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Introduction: Particulate matter and air pollution in Korea are becoming worse. There is a 

lack of research regarding the impact of particulate matter on patients with COPD. Therefore, 

the purpose of this study was to investigate the effects of various air pollution factors, including 

particulate matter, on the incidence rate of severe acute exacerbations of COPD (AECOPD) 

events.

Methods: We analyzed the relationship between air pollutants and AECOPD events that 

required hospitalization at Guro Hospital in Korea from January 1, 2015 to May 31, 2017. We 

used general linear models with Poisson distribution and log-transformation to obtain adjusted 

relative risk (RR). We conducted further analysis through the Comprehensive Air-quality Index 

(CAI) that is used in Korea.

Results: Among various other air pollutants, particulate matter was identified as a major source 

of air pollution in Korea. When the CAI score was over 50, the incidence rate of severe AECOPD 

events was statistically significantly higher [RR 1.612, 95% CI, 1.065–2.440, P=0.024]. Addi-

tionally, the particulate matter levels 3 days before hospitalization were statistically significant 

[RR 1.003, 95% CI, 1.001–1.005, P=0.006].

Conclusion: Particulate matter and air pollution increase the incidence rate of severe AECOPD 

events. COPD patients should be cautioned against outdoor activities when particulate matter 

levels are high.
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Introduction
Air pollution is a global environmental issue.1 Among the many air pollutants, the 

problem of particulate matter (PM) in China is causing global concern.2 PM is a com-

plex mixture of extremely small solid and liquid particles (diameter of less than 10 µm) 

floating in air. Similarly, concerns regarding PM have also grown in Korea over the 

past several years.3 According to some surveys, the capital of Korea, Seoul, is a city 

with a high concentration of PM. Currently, the Korean government and organizations 

are preparing various policies and regulations regarding PM.

Many countries and government agencies are using the air quality index (AQI) 

in assessing the degree of air pollution.4 Air is a mixture of various gases, and AQI 

is obtained by integrating the pollution degree of various gases, like PM, ozone (O
3
), 

nitrogen dioxide (NO
2
), sulfur dioxide (SO

2
), and carbon monoxide (CO). Korea uses 

the Comprehensive Air-quality Index (CAI). The CAI is used to analyze and prevent 

the effects of air pollution on public health.5 However, there is an insufficiency of 

research about clinical adverse effects of PM and air pollution in Korea.
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PM is thought to cause direct damage to the lungs, bronchi 

and skin6,7 as well as an abnormal inflammatory response 

and coagulopathy, resulting in various diseases.8,9 PM can 

have a more harmful impact on patients with pulmonary 

diseases, such as COPD.10 However, studies regarding the 

harmful effects of PM on COPD and acute exacerbation of 

COPD (AECOPD) are lacking. There has been recent study 

in Korea showing that the concentration of PM was associ-

ated with hospitalization for asthma, acute bronchitis, and 

acute rhinitis.11 However most studies on PM in Korea have 

focused on asthma or cardiovascular disease.12,13 Therefore, 

the purpose of this study was to investigate the harmful 

impact of various air pollution factors, including PM, on the 

incidence rate of severe AECOPD events.

Materials and methods
Collection of patient data
We found AECOPD events that required hospitalization at 

Korea University Guro Hospital by searching the hospital’s 

electronic records. This study was approved by the Insti-

tutional Review Board of Korea University Guro Hospital 

(approval number KUGH16131-002). The study is a retro-

spective analysis, so did not need patient consent. We main-

tain the confidentiality of patient information. According to 

inclusion and exclusion criteria, 375 severe AECOPD events 

were identified. We defined severe AECOPD events as those 

that required hospitalization.14

Patients were included if they: 1) had undergone a 

pulmonary function test within 1 year that showed an obstruc-

tive pattern (a ratio of forced expiratory volume in the first 

second [FEV
1
] to forced vital capacity [FVC] of less than 

70%)14 before the admission event; 2) had been hospitalized 

for “an acute worsening of respiratory symptoms that result in 

additional therapy, like short-acting inhaled beta2-agonists, 

maintenance therapy with long-acting bronchodilators, 

systemic corticosteroids, oxygen therapy, and antibiotics”;15 

3) had been hospitalized through an emergency room or an 

outpatient clinic between January 1, 2015 and May 31, 2017; 

and 4) were over 40 years old.

Patients were excluded if: 1) they had cancer, an autoim-

mune disease, or an immune deficiency; or 2) the cause of 

admission was not AECOPD, but was, for example, acute 

heart failure, acute pulmonary edema, acute pulmonary 

embolism, pneumothorax, or arrhythmia.

Collection of air pollution and  
climate data
Air pollution and climate data were provided by the govern-

ment of the Republic of South Korea and the city of Seoul. 

The air pollution measuring station was located in Guro, 

where the hospital is located; Guro is an area in Seoul.

We collected data on representative gases related to air 

pollution: PM with a diameter of less than 10 µm (PM
10

), 

PM with a diameter of less than 2.5 µm (PM
2.5

), ozone (O
3
), 

nitrogen dioxide (NO
2
), sulfur dioxide (SO

2
), and carbon 

monoxide (CO). We also received temperature and humidity 

data. All data included hourly, daily, weekly, and monthly 

average values.

Comprehensive air-quality Index in Korea
We conducted further analysis through the CAI used in 

Korea. The CAI is a way of describing ambient air quality 

based on the level of health risks associated with the level 

of air pollution. The CAI has values of 0 through 500, which 

are divided into four categories. The higher the CAI value 

is, the greater the level of air pollution. We calculated the 

score for each air pollutant and used the highest score as the 

representative value. If there were two or more cases for 

which the calculated score was higher than the C grade, we 

added 50 points to the highest score. Detailed information 

regarding the CAI is shown in Tables 1 and 2.

statistical analysis
Data were analyzed using SPSS 20 software (SPSS 

for windows, IBM Corporation, Armonk, NY, USA). 

Data points are reported as mean ± SD. The association 

between the incidence rate of severe AECOPD events 

and PM
10

 concentration or CAI score was analyzed by the 

Table 1 Comprehensive air-quality Index (CaI)

Category Description Values Health effects

a good 0–50 a level that will not impact patients suffering from diseases related to air pollution
B Moderate 51–100 a level that may have minimal impact on patients in cases of chronic exposure
C Unhealthy 101–250 a level that may have harmful impacts on patients and members of sensitive groups, and that may 

also cause the general public unpleasant side effects
D Very unhealthy 251–500 a level that may require emergency measures for patients and members of sensitive groups, and 

that may have harmful impacts on the general public
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application of general linear models with a Poisson distribu-

tion. General linear models with a Poisson distribution and 

log-transformation were used to analyze frequency or inci-

dence rate in previous studies; this method is called Poisson 

regression analysis.11,16,17

The atmosphere is a complex system, which is influenced 

by various air pollutant gases and weather. To evaluate vari-

ous air pollutant gases, we used the CAI, which combines six 

main air pollutants. Additionally, we analyzed the temperature 

and humidity in a Poisson regression analysis to adjust for 

the effect of weather. And, we also adjusted for day of the 

week (DOW) and holiday (Saturdays, Sundays, and public  

holidays) in a Poisson regression. A 95% CI was calculated 

using the Poisson regression analysis, and the CI range was 

defined as statistically significant when it was greater than 1.

Results
air pollution and climate data in Korea
In Korea, PM

10
 and PM

2.5
 were identified as major air 

pollutants. There was no seasonal variation found for 

PM
2.5

. However, seasonal variation was found for PM
10

. 

PM
10

 was high between January and May every year. As a 

result, the CAI score also tended to increase during these 

months (Figure 1A). Korea has four distinct seasons; thus, 

the temperature and humidity showed distinct annual 

variation. Humidity was low in winter and high in sum-

mer and autumn (Figure 1B). The incidence rate of severe 

AECOPD events was found to be high in winter and spring 

(Figure 1C). Detailed monthly average data on levels of six 

air pollutant gases, temperature, and humidity are presented 

in Table 3.

Table 2 The relationship between CaI value and air pollutants

Category A B C D

Description Good Moderate Unhealthy Very unhealthy

Values 0–50 51–100 101–250 251–500

PM10 (µg/m3) 0–30 31–80 81–150 151–600
PM2.5 (µg/m3) 0–15 16–50 51–100 101–500
O3 (ppm) 0–0.030 0.031–0.090 0.091–0.150 0.150–0.600
nO2 (ppm) 0–0.030 0.031–0.060 0.061–0.200 0.201–2
sO2 (ppm) 0–0.020 0.021–0.050 0.051–0.150 0.151–1
CO (ppm) 0–2 2.01–9 9.01–15 15.01–50

Abbreviations: CaI, Comprehensive air-quality Index; PM10, particulate matter 
with a diameter of less than 10 µm; PM2.5, particulate matter with a diameter of less 
than 2.5 µm; O3, ozone; nO2, nitrogen dioxide; sO2, sulfur dioxide; CO, carbon 
monoxide.
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Figure 1 Monthly average data related to air pollutants and number of inpatients per day. (A) Monthly average CaI, PM10, and PM2.5. (B) Monthly average humidity and 
temperature. (C) Monthly average number of inpatients (patients admitted to hospital for aeCOPD) per day.
Notes: The average from January to May is from 2015 to 2017; the average from June to December is from 2015 to 2016.
Abbreviations: CaI, Comprehensive air-quality Index; PM10, particulate matter with a diameter of less than 10 µm; PM2.5, particulate matter with a diameter of less 
than 2.5 µm.
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Comprehensive air-quality Index
When classified as CAI categories, 0.26 cases were hospital-

ized per day in category A, and 0.45 cases were hospitalized 

per day in category B. However, there was no significant 

difference between categories B and C (Table 4). In addition, 

we analyzed the adjusted relative risk (RR) using the CAI 

50, which is the distinguishing value between Categories 

A and B, and 100, which is the distinguishing value between 

Categories B and C. When analyzed on the cutoff value 

of 50, the incidence rate of severe AECOPD events was 

statistically significantly higher in the group with CAI values 

higher than 50 (RR 1.612, 95% CI 1.065–2.440, P=0.024). 

However, when analyzed on the cutoff value of 100, there 

was no statistically significant difference between the two 

groups (Table 5).

relationship between exposure time of 
air pollutant and hospitalization
We assessed the time at which PM and air pollution 

have the greatest effect on AECOPD events. PM
10

 levels 

3 days before hospitalization were statistically significant 

(RR 1.003, 95% CI 1.001–1.005, P=0.006) (Figure 2A). 

Similarly, the CAI value 3 days before hospitalization was 

statistically significant (RR 1.002, 95% CI 1.000–1.004, 

P=0.019) (Figure 2B). In addition, the adjusted relative risk 

increased by 1.05 for every 10 µg/m3 of increased PM
10

 

average level from the day of hospitalization to 3 days 

before hospitalization (P=0.020).

Discussion
Our study is the first study in Korea to investigate how PM 

and air pollution affect the incidence rate of severe AECOPD 

events. We analyzed six gases (PM
10

, PM
2.5

, CO, O
3
, NO

2
, and 

SO
2
) that are considered to be representative air pollutants.18 

Additionally, we used an AQI called the CAI, which is used 

in Korea.19 Because air pollutant concentration and clearance 

rate vary depending on weather, we analyzed temperature 

and humidity together, using Poisson regression analysis.20 

In addition, we adjusted for DOW and holidays in a Poisson 

regression analysis. In Korea, the main reason for choosing 

a particular hospital is the distance to the hospital from the 

patient’s house; therefore, the spatial location is based on the 

Guro area, where the hospital is located. Daily, weekly, and 

monthly analyses were performed. According to our results, 

PM and air pollution increase the incidence rate of severe 

AECOPD events in Korea.

Table 3 Monthly average data related to air pollutants

CAI PM10

(µg/m3)
PM2.5

(µg/m3)
O3

(ppm)
NO2

(ppm)
SO2

(ppm)
CO
(ppm)

Temperature
(°C)

Humidity
(%)

Jan 77.1±29.3 50.2±18.9 27.4±11.7 0.012±0.006 0.031±0.011 0.006±0.001 0.7±0.2 -2.0±4.2 54.7±12.4
Feb 81.5±45.0 56.2±41.6 26.3±10.7 0.016±0.006 0.030±0.010 0.007±0.002 0.6±0.2 0.4±3.6 54.9±13.5
Mar 101.2±50.2 67.6±28.2 32.4±12.4 0.024±0.007 0.031±0.011 0.007±0.002 0.6±0.2 6.7±4.0 47.9±11.9
apr 88.3±34.8 61.3±26.4 26.3±10.0 0.031±0.010 0.027±0.008 0.006±0.002 0.6±0.1 14.0±2.8 53.8±16.5
May 85.8±41.3 57.8±27.3 25.8±10.7 0.038±0.008 0.023±0.007 0.007±0.001 0.5±0.1 19.3±2.7 53.7±14.6
Jun 70.9±10.6 42.1±13.6 25.8±8.7 0.039±0.007 0.023±0.006 0.006±0.001 0.4±0.1 22.5±23.6 61.3±11.5
Jul 66.8±17.9 32.5±14.8 21.3±10.2 0.034±0.015 0.020±0.006 0.005±0.001 0.4±0.1 23.9±26.0 72.0±11.3
aug 62.1±16.2 37.4±15.1 24.0±11.2 0.034±0.011 0.020±0.007 0.006±0.001 0.4±0.1 28.3±27.1 66.8±6.7
sep 63.3±13.8 35.3±13.9 20.2±9.4 0.028±0.008 0.024±0.009 0.005±0.001 0.4±0.1 24.6±22.7 60.4±10.8
Oct 58.1±37.9 44.4±23.4 22.8±15.1 0.019±0.006 0.028±0.011 0.006±0.001 0.5±0.2 18.7±15.8 61.3±11.4
nov 79.1±26.0 44.2±20.1 24.3±12.4 0.012±0.007 0.029±0.009 0.006±0.001 0.6±0.2 4.3±7.8 65.0±12.6
Dec 70.0±27.8 48.0±16.5 28.5±11.8 0.009±0.006 0.032±0.009 0.006±0.001 0.7±0.2 4.1±1.4 59.5±12.4

Notes: The average from January to May is from 2015 to 2017; the average from June to December is from 2015 to 2016. numbers are presented as mean ± sD.
Abbreviations: CaI, Comprehensive air-quality Index; PM10, particulate matter with a diameter of less than 10 µm; PM2.5, particulate matter with a diameter of less than 
2.5 µm; O3, ozone; nO2, nitrogen dioxide; sO2, sulfur dioxide; CO, carbon monoxide.

Table 4 The association between CaI and severe aeCOPD events

CAI category A B C D Total

CAI description Good Moderate Unhealthy Very unhealthy

Total number of days 94 696 82 10 882
Total number of inpatients (cases) 24 311 33 6 374
average number of inpatients per day (cases/day) 0.26 0.45 0.40 0.60

Abbreviations: CaI, Comprehensive air-quality Index; aeCOPD, acute exacerbations of chronic obstructive pulmonary disease.
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Air pollution is a major global problem affecting health.21 

PM is the most serious source of air pollution in Korea.11 

Our study did not find high concentrations of other air 

pollutants (CO, O
3
, NO

2
, and SO

2
). For many years, large 

amounts of PM from China have been flowing into Korea.22,23 

PM is generated in various ways in Korea, such as through 

the construction industry, automobile use, and heating 

systems.24,25 The number of PM warnings has also steadily 

increased in Korea since 2013. According to our results, 

PM
10

 and PM
2.5

 levels have not decreased for several years. 

Also, PM
10

 appears to increase during winter and spring 

each year. In Korea, COPD patients should pay attention 

to daily activities in winter and spring when there are high 

levels of PM. For example COPD patients should avoid 

outdoor activities, use masks, and keep windows closed at 

home when PM levels are high.

PM acts as an irritant at the moment of respiration, and 

damages the lungs, bronchi, and mucous membranes.26 

In addition to acute damage, PM enters the body and causes 

abnormal inflammatory responses and coagulopathy.9 

Recent study shows that PM
2.5

 contributes to abnormal 

airway inflammation through various signaling pathways, 

such as epidermal growth factor receptor (EGFR), mitogen-

activated protein kinase (MAPK), nuclear factor (NF)-kB 

and the interleukin pathway.27–29 Also, PM
2.5

 affects the 

fractional concentration of exhaled nitric oxide (FeNO), 

which can lead to airway inflammation in COPD patients.30 

These abnormal inflammatory responses and signaling path-

ways are related to a variety of diseases, such as myocardial 

infarction, stroke, embolism, and cancer.31–33 Furthermore, 

when PM is absorbed into the body it can produce oxida-

tive stress.34 PM directly increases reactive oxygen species, 

which cause DNA damage.35 Transition metals or organic 

compounds may modulate mitochondria or nicotinamide 

adenine dinucleotide phosphate (NADPH)-oxidase, which 

deteriorates their function.36 Our results showed that PM
10

 

and CAI levels at 3 days before hospitalization had the 

greatest correlation with admission rate for severe AECOPD 

events. We estimate that this is due to abnormal inflammatory 

response and oxidative stress. Because of these responses, 

it is necessary to consider not only acute periods, but also 

sub-acute and chronic periods, in the study of PM.

Various epidemiological studies related to PM have been 

conducted, mainly in China. Several systematic reviews and 

Table 5 risk of severe aeCOPD events with cutoff values of 
CaI 50 and 100

Cutoff value Factors RR 95% CI P-value

CaI 50 CaI50 1
CaI50 1.612 1.065–2.440 0.024

Temperature (°C) 0.989 0.979–0.999 0.034

humidity (%) 0.994 0.986–1.001 0.110
CaI 100 CaI100 1

CaI100 1.025 0.736–1.429 0.882

Temperature (°C) 0.989 0.979–0.999 0.033
humidity (%) 0.993 0.986–1.001 0.074

Abbreviations: aeCOPD, acute exacerbations of chronic obstructive pulmonary 
disease; CaI, Comprehensive air-quality Index; rr, adjusted relative risk.

Figure 2 association of PM10, CaI and severe aeCOPD events after adjustment for humidity and temperature. (A) The association of PM10 and severe aeCOPD events. 
(B) The association of CaI and severe aeCOPD events.
Abbreviations: PM10, particulate matter with a diameter of less than 10 µm; CaI, Comprehensive air-quality Index; aeCOPD, acute exacerbations of chronic obstructive 
pulmonary disease.
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meta-analyses have shown that PM exposure is associated 

with mortality, hospitalization and emergency department vis-

its in COPD patients.37–39 These results were confirmed with 

both PM
10

 and PM
2.5

. PM may be related to various respiratory 

diseases, such as lung cancer, COPD, asthma, bronchiectasis 

and chronic cough.40,41 There is also a relationship with the 

prognosis and mortality of the general public.42,43 It is possible 

that not only AECOPD, but also acute exacerbation of asthma 

and bronchiectasis, may increase.44 If air pollution becomes 

worse, it may become a major cause of COPD, along with 

smoking.45 Long-term studies related to the occurrence of 

COPD are needed to better understand the disease.

Most guidelines and government policies about PM and 

air pollution are based on the general public, not COPD 

patients.46,47 However, patients with pulmonary disease can be 

seriously affected by lower levels of PM which may not affect 

healthy people. Our study also showed a significant differ-

ence in incidence rate in CAI 50, not in CAI 100, which is the 

standard for the general public in Korea. Specific guidelines 

and government support for COPD patients are needed.

Our study has some limitations. First, this study is a single 

center study. Guro is one of the regions in Korea where the 

PM level is high. Analysis in areas with low PM levels is 

required. Secondly, only hospitalized events were analyzed. 

It is unclear whether the incidence rate of AECOPD events 

that do not require hospitalization will increase as well. 

A study encompassing both types of AECOPD events is 

needed. Third, the causes of AECOPD were not analyzed. 

The causes of AECOPD can be classified as either infec-

tious or non-infectious. Infectious causes include bacteria or 

viruses; non-infectious causes include air pollution, drugs, 

cold temperatures, allergens, smoking and emotional stress. 

Further analysis of laboratory findings after admission or 

history taking will help determine the cause of AECOPD. 

However, this study is a retrospective study; some of the 

patients’ in-hospital data were insufficient and we could not 

analyze the causes of AECOPD. Fourth, as representative 

data of air pollution, we used ambient pollutant concentra-

tions from a monitoring station in Guro. This may be dif-

ferent to individual PM exposure, and this might lead to 

underestimation or overestimation of the RR.

However, we adjusted various factors that could affect 

air pollution through Poisson regression analysis, such as the 

temperature, humidity, DOW and holiday; and we conducted 

analysis including six representative air pollution gases and 

the AQI. In addition, we performed a time analysis of the 

most influential exposure periods. In the future, large-scale 

studies will be needed on air pollution and AECOPD in 

various regions.

Conclusion
PM and air pollution increase the incidence rate of severe 

AECOPD events. PM and air pollution are considered to 

be major non-infectious causes of AECOPD events. COPD 

patients should be cautioned against outdoor activities when 

PM levels are high.
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