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Abstracts

Background & Aims: Exposure to particulate matter (PM) occurs is a global public
health issue. In this study, we aimed to evaluate whether behavioral interventions to
reduce PM exposure improve clinical outcomes in patients with chronic obstructive

pulmonary disease (COPD).

Methods: We enrolled 104 patients with COPD aged 40 years or older from four
hospitals in different areas of Korea. Internet of things-based sensors were installed at
their homes to measure the indoor PM> 5 concentration for a year, and they conducted
detailed questionnaires twice (at enrollment and the end of the study). The relationship
between PMs concentration, patients’ lifestyles, and the impact on COPD

exacerbation were analyzed.

Results: The PM» 5 concentration was higher outdoors than indoors in most seasons,
and, in particular, the difference was largest in winter (4.31£0.02 pg/m*). Compared
to the time of the enrollment, lifestyle practice scores of the participant were
generally higher at the end of the research. The lifestyle practices that affect to lower
indoor PM: s concentration compared with the outdoors. And there was a difference
between the seasonal items, the significant practices of winter were as follows:
Operating indoor air filters (—4.69+1.12 pg/m®, p=0.001), Ventilating the home by

opening windows (—5.29+0.89 pg/m’, p<0.001), Checking filters of air filters (—



4.00£1.01 pg/m?®, p=0.031), Refraining from going out when the outside PM; s
concentration was high (-3.80+1.26 pg/m’, p=0.038), Choosing to go out in places
with little traffic (~3.39+1.09 pg/m?, p=0.020), and Closing windows while driving
(—4.33+0.77 pg/m?, p=0.002). The higher the educational level and economic status,
the lower the indoor PM> 5 concentration. Some lifestyle practices affect the
reduction in small airway resistance, marked as R5—R20 accounted for impulse

oscillometry, and scores of the St. George’s Respiratory Questionnaire.

Conclusions: Some lifestyle practices and economic levels can reduce the indoor

PM; 5 concentration and can even affect clinical outcomes.

Keywords: chronic obstructive pulmonary disease; particulate matter; lifestyle

practices; St George’s Respiratory Questionnaire
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Introduction

Air pollution is a global public health concern and cause 7 million deaths worldwide
each year'. Among the various air pollutants, in particular, fine particulate matter
sized less than 2.5 micrometers in diameter (PM: 5) is known to increase morbidity and
mortality’®. The more exposed to the high concentration of PMys, the higher the
mortality, hospitalization and acute exacerbation of chronic obstructive pulmonary
disease (COPD) patients’!2. Nevertheless, the concentration of air pollution is

recorded far beyond the standards presented by the World Health Organization®.

Distinction and removal of pollution sources is the best way to improve air pollution,
but this is not easily resolved in most countries. In particular, it is difficult to analyze
pollution sources in Korea, which is located between Asia, China, and the Pacific
Ocean. These locational feature affected to PM concentration, which dynamically
change over seasons due to fluctuations in air quality from domestic and foreign
sources according to the wind direction'®'*. Air pollution in transboundary countries
cannot be improved through the only domestic control. There was no specific system
to share information across jurisdictions between countries in Northeast Asia'®. As a
result, it may be difficult to reduce pollutants in the near future. Furthermore, personal
efforts to reduce exposure are required. Especially, in East Asian countries like Korea,

indoor source of PM make up a small portion while a higher outdoor PM concentration



is showed, particularly in the winter season. Therefore, regulate of indoor PM
concentration may be difficult. Therefore, we first studied that which practices can
reduce PM concentration during the winter season. And then, considering the
characteristics of Korea, where the seasons are relatively distinctly different, we

investigated the lifestyle practices by expanding the range to four seasons.

Chronic respiratory diseases such as COPD at adulthood, the third leading cause of
death from disease worldwide, is commonly affected by PM exposure'®!”. Air
pollution can also lead to aggravate symptoms, quality of life (QOL) and lung function
in COPD patients'®!”. Although harmful outcomes of PM exposure are recognized,
systematic strategies for patient guidance are not enough. There is few research to
support whether individual behavioral interventions to reduce PM exposure can

improve clinical outcomes of COPD patients.

In some prior studies, the indoor PM concentration is affected by a life behavior
pattern, and it can be reduced with lifestyle modification appropriately. The study
found that a few lifestyle practices, including checking air quality forecast and using
an air cleaner, were associated with reduced indoor PM> s concentrations compared to
outdoor concentrations?’2!. These findings shows that the exposure of air pollution can
be reduced by individual great efforts to modify their lifestyles. Considering the

characteristics of Korea, which have relatively clear seasonal differences, the study



was conducted to identify habits that can reduce PM even in seasons other than winter.
Finally, guidance to reduce indoor PM> s exposure effectively must be developed
throughout the season. In this present study, we hypothesized that lifestyle behaviors
were related to indoor PM2 5 concentrations. In addition, modifications of behaviors
appropriately can reduce the exposure to indoor PMa s concentration. We analyzed the
relationship between PMz s concentration, life behavior, and the impact on COPD
exacerbation by season for a year. Furthermore, we suggested lifestyle behaviors
which improve indoor PMz s concentrations, and finally we aimed to contribute to

improving the health condition of COPD patients.

Methods

Participants

This study is a prospective panel study recruited patients with COPD patients from
four representative areas of Korea. The inclusion criteria of the study were as follows:
patients aged 40 years or older; COPD patients, defined as a postbronchodilator forced
expiratory volume in one second (FEV1)/forced vital capacity (FVC) <0.7; and those
with FEV1 <80% of the predicted value at enrollment. The exclusion criteria were as
follows: patients without respiratory symptoms; patients who could not understand the

details of questionnaires or instructions on using the air device. This study was



approved by the Institutional Review Board of each study institution; Asan Medical
Center (2019-0476), Ulsan University Hospital (2019-07-049), Gangneung Asan

Hospital, and Gil Medical Center. was checked.

Study design and data collection

Clinical and demographic data, including data about age, sex, concurrent asthma,
current place of residence and smoking history, were collected at enrollment. The
patients completed the detailed questionnaire surveys. To measure indoor PMas
concentrations, Internet of Things (IoT)-based sensors were installed in their homes
and continuously monitored for 1 year. The exacerbation of COPD was checked every

month. The detail of study protocol is published previously.*!

Questionnaires on the living environment and daily life behaviors of the study

participants

The participants filled out questionnaires on their lifestyle and indoor/outdoor

living environments(Table 2).

Table 2. Questionnaire about lifestyle practices to reduce PM exposure

The questionnaire started with “On a scale from 0 (never practiced) to 7 (practiced every day),
how many days have you usually practiced the following items when the concentration of

particulate matter was high (>35 pg/m®) or very high (>75 pg/m®) in the last year?”



Practice Item Frequency
Never practiced Practiced everyday

< >

1. T frequently checked the forecast for fine dust | (0) | (1) | 2) [ B) | D) | (5) | (6) | (7)

and changes in its concentration.

2. T kept air purifiers on (if there was no air | (0) [ (D) | 2) | B) | @ | (5) | 6) | (T)

purifier, please choose the score (0)).

3. While the air purifier was on, I also regularly | (0) | (1) | ) | 3) | @) | (5) | (6) | (T
ventilated the room by opening windows (if
there was no air purifier, please choose the

score (0)).

4. While the air purifier was on, I also regularly | (0) [ () | 2) | B) | @) | (5) | 6) | (7)
checked and replaced the filters (if there was

no air purifier, please choose the score (0)).

5. I turned on the kitchen ventilator (fan) while | (0) | (1) | 2) | B) [ @) | 5) | (6) | (7)
cooking and made sure that the room was

ventilated afterward.

6. When cleaning indoors, I mopped instead of | (0) | (1) | ) | B) | @) | 5) | (6) | (T

using a vacuum cleaner.

7. When cleaning indoors, I sprayed water | (0) [ (1) | 2) | B) | @) | (5) | (6) | (7

before mopping.

8. I drank plenty of water to remove waste | (0) | (1) | 2) | B) | @) | B5) | (©) | (D

products from my body.

9. 1 ate a lot of vegetables and fruits with | (0) | (1) | 2) | B) | @) | 5) | (6) | (7

antioxidant properties.

10.1 limited the frequency at which I wentoutor | (0) | (1) | 2) | 3) | @) | (5) | (6) | (7)

did outdoor activities.

11.1wore a health mask (FDA-certified) properly | (0) | (1) | 2) | 3) | D) | (5) | (6) | (7)

when I went out.




12.1 minimized exposure of my body by wearing | (0) | (1) | 2) [ 3) | @) | (5) | (6) | (7)

a hat, long sleeves, safety glasses, etc.

13.1 refrained from going to places with high | (0) | (1) | 2) | B) | @) | 5) | (6) | (7)
concentrations of fine dust, such as areas with
heavy traffic, factories, etc., as much as

possible.

14.1 switched to indoor circulation mode withthe | (0) | (1) | 2) | 3) | D) | (5) | (6) | (7)

windows closed while driving.

15.1 reduced the duration or intensity of outdoor | (0) | (1) | 2) | 3) | D) | (5) | (6) | (7)
physical activities (for example, I chose to

walk instead of run).

16.1 washed myself after coming home (washing | (0) | (1) | 2) | 3) | @) | (5) | (6) | (7)
all over, especially hands, feet, eyes, and nose

with running water, and brushing teeth).

17.1 dusted off my clothes before entering the | (0) | (1) | 2) | B) | D) | (5) | (6) | (7)

house.

18.1 avoided secondhand smoke (in the case ofa | (0) | (1) | 2) | B) | D) | (5) | (6) | (7)
non-smoker)/I refrained from smoking (in the

case of a smoker).

19.1 purchased an emergency inhaler for | (0) | (1) | 2) | B) | @ | (5) | (6) | (7
symptom exacerbations and used it when

necessary.

20.1 used an inhaler regularly in the instructed | (0) | (1) | 2) | B) | @) | (5) | 6) | (7)

way.

Measurements of individual PM exposure
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Indoor PM2 s concentrations were measured using a sensor-based light scattering
measurement device (CP-16-A5; Aircok Inc., Seoul, Korea). The device was located
at the place where they spent most time in center of each patient’s house. The data
were sent to a server based on [oT throughout the study period. To correct for possible
errors in the light scattering methods, gravimetric measurements were taken and
accurate light scattering was measured using a mini-volume air sampler (Model KMS-
4100; KEMIK Corp., Seongnam, Korea) and two dust spectrometers (11-D; Grimm
Technologies and AM520; TSI, Shoreview, MN, USA), respectively. Indoor PM; 5
concentrations reported by the loT showed good linearity with the GRIMM reference,
with a R? value 0f 0.923. Information about outdoor PM concentrations relating to the
residential address was gathered from Air Korea, a national air pollution information

system in South Korea (http://www.airkorea.or .kr).

Statistical analysis

Data are shown as means and standard deviations or as medians with interquartile
ranges for continuous variables and as number (%) for categorical variables. For non-
continuous variables such as practice scores, an analysis of variance was used to
confirm the difference between indoor and outdoor PMs concentrations

corresponding to the practice scores. In addition, data were compared using the t-test
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and variation analysis by classifying the frequency with which patients performed the
practices into two categories: practiced or not practiced every day. Furthermore,
logistic regression analysis was used to determine COPD exacerbations according to
the difference between indoor and outdoor PMa:s concentrations. The statistical
significance level was set to 0.05 unless otherwise specified. All statistical analyses

were performed using SPSS software (version 22, IBM Corp., Armonk, NY, USA).

Results

3-1. Basic characteristics of the study patients

A total of 110 patients with COPD were enrolled for the panel study. Of these, six
patients were excluded from the final analysis for missing data on indoor PM
concentration. The mean age of patients was 67.4 = 9.8 years, with 94 (90.4%) male
patients. Current smokers were 23 (22.1%), and ex-smokers were 64 (64.5%) with
33.7 £ 23.3 pack-years. Thirty-eight had a history of acute exacerbation last year,
accounting for 36.5% and all of them used inhalers. The mean COPD assessment test
(CAT) score was 17.0 + 8.7. The modified Medical Research Council (mMRC) was
more than half (62, 59.6%) of them had grade 1, but about 30% had more than grade
3 (16 [15.4%] for Grade 3 and 14 [13.5%] for Grade 4) at enrollment. The mean score

of the COPD-specific version of the St. George’s Respiratory Questionnaire (SGRQ-

12



C) was 38.43+£2.45 and mean R5 (resistance at 5 Hz)-R20 (resistance at 20 Hz) was

0.18+0.03 cmH,0O/1/s (Table 1).

Table 1. Baseline characteristics of the study participants.

Characteristics N
Age, years (SD) 67.4+9.8
Male, n (%) 94 (90.38)

Smoking status, n (%)

Never smoker 17 (16.35)

Ex-smoker 64 (61.54)

Current-smoker 23 (22.12)
Smoking history (pack-year), mean (SD) 33.73+£23.33

mMRC, n (%)

Grade 1 62 (59.62)
Grade 2 12 (11.54)
Grade 3 16 (15.38)
Grade 4 14 (13.406)
Acute exacerbation history last year 38 (36.54)

Inhaler usage, n (%)

ICS+LABA 21 (20.19)
LAMA+LABA 33 (31.73)
LAMA+LABA+ICS 39 (37.5)
LABA+LAMA+SABA 3(2.88)
ICS+LABA+LAMA+SABA 2(1.92)
LAMA+SABA 1(0.96)
LAMA 2(1.92)
ICS+LAMA 1(0.96)
Others 2(1.92)

13



Lung function, mean (SD)

PreBD FEV|, L (% predicted) 1.57+0.54 (52.69+17.11)
PreBD FVC, L (% predicted) 3.30+0.84 (79.64+16.27)
PostBD FEV, L (% predicted) 1.62+0.56 (54.53+£16.64)
PostBD FVC, L (% predicted) 3.28+0.86 (80.52+14.48)
CAT score, mean (SD) 17.04+£8.65
SGRQ total, mean (SD) 38.4342.45
R5-R20 (SD) 0.18+0.03

SD, standard deviation, mMRC, Modified Medical Research Council; ICS, inhaled corticosteroid;
LABA, long-acting beta 2 agonist; BD, bronchodilator; FEV, forced expiratory volume in one
second; FVC, forced vital capacity; CAT, COPD assessment test; SGRQ, St. George’s Respiratory

Questionnaire; RS, Resistance at SHz; R20, Resistance at 20Hz

3-2. PM> s concentrations and lifestyle practices to reduce PM exposure

The mean concentration of outdoor PM> s was consistently higher than that of indoor

PM:s in most season except fall. The difference was greatest in winter (4.31+0.02

ng/m’) (Figure 1). Comparing the survey results measured twice at the time of

enrollment and at the end of the study, it was confirmed that the overall practice score

of the subjects increased (Figure 2). There were lifestyle practices that can reduce PM

concentration for each season, and among them, the number of items were the highest

in winter, particularly. When patients operated indoor air filters(—4.69+1.12 pg/m’,

p=0.001) and checked filters of air filters(—4.00£1.01 pg/m?, p=0.031), ventilated the

home by opening windows(—5.29+0.89 pg/m®, p<0.001), and closed windows while

14



driving with internal circulation mode(—4.33+0.77 pg/m’, p=0.002), refrained from

going out when the outside PM, 5 concentration was high (-3.80+1.26 ug/m?, p=0.038),

chose to go out in places with little traffic (-3.39+1.09 pg/m®, p=0.020) (Figure 3).

Other lifestyle practices that reduced the indoor PM2.5 concentration compared with

the outdoor PM2.5 concentration in specific seasons included mopping indoors (spring

and summer), choosing to go out in places with little traffic (spring and winter), and

refraining from going out when the outside PM2.5 concentration was high (winter,

Figure 3). There was no significant relationship between the difference in indoor and

outdoor PM2.5 concentrations and lifestyle practices. The more air filters were used,

the lower the indoor PM2.5 concentration tends to be throughout the year (Figure 4)
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3-3. Relationship between Indoor and outdoor PM3s concentrations and

participants’ social environment

We analyzed social environment of participants, including their economic status and
educational level. The higher educational level and the economic status, the more the
difference between indoor and outdoor PM> s concentrations. We divided economic
status into three groups (High, Average, Low), and educational level into three groups

(College or higher level, High school graduation, Below middle school). The higher

17



the economic status, the more the difference between annual indoor and outdoor PM3 s
concentrations (high, —4.71£1.12 pg/m’; average, +0.17+£1.40 pug/m’; and low, —
1.93+0.92 pg/m’; p=0.086, Figure 5). These differences between each group were
more pronounced in some lifestyle practices, including checking air quality forecasts
(p=0.012), checking filters of air filters (p=0.023), wearing a mask when going out
(p=0.073), closing windows while driving (p=0.042), and being equipped with
emergency drugs and using them when necessary (p=0.099, Figure 5). The higher the
educational level, the more the difference between indoor and outdoor PMas
concentrations (higher than college graduation, —6.00+1.14 pg/m’; high school
graduation, —1.98+0.88 pg/m’; and less than middle school graduation, +0.32+1.40

ng/m’; p=0.034, Figure 6).

Figure 5.
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3-4. Lifestyle practices and acute COPD exacerbations according to Indoor PM;. 5

concentrations

The relationship between lifestyle practices, COPD acute exacerbation and PMaz s
concentration was analyzed. Some lifestyle practices were significantly reduced acute
exacerbation of COPD(Table 3). The R5-R20 was significantly lower for patients
whose everyday lifestyle practices included checking air quality forecasts (0.12+0.02
cmH>0/I/s, p=0.038) and wearing a mask when going out (0.11+0.03 cmH>O/l/s,
p=0.080, Figure 7-A). The SGRQ-C score was also lower for patients whose everyday
lifestyle practices including mopping indoors (29.21+4.29, p=0.046), closing windows
while driving (27.374£3.17, p=0.004), dusting clothes when coming home from

outside(16.73+2.16, p<0.001) (Figure 7-B).

Table 3. Relative risk of difference between acute exacerbations of COPD when

Performed every day and not performed every day.
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Relative risk (95% confidence p

interval) value
Checking air quality forecast (PM concentration) 1.31(0.35,4.83) 0.69
Indoor air purifier operated 4.73 (1.00,22.40) 0.05*
Ventilating home by opening windows 1.33 (0.28,6.34) 0.72
Checking filters of air filter 0.32(0.07,1.47) 0.14
Turning on the kitchen ventilation while cooking 2.66 (0.84,8.45) 0.10
Indoor mopping 0.83 (0.22,3.13) 0.79
Spraying water for cleaning 3.10 (0.29,32.55) 0.35
Intake of enough water 0.93 (0.29,2.99) 0.91
Intake of enough vegetable and fruit 1.29 (0.32,5.14) 0.72
Refraining from going out when outside PM is high 0.43 (0.10,1.78) 0.24
Wearing a mask when going out 0.30 (0.06,1.41) 0.13
Wearing a hat when going out 1.59 (0.48,5.20) 0.45
Choosing places with little traffic when going out 0.71 (0.15,3.41) 0.67
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Windows closed while driving

Reducing outdoor physical activities when outside PM is high

Washing hands when coming home from outside

Dusting clothes when coming home from outside

Avoiding secondhand smoke

Emergency drugs equipped and used when necessary

Using the inhaler regularly

0.64 (0.20,2.12) 0.47

4.91 (1.20,20.26) 0.03%*
0.45 (0.14,1.44) 0.18
0.37 (0.08,1.70) 0.20
1.39 (0.41,4.64) 0.60
2.29(0.72,7.27) 0.16
3.99 (0.89,17.83) 0.07*

**P<0.05, *P<0.1

Figure 7.
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This prospective panel study showed that PM s concentration would be affected by
individual lifestyle practices and social environment. Although there were seasonal
differences, some lifestyle practices were related with a significantly lower indoor
PM:s concentration compared with the outdoor PM2 s concentration substantially.
These items included that operating indoor air filters, ventilating the home by opening
windows, checking filters of air filters, and closing windows while driving. The higher
the economic status and educational level, the greater the difference between indoor
and outdoor PM: s concentrations. Some lifestyle practices including mopping indoor
and choosing to go out in places with little traffic effected to lower SGRQ-C scores
and small airway resistance. These results suggest that exposure to PMazs can be

reduced by conducting these practices.

Many studies that Air filters are intervention to improve indoor PMz s concentration
have already been. Among them, a meta-analysis about air filter interventions for
COPD patients, air filters continuously improved indoor PM s concentrations*?. One
randomized controlled trial found that improvements of respiratory symptoms and
acute exacerbations by an air filter intervention were associated with reduced indoor
PM, s concentrations®. In a study, a classroom-based air filter intervention effect to
significant reduction of PMs and black carbon concentrations®!. Using indoor air
filters also led to significant reduction of indoor PM>s concentrations and its major

components such as NO*, SO4*", Zn*', Pb*’, and K* ?°. In a pilot study, children
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exposed to secondhand smoke, air filters reduced the airborne particles and also
improved clinical outcomes such as visiting unscheduled hospital due to asthma?®. In
a study on college students, intervention with a short-term indoor air filter improved
various cardiovascular biomarkers?’. Everyday operate air filters is suggested to
improve indoor PM>s concentrations, and checking filters of air filters is also
helpful’®?®. In our study, everyday operate air filters reduced indoor PM,s

concentrations.

To reduce indoor air pollution, maintenance of a clean indoor environment is a
important strategy. In our study there is a interesting result that the indoor mopping
reduce significantly the indoor PM; 5 concentration compared with the outdoor PMa s
concentration in spring and summer. This is similar to the prior recommendation for
wet mopping to lower indoor pollution®’. The previous finding that dry sweeping
increases PMa .5 concentrations more than wet sweeping supports the recommendation
for wet mopping®. Another valuable recommendation for the indoor environment is
to use a vacuum with a high-efficiency particulate-absorbing (HEPA) filter. Using a
vacuum without filter can stir up particles and deep dust. However, using a vacuum

with a HEPA filter reduced the exposure of dust and helped to control asthma *!-2,

Unlike other seasons, there was no significant association between PMoa s

concentration and lifestyle practices in fall. This can be explained by the results of our
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study that the difference in indoor and outdoor PM concentrations was the smallest in
fall. A national database also noted that the mean outdoor PM concentration is lowest
in the fall**. In contrast, a relatively strong association was found in the winter, when
the difference in PM2.5 concentration between indoor and outdoor was the largest.
Studies have shown that chronic obstructive pulmonary disease has a seasonal
variation of hospitalization rate and more exacerbation occurs in winter***. Acute
exacerbation of COPD was also related with cooler temperatures*®>’. This signify that
lifestyle modification can reduce the risk of COPD more effectively in winter, when

patients are more hazardous.

Choosing to go out in places with little traffic and refraining from going out when
the outside PM 5 concentration was high were also effective, but they are not be
directly related to the indoor PM»s concentrations. Furthermore, prior study
recommended that refraining from outdoor physical activities and staying indoor when
outdoor PM concentrations are very high can reduce exposure to PMys
concentrations®®. The U.S. Air Quality Index suggests to stay inside in the place with
operating air filters and avoid outdoor activities when outdoor PM concentration is
high®. These lifestyle practices help people to refrain from breathing deeply and
rapidly and also avoid inhalation of PM» 5. This suggestion also applicable to COPD
patients®. It is uncertain how these lifestyle practices also have beneficial impacts on

indoor PM> 5 concentrations. It can be assumed that it is because people who perform
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these lifestyle practices well do other lifestyles well. As a result, that have significantly
beneficial impacts on indoor PM» 5 concentrations. In our study, participants who had
a lifestyle of going out to places with less traffic were also doing well in other lifestyle
practices(Figure 8). And also, a group of participants tended to perform several
lifestyle practices simultaneously to reduce PM exposure. Through our study, we
explained that reduction of PM; 5 was possible to through lifestyle practices. Thus, we
expect that intervention of lifestyle of patients with COPD and encourage them to do

meaningful habits, we would finally improve their quality of life.

Environmental inequality is a global issue that affects both developing and
developed countries. So far, many studies have found that low socioeconomic
status(SES) leads to a high risk of exposure to air pollutants*’. Low educational
attainment generally correspond to an individual’s income, which is associated with
SES, such as the residential environment*!. In previous study, a high PM hazard were
effected by a low educational level*?. Our study also showed that a high education
level and economic status showed a great difference between indoor and outdoor PM
concentrations. This difference was significant in the highest income (>$5250/month)
and those with a college degree or higher. In Korea, educational level was closely
related to household income*’. However, in a European previous analysis, they found
that non-linear trends which both higher and lower income groups had higher PM

concentration than middle-income groups**. This finding suggest that the association
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with income, educational level and environment can have various patterns due to

region, society, country and how they cope with the environmental problem.

Our study had some strengths and limitation. The lifestyle questionnaire was based
on patient’s memories, and that can sometimes has biases. Nonetheless, there were
some important implications. First, despite the impact of PM on the occurrence of
COPD, there was little research on detailed lifestyles. This study reported the detailed
lifestyle practices of COPD patients and analyze their relationship. It also showed a
relationship between PM> s concentrations and acute COPD exacerbations. Second,
this research collected data over 1 year and showed variable changes in PM;s
concentration by the season. Applying this research design, it could be possible to
determine the impact of each lifestyle practices for each season. Third, IoT-based
PM; s-measuring sensors used in our study were installed in patients’ home, and we
monitored continuously indoor PM concentrations. This study provides evidence with

more accurate data.

Figure 8.
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A : Operating indoor air filters
B : Ventilating the home by opening windows
A C : Checking filters of air filters
D : Mopping indoors
E : Refraining from going out when the outside PM2.5 concentration is high
F : Choosing to go out in places with little traffic
B G : Closing windows while driving
*P<0.005
] r=1
c B 03<r<1.0
0.2<r<0.3
0.1<r<0.2
0 -0.1<r<0.1
D
E
F
G

Conclusion

Lifestyle practices have association with indoor PM concentration and can even
affect small airway resistance and exacerbation of COPD patients. Furthermore, indoor
PM concentration can be affected by social environment including the level of
economic and education of COPD patients. Some lifestyle practices lead to reduce
PM 5 concentrations as follows: operating air filters and ventilating the home by
opening windows. Finally, these can be scientific guideline to reduce exposure of

patients with COPD to PM: s concentration.
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Abbreviations

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1
second; FVC, forced vital capacity; HEPA, high-efficiency particulate-absorbing; 10T,
Internet of Things; PM, particulate matter; PM, 5, particulate matter with a diameter
smaller than 2.5 um; SGRQ-C, COPD-specific version of the St. George’s Respiratory

Questionnaire; RS, Resistance at SHz; R20, Resistance at 20Hz.
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