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ABSTRACT

Introduction Patients with chronic obstructive pulmonary
disease (COPD) are vulnerable to particulate matter (PM)
exposure which can increase acute exacerbations and
hospitalisation. Interventions to avoid PM exposure are
important but evidence-based guidance is lacking. This
study aims to assess the impact of PM on lung function,
quality of life and exacerbations in patients with COPD
using a panel design study; it will also provide evidence
for interventional measures to reduce harm from PM
exposure.

Methods and analysis A prospective panel study of
patients with COPD aged >40 years will be conducted.
Patients will be required to have a forced expiratory
volume in one second <80% of the predicted value at
enrolment. A total of 120 patients from three different
regions will be enrolled, 60 from the metropolitan area,
30 from an industrialised area and 30 from a clean rural
area. Clinical outcomes will be assessed through COPD
assessment test scores, the St. George’s Respiratory
Questionnaire for patients with COPD and pulmonary
function testing. Indoor and outdoor PM in the patients’
environments will be measured using gravimetric and light
scattering platforms. To estimate the individual dose of PM
exposure, a time—activity diary, Geographic Information
System and land use regression model will be combined
in every season for 1 year. The correlation between PM
exposure and the health status of patients with COPD

will be evaluated. In addition, 40 patients with the lowest
score of life behaviour score to reduce environmental PM
exposure will be randomised to a control or intervention
group, who will receive in-depth education on risk-
reducing behaviours.

Ethics and dissemination This study was approved

by the Institutional Review Board of each site. The
participants received comprehensive information and
provided informed consent. The result of this study will
be discussed in the form of conference presentations and
peer-reviewed publications.

Trial registration number NCT04020237.

INTRODUCTION

Rapid urbanisation and increased energy
consumption around the globe have exposed
the human respiratory tract to ambient air

Strength and limitations of this study

» This is the first prospective panel study conducted in
Korea to assess the relationship between particulate
matter (PM) exposure and symptoms, lung function,
quality of life and exacerbations in patients with
chronic obstructive pulmonary disease (COPD).

» A total of 120 patients from four different sites will
be enrolled from three different areas of Korea to
represent real-world air quality, accounting for re-
gional differences in PM exposure.

» With inclusion of the detailed survey of residential
environment and life behaviour, their association
with PM concentration and clinical parameters can
be estimated.

» This study will provide valuable information on the
longitudinal relationship between ambient PM ex-
posure and symptoms, lung function and exacerba-
tions of COPD.

» We will identify participants that are at risk of in-
creased PM exposure and interventional education
will be implemented.

pollution. Many epidemiological studies
show a strong association between ambient
air pollutant, that is, particulate matter (PM),
and airway diseases."” The most affected
patients are those with chronic respiratory
diseases, such as chronic obstructive pulmo-
nary disease (COPD), the fourth leading
cause of death worldwide.* A systematic anal-
ysis from the Global Burden of Diseases Study
has indicated that ambient air pollution is the
second most common cause of morbidity and
mortality related to COPD.” Acute exacerba-
tions are associated with increased hospital-
isation and mortality in patients with COPD.°
A meta-analyses suggest that PM exposure
can increase COPD exacerbations,2 = and
a recent study showed that PM and other
air pollutants increased the risk of severe
acute exacerbations.'’ Air pollutants can also
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aggravate symptoms, quality of life (QOL) and lung func-
tion in patients with COPD." '*

Considering the hazardous effect of PM on COPD,
interventions to avoid PM exposure are important.
Studies of behaviours that can reduce risk have shown
that face masks can reduce PM exposure if fitted well
and air cleaner use in residences that are near traffic
can improve indoor air quality."*"® However, previous
studies have focused on either outdoor or indoor expo-
sure to assess the effect of PM exposure on patients with
COPD, but neither outdoor nor indoor exposure alone
can accurately represent individual PM exposure. In addi-
tion, these studies did not provide evidence of the effect
of risk-reducing behaviours on symptoms and QOL in
patients with COPD.

This study aims to evaluate a panel of 120 patients with
COPD to assess the impact of PM on QOL, lung func-
tion and acute exacerbations in patients with COPD. It
will also aim to intervene to reduce PM exposure in high-
risk groups and to assess the effect of this intervention on
PM exposure and the clinical parameters of COPD. The
details of the study protocol are described.

METHODS AND ANALYSIS

Study participants and clinical data collection

The inclusion criteria for the panel are: (1) adults aged
240 years of age, (2) patients with COPD, defined as a
postbronchodilator forced expiratory volume in one
second (FEV))/forced vital capacity (FVC) <0.7 and (3)
predicted FEV, <80% at enrolment. Patients without
respiratory symptoms and those who cannot understand
the questionnaires used in the study or air sampler device
instructions were excluded. A total of 120 patients from
four different sites will be enrolled (figure 1), 60 from
the metropolitan area (Seoul, Asan Medical Center and
Incheon, Gachon University Gil Medical Center), 30 from
an industrialised area (Ulsan, Ulsan University Hospital)

Gangneung,
Clean rural area

Incheon and Seoul,
Metropolitan area
N

§ Ulsan,
— s
Industrialized area

~

Study sites.

Figure 1

and 30 from a clean rural area (Gangwon province, Gang-
neung Asan Hospital).

Demographic and clinical data, including age, sex,
current address, concurrent asthma and history of
smoking, use of long-term oxygen therapy will be
collected at enrolment. After enrolment, participants will
visit hospital every 3 months over the course of a year. To
assess QOL and symptoms, the dyspnoea scale, modified
Medical Research Council Score and St. George’s Respi-
ratory Questionnaire for patients with COPD (SGRQ)-C
will be completed at every visit. COPD assessment test
(CAT) scores will be obtained on a monthly basis and
once a week for a month prior to the hospital visit. Pulmo-
nary function testing, including prebronchodilator and
postbronchodilator FEV, and FVC, will perform at each
visit. Clinical parameters, such as acute exacerbations,
changes in inhaler use and admissions related to COPD,
will also be monitored. During the follow-up period,
blood samples will be obtained on two separate occasions
when the seasonal PM concentration is high and low. The
timeline of data collection is shown in table 1.

Assessment of the residential environment

Participants will complete a detailed questionnaire about
the indoor and outdoor environment. Questions about
the indoor environment include: year of construction
and current address; type of housing; number of rooms
in the house; type of air conditioning; method of indoor
ventilation; presence of an indoor ventilating system;
whether the kitchen and living room are separated; recent
purchase of new furniture; use of household appliances
(air cleaner, humidifier, air conditioner, dehumidifier, gas
stove, oil stove, fireplace); use of various chemical agents
(mosquito repellent, pesticide, deodorant, kitchen/bath-
room disinfectant); whether subjects have recently moved
or remodelled; any renovation works; the presence of
mould; the presence of flood damage; the presence of
pets and type of pet; the type of fuel the family cars use;
recent purchase of a car; the presence of a sofa and the
material; and the presence of a bed and the materials
used to construct the walls of the house.

Questions about the outdoor environment include type
of residential location (urban, industrialised or rural);
source of air pollutants, distance from the road, traffic
volume and whether the participants have moved in the
last 2 years and residential address for the last 2 years.

Measurement of individual PM exposure

Individual PM exposure will be measured using two
different methods (the gravimetric method and light
scattering) to compare and correct possible errors in the
light scattering methods. Indoor PM exposure will be
measured every 3months using a minivolume air sampler
(Model KMS-4100, KEMIK Corp., Seongnam, Korea)
and two dust spectrometers (11-D, Grimm Technologies
and AMb20, TSI, Shoreview, USA). When these devices
are installed, each participant will receive a portable
PM measuring device with Global Positioning System
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Table 1 Timeline of data collection

Visit 1 (3 Visit 2 (6 Visit 3 (9 Visit 4 (12
Enrolment months) months) months) months)

Clinical data CAT + + + + +

Exacerbations + Weekly for a month before each visit

mMRC, SGRQ-C + + + +

PFT + + + +

Blood samples Two separate samples when PM level is high and low
Environmental assessment  Residence +

Activities + + + +

Protective behaviour + Education for intervention group at each visit

Indoor PM measurement Gravimetric method
Light scattering method
Portable device
loT-based device
Outdoor PM measurement loT-based device

Air pollution network

+ + + +
+ + + +
+ + + +

<« continuous monitoring —
« continuous monitoring —
<« continuous monitoring —

CAT, COPD assessment tool; 0T, internet of things; mMRC, modified Medical Research Council; PFT, pulmonary function test; PM,
particulate matter; ; SGRQ-C, St. George’s Respiratory Questionnaire for patients with COPD.

(Airbeam2 from HabitatMap, Brooklyn, USA), which
they will carry on them for 24 hours while logging all their
activities in a time—activity diary. A low-cost, sensor-based
measurement (CP-16-Ab from Aircok, Seoul, Korea) will
also be installed in their homes, which will send measure-
ment data to a server throughout the study period. This
device will collect information on PM10, PM2.5, tempera-
ture, humidity, volatile organic compounds, formalde-
hyde and noise level.

Outdoor measurement will be carried out using a
similar ‘internet of things’-based PM measuring device,
which will be installed on enrolment outside the partic-
ipant’s house. Information on weather and air quality
(including PM) relating to the residential address and
workplace will also be gathered from Air Korea, a national
air pollution information system in South Korea (http://
www.airkorea.or.kr).

Statistical estimation for unmeasured PM exposure

The gaps between individual PM measurements will be
estimated with land use regression (LUR) modelling.
This approach uses regression coefficients that are calcu-
lated using variables such as land use, traffic volume and
terrain obtained through a Geographic Information
System (GIS) to estimate individual exposure. PM is esti-
mated in a specific geo-coded area according to the resi-
dential address using LUR models and data for ambient
concentrations of PM10 and PM2.5 will be obtained from
Air Korea. LUR modelling we will be used as described in
previous studies.'? !

Intervention for PM exposure
A comprehensive questionnaire will be used to evaluate
protective behaviour for PM exposure and to identify

participants that are at risk of higher indoor PM expo-
sure. This questionnaire was constructed from the list
of recommended behaviour developed by the Korean
national health department and a list of protective inter-
ventions identified through a literature review.'* '” 1*2
The questions include several behaviours to minimise PM
exposure, such as whether they pay attention to air pollu-
tion alerts, use of air filters, frequency of home ventila-
tion while cooking and cleaning, use of face masks during
outdoor activities, reduced outdoor activities when PM
concentrations are high, etc.

Based on the score obtained from the questionnaire,
participants with the lowest score who are at risk of
increased PM exposure will be assigned to an intervention
group. These subjects will receive 30 min of education at
each study visit with the aim of changing their behaviour
to reduce PM exposure in everyday life.

Ethical statement and publication

This study was approved by the Institutional Review
Board (IRB) of each site. The IRB of the Asan Medical
Center approved the overall concept and execution
of the study (2019-0479). The participants received
comprehensive information about study and provided
informed consent. The result of this study will be
discussed in the form of conference presentation and
peer-reviewed publications.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.
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DISCUSSION

This is the first prospective panel study conducted in
Korea to assess the relationship between PM exposure
and symptoms, lung function, QOL and exacerbations
in patients with COPD. Individual indoor and outdoor
PM exposure data will be collected for 12 months, which
will provide information on the longitudinal relationship
between PM exposure and symptoms, QOL, lung func-
tion and exacerbations. An additional group of patients
with low scores for life behaviours that reduce PM expo-
sure will also receive in-depth education to reduce the
risk of PM exposure, thereby aiming to provide guidance
on reducing PM exposure in everyday life.

There is compelling evidence that shows ambient air
pollution can worsen chronic airway diseases. Noh et al
reported that increased ambient O, and PM10 concentra-
tions were associated with increased emergency depart-
ment visits for the treatment of asthma.”' A similar trend
was observed in patients with COPD.” A meta-analysis
showed short-term ambient PM2.5 exposure increases
COPD-associated hospitalisations and mortality.” Air
pollutants affect symptoms and QOL in patients with
COPD. A small panel study conducted in Beijing, China,
showed that increasing levels of air pollutants, including
PM10 and PM2.5, were associated with increased respi-
ratory symptoms, such as cough, sputum, wheeze and
dyspnoea.23 Pulmonary function can also be affected by
air pollution and one study has shown an increase in lung
function in patients with COPD after walking in a park;
by contrast, this beneficial effect was attenuated after
walking in a street with heavy traffic.**

To date, there has been no well-structured cohort
study to provide information on individual PM exposure
and the relationship with symptoms, lung functions and
COPD exacerbations. Therefore, the study described here
aims to recruit 120 patients from three different areas of
Korea to represent real-world air quality, accounting for
regional differences in PM exposure. The participants
will be followed up for 1 year, during which time they will
provide comprehensive clinical information, including
CAT and SGRQ-C, along with longitudinal lung function.
Gravimetric and light-scattering platforms will be used to
measure indoor and outdoor PM levels and GIS and LUR
models will be employed to accurately estimate individual
PM exposure.

A small number of studies have shown a long-term
longitudinal relationship between ambient PM expo-
sure and respiratory morbidity and mortality. Analysis
of patients enrolled in the Multi-Ethnic Study of Athero-
sclerosis (MESA) has demonstrated that exposure to air
pollutants, such as ozone, nitric oxides and PM, is associ-
ated with subclinical interstitial lung disease and emphy-
sema.” * Hao et al evaluated the long-term association
between ambient ozone, PM2.5 and chronic lower respi-
ratory disease (CLRD) mortality using Bayesian hierar-
chical spatial Poisson models.” They found that ambient
ozone was associated with an increased rate of mortality
from CLRD and a similar trend was also observed for

PM2.5, although this difference was not statistically signif-
icant. To elucidate the longitudinal relationship between
ambient PM exposure and symptoms, lung function and
exacerbations of COPD, individual ambient PM level will
be measured continuously in the current study. Spatio-
temporal exposure models will be used, which were devel-
oped from the data of air quality information systems.

As the harmful effect of ambient air pollution on COPD
is evident, prophylactic measures should be explored. To
date, some research has shown the usefulness of face masks
and air cleaners.'**® Some reports also suggest water and a
high-fibre diet could be helpful, but the evidence is weak.
In the current study, expert opinion on how to reduce the
risk of PM exposure has been combined to develop a life
behaviour score, and 40 patients with the lowest score will
be assigned to receive intervention measures or to act as
controls. The intervention group will receive a detailed
education on how to minimise personal PM exposure in
everyday life. Through this intervention, it will be possible
to assess the effect of comprehensive lifestyle modifica-
tion to reduce PM exposure on symptoms, lung function
and COPD exacerbations.

In conclusion, the study described here aims to enrol
120 patients with COPD over three different areas in
Korea. Symptoms, QOL, lung function and exacerbations
will be determined, and indoor and outdoor PM exposure
will also be monitored for 1year. This panel will provide
valuable information on regional and lifestyle differences
in individual PM exposure and the analysis of estimated
PM exposure will improve the understanding of its effect
on the life of patients with COPD.
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