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Background: Fine particulate matter (PMy s) is a well-known risk factor for worse outcomes of chronic obstructive
pulmonary disease (COPD). However, evidence-based guidance on effective personal behavioural strategies to
minimise the effects of PMy 5 is limited. This study aimed to assess the effectiveness of a behavioural intervention
in reducing PM; 5 exposure and improving clinical outcomes in patients with COPD.

Materials and Methods: Participants were 1:1 randomised, and the intervention group received a behavioural
intervention consisting of five activities, while the control group received usual care. The participants were
followed up for 9 months. The primary outcomes were differences in the score of St. George’s Respiratory
Questionnaire for patients with COPD (SGRQ-C) and COPD assessment test (CAT) from baseline.

Results: A total of 106 participants were enrolled and 102 completed the study. At the end of the study, the
intervention group showed significant improvements in the primary outcomes compared to the control group,
with a group difference of —5.9 in the reduction of total SGRQ-C (—3.4 vs. 2.5; p = 0.049) and —3.8 in the CAT
score (—1.2 vs. 2.7; p = 0.001). Participants with good adherence to the intervention demonstrated a greater
extent of improvement in CAT score and lower PM; 5 levels compared to those who had poor adherence or were
in the control group. Regular checking of air quality forecasts was significantly associated with a reduction in
CAT scores among all the intervention activities.

Conclusion: Individual-level behavioural interventions can be an effective strategy for mitigating the health
hazards associated with PMy 5.

ClinicalTrials.gov Identifier: NCT04878367.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a global public
health concern affecting millions of individuals and is associated with
high morbidity and mortality (Lozano et al. 2012; Vos et al. 2012).
Exposure to noxious particles is the primary risk factor for COPD
development (Ko and Hui 2012). Indeed, air pollution is a leading cause
of COPD in never smokers (GBD 2019 Risk Factors Collaborators 2020)
and smokers (Bourbeau et al. 2022; Wang et al. 2022). Particulate
matter with diameter of less than 2.5 pm (PMy 5) is associated with the
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incidence (Liu et al. 2017), exacerbation (Atkinson et al. 2014), and
mortality of individuals with COPD (Li et al. 2017a; Pun et al. 2017).
Thus, reducing PM, 5 exposure should be a key goal in preventing and
managing COPD, with its significance comparable to that of smoking
cessation.

Despite the widely recognised health hazards of PMjs, limited
evidence-based guidance currently exists regarding effective behav-
ioural strategies to reduce PM; 5 exposure. Most studies have focussed
on assessing the effects of air filters, particularly in patients with asthma
(Park et al. 2021). Recently, Hansel et al. have provided a meaningful
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insight into the potential benefits of environmental interventions in
patients with COPD; their study demonstrated that air filters can effec-
tively reduce indoor PM; 5 concentration, improve quality of life, and
reduce respiratory symptoms and exacerbations in patients with COPD
(Hansel et al. 2022). These benefits were more pronounced in patients
spending more time indoors. However, the effectiveness of other envi-
ronmental or behavioural interventions has not been extensively
studied.

Lifestyle and behavioural changes can be implemented at an indi-
vidual level, and patients can easily receive education on these changes
in clinical and community settings. Although a plethora of guidance
exists on how to avoid PMj 5 exposure, it often lacks scientific evidence
(Powell et al. 2016). Recently, significant associations have been found
between certain lifestyle factors and indoor PM3 5 concentration (Kim
et al. 2021). To determine whether these daily-life behaviours reduce
PM, 5 exposure and lead to improved clinical outcomes, we conducted a
randomised controlled trial of a behavioural intervention targeting
PMS, 5 exposure reduction in patients with COPD.

2. Materials and methods
2.1. Study design and participants

A multicentre, single-blinded, randomised controlled trial was con-
ducted including patients with physician-diagnosed COPD from three
university hospitals located in the capital region of South Korea. The
inclusion criteria were individuals aged 40-79 years with forced expi-
ratory volume at 1 s (FEV;) < 80 % of the predicted value. Patients who
met any of the following criteria were excluded: 1) absence of respira-
tory symptoms, 2) inability to respond to questionnaires, or 3) inability
to understand air sampler device instructions. This study was approved
by the Institutional Review Board of the Asan Medical Center
(2021-0701), Severance Hospital (4-2021-0607), and Ilsan Paik Hos-
pital (2021-05-042). All the participants provided written informed
consent.

2.2. Randomisation and masking

After enrolment, indoor PM3 5 concentrations were measured for a
month in all participants’ homes to identify the baseline PM, 5 levels.
Patients were randomised using a stratified block randomisation
approach based on their baseline FEV; (55 % of the predicted) and PM; 5
levels (16 pg/m®). Patients were assigned to either the intervention or
control group with an allocation ratio of 1:1, using a random number
table. Owing to the nature of the intervention, both participants and
study personnel delivering education were aware of their group
assignment. However, investigators conducting data analysis were
masked. Participants were followed at their respective hospitals every 3
months. The total duration of the intervention spanned 9 months.

2.3. Intervention

The intervention group received behavioural interventions along
with the standard treatment they were receiving. The intervention
comprised five activities: (1) operating indoor air filters and regularly
replacing filters, (2) regularly checking air quality forecast, (3) prac-
tising regular home ventilation by opening windows, (4) refraining from
going outdoors when the air pollution level was high, and (5) adhering
to their inhaler treatment. A PM5 5 concentration of > 35 ug/m3 was
considered a high level of air pollution based on South Korea’s air
quality classification system. Participants were encouraged to complete
daily checklists to ensure their adherence to the interventions. During
each visit, they received education on the hazardous effects of PM; 5 and
the importance of behavioural change. Patients were advised to operate
the air filters continuously, ideally 24 h a day. Air filters were rented to
those who did not own one during the study period. The control group
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continued to receive standard care without any instructions regarding
behavioural modifications.

Behavioural patterns and changes during the study period were
assessed using the health protection practice questionnaire at each visit
for both groups. Details of the questionnaire are provided in the online
supplement (Table S1).

2.4. Clinical data collection and PMy 5 exposure assessment

Participants’ demographics, smoking history, body mass index,
medical history, and exacerbation history were obtained during enrol-
ment. Their socioeconomic status was assessed through a self-report
questionnaire. Respiratory symptoms and health-related quality of life
were assessed using the St. George’s Respiratory Questionnaire for pa-
tients with COPD (SGRQ-C), COPD assessment test (CAT), and modified
Medical Research Council grade at baseline and each follow-up visit.
The development of acute exacerbation was monitored every month.

Detailed methods of the residential environment assessment and
PM, 5 exposure measurement are described in the online supplement
(Kang et al. 2021). Both outdoor and indoor PMj 5 concentrations were
continuously monitored by ‘Internet-of-things’-based devices installed
inside and outside of all participants’ houses. Additionally, participants
were encouraged to record a time-activity diary and carry a portable
PM; 5 measuring device for 24 h before each follow-up visit.

2.5. Outcomes

The primary outcomes assessed were changes in the SGRQ-C and
CAT scores from baseline. The proportions of SGRQ-C and CAT re-
sponders were compared between the intervention and control groups.
A responder was defined as a patient who achieved the minimal clini-
cally important difference. The minimal clinically important difference
values were defined as 4 points for SGRQ-C (Jones 2005) and 2 points
for CAT (Kon et al. 2014). Additionally, acute exacerbation rates were
compared between the treatment groups. An acute exacerbation was
defined as an acute worsening of respiratory symptoms that resulted in
additional therapy (Global Initiative for Chronic Obstructive Lung Dis-
ease 2022). Outcomes were examined based on adherence levels; the
intervention group was dichotomised below and above the median
adherence rate calculated from the intervention checklists.

2.6. Statistical analyses

A sample size was calculated based on the results obtained from our
prospective pilot study (Kim et al. 2023; Kim et al. 2021), considering a
significance level of 0.05 and a statistical power of 0.8. The estimated
sample size was 102 patients, with 51 individuals in each group. To
account for possible 15 % losses to follow-up during the study, we aimed
to enrol a minimum of 120 patients.

Data were presented as means + standard deviations or as medians
(interquartile ranges [IQR]) for continuous variables and as numbers
(%) for categorical variables. Baseline characteristics were compared
using t-tests for continuous variables and the chi-squared or Fisher’s
exact tests for categorical variables. Changes in SGRQ-C and CAT scores
from baseline were calculated at 3, 6, and 9 months, using the linear
mixed regression model. The calculations were adjusted for the baseline
score, and differences in the score changes between the treatment
groups were compared. Negative binomial regression was used to esti-
mate the incidence rate ratio for treatment differences in frequency rates
of acute exacerbation. PMs 5 concentrations were analysed using the
linear mixed regression model. The adherence rates for each interven-
tion activity were reported as a percentage of days adhering to the
intervention out of the total recorded days. The adherence rate for air
filter use was calculated as the percentage of the time the air filter was
operated out of the total recorded time. The overall adherence rate was
determined based on the adherence rates of all five intervention
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activities. All p-values were two-tailed, and p < 0.05 was considered
statistically significant. All statistical analyses were performed using the
Statistical Analysis System (SAS) statistical software package, version
9.4 (SAS Institute Inc., Cary, NC, USA) and R version 4.2.2 (R Founda-
tion for Statistical Computing, Vienna, Austria).

3. Results
3.1. Baseline characteristics

From July 2021 to October 2021, 248 patients were screened for
eligibility, of which 108 were randomised. Six patients dropped out
during the follow-up, leaving 102 patients completing the study (51
each in the intervention and control groups) (Fig. 1).

The mean age of all patients was 67.8 years and 93.1 % were men.
The mean post-bronchodilator FEV; was 56.8 % of the predicted value.
The two groups did not exhibit any significant differences in de-
mographic characteristics, COPD symptom status, or PMy 5 concentra-
tions (Table 1). Moreover, no significant differences were observed in
the residential environments and lifestyle behaviours associated with
PM; 5 exposure (Table S2).

3.2. Behavioural changes in study patients

At baseline, no significant differences were observed between the
two groups in terms of their practice scores for the five behavioural
intervention activities. However, the intervention group demonstrated
significant improvement during the study period and high scores at the
end of the study for all intervention behaviours. Conversely, no such

Environment International 181 (2023) 108286

changes were observed in the control group (Figure S1). The scores for
regular inhaler use remained consistently high in both groups
throughout the study period.

3.3. Effects of behavioural intervention

At the end of the study, the intervention group demonstrated sig-
nificant improvement in the total SGRQ-C score than that in the control
group (—3.4 vs. 2.5; group difference, —5.9; p = 0.049) as illustrated in
Fig. 2. The intervention group also demonstrated a significant reduction
in the symptom domain of SGRQ-C at 6 (—5.1 vs. 2.8; group difference,
—7.9; p=0.011) and 9 months (—9.7 vs. —2.9; group difference, —6.8; p
= 0.030) than that of the control group. The SGRQ-C total, symptom
domain, and activity domain scores in the intervention group showed a
gradual decrease over time. Additionally, the group difference for the
scores of SGRQ-C total, activity, and impact domain showed an
increasing trend. Significant differences were observed in CAT scores
changes, favouring the intervention group at 6 (0.7 vs. 3.2; group dif-
ference, —2.5; p = 0.045) and 9 months (—1.2 vs. 2.7; group difference,
—3.8; p = 0.001) (Fig. 3). The group difference for the CAT scores
showed an increasing trend over the study period. The respective SGRQ-
C total and its domain scores at 3, 6, and 9 months from the start of the
intervention are presented in Table S3.

The proportions of SGRQ-C and CAT responders were numerically
greater without statistical significance (42.0 vs. 32.7 %; p = 0.408) and
significantly greater (51.0 vs. 24.5 %; p = 0.012), respectively in the
intervention group than those in the control group (Table S4). No sig-
nificant difference in the rate of exacerbation, regardless of the severity,
was observed between the two groups (Table S5).

248 patients were screened for eligibility

128 excluded

- 70 refused to join
- 58 did not meet FEV, criterion

120 eligible patients were enrolled

18 excluded

- 17 withdrew consent
- 1 ICU admission due to COVID-19

108 randomized

4

55 in intervention group

4 discontinued
- 2 new medical disease
(cerebral hemorrhage, heart surgery)
- 1 1CU admission due to COVID-19
- 1 COPD exacerbation

y

51 completed the study and
were included in the analysis

l

53 in control group

2 discontinued
- 1 withdrew consent
- 1 ICU admission due to COVID-19

Y

A

51 completed the study and
were included in the analysis

Fig. 1. Study flow. FEV;, forced expiratory volume in one second; ICU, intensive care unit; COVID-19, coronavirus disease 2019; COPD, chronic obstructive

pulmonary disease.
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Table 1
Baseline characteristics of study patients with COPD.
All (n =102) Intervention (n = 51) Control (n = 51) p*
Age (years) 67.8 £ 6.6 68.2 + 6.7 67.4 £ 6.5 0.520
Sex (male) 95 (93.1) 50 (98.0) 45 (88.2) 0.117
Smoking 0.899
Current smoker 18 (17.6) 9(17.6) 9 (17.6)
Former smoker 79 (77.5) 40 (78.4) 39 (76.5)
Never smoker 5(4.9) 239 3(5.9)
Pack-years 35.6 +17.4 35.8 +£16.2 35.4 +18.7 0.909
Body mass index (kg/m?) 239+ 3.7 23.5+ 3.6 24.4+3.7 0.198
Asthma 3(2.9 0 (0.0) 3(5.9) 0.241
Education level 0.155
Middle school 32(31.4) 14 (27.5) 18 (35.3)
High school 39 (38.2) 25 (49.0) 14 (27.5)
College 24 (23.5) 9 (17.6) 15 (29.4)
Graduate school 7 (6.9) 3(5.9) 4(7.8)
Monthly income (won) 0.318
>6,000,000 9 (8.8) 4(7.8) 5(9.8)
4,000,000-6,000,000 15 (14.7) 10 (19.6) 5(9.8)
2,000,000-4,000,000 20 (19.6) 7 (13.7) 13 (25.5)
1,000,000-2,000,000 20 (19.6) 8 (15.7) 12 (23.5)
<1,000,000 24 (23.5) 15 (29.4) 9 (17.6)
Unaware 14 (13.7) 7 (13.7) 7 (13.7)
Self-assessment of socioeconomic status 0.415
High 1(1.0) 1(2.0) 0 (0.0)
Middle high 15 (14.7) 8(15.7) 7 (13.7)
Middle 44 (43.1) 22 (43.1) 22 (43.1)
Middle low 26 (25.5) 15 (29.4) 11 (21.6)
Low 16 (15.7) 5(9.8) 11 (21.6)
Exacerbation during the past year
Moderate 3(2.9 2(3.9) 1(2.0) >0.999
Severe 2(2.0) 2(3.9) 0 (0.0) 0.475
All (moderate-severe) 5(4.9) 4(7.8) 1(2.0) 0.359
Lung function
Post-BD FEV;/FVC 0.5+0.1 0.5+ 0.1 0.5+ 0.1 0.324
Post-BD FEV; (%pred.) 56.8 + 14.5 57.4 +£15.7 56.2 + 13.2 0.682
Post-BD FVC (%pred.) 82.2 +£13.4 80.9 +13.4 83.6 £ 13.4 0.325
DLco (%pred.) 61.4 +£18.0 59.5 + 18.0 63.4 + 18.0 0.278
Inhaler treatment 0.895
LABA + LAMA 53 (52.0) 27 (52.9) 26 (51.0)
ICS + LABA + LAMA 37 (36.3) 17 (33.3) 20 (39.2)
LABA or LAMA 7 (6.9) 4(7.8) 3(5.9)
ICS + LABA 5 (4.9) 3(5.9) 2(3.9)
SGRQ-C
Total 35.2 +£18.5 35.3 +£18.1 35.2 +19.2 0.892
Symptom 45.8 +£20.3 46.7 £ 21.4 45.0 +19.4 0.601
Activity 45.4 + 24.4 44.6 + 22.9 46.2 + 26.0 0.742
Impact 25.2 +20.9 25.8 +21.0 24.6 + 21.0 0.773
CAT score 15.5 + 8.4 15.8 + 8.8 15.2 + 8.0 0.752
mMRC grade 24+1.1 23+1.0 25+1.3 0.432
PM, 5 levels (pg/mg)
Outdoor 14.8 +5.2 14.8 + 4.8 14.8 £ 5.6 0.979
Indoor 12.1 £ 4.8 122+ 4.4 119+ 5.2 0.817
Estimated individual exposure 12.8 + 4.3 12.9 + 4.0 12.7 + 4.7 0.884

Data are presented as numbers (%) or means + standard deviations.

COPD, chronic obstructive pulmonary disease; BD, bronchodilator; FEV;, forced expiratory volume in one second; FVC, forced vital capacity; %pred, percent of the
predicted value; DLco, diffusing capacity of the lungs for carbon monoxide; LABA, long-acting beta-2 agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled
corticosteroid; SGRQ-C, St. George’s Respiratory Questionnaire for patients with COPD; CAT, COPD assessment test; mMRC, modified Medical Research Council;

PM, s, particulate matter less than 2.5 pym in diameter.

" p-values are provided for the comparison between the intervention and control group.

Considering that smoking is a significant contributor to indoor air
pollution, a sensitivity analysis was performed by excluding current
smokers from the analysis (Figures S2 and S3). These results also
demonstrated favourable outcomes in the intervention group, showing
greater reductions in both the SGRQ-C (symptom domain) and CAT
scores.

3.4. Outcomes based on the intervention adherence

In the intervention group, 49 patients (96.1 %) completed the
intervention checklist, allowing adherence assessment in these patients.
Overall, the checklist was completed in a median of 92.8 % of the total

study days (IQR, 86.0-100.0 %). The median adherence rate of the five
activities combined was 80.0 % (IQR, 67.8-91.6 %) (Table S6). Signif-
icant differences were observed between the good and poor adherence
groups in terms of air filter use (91.4 vs. 28.1 %) and refraining from
going out (98.9 vs. 23.3 %). However, adherence rates to other activities
did not reveal significant differences (Table S7).

No significant differences were observed in the baseline character-
istics between the three groups, except for the number of severe exac-
erbations in the previous year, which was more frequent in the good
adherence group than that in other groups (Table S8). At the end of the
study, participants with good and poor adherence, demonstrated greater
reductions in SGRQ-C total score than those of the control group,
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Fig. 2. Changes in the SGRQ-C score. Mean changes from the baseline score are shown for the intervention and control groups. (A) SGRQ-C total, (B) SGRQ-C
symptom domain, (C) SGRQ-C activity domain, and (D) SGRQ-C impact domain. SGRQ-C, St. George’s Respiratory Questionnaire for patients with chronic

obstructive pulmonary disease (COPD).

although the differences were not significant (Fig. 4A). Participants with
good adherence demonstrated significant reduction in CAT scores than
that of the control group at all follow-up visits (Fig. 4B). No significant
differences were observed in the rate of acute exacerbation between the
three groups (Table S9).

3.5. PM; 5 levels

Outdoor PM, 5 concentrations were not significantly different be-
tween the groups throughout the study period. However, indoor PMj 5
concentrations in participants with good adherence were lower than
those with poor adherence, demonstrating significant differences at 3
and 6 months. The good adherence group also demonstrated a signifi-
cant difference in indoor PMy 5 compared to the control group at 6
months. Similar trends were observed for the estimated individual PMj 5
exposure levels (Fig. 5, Table S10).

3.6. Individual behavioural intervention activities and outcomes

To identify the behaviours associated with improvements in SGRQ-C
and CAT scores, the participants were categorised based on their
engagement in a behaviour at least five times per week throughout the
study period. No significant differences were observed in the SGRQ-C
total score for individual behaviour, although a trend towards
improvement was noticed among those who practised the behaviour at

least five times per week (Table 2). Participants who checked the air
quality forecast at least five times per week demonstrated a significant
improvement in the CAT score (group difference, —2.62; 95 % confi-
dence interval (CI), —5.08 to —0.15; p = 0.038).

4. Discussion

In the present study, a behavioural intervention with five activities
aimed at reducing PMjs exposure demonstrated improved clinical
outcomes in patients with COPD. Following 9 months, the intervention
group showed enhanced compliance with lifestyle changes designed to
minimise exposure to PM, s, resulting in greater reductions in SGRQ-C
and CAT scores than those of the control group. Among all the inter-
vention activities, regular checking of air quality forecasts was associ-
ated with significant reduction in the CAT scores.

The hazardous effects of PMy 5 on the respiratory system are well-
established. PM; 5 exposure increases the COPD risk (Liu et al. 2017)
and its progression, leading to increased hospitalisation rates (Atkinson
et al. 2014). Moreover, PM; 5 exposure during adolescence adversely
affects lung function growth (Gauderman et al. 2004), increasing the
risk of COPD in adulthood (Lange et al. 2015). The most effective so-
lution to mitigate these hazards is to improve the ambient environment
(Gauderman et al. 2004). However, improving ambient air quality can
be challenging, especially when pollution sources extend beyond a sin-
gle jurisdiction (Oh et al. 2015). While collaborative efforts involving
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Fig. 3. Changes in the CAT score. Mean changes from the baseline score are shown for the intervention and control groups. CAT, chronic obstructive pulmonary

disease (COPD) assessment test.

governments, industries, and communities, are essential to make a sig-
nificant impact in reducing PM> 5 pollution, individual actions can also
play a crucial role in attenuating its harmful effects.

Using air filters is a practical way to control indoor air quality (Li
et al. 2017b; Shao et al. 2017), particularly for patients with COPD who
spend most of their time indoors (Almeida-Silva et al. 2014; Karottki
et al. 2015). The Clean Air study investigated the impact of air filter
intervention among former smokers with COPD, demonstrating a low
rate of moderate exacerbations, few respiratory symptoms, and reduced
reliance on rescue medications (Hansel et al. 2022). Similarly, our study
also showed that good adherence to a behavioural intervention led to a
significant reduction in indoor PMy 5 levels and improvements in clinical
outcomes, including SGRQ-C total and symptom scores, and CAT score.
However, no significant difference was observed in acute exacerbation
rates between the intervention and control groups. While one-fourth of
participants experienced moderate exacerbation in the Clean Air study,
only 5 % experienced moderate-to-severe exacerbation in our study. It is
worth noting that our study was conducted between 2021 and 2022,
during the COVID-19 pandemic, and the low exacerbation rate could be
influenced by precautionary measures, such as social distancing, mask-
wearing, and hand hygiene (Alqahtani et al. 2021).

In Canada, air quality alert programmes have effectively reduced
asthma-related emergency department visits and COPD-related
morbidity, although these programs did not exhibit significant impacts
on mortality or other health outcomes (Chen et al. 2018). In South
Korea, the implementation of the Air Quality Warning System (AQWS)
led to a gradual reduction in the incidence of asthma by 20.5 % but had
no distinct effect on the exacerbation of asthma or COPD (Park et al.
2023). In our study, checking the air quality forecast significantly
improved the health-related quality of life in patients with COPD. These
findings indicate that increased awareness and acknowledgement of air
quality help improve clinical outcomes. The key difference between
AQWS and air quality forecast checks lies in their passive or active na-
ture. AQWS is a unilateral alert system that does not require the par-
ticipant’s attention, whereas the forecast check involves the
participant’s concern regarding the health effects of PMj 5. Psychosocial
factors may facilitate adherence to health advice for reduced outside
activity during poor air quality events (D’Antoni et al. 2017).

The effect of reducing PM; 5 levels by opening windows for venti-
lation should be assessed considering various factors. Outdoor PMj 5
levels vary seasonally, with low levels in summer and high levels in
winter, whereas indoor PM, 5 levels remain stable without seasonal
variation (Kim et al. 2021). Notably, PMy 5 watches or warnings are
issued for less than 30 days per year, while indoor PM, 5 levels exceeding
75 ug/m3 occur more frequently (Seoul Metropolitan Government Air
Qality Information, http://cleanair.seoul.go.kr [accessed 25 Oct 2023]).
Although outdoor PMy 5 levels can affect indoor concentrations, routine
domestic activities, including smoking, cooking, and cleaning can also
increase indoor levels of PMs 5, carbon dioxide, and volatile organic
compounds (Abdel-Salam 2021; Maung et al. 2022). These activities
necessitate regular ventilation. However, caution should be exercised
when opening windows during extremely high outdoor PM; 5 levels
(Kanatani et al. 2014).

The adherence rate in this study was slightly higher than that in
previous studies, which solely utilized an air filter intervention
(Eggleston et al. 2005; Hansel et al. 2022). The good adherence group
demonstrated a significant reduction in indoor PM; 5 levels and esti-
mated individual PMs 5 exposure, along with earlier improvement in
CAT scores at 3 months. In the Clean Air study, only participants who
used an air filter for at least 80 % of the study period met the primary
endpoint of treatment difference in SGRQ (Hansel et al. 2022). These
findings suggest that increasing adherence to behavioural interventions
may enhance the intervention response.

This study had several limitations. First, ethical concerns could have
been raised because no guidance was provided to the control group on
how to avoid PMj 5 exposure, considering its known harmful effects. To
date, however, the effectiveness of behavioural guidance to avoid PMy 5
exposure in chronic respiratory diseases was uncertain. Our study results
provided valuable insights into the potential benefits of appropriate
non-pharmacologic interventions in improving clinical outcomes for
patients with COPD. Second, the study design of the behavioural inter-
vention precluded blinding of the patients and educators to group
assignment. However, the physicians and examiners were kept blinded
throughout the study to minimize potential bias. Third, accurately
measuring and standardising PM, s exposure could be challenging
owing to the variability in concentrations based on geographic location,
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Fig. 4. Changes in SGRQ-C total and CAT score according to the intervention adherence. Mean changes from the baseline score are shown for the intervention-
good adherence, intervention-poor adherence, and control groups. (A) SGRQ-C total and (B) CAT. SGRQ-C, St. George’s Respiratory Questionnaire for patients with
chronic obstructive pulmonary disease (COPD); CAT, chronic obstructive pulmonary disease (COPD) assessment test.
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Table 2
Individual intervention activities and SGRQ-C and CAT changes.
SGRQ-C CAT
Mean change (SE) Group difference p Mean change (SE) Group difference p
0 0,
> 5/week < 5/week (5% CDh > 5/week <5/week (5%
Using an air filter —1.52 (2.03) —0.13 (2.20) —1.39 (-7.30-4.52) 0.644 —0.38 (0.83) 1.68 (0.90) —2.05 (—4.46-0.35) 0.094
Checking air quality forecasts —1.98 (1.84) 0.91 (2.45) —2.89 (—8.94-3.16) 0.347 —0.27 (0.75) 2.34 (1.00) —2.62 (—5.08-0.15) 0.038
Ventilating by window opening —0.94 (1.93) —0.79 (2.38) —0.15 (—6.21-5.91) 0.961 0.90 (0.79) 0.05 (0.97) 0.85 (—1.62-3.32) 0.497
Refraining from going out —2.24 (2.55) —0.17 (1.85) —2.07 (—8.30-4.16) 0.513 0.56 (1.05) 0.56 (0.76) —0.00 (—2.56-2.55) 0.999
Using inhalers regularly —1.35(1.63) 1.62 (3.78) —2.97 (-11.09-5.15) 0.471 0.24 (0.66) 2.30 (1.55) —2.06 (—5.38-1.26) 0.222

All analyses are adjusted for baseline scores.

SGRQ-C, St. George’s Respiratory Questionnaire for patients with chronic obstructive pulmonary disease (COPD); CAT, COPD assessment test; SE, standard error; CI,

confidence interval.

time of year, and local environmental factors, making it difficult to
establish a clear dose-response relationship between PM; 5 exposure
and COPD outcomes. Fourth, living environments can greatly vary be-
tween countries and even domestically owing to cultural and regional
differences. Therefore, further studies are necessary to determine the
generalisability of our findings to broader populations of patients with
COPD. Nonetheless, the consistent improvement in the symptom
domain of the SGRQ-C suggests that this type of lifestyle intervention
can be effective regardless of the region. Lastly, monthly income and
socioeconomic status can be disparate depending on the amount of
material possessions, although both statuses were not different between
the two groups.

In conclusion, the behavioural intervention aimed at reducing PM 5
exposure in patients with COPD significantly improved the SGRQ-C and
CAT scores, suggesting that implementation of individual-level behav-
ioural changes could be an effective strategy for mitigating the health
hazards associated with PMj 5 in patients with COPD.
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