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Abstract
Objectives Research is lacking on the impacts of exposure to particulate matter (PM) and air pollution on patients with chronic
obstructive pulmonary disease (COPD) or asthma. Therefore, we investigate the effects of various air pollution factors on
hospitalization for asthma and COPD.
Methods We obtained data on pollutants—PM10, PM2.5, carbon monoxide (CO), ozone (O3), nitrogen dioxide (NO2), and sulfur
dioxide (SO2)—in Gyeonggi-do, South Korea. We also extracted data from Korean National Health Insurance records and
investigated asthma and COPD attacks that required hospitalization from January 2007 through February 2018. We used
generalized additive models with Poisson distribution and log transformation to calculate adjusted risk. A time-stratified case-
crossover design was used, and conditional logistic regression was performed to analyze these data.
Results Per-unit increases in concentrations of PM10, PM2.5, SO2, NO2, CO, and O3 on different best lag days were associated
with increased risks for hospital admission for COPD and asthma. SO2 had the strongest effect on hospital admission for asthma
(odds ratio [OR], 1.535; 95% confidence interval [CI], 1.450–1.619). SO2 also had the strongest effect on hospital admission for
COPD (OR, 1.659; 95% CI, 1.541–1.786). Subgroup analyses showed that these relationships were stronger in seniors (≥ 65
years old) and women with asthma than in men and nonseniors with COPD.
Conclusions Short-term exposure to PM10, PM2.5, CO, O3, NO2, and SO2 may result in hospitalization for asthma and COPD. Of
these pollutants, SO2 has the strongest effects. Therefore, patients with COPD and asthma should be cautioned against
performing outdoor activities when SO2 levels are high.
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Introduction

In many epidemiological studies, negative health effects of air
pollution have been observed [1, 2]. In 2010, surrounding

particulate matter (PM) pollution has resulted in approximate-
ly 3.1 million deaths worldwide [3]. In Asia, air pollution has
increased for decades with rapid industrialization and urbani-
zation, and Asian cities are one of the most polluted cities in
the world. Thus, ambient air pollution has become a major
health concern for the general population.

Short-term effects of air pollution increase the risk of hos-
pitalization, including admission for stroke [4], congestive
heart failure [5], pneumonia and chronic obstructive pulmo-
nary disease (COPD) [6], and other cardiovascular and respi-
ratory diseases [7]. However, studies on the relationship be-
tween air pollution and morbidity are limited in Asia. Because
of the lack of local studies, studies from other regions have
been used to estimate the health effects of air pollution in Asia.
However, the characteristics of air pollution and the charac-
teristics of other areas vary from place to place and need to be
investigated in other areas. South Korea, like many Asian
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countries, is experiencing rapid economic development with
increased industrialization and increased air pollution.

Asthma and COPD are common respiratory diseases in
increasing worldwide. Air pollution can have a detrimental
effect on patients with lung diseases such as COPD [6, 7].
Recent studies in South Korea have shown that concentrations
of air pollution are associated with asthma [8–10], acute bron-
chitis, and acute rhinitis hospitalizations [11]. However, most
air pollution studies in South Korea have investigated on asth-
ma or cardiovascular disease [12–14], and there was no study
have been investigated the effects of air pollution on patients
with both asthma and COPD. Updated information on air
pollution effect on patients with asthma and COPD is pivotal
to urging health care professionals and policymakers to take
effective actions to alleviate these adverse effects in South
Korea. Therefore, we extracted data from Korean National
Health Insurance records and assessed the effects of ambient
air pollutants on hospital admissions for asthma and COPD in
Gyeonggi-do, South Korea, from January 2007 through
February 2018.

Methods

Environmental monitoring data on air pollutants were
investifated hourly at each of the monitoring stations.
Concentrations of PM10, PM2.5, carbon monoxide (CO),
ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide
(SO2) are indicators of air quality in South Korea, and data
on these pollutants were collected from January 1, 2007,
through December 31, 2018. Air pollutions datas from mon-
itoring stations in the main urban area of Gyeonggi-do, South
Korea, were collected from reports published by the Institute
of Health and Environment. Hourly data were used to calcu-
late 24 h mean values (except for O3, for which the 8 h max-
imum value was calculated). Meteorological and hourly data
on 24 h mean temperature (°C), humidity (%), and atmospher-
ic pressure (hPa) at sea level were obtained from the Korea
Meteorological Administration.

We obtained data from January 2007 through February
2018 from the National Health Information Database
(NHIS-2019-1-270) of the National Health Insurance
Service (NHIS). Study patients were selected from those
who were hospitalized with asthma or COPD. We corrected
monthly separation claim data by applying the medical treat-
ment attributed to the nature of the claim. Analyses were con-
ducted according to the age and sex of each patient. In sub-
group analyses, patients with asthma were classified as pre-
schoolers (0–5 years old), adolescents (6–17 years), adults
(18–64 years), or seniors (≥ 65 years). Patients with COPD
were classified as adults or seniors.

We used a time-stratified case-crossover design [15] to
evluate the acute effects of daily ambient air pollution levels

on asthma or COPD hospitalizations. This case-crossover
study design required exposure data for only cases, as it was
a special type of case-control study in which each case served
as its own control. This design is used in environmental epi-
demiologic research, and one advantage of it is that confound-
ing effects due to individual characteristics that do not vary by
age, sex, physical condition, and time are removed.

Data analyses

The relationships between asthma or COPD hospitalizations
and concentrations of outdoor air pollutants (PM10, PM2.5,
SO2, NO2, O3, and CO) on current and lag days were exam-
ined with a time-stratified, case-crossover, generalized addi-
tive model [16]. The effects of PM10, PM2.5, SO2, NO2, O3,
and CO on asthma or COPD hospitalizations were analyzed
for single-lag days and multi-lag days, respectively [17]. The
effect of the concentration of each pollutant was included in
the single-day models for only that specific day (lag 0, lag 1,
lag 2, etc.). In the multi-lag day models, we investigated the
combined effect of multiple days (e.g., from lag 0 to lag 7) by
including the concentrations of each pollutant.

Lag time 0 (i.e., lag 0) was defined as same-day exposure to
PM10, PM2.5, SO2, NO2, O3, or CO. For example, lag 0 means
that the effect of the pollutant was observed on the current day,
lag 1 means that the effect was observed on the previous day,
and lag 7 means that the effect was observed 7 days prior.
Lags between consecutive days were calculated as intervals.
This was done because conventional research indicates that
adequate time is needed for air pollution to affect health. In
addition to exposure data for the air pollutants, a statistical
model were adjusted to include data for mean temperature,
humidity, and atmospheric pressure at sea level.

In all models, relative risk was estimated on the basis of an
increase of 1 unit of the air pollutant, with correction for tem-
perature, relative humidity, and atmospheric pressure at sea
level. P < 0.05was considered statistically significant. All data
were analyzed with R version 3.6.3 (R Foundation for
Statistical Computing, http://cran.r-project.org).

Results

Table 1 showed general characteristics of asthma (n =
290,464) and COPD (n = 85,301) exacerbations hospitali-
zations due to air pollutants. The 24 h mean concentra-
tions of PM10, PM2.5, SO2, NO2, and CO as well as the
8 h mean concentration of O3 are shown in Table 2. The
daily mean concentrations of PM10, PM2.5, SO2, NO2, O3,
and CO were 54.32 ± 29.89 µg/m3, 26.32 ± 14.41 µg/m3,
50.71 ± 20.43 ppb, 283.90 ± 105.14 ppb, 229.90 ± 112.62
ppb, and 57.29 ± 20.98 (100ppb), respectively. Table 3
shows correlat ions between air pol lutants and
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meteorological variables. PM10 and PM2.5 were strongly
correlated (r = 0.776, P < 0.01).

Table 4 summarizes the results of the single-pollutant mod-
el for hospital admission due to asthma after we controlled for
meteorological variables. Per-unit increases in concentrations
of PM10, PM2.5, SO2, NO2, CO, and O3 were associated with
increased risk for hospital admission for asthma on different
best lag days. These per-unit increases in PM10 were signifi-
cantly positively associated with hospital admission for asth-
ma on lag 2, lag 3, lag 5, lag 6, lag 7, lag 0–5, lag 0–6, and lag
0–7. Per-unit increases in PM2.5 were significantly positively
associated with hospital admission for asthma on lag 1, lag 2,
lag 3, lag 6, lag 7, lag 0–1, lag 0–2, lag 0–3, lag 0–4, lag 0–5,
lag 0–6, and lag 0–7. Per-unit increases in SO2 were

significantly positively associated with hospital admission
for asthma on lag 1, lag 2, lag 3, lag 4, lag 0–2, lag 0–3, lag
0–4, lag 0–5, and lag 0–6. Per-unit increases in NO2 were
significantly positively associated with hospital admission
for asthma on lag 3, lag 4, and lag 5. Per-unit increases in
O3 were significantly positively associated with hospital ad-
mission for asthma on lag 1, lag 2, lag 6, lag 7, lag 0–1, and lag
0–2. Per-unit increases in CO were significantly positively
associated with hospital admission for asthma on lag 3, lag
4, lag 5, and lag 0–5. SO2 had the strongest effect on hospital
admission for asthma (OR, 1.535; 95%CI, 1.450–1.619). Lag
0–4 was determined to be the best lag for SO2, followed by
effect estimates for PM2.5 on lag 0–7, PM10 on lag 2, O3 on lag
1, NO2 on lag 4, and CO on lag 3.

Table 5 summarizes the results of the single-pollutant mod-
el for hospital admission due to COPD after we controlled for
meteorological variables. Per-unit increases in concentrations
of PM10, PM2.5, SO2, NO2, CO, and O3 were associated with
increased risk for hospital admission for COPD on different
best lag days. Per-unit increases in PM10 were significantly
positively associated with hospital admission for COPD on
lag 2, lag 3, lag 5, lag 6, and lag 7. Per-unit increases in
PM2.5 were significantly positively associated with hospital
admission for COPD on lag 1, lag 2, lag 3, lag 6, lag 7, lag
0–1, lag 0–2, lag 0–3, lag 0–4, lag 0–5, lag 0–6, and lag 0–7.
Per-unit increases in SO2 were significantly positively associ-
ated with hospital admission for COPD on lag 2, lag 3, lag 4,
lag 0–2, lag 0–3, lag 0–4, and lag 0–5. Per-unit increases in
NO2 were significantly positively associated with hospital ad-
mission for COPD on lag 3 and lag 5. Per-unit increases in O3

were significantly positively associated with hospital admis-
sion for COPD on lag 6 and lag 7. Per-unit increases in CO
were significantly positively associated with hospital admis-
sion for COPD on lag 3, lag 4, and lag 5. SO2 had the strongest
effect on hospital admission for COPD (OR, 1.659; 95% CI,
1.541–1.786), with lag 0–3 indicated as the best lag, followed

Table 1 General characteristics of patients

N (%)

Asthma (n=290,464)

Sex

Male 148,278(51.05)

Female 142,186(48.95)

Age

Preschool (0–5 yrs) 99,271(34.18)

Adolescents (6–17 yrs) 35,957(12.38)

Adult (18–64 yrs) 63,716(21.94)

Senior (65 yrs) 91,520(31.51)

COPD (n=85,301)

Sex

Male 58,219(68.25)

Female 27,082(31.75)

Age

Adult (40-64yrs-old) 20,237(23.72)

Senior (65yrs-old) 65,064(76.28)

Table 2 Summary statistics of air
pollutants and meteorological
variables

Mean ± SD Minimum percentile Maximun

25 50 75

PM10 (μg/m
3) 54.32 ± 29.89 6.24 35.38 49.22 65.90 521.99

PM2.5 (μg/m
3) 26.32 ± 14.41 2.70 15.96 23.99 33.73 100.77

SO2 (ppb) 50.71 ± 20.43 20.43 36.13 45.99 59.49 206.25

NO2 (ppb) 283.90 ± 105.14 57.44 203.07 267.63 353.36 775.18

O3 (ppb) 229.90 ± 112.62 31.51 14.13 21.57 30.62 736.98

CO (100 ppm) 57.29 ± 20.98 24.88 42.95 51.99 65.46 173.77

Temperature (°C) 11.86 ± 10.71 -14.84 2.58 13.22 21.58 31.66

Relative humidity (%) 67.57 ± 13.54 20.00 58.32 68.76 77.38 96.36

Pressure (hpa) 1016.49 ± 8.21 990.86 1009.94 1016.72 1023.04 1038.58
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by effect estimates for PM2.5 on lag 0–7, O3 on lag 7, NO2 on
lag 5, PM10 on lag 6, and CO on lag 3.

The results of the multiple-pollutant models are
shown in Tables 6 and 7. SO2 had the highest OR for
hospital admission due to asthma (OR, 1.604; 95 % CI,
1.553–1.656) compared to those for NO2, O3, and CO.
SO2 also had the highest OR for hospital admission due
to COPD (OR, 2.169; 95 % CI, 2.03–2.319) compared
to those for O3, NO2, and CO.

The effects of air pollutants on reason for hospitalization,
sex, and age are shown in Table 8. The ORs for each per-unit
increase in PM10, PM2.5, SO2, NO2, and CO were higher in
patients with asthma and women with COPD. Higher effect
estimates for exposure to PM10, PM2.5, SO2, NO2, and CO
were observed in patients with asthma and seniors with
COPD.

Discussion

Our study gives showed that exposure to air pollutants exac-
erbates the risk for hospitalization for asthma and COPD. The
positive correlation between hospitalization for asthma and
COPD and concentrations of PM10, PM2.5, SO2, NO2, and
CO suggests that increases in concentrations of these pollut-
ants may increase the number of hospitalizations due to asth-
ma and COPD. Our subgroup analyses of sex- and age-
specific effects on the association between exposure to air
pollutants and risk for hospitalization showed that women
and seniors had more hospitalizations than men and non-
seniors.

Our study findings are similar to the findings of other stud-
ies [18, 19]. In our study, six pollutants (PM10, PM2.5, SO2,
NO2, O3, and CO) were associated with asthma or COPD

Table 3 Spearman's correlation
between air pollutants and
meteorological variables

SO2 CO O3 NO2 PM10 PM2.5 Temperature humidity Pressure

SO2 (ppm) 1.00 0.80 -0.25 0.68 0.61 0.64 -0.51 -0.20 0.43

CO (ppm) 1.00 -0.48 0.82 0.63 0.80 -0.53 0.06 0.49

O3 (ppm) 1.00 -0.43 -0.00 -0.12 0.51 -0.21 -0.54

NO2 (ppm) 1.00 0.55 0.71 -0.42 -0.06 0.49

PM10 (μg/m
3) 1.00 0.78 -0.24 -0.11 0.19

PM2.5 (μg/m
3) 1.00 -0.29 0.01 0.29

Temperature ( ) 1.00 0.42 -0.80

Relative
humidity (%)

1.00 -0.42

Pressure (hpa) 1.00

All variable is p-value < 0.005

Table 4 Association between air pollutants (per unit increase in different lag days) for asthma hospitalizations: single pollutant model

Lag day PM10 PM2.5 SO2 NO2 O3 CO

0 0.98 (0.98–0.98) 0.97 (0.97–0.98) 0.80 (0.77–0.83) 0.89 (0.89–0.90) 0.99( 0.98-1.00) 0.99 (0.99.0.99)

1 0.99(0.99–0.99) 1.03 (1.02–1.03)* 1.04( 1.00-1.07)* 0.93 (0.93–0.93) 1.01 (1.01–1.02)* 0.99 (0.99–0.99)

2 1.01 (1.01–1.01)* 1.05 (1.04–1.05)* 1.38 (1.33–1.42)* 0.98 (0.98.-0.98) 1.00 (1.00-1.01)* 0.99 (0.99-1.00)

3 1.00 (1.00–1.00)* 1.03 (1.03–1.03)* 1.60 (1.55–1.65)* 1.03 (1.02–1.03)* 0.97 (0.97–0.98) 1.00 (1.00–1.00)*

4 1.00 (1.00–1.00) 1.00 (0.99-1.00) 1.09 (1.06–1.13)* 1.01 (1.01–1.02)* 0.97 (0.96–0.97) 1.00 (1.00–1.00)*

5 1.00 (1.00–1.00)* 0.99 (0.98–0.99) 0.95 (0.92–0.98) 1.05 (1.04–1.05)* 0.93 (0.93–0.94) 1.00 (1.00–1.00)*

6 1.01 (1.00-1.01)* 1.00 (1.00-1.01)* 0.68 (0.66–0.71) 0.96( 0.9.-0.96) 1.01 (1.01–1.02)* 0.99 (0.99–0.99)

7 1.00 (1.00–1.00)* 1.02 (1.02–1.03)* 0.70 (0.68–0.72) 0.91 (0.91–0.92) 1.03 (1.02–1.04)* 0.99 (0.99–0.99)

0–1 0.98 (0.98–0.98) 1.00 (1.00-1.01)* 0.89 (0.85–0.92) 0.88 (0.87–0.88) 1.01 (1.00-1.01)* 0.99 (0.99–0.99)

0–2 0.99 (0.99.-0.99) 1.03 (1.02–1.03)* 1.13 (1.08–1.18)* 0.89 (0.89–0.90) 1.01 (1.00-1.02)* 0.99 (0.99–0.99)

0–3 0.99 (0.99-1.00) 1.04 (1.04–1.05)* 1.48 (1.41–1.56)* 0.93 (0.92–0.93) 0.99 (0.98-1.00) 0.99 (0.99–0.99)

0–4 0.99(0.99-1.00) 1.05 (1.04–1.06)* 1.53 (1.45–1.61)* 0.94 (0.93–0.95) 0.97 (0.96–0.98) 1.00 (0.99-1.00)

0–5 1.00 (1.00–1.00)* 1.05 (1.05–1.06)* 1.46 (1.38–1.54)* 0.97 (0.96–0.98) 0.94 (0.93–0.95) 1.00 (1.00–1.00)*

0–6 1.01 (1.00-1.01)* 1.06 (1.05–1.07)* 1.16 (1.10–1.24)* 0.95 (0.94.-0.95) 0.95 (0.94–0.96) 0.99 (0.99-1.00)

0–7 1.01 (1.00-1.01)* 1.06 (1.06–1.07)* 0.96 (0.90–1.03) 0.89 (0.88–0.90) 0.97 (0.96–0.98) 0.99 (0.99–0.99)

* P < 0.05. The association was adjusted for temperature, relative humidity and atmospheric pressure
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hospitalization, and SO2 had stronger associations with hos-
pitalization due to asthma or COPD as its concentration in-
creased. The main anthropogenic sources of PM are transpor-
tation, power generation, and other combustion processes
[16]. The main sources of SO2 in the developed countries
are primary emissions from energy production and industrial
processes [17], and NO2 and CO are mainly emitted from
fossil fuel combustion in urban environments [20]. O3 is a
secondary pollutant formed by a photochemical reaction be-
tween sunlight and precursors of pollutants such as nitrogen
oxides and volatile organic compounds [21].

Many studies have showed that air pollution from O3, SO2,
NO2, and PM may asthma exacerbation [22]. Air pollution
may be associated with exacerbation of asthma via oxidative
stress, airway remodeling and inflammation, and sensitization
to aeroallergens [21, 23]. Specifically, exposure to O3 causes
airway inflammation, airway hyperresponsiveness, and de-
creased lung function, whereas SO2 mainly leads to
bronchoconstriction [24]. NO2, as a precursor of O3, likely
triggers bronchial inflammation [25]. However, exposure to
PM, alone or in combination with allergic sensitization, can
cause oxidative stress, airway hyperresponsiveness, and air-
way remodeling [15].

Different sizes of PM are found in the atmosphere. The
coarse fraction (PM2.5–10) can penetrate the airways, but the
fine fraction (PM1–2.5) may deposit in the lungs, in particular
in the alveoli, and may pass into systemic circulation [22].
Besides the size of the PM, its chemical composition is very
important to understanding health effects. There are also dif-
ferences in individuals’ susceptibility to air pollutants.
According to a number of meta-analyses [24, 26, 27], air pol-
lutants are associated with increased incidence and prevalence
of asthma, as well as increased asthma hospitalization and
worsening of asthma symptoms.

Regarding the short-term effects of air pollutants, three
studies have found an association between PM, NO2, SO2,
CO, and O3 and exacerbation or worsening of symptoms
[28, 29].

A proposed mechanism by which air pollutants affect re-
spiratory health is the production of large amounts of reactive
oxygen species in the respiratory tract by exogenous oxidants.
These oxygen species can cause epithelial damage and cause
the inflammatory processes involved in asthma and COPD
attacks. In addition to these direct effects on people with asth-
ma and COPD, air pollutants interactively regulate the bio-
availability of allergens in the air and therefore people with
allergic asthma to outdoor allergens.

Table 5 Association between air pollutants (per unit increase in different lag days) for COPD hospitalizations: single pollutant model

Lag day PM10 PM2.5 SO2 NO2 O3 CO

0 0.96 (0.96–0.97) 0.96 (0.95–0.97) 0.63 (0.60–0.67) 0.79 (0.79–0.80) 0.98 (0.97–0.99) 0.99 (0.99–0.99)

1 0.98 (0.97–0.98) 1.07 (1.07–1.08)* 1.02 (0.97–1.07) 0.88 (0.87–0.89) 0.99 (0.98-1.00) 0.99 (0.99–0.99)

2 1.01 (1.01–1.01)* 1.10 (1.09–1.10)* 1.67 (1.59–1.75) * 0.96 (0.95–0.96) 0.98 (0.97–0.99) 0.99 (0.99–0.99)

3 1.00 (1.00–1.00)* 1.04 (1.04–1.05)* 1.9 1(1.82–2.01)* 1.02 (1.02–1.03)* 0.95 (0.94–0.95) 1.00 (1.00–1.00)*

4 0.99 (0.99–0.99) 0.99 (0.98-1.00) 1.06 (1.01–1.11)* 0.98 (0.98–0.99) 0.96 (0.95–0.97) 1.00 (1.00–1.00)*

5 1.00 (1.00–1.00)* 0.99 (0.98-1.00) 0.87 (0.83–0.91) 1.05 (1.04–1.05)* 0.90 (0.89–0.90) 1.00 (1.00–1.00)*

6 1.01 (1.00-1.01)* 1.01 (1.00-1.02)* 0.50 (0.48–0.53) 0.92 (0.91–0.93) 1.03 (1.02–1.04)* 0.99 (0.99–0.99)

7 1.00 (0.99-1.00) 1.05 (1.04–1.05)* 0.53 (0.50–0.55) 0.85 (0.85–0.86) 1.05 (1.04–1.06)* 0.99 (0.99–0.99)

0–1 0.96 (0.96–0.96) 1.02 (1.02–1.03)* 0.75 (0.71–0.80) 0.77 (0.77–0.78) 0.98 (0.97–0.99) 0.99 (0.99–0.99)

0–2 0.97 (0.97–0.98) 1.06 (1.05–1.07) * 1.13 (1.06–1.21)* 0.80 (0.79–0.81) 0.98 (0.96–0.99) 0.99 (0.99–0.99)

0–3 0.98 (0.98–0.98) 1.08 (1.07–1.09) * 1.65 (1.54–1.78)* 0.84 (0.83–0.85) 0.94 (0.93–0.96) 0.99 (0.99–0.99)

0–4 0.98 (0.97–0.98) 1.08 (1.07–1.10) * 1.65 (1.53–1.79)* 0.84 (0.83–0.85) 0.92 (0.91–0.94) 0.99 (0.99–0.99)

0–5 0.98 (0.98–0.98) 1.09 (1.08–1.10) * 1.47 (1.35–1.60)* 0.88 (0.87–0.89) 0.87 (0.85–0.88) 0.99 (0.99–0.99)

0–6 0.99 (0.98–0.99) 1.09 (1.08–1.11)* 0.99 (0.91–1.09) 0.83 (0.82–0.85) 0.89 (0.87–0.90) 0.99 (0.99–0.99)

0–7 0.99 (0.98–0.99) 1.11 (1.10–1.13)* 0.73 (0.66–0.80) 0.75 (0.74–0.77) 0.92 (0.90–0.94) 0.99 (0.98–0.99)

* P < 0.05. The association was adjusted for temperature, relative humidity and atmospheric pressure

Table 6 Association between air
pollutants (per unit increase in
different best lag days) for asthma
hospitalizations: multiple-
pollutants model

SO2 NO2 O3 CO

Adjusted for SO2 Reference 1.04 (1.04–1.05) 1.03 (1.02–1.03) 1.00 (0.99-1.00)

Adjusted for NO2 1.58 (1.53–1.63) Reference 1.03 (1.02–1.03) 1.02 (1.02–1.02)

Adjusted for O3 1.60 (1.55–1.65) 1.04 (1.04–1.05) Reference 1.02 (1.02–1.03)

Adjusted for CO 1.56 (1.49–1.63) 1.04 (1.04–1.04) 1.03(1.02–1.03) Reference
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A recent meta-analysis showed that exposure to air pollu-
tions were associated with increased COPD or asthma hospi-
talizations in East Asia [29]. The statistically significant risk
for hospital utilization and general hospital admission for
COPD associated with air pollutants ranged from 1.007 (for
patients of all ages exposed to SO2) to 1.028 (for patients of all
ages exposed to O3), and the risk for emergency room admis-
sion for COPD ranged from 1.011 (for patients of all ages
exposed to SO2) to 1.028 (for patients of all ages exposed to
O3). The majority of the summary estimates of risk for hospi-
talization due to COPD ranked O3 as having the highest risk,
followed by PM2.5, NO2, PM10, and SO2.

For patients with asthma, the significant risk for hospital
utilization ranged from 1.013 (for patients of all ages exposed
to PM10) to 1.141 (for children exposed to CO). For general
hospital admission, risk ranged from 1.010 (for patients of all
ages exposed to PM10) to 1.141 (for children exposed to CO);
for emergency room admission, risk ranged from 1.009 (for
patients of all ages exposed to SO2) to 1.040 (for children
exposed to NO2). Pooled estimates, which were not statisti-
cally significant, were mainly for emergency room admission
due to asthma for patients ages 15–64 years.

The Air Pollution and Health: A European Approach
(APHEA) project found that daily emergency room admission
for COPD was significantly positively associated with NO2

and O3 in the whole population and that daily emergency
room admission for asthma was significantly positively asso-
ciated with NO2 in children [29]. Regarding emergency room
admission for asthma among patients ages 15–64 years, the
results for SO2 and O3 are consistent with those of APHEA,
but these associations have since been determined to be sta-
tistically nonsignificant in both studies (36). However, accord-
ing to APHEA, the risks for hospitalization due to NO2 and
PM10 were 1.007 (95%CI, 1.002–1.013) and 1.011 (95%CI,
1.003–1.018), respectively [30]. Another multi-city study
conducted in 14 U.S. cities (The National Morbidity,
Mortality, and Air Pollution Study) reported an increase in
hospital admission for COPD of 1.98 % (95 % CI, 1.49–
2.47%) in an elderly population [25].

Our study strengths were include the use of a time-stratified
case-crossover design, which could minimize the effects of
long-term seasonal trends, and the use of serial autocorrelation
of the data to allow full adjustment for multiple variables
confoundings. We adjusted for the possible effects of seasonal
and long-term trends in air pollutant levels and for hospitali-
zation due to asthma or COPD. We collected data to investi-
gate the effects of air pollutants on hospitalization on different
lag days. We found an association between air pollutants and
hospitalization due to asthma or COPD. Of the pollutants, SO2

was significantly associated with hospitalization for asthma or

Table 7 Association between air
pollutants (per unit increase in
different best lag days) for COPD
hospitalizations: multiple-
pollutants model

SO2 NO2 O3 CO

Adjusted for SO2 Reference 1.04 (1.03–1.05) 1.05 (1.04–1.06) 0.98 (0.98–0.99)

Adjusted for NO2 1.88 (1.79–1.97) Reference 1.05 (1.04–1.06) 1.00 (0.99-1.00)

Adjusted for O3 1.91 (1.82–2.01) 1.04 (1.04–1.05) Reference 1.03 (1.02–1.03)

Adjusted for CO 2.16 (2.03–2.31) 1.04 (1.03–1.04) 1.05 (1.04–1.06) Reference

Table 8 Subgroup analysis association between air pollutants (per unit increase in different best lag days) for asthma and COPD hospitalizations

PM10 PM2.5 SO2 NO2 O3 CO

Asthma

Male 1.01 (1.01–1.01) 1.04 (1.03–1.05) 1.55 (1.48–1.62) 1.05 (1.04–1.06) 1.01 (1.00-1.02) 1.00 (1.00–1.00)

Female 1.02 (1.01–1.01) 1.06 (1.06–1.07) 1.66 (1.59–1.74) 1.05 (1.05–1.06) 1.02 (1.01–1.03) 1.00 (1.00–1.00)

Age

Preschool (0-5yrs) 1.01 (1.01–1.02) 1.02 (1.01–1.03) 1.23 (1.22–1.38) 1.04 (1.03–1.05) 1.04 (1.03–1.06) 1.00 (1.00–1.00)

Adolescents (6-17yrs) 1.01 (1.01–1.02) 1.04 (1.03–1.06) 1.59 (1.43–1.76) 1.04 (1.03–1.06) 1.03 (1.01–1.05) 1.00 (1.00–1.00)

Adult (18-64yrs) 1.01 (1.01–1.01) 1.03 (1.02–1.04) 1.54 (1.47–1.66) 1.04 (1.03–1.05) 1.03 (1.02–1.04) 1.00 (1.00–1.00)

Senior (65yrs) 1.02 (1.01–1.02) 1.10 (1.09–1.11) 1.90 (1.81–1.99) 1.06 (1.05–1.07) 1.06 (1.05–1.07) 1.00 (1.00–1.00)

COPD

Male 1.01 (1.01–1.02) 1.08 (1.07–1.09) 1.78 (1.68–1.89) 1.04 (1.03–1.05) 1.04 (1.03–1.05) 1.00 (1.00–1.00)

Female 1.02 (1.02–1.02) 1.14 (1.13–1.16) 2.24 (2.06–2.43) 1.07 (1.06–1.08) 1.05 (1.04–1.06) 1.00 (1.00–1.00)

Age

Adult (18-64yrs) 1.01 (1.01–1.02) 1.05 (1.04–1.07) 1.76 (1.57–1.96) 1.04 (1.02–1.06) 1.01 (0.99–1.03) 1.00 (1.00–1.00)

Senior (65yrs) 1.02 (1.01–1.02) 1.11 (1.11–1.12) 1.96 (1.86–2.07) 1.05 (1.04–1.06) 1.06 (1.05–1.07) 1.00 (1.00–1.00)

* P < 0.05. The association was adjusted for temperature, relative humidity and atmospheric pressure
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COPD among persons living in Gyeonggi-do, South Korea.
Therefore, patients with COPD and asthma should be cau-
tioned against performing outdoor activities when PM levels
(in particular those of SO2) are high.
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