and lag0–2).
In single-day lag models, a lag of 0 days (lag0) means the
current-day PM2.5, and a lag of 1 day (lag01) corresponds to
the previous-day pollution. In multi-day lag models, lag0–2
refers to a 3-day moving average of PM2.5 content of the
current and previous 2 days. In addition, we conducted sub-
group analyses to evaluate whether the association differed by
sex, age (≥ 65 years and < 65 years), or season (spring, sum-
mer, autumn, and winter). Spring seasonwas defined asMarch
to May, summer season as June to August, autumn season as
September to November, and winter season as December to
February in the next year. Moreover, warm season was defined
as April to September, and cold season was defined as the rest
of the months in a year. The Z test was adopted to test the
differences between the different subgroups, where Z was cal-
culated by the estimates of the two groups and compared to the
standard normal distribution (Altman and Bland 2003).
Sensitivity analyses were also performed in terms of the df
in the smooth function of time trend (8–12), daily mean tem-
perature (2–6), and daily relative humidity (2–6).

All statistical analyses were conducted using R software
(V.3.5.1) with the “mgcv” and “nlme” packages. All statistical
tests were two-sided, and P < 0.05 was considered as statisti-
cally significant.

Results

The basic characteristics of the outpatient visits for AR in
Beijing, China, from January 1, 2010, to June 30, 2012, were
shown in Table 1. There were 229,685 outpatient visits for

AR, with mean (standard deviation, SD) age of 50.1 ±
15.1 years. In addition, 82.5% of the patients were aged <
65 years. The percentage of males was 40.5%. Moreover,
65.0% of the visits occurred during the warm season.

Table 2 summarized the data for the daily number of out-
patient visits for AR, PM2.5 concentration, and meteorological
variables. The daily mean outpatient visits for AR were 252
during the study period. Furthermore, the average daily mean
(SD) concentration of PM2.5 was 99.5 (75.3) μg/m3, with a
variation from 7.2 to 492.8 μg/m3. The average daily mean
(SD) concentration of PM2.5 was 103.4 (89.8) μg/m3 during
the cold season and 93.8 (57.3) μg/m3 during the warm sea-
son. The average daily mean temperature and relative humid-
ity were 12.6 °C and 48.6%, respectively.

The association between PM2.5 and outpatient visits for AR
was presented in Table 3. After adjusting for temperature,
relative humidity, public holiday, day of the week, and time
trend, we found a significant temporal association between
PM2.5 and outpatient visits for AR on the same day, where a
10-μg/m3 increase in PM2.5 content was associated with a
0.47% (95% CI:0.39% to 0.55%) increase in the number of
outpatient visits for AR. However, there was a significant
association between PM2.5 and the decrease in AR out-
patient visits on lag 1 day (− 0.41%, 95% CI: − 0.48%
to − 0.34%) and lag 2 days (− 0.45%, 95% CI: − 0.51%
to − 0.39%). In addition, a negative association was ob-
served with 3-day (lag0–2, − 0.45%, 95% CI: − 0.55%
to − 0.35%) cumulative measures of PM2.5.

In the subgroup analysis by sex, we detected significant
associations between PM2.5 and outpatient hospital visits for
AR among both men (0.47%, 95% CI: 0.34% to 0.59%) and
women (0.47%, 95% CI: 0.37% to 0.58%). In addition, a
10-μg/m3 increase in PM2.5 concentrations on the same day
corresponded to a 0.40% (95% CI: 0.31% to 0.49%) increase
in AR outpatients among the participants aged < 65 years and
0.76% (95% CI: 0.57% to 0.96%) among those aged ≥
65 years. Furthermore, we failed to observe a significant in-
crease in AR outpatients in autumn season (P = 0.106) but
found significant increase in AR outpatients in spring season
(0.40%, 95% CI: 0.22% to 0.57%) and summer season
(2.23%, 95% CI: 1.97% to 2.49%) (Table 4).

We conducted sensitivity analyses by different df for cal-
endar time, temperature, and relative humidity, and the results
were shown in Table 5. We found the risk estimates were
stable when changing df for calendar time, temperature, and
relative humidity.

Discussion

Our study has suggested a significant association between
PM2.5 and AR morbidity between January 1, 2010, and
June 30, 2012, in Beijing, China. An increase in daily PM2.5

Table 1 Basic characteristics of the outpatient visits for allergic rhinitis
between January 1, 2010, and June 30, 2012, in Beijing, China

Characteristics All year Cold season Warm season

Total outpatient visits 229,685 80,341 149,344

Sex, n (%)

Male 92,942 (40.50) 47,896 (59.62) 60,497 (40.51)

Female 136,743 (59.50) 32,445 (40.38) 88,847 (59.49)

Age (years), n (%)

< 35 47,071(20.49) 14,703 (18.30) 32,368 (21.67)

35–44 41,523 (18.08) 13,094 (16.30) 28,429 (19.04)

45–54 53,983 (23.50) 18,810 (23.41) 35,173 (23.55)

55–64 46,825 (20.39) 17,865 (22.24) 28,960 (19.39)

65–74 25,363 (11.04) 9931 (12.36) 15,432 (10.33)

≥ 75 14,920 (6.50) 5938 (7.39) 8982 (6.02)
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concentrations by 10 μg/m3 would cause 0.47% (95% CI:
0.39% to 0.55%) higher number of AR outpatients on the
same day after adjusting for temperature, relative humidity,
public holiday, day of the week, and time trend. Our findings
have sufficed the evidence for exploring the association be-
tween PM2.5 and AR in a real-world context with severe air
pollution and may further suggest public health implications.

Several epidemiological studies have been conducted to
explore the association between PM2.5 and physical visits
for AR in western countries (Hajat et al. 2001; Villeneuve
et al. 2006). However, limited evidence was seen in this topic
in China, possibly due to a lack of PM2.5 monitoring data and
morbidity data of AR. For example, a time-series analysis was
conducted to estimate the effect of PM10, sulfur dioxide, and
nitrogen dioxide except for PM2.5 on daily outpatient visits for
AR in Beijing, China (Zhang et al. 2011). A recent study
conducted in Changchun, China, investigating the association
between air pollutants and AR from 2013 to 2015 found that
each 1-SD increase of PM2.5 corresponded to 10.2% ARmor-
bidity (Teng et al. 2017). The results also suggested that the
highest risk of AR from PM2.5 occurred on the same day,
which was similar to our findings. While we detected a sig-
nificant negative association between AR outpatients and
PM2.5 at lag 1 day and lag 2 days. Possible explanations for
the discrepancy of lag effects included different types of hos-
pital utilization, pollution composition, environmental factors,
population characteristics, and allergen exposure among cit-
ies. Thus, the findings should be interpreted with caution, and
the association between PM2.5 and AR outpatients is to be
detailed in further studies.

In the subgroup analyses, the associations were consistent-
ly significant in men and women. In addition, we found youn-
ger AR patients were less vulnerable to PM2.5 when compared
with older patients, where a 10-μg/m3 increase in PM2.5 was
associated with a 0.76% increase in outpatient visits for AR on
the same day among patients aged ≥ 65 years (P for interaction
< 0.001). The finding was different from a study conducted in
Toronto that effect of PM2.5 on AR among those aged ≥
65 years was tiny due to limited outdoor activities
(Villeneuve et al. 2006). For Beijing, air quality in the warm
season, especially from June to August, is relatively better.
However, the air quality is comparatively poor during the cold

season due to biomass burning sources in Beijing (Zhang et al.
2011). Our study also showed that PM2.5 concentrations dur-
ing the cold season were higher than that during the warm
months. In the subgroup analysis by specific four seasons,
we found a significant increase in AR outpatients in the spring
and summer season. Potential explanations for the result may
include that air pollen could increase the outpatient visits for
AR, and the concentration of air pollen peaks during the warm
season (Zhang et al. 2012). However, our study failed to take
air pollen into consideration due to the lack of this data. Thus,
future studies are warranted to evaluate the effect of PM2.5 on
AR considering the role of more exposure as air pollen.

The possible mechanism of the association between PM2.5

and AR has been demonstrated by several experimental stud-
ies, yet the findings remain controversial to date. Allergens are
one of the most important factors contributing to the risk of
AR (Greiner et al. 2011). Allergen-induced inflammatory re-
sponse includes IgE-mediated mast cell activation (early
phase response) and a late phase response involving the re-
cruitment of eosinophils, basophils, and T lymphocytes (Li
et al. 2019). Animal studies have shown high PM2.5 concen-
trations could cause imbalance of T helper cells and promote
Th2- and Th17-mediated immune responses in AR mice (Li
et al. 2018a, b). In addition, the effect of PM2.5 on AR might
be mediated through epigenetic regulations (Li et al. 2018a,
b). Due to the complex etiology of AR, the pathophysiology
of the effect of PM2.5 on AR needs to be explored further.

The study had a great statistical power to detect small in-
creases in AR caused by PM2.5 due to a large number of

Table 2 Summary of the daily
number of outpatient visits for
allergic rhinitis and
environmental variables

Variables Mean SD Maximum Median Minimum IQR

Number of outpatient visits 251.8 336.8 1866 76 0 430

PM2.5 (μg/m
3) 99.5 75.3 492.8 82.8 7.2 90.8

Cold season 103.4 89.8 492.8 72.5 9.9 107.5

Warm season 93.8 57.3 301.8 90.1 7.2 81.4

Temperature (°C) 12.6 11.6 34.5 14.1 − 12.5 22.3

Relative humidity (%) 48.6 20.3 92 48 9 36

SD standard deviation, IQR interquartile range

Table 3 The association between a 10-mg/m3 increase of PM2.5 and
percentage change with 95% confidence interval in outpatient visits for
allergic rhinitis for different lag periods

Lag days Percentage change (%) 95% CI P

Lag 0 0.47 0.39 to 0.55 < 0.001

Lag 1 − 0.41 − 0.48 to − 0.34 < 0.001

Lag 2 − 0.45 − 0.51 to − 0.39 < 0.001

Lag 0–1 − 0.08 − 0.18 to 0.01 0.091

Lag 0–2 − 0.45 − 0.55 to − 0.35 < 0.001

CI confidence interval
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outpatient visits studied. Since the study was based on medical
health records, AR diagnosis did not rely on self-reported symp-
toms but made by trained health professionals, which may re-
duce the information bias in the study. Besides, Beijing is a
heavily polluted city, which enables an evaluation of the
exposure-response association between a wide range of PM2.5

concentrations and outpatients visits for AR comprehensively.
Nevertheless, the study has some limitations to be ad-

dressed. First, the air pollution data was obtained from one
single monitoring station, which may cause exposure

measurement errors. Second, we have no access to individual
characteristics including socioeconomic status and preexisting
diseases in the medical database. Chronic diseases including
chronic obstructive pulmonary disease and myocardial infarc-
tion may modify the association between PM2.5 and AR.
Therefore, additional studies with more detailed information
on the characteristics of the participants are anticipated to con-
firm these results. Moreover, monitoring data on other air pol-
lutants, such as sulfur dioxide, nitrogen dioxide, carbon mon-
oxide, and ozone, were unavailable in the analysis. Thus, we
failed to examine the independent effect of PM2.5 considering
the correlations between different air pollutants. Further studies
are warranted to assess the independent effect of PM2.5 on AR.

In conclusion, this study used a population-based medical
database to examine the association between PM2.5 and daily
AR-attributed outpatient visits. We detected significant asso-
ciations between short-term exposure to PM2.5 and AR outpa-
tients on the same day. The findings demonstrate more atten-
tion to be drawn on the adverse health impact of air pollution
in clinical practice as well as imposing effective measures to
reduce possible environmental pollution in Beijing, China.
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