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Background/Aims: Weather and air pollution are associated with the exacerbation
of respiratory diseases. We investigated patterns of medical care use according to
meteorological factors and air pollution in patients with asthma or chronic ob-
structive pulmonary disease (COPD).

Methods: We analyzed the medical care utilization patterns of patients with asth-
ma or COPD registered in the Korea Health Insurance Review and Assessment
database for the period 2007 to 2013. The patterns were divided into hospitaliza-
tion and emergency department (ED) use.

Results: The medical care use of patients with asthma or COPD increased when
the mean temperature and relative humidity were lower, and the temperature dif-
ference and atmospheric pressure were greater. Medical care use increased with
the concentrations of particulate matter and ozone. Among age groups, sensitivity
to pollutants was greatest in patients aged = 65 years. The effect of being elderly
was greater for asthma than for COPD, with a higher hospitalization rate. ED
utilization affected by environmental factors was significantly greater for females
and hospitalization was significantly more common for males.

Conclusions: Meteorological factors and air pollutants were shown to contribute
to increased medical care utilization by patients with asthma and COPD, par-
ticularly elderly patients. The overall effect was greater for COPD, but the effect
in elderly patients was greater for asthma. In addition, the patterns of change in
medical care use due to environmental factors differed according to sex.

Keywords: Weather; Air pollution; Asthma; Pulmonary disease, chronic obstruc-
tive; Health care utilization

INTRODUCTION

es and exacerbation of chronic diseases [1]. Uncontrolled
chronic disease increases health care utilization and

Health is affected by multilevel influences, such as
weather, air pollution, and housing patterns, and by
personal factors, such as age, sex, smoking, alcohol con-
sumption. Weather changes and exposure to air pollu-
tion are associated with the development of new diseas-
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medical costs [2]. Thus, interventions for environmental
and personal life management are needed for the prop-
er management of chronic diseases.

Asthma and chronic obstructive pulmonary disease
(COPD) are chronic respiratory diseases involving ob-
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structive ventilatory defects, and they are known to be
aggravated by changes in weather and air pollution. High
concentrations of particulate matter (PM) and ozone
(¢ 3) exposure result in more emergency department
(ED) visits and hospitalizations due to the exacerbation
of asthma [3-6]. In addition, hospitalization due to the
worsening of COPD increases with the concentrations
of PV, sulfur dioxide, nitrogen dioxide, and atmospher-
ic O, [7]. Low temperature and humidity, high atmo-
spheric pressure, and strong winds have been reported
to be associated with worsening of asthma symptoms [8-
10]. Thus, patients’ appropriate responses to changes in
weather and air pollution are important for the manage-
ment of their respiratory diseases. In addition, knowl-
edge of the personal characteristics of patients who are
more vulnerable to environmental factors would facili-
tate the development of appropriate interventions. This
study was conducted to examine patterns of medical
care utilization according to meteorological factors and
air pollution in patients with asthma or COPD.

METHODS

Study population

Data on the medical care utilization patterns of patients
with asthma or COPD in Busan, Ulsan, and Gyeong-
sangnam-do for the period 2007 to 2013 were extracted
from the Korea Health Insurance Review and Assess-
ment (HIRA) database. The data included the dates of
medical care service use, patient age and sex, place of
residence, and diagnostic codes (1oth revision of the
International Classification of Diseases [ICD-10] codes)
associated with each medical care visit. The diagnostic
codes for asthma and COPD use were extracted, and
medical care utilization was classified as hospitaliza-
tion and ED use. To ensure diagnostic accuracy, only
patients diagnosed with asthma or COPD based on the
Chronic Condition Data Warehouse (CCW) algorithm
were included in the analyses [11]. According to the CCW
algorithm, the diagnosis of asthma or COPD can be con-
firmed by a history of at least one hospitalization or two
outpatient claims with an ICD-10 code for asthma (J45 or
J46) or COPD (J40 to J44) recorded in the hospital med-
ical records in the previous year. Patients were grouped
by age (o to 9, 10 to 29, 30 to 44, 45 to 64, and = 65 years)
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for identification of susceptible age groups.

This study was approved by the Institutional Review
Board of Pusan National University Hospital (IRB no.
H-2004-010-089). All personal identifying information
for the included patients was anonymous; therefore, in-
formed consent for this study was waived by the board.

Air pollution and meteorological data

Air quality indicators included daily means of hourly
concentrations of PM with aerodynamic diameters <
10 pm (PM, ) and the highest average concentration of
O, for an 8-hour period (where there are large fluctua-
tions throughout the day). As the O, concentration can
vary seasonally, O, levels for May to September, when
the concentration is expected to be relatively high, were
included in the analyses. For the determination of in-
dividuals’ air pollution exposure, subjects’ residence
locations were confirmed and values from the nearest
measurement stations were used.

Meteorological observation data according to place
of residence, obtained from the nearest monitoring
station, were provided by the Korean Meteorological
Administration and included mean temperature (°C),
temperature difference (°C), wind speed (m/sec), relative
humidity (%), and atmospheric pressure (hPa).

Statistical analysis

Statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA) and Stata software
version 15.0 (StataCorp LLC, College Station, TX, USA).
Multilevel Poisson regression analysis was performed
to examine associations of daily weather and air quality
parameters with patients’ health care utilization, taking
into consideration age and sex distributions, and the
place of residence. The regression results are presented
as incidence rate ratios (IRRs). We performed receiver
operating characteristic (ROC) analysis to compare the
concentrations of PM and O, when patients visited the
ED against the respective standards provided by the
World Health Organization (WHO); this was import-
ant because patient condition can deteriorate due to
such environmental factors. In addition, we examined
whether there were differences in the influence of envi-
ronmental factors between the diseases. In all analyses, p
< 0.05 was taken to indicate statistical significance.
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RESULTS

Clinical characteristics of the study subjects

The total number of medical care visits in Busan, Ulsan,
and Gyeongsangnam-do for the period 2007 to 2013 was
434,008,772, including 147,910 (0.03%) for asthma and
229,133 (0.05%) for COPD management. Medical care
visits were more prevalent among female patients (asth-
ma, 54.8%; COPD, 55.6%) (Tables 1 and 2). Medical care
use due to asthma was most prevalent among patients
aged = 65 years, followed by those aged 45 to 64 and o
to ¢ years (Table 1). Medical care use due to COPD was

Table 1. Clinical characteristics of patients with asthma
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prevalent in the 45 to 64 and = 65 years age groups (Table
2). With regard to place of residence, asthma accounted
for a large proportion of medical care visits in Gyeong-
sangnam-do, while COPD accounted for the largest pro-
portion in Busan (Tables 1 and 2).

Weather and air pollution

Table 3 shows the data on environmental factors. During
the study period, the mean temperature was 14.1°C +
9.1°C (range, -11.3 to 34.0); the mean temperature differ-
ence was 9.3°C + 4.1°C (range, 0.1 to 28.8), and the mean
wind speed was 2.3 + 1.4 m/sec (range, o to 16.1). The

Characteristic Total Hospitalization Emergency department use
(n =147,910) (n = 4,090) (n=172,601)
Female sex 80,995 (54.8) 2,045 (50.0) 41,973 (57.8)
Age, yr
0-9 23,109 (15.6) 277(6.8) 7,928 (10.9)
10-29 13,322 (9.0) 174 (4.3) 5,200 (7.2)
30-44 13,913 (9.4) 180 (4.4) 6,316 (8.7)
45-64 38,080 (25.7) 753 (18.4) 20,994 (28.9)
= 65 59,486 (40.2) 2,706 (66.2) 32,163 (44.3)
Residence
Busan 61,750 (41.7) 1,583 (38.7) 28,020 (38.6)
Ulsan 22,891 (15.5) 509 (12.4) 11,028 (15.2)
Gyeongsangnam-do 63,269 (42.8) 1,998 (48.9) 33,553 (46.2)

Values are presented as number (%).

Table 2. Clinical characteristics of patients with chronic obstructive pulmonary disease

Characteristic Total Hospitalization Emergency department use
(n=229,133) (n =4,522) (n =115,489)
Female sex 127,422 (55.6) 2,111 (46.7) 66,218 (57.3)
Age, yr
0-9 7,930 (3-4) 22(0.5) 1,038 (0.9)
10-29 27,777 (12.1) 237(5.2) 11393 (9.9)
30-44 39,287 (17.1) 460 (10.2) 18,474 (16.0)
45-64 77,227 (33.7) 1,267 (28.0) 43,663 (37.8)
=65 76,912 (33.6) 2,536 (56.1) 40,921 (35.4)
Residence
Busan 114,267 (49.9) 1,725 (38.2) 55,558 (48.1)
Ulsan 30,690 (13.4) 607 (13.4) 15,660 (13.6)
Gyeongsangnam-do 84,176 (36.7) 2,190 (48.4) 44,271 (38.3)

Values are presented as number (%).
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Table 3. Distribution of environmental factors
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Variable Mean+SD  Minimum LOWCI Median Up,p ct Maximum Range,

quartile, Q1 quartile, Q3 Q3-Q1
Mean temperature, °C 14.1+9.1 -11.3 6.5 15.0 21.8 34.0 153
Temperature difference, °C 93%4.1 0.1 6.4 8.8 11.6 28.8 5.2
Wind speed, m/sec 23+1.4 ) 13 1.9 2.8 16.1 1.5
Relative humidity, % 63.1+£17.0 11.3 50.4 653 76 100 25.6
Atmospheric pressure, hPa  1,008.9+ 8.4 968.8 1,003.3 1,009.1 1,015 1,033.1 11.7
PM,,, pg/m? 48.7+33.6 o 31.2 42.9 58.8 1,548.2 27.6
O,, ppb 39.2+16.4 1 27.7 373 48.9 153.1 21.2
PM, particulate matter; 03, ozone.
Table 4. Effects of weather and air pollutants on medical utilization patterns

Asthma COPD

Variable Hospitalization deizllr:;%:zfise Hospitalization deiszsifﬁse
Mean temperature, °C 0.988%(0.985-0.991) 0.984(0.983-0.984)  0.983(0.980-0.986) 0.973% (0.973—0.974)
Temperature difference, °C  1.027%(1.018-1.036) 1.019% (1.017-1.022) 1.018% (1.009-1.027) 1.025% (1.023-1.027)
Wind speed, m/sec 1.025 (0.994-1.056) 1.003(0.995-1.011)  1.040" (1.011-1.070) 1.024% (1.018-1.030)
Relative humidity, % 0.996%(0.994-0.998)  0.994" (0.994—0.995)  ©.995% (0.993—0.996) 0.990%(0.990—0.990)
Atmospheric pressure, hPa  1.007"(1.003-1.011) 1.016 (1.015-1.017) 1.010% (1.006-1.014) 1.027* (1.026-1.027)
PM,,, pg/m? 1.001%(1.000-1.002) 1.001° (1.001-1.001)  1.001* (1.001-1.002) 1.001% (1.001-1.001)
O,, ppb 1.000 (0.997-1.003) 1.002" (1.001-.003) 1.001 (0.998-1.004) 1.005" (1.004-1.005)

Values are presented as incidence rate ratio (95% confidence interval).

COPD, chronic obstructive pulmonary disease; PM, particulate matter; O, ozone.

p<o0.001.
bp <0.05.

mean relative humidity was 63.1% + 17.0% (range, 11.3 to
100), and the mean atmospheric pressure was 1,008.9 +
8.4 hPa (range, 968.8 to 1,033.1). Air quality, as indicated
by the mean daily PM,  and O, levels over an 8-hour pe-
riod, was normal based on the daily exposure limits set
by the WHO (50 pg/m3 and o.05 ppm for PM, _ and 0O,
respectively), with values of 48.7 + 33.6 pg/m3 and 39.2 +
16.4 ppb, respectively.

Effects of weather and air pollution on health care
utilization patterns

Age and sex-adjusted IRRs showed that increased med-
ical care utilization due to environmental factors was
associated significantly with decreases in mean tem-
perature and relative humidity, and increases in tem-
perature difference and atmospheric pressure (Table 4).
A decrease in mean temperature by 1°C increased the

https://doi.org/10.3904/kjim.2020.168

rates of hospitalization due to asthma and COPD by
1.2% and 1.7%, respectively, and increased ED use by
1.6% and 2.7%, respectively. An increase in temperature
difference of 1°C increased the rates of hospitalization
due to asthma and COPD by 2.7% and 1.8%, respectively,
and increased ED use by 1.9% and 2.5%, respectively. A
10% decrease in relative humidity was associated with
increases of 4% and 6% in asthma admissions and ED
use, respectively, and of 5% and 10% in COPD admis-
sions and ED use, respectively. An increase in atmo-
spheric pressure of 10 hPa was associated with increases
in asthma hospitalizations and ED use of 7% and 16%,
and of COPD admissions and ED use of 10% and 27%,
respectively. An increase in wind speed of 1 m/sec was
associated with a 4% increase in hospitalizations and a
2.4% increase in ED use due to COPD, but wind speed
showed no association with admission or ED use related
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Table 5. Susceptibility in terms of hospitalization by age
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12.66%
(11.450-13.999)

12.70%

2.371%
(2.132-2.638)
2.380°
(2.138-2.649)

1.000
1.000

0.459"

(0.393-0.537)
0.462%

(0:395-0.540)

0.128%
(0.084-0.197)
0.128*

(0.084-0.197)

34.290"
(29.459-39.885)

34.180%
(29.371-39.766)

3.581%

(3-043—4.212)
3:593"
(3.053-4.229)

1.000
1.000

0.862
(0.700-1.061)
0.862

4.130°
(3.421-4.983)

4.160%
(3.449—5.018)

Wind speed,
m/sec
Relative

(11.485-14.027)

(0.700-1.062)

humidity, %
Atmospheric

12.71%
(11.496-14.055)

2.381%
(2.140-2.651)

1.000

0.461°
(0.395-0.540)

0.128*
(0.084-0.197)

34.310°

3.595"
(3.056—4.229) (29.488-39.925)

0.862 1.000

(0.700-1.062)

4.160%
(3.449-5.018)

pressure, hPa
PM,, pg/m’

12.91°

2.409*
(2.160-2.686) (11.658-14.296)

1.000

0.459"

0.134%
(0.087-0.206) (0.391-0.539)

34.530"
(29.607—40.246)

3.548"
(3.007-4.187)

1.000

0.860
(0.696-1.062)

4.194°
(3.466-5.073)

15.14°
(12.68-18.084)

2.544*
(2.102-3.077)

1.000

0.481°

38.35° 0.191*

3.520°
(2.667—4.646) (29.666—49.600) (0.100-0.362) (0.365-0.635)

0.890 1.000

(0.626-1.266)

3.931%

(2.843-5.430)
Values are presented as incidence rate ratio (95% confidence interval).

0,, ppb

The Korean Journal of Internal Medicine Vol. 36, No. 5, September 2021

COPD, chronic obstructive pulmonary disease; PM, particulate matter; O,, ozone.

p < o0.001.

to asthma.

An increase in PM,  of 10 pg/m3 was associated with an
increase 0f1% in medical care visits for both asthma and
COPD. In addition, an increase in the O, level by 10 ppb
for the period May to September increased ED use for
asthma and COPD by 2% and 5%, respectively (Table 4).

The increases in incidence of medical care use associ-
ated with changes in meteorological factors and air pol-
lution concentrations were slightly greater for COPD
than for asthma (Table 4).

Susceptibility according to age
The risk of increased medical care utilization for asthma
was highest among elderly patients, followed by those
aged o to g years (Tables 5 and 6). The effect on COPD
was also significant in elderly patients (Tables 5 and 6).
Hospitalization and emergency medical care visits de-
creased in patients with COPD aged below 30 years.
Both diseases were most affected in the elderly, but
the effects of elderly asthma patients compared to young
adults were greater than that of COPD (Tables 5 and 6).

Susceptibility according to sex

In both diseases, medical care use was more prevalent
among female patients (Tables 1 and 2). The effects of
environmental factors on hospitalization and ED use
rates differed according to sex (Table 7). Overall, ED use
due to environmental factors was more common in fe-
males, and hospitalization was more common in males.

The values of environmental factors affecting emer-
gency medical care use

The values associated with disease worsening, evaluated
by ROC analysis, are presented in Table 8. Mean tem-
perature associated with exacerbation of asthma and
COPD were 19.9°C for asthma and 20.2°C for COPD,
relative humidity were 65.8% for asthma and 65.3% for
COPD, and atmospheric pressure were 1,006.0 hPa for
asthma and 1,008.1 hPa for COPD. PM, _ concentration
were 46.0 pg/m3 for asthma and 53.5 pg/m3 for COPD,
indicating that lower concentrations were associated
with increased in medical care utilization for asthma.
The WHO) criterion for PM,  and O, is based on an up-
per limit of a 24-hour average concentration of 50 pg/m3
and 8-hour average concentration of 0.05 ppm, respec-
tively. The PM,  concentration determined to increase

https://doi.org/10.3904/kjim.2020.168
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Table 6. Susceptibility in terms of emergency department use by age
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Table 7. Medical care use patterns among females (versus males)

The Korean Journal of Internal Medicine Vol. 36, No. 5, September 2021

Asthma

COPD

Variable o
Hospitalization

Emergency
department use

e l0eriG Emergenc
Hospitalization gency
department use

Mean temperature, °C 0.761*(0.715-0.810)

a

Temperature difference, °C 0.762%(0.716—0.811)

Wind speed, m/sec
Relative humidity, %

a

0.762

a

0.762%(0.717-0.811)

(

(
0.760(0.715-0.809)

(

Atmospheric pressure, hPa (

(

PM,,, pg/m’ 0.772*(0.725-0.822)

O,, ppb 0.754"(0.681-0.835)

1.165%(1.148-1.183)
1.165%(1.148-1.183

0.717—0.811) 1.165%(1.148-1.183

)
1.165"(1.148-1.183) 0.695"(0.655-0.737)
)
1.165"(1.148-1.183)
1.174% (1.156-1.191)

1.137% (1.108-1.166)

0.695% (0.655-0.737) 1.181%(1.166-1.195)

1.168-1.195)
)
)

1.166-1.195)

0.695%(0.655—0.737) 1.181%
a

1.181%(1.168-1.195

a

0.694"(0.654—0.736) 1.181

1.184%(1.17-1.198)

(

(
0.694"(0.654—0.736) 1.181%(1.168-1.195

(

0.698%(0.658—0.741) (

(

0.665"(0.602-0.736) 1.148%(1.124-1.172)

Values are presented as incidence rate ratio (95% confidence interval).
COPD, chronic obstructive pulmonary disease; PM, particulate matter; O,, ozone.

p<o.001.

Table 8. Thresholds for effects of weather and air pollutants on emergency department use (ROC analysis)

Asthma COPD

Variable

Cutoff value AUC pvalue Cutoff value AUC p value
Mean temperature, °C 19.9 0.541 <0.001 20.2 0.569 <0.001
Temperature difference, °C 13.8 0.503 < 0.001 12.2 0.523 < 0.001
Wind speed, m/sec 2.9 0.508 < 0.001 1.8 0.529 < 0.001
Relative humidity, % 65.8 0.536 < 0.001 65.3 0.568 < 0.001
Atmospheric pressure, hPa 1,006.0 0.580 <0.001 1,008.1 0.595 <0.001
PM,,, pg/m? 46.0 0.519 <0.001 53.5 0.518 <0.001
O,, ppb 57.5 0.499 0.629 27.5 0.509 0.021

ROC, receiver operating characteristic; COPD, chronic obstructive pulmonary disease; AUC, area under the curve; PM, partic-

ulate matter; O,, ozone.

mal damage caused by chronic inflammation. Common
causes of the acute exacerbation of asthma and COPD
are airway infections [20-23] and air pollution [24,25].
PM increases the concentrations of polymorphonucle-
ar neutrophils, inflammatory mediators, such as inter-
leukin (IL)-1B, tumor necrosis factor-a, IL-6, and IL-8,
and chemokines, causing inflammatory reactions and
increased mucus secretion [26-28]. In addition, strong
oxidants cause lung damage and increase airway hy-
perresponsiveness, resulting in bronchial contraction.
These changes can lead to obstruction of the bronchi-
oles, which can reduce the forced expiratory volume in 1
second (FEV1) and cause shortness of breath [29]. Expo-
sure to O, causes airway hyperreactivity, lung hyperper-
meability, inflammation, and cell damage, which may
induce more exaggerated oxidative stress-associated
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asthma exacerbation [30]. Thus, exacerbation of asthma
and COPD, as chronic respiratory diseases, by environ-
mental factors is known to occur, but the effects of envi-
ronmental factors on asthma and COPD have not been
compared. Our study, which evaluated the medical care
use patterns of asthma and COPD patients exposed to
the same environmental factors, confirmed that medical
care visits related to COPD increased slightly with expo-
sure to environmental factors. Moreover, elderly asthma
patients were more sensitive to environmental factors
than elderly COPD patients.

Our study confirmed increases in medical care uti-
lization for both diseases among patients aged = 065
years, with a greater effect seen for elderly asthma than
for elderly COPD. Hospitalization rates also increased
significantly among patients aged = 65 years. Elderly
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patients are greatly affected by environmental factors,
which may lead to more severe exacerbations requiring
hospitalization. In an analysis of health care utilization
by elderly patients (age = 65 years) diagnosed with asth-
ma or COPD in the period 1984 to 1991 in the USA, the
duration and cost of hospitalization were greater for pa-
tients with COPD than for those with asthma [31]. Our
study was unique in that it analyzed medical care utiliza-
tion patterns according to environmental factors. COPD
alone may have a higher hospitalization rate than asth-
ma, but elderly asthma patients may be more sensitive
to the effects of environmental factors. This latter find-
ing may have been due to the inclusion of patients with
asthma-COPD overlap syndrome (ACO) in the asthma
cohort. Patients with ACO generally have been reported
to experience more frequent exacerbations than elder-
ly patients with either asthma or COPD alone [32,33]. As
the diagnoses were based on diagnostic codes provided
by HIRA, we were unable to distinguish ACO patients;
therefore, relatively low diagnostic accuracy could have
been a limitation of this study. Of course, ACO patients
may also have been included in the COPD cohort. It is
also possible that the COPD cohort included patients
with relatively mild diseases, such as bronchitis, due
to use of the CCW algorithm. Therefore, further stud-
ies are required with more accurate diagnoses. Despite
these limitations, our study was valuable in that we com-
pared the impact of environmental factors between two
elderly disease groups; the results suggested a difference
between the groups in terms of the extent to which they
were influenced by environmental factors.

The frequency of ED visits was greater for females,
and that of hospitalizations was greater for males. These
results suggested that many exacerbations requir-
ing hospitalization occurred in males. Singh et al. [34]
showed that adult males had more severe acute asth-
ma exacerbations than adult females, although females
were admitted to the hospital twice as often. Hopke et
al. [35] also reported female predominance of ED visits
(discharge without hospitalization) for asthma. de Tor-
res et al. [36] reported that women with COPD had more
exacerbations than men, but found no difference in the
hospitalization rate between the sexes, suggesting that
women’s symptomatic exacerbations requiring medical
attention were not severe enough to require hospital
admission. However, some authors have reported that
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female sex is a protective factor against ED visitation
among patients with COPD [35,37]. Therefore, women
may be more sensitive to the exacerbation of respiratory
symptoms, leading to increased use of ED facilities, al-
though the reported associations have been somewhat
inconsistent for COPD, and severe deterioration requir-
ing hospitalization for chronic respiratory diseases may
be more frequent in men.

We examined the extent to which environmental fac-
tors worsened disease by ROC analysis. The WHO crite-
rion for PM,  is based on an upper limit of a 24-hour av-
erage concentration of 50 pg/m3. In this study, the PM,
level determined to increase ED visits due to asthma was
45.9 pg/m3, which was lower than both the WHO value
and the value for COPD. In previous studies, the effects
of environmental factors were estimated by dividing the
distributions of values for weather or air pollutant vari-
ables [38]. We attempted to identify the levels affected
by environmental factors by ROC analysis. We recognize
that these values are unreliable, as we did not evaluate
diagnostic test accuracy, and there were large interin-
dividual variations in medical care use. However, this
approach showed that the sensitivity to environmental
factors may vary among diseases.

Our study had several limitations. The first was the
limitation of diagnostic accuracy as mentioned above,
as diagnoses were based on diagnostic codes extracted
from the HIRA data. Second, we used mean PM _ and
O, values, although the effects of environmental fac-
tors may change frequently with changes in weather or
air pollution. In the case of O,, the analysis period was
set with consideration of the effects of season. In oth-
er study, O, was analyzed only during the summer [38].
Both asthma and COPD tend to worsen during winter,
so the effects of O, were not analyzed over a period of
1 year instead being limited to the period May to Sep-
tember. That analysis indicated that the use of medical
services for asthma and COPD increased with decreas-
ing O, concentration. It is thought that the influence of
meteorological factors on disease course may be larger
during periods of low O, concentration. In addition, we
did not conduct an analysis of delayed effects of envi-
ronmental factors, where previous studies showed that
the effects on COPD seems to be more delayed than
those on asthma [4,19,39]. We treated each medical care
visit as a discrete event; individuals making multiple vis-
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its were not distinguished. Although air pollution lev-
els were analyzed according to place of residence in the
regression analysis, actual exposure could differ mark-
edly from daily average estimates, depending on factors
such as time spent outside, place of work, and distance
between the monitoring station and place of residence.
If the distance between the measurement station and
place of residence is large, actual exposure may be very
different from the average estimate. Although the envi-
ronmental factors in our study could not reflect actual
exposure, our analysis was meaningful in that it took
regional differences into consideration.

In summary, the results of this study demonstrated
the impact of environmental factors on patients utilizing
medical care services due to asthma and COPD. We con-
firmed that the influence of environmental factors dif-
fered by sex and age, and that sensitivity values differed
between the two diseases. The environmental factors had
a greater effect in elderly and female patients, although
the hospitalization rate was higher for males. In addition,
exacerbations differed between the diseases. These re-
sults suggested that environmental factors, such as tem-
perature, humidity, and 03, can have an adverse effect on
the disease course, but not in all patients. Individualized
treatment and management has recently been empha-
sized for asthma and COPD; such treatment should take
sex, age, and environmental factors into account.

KEY MESSAGE

1. Meteorological factors and air pollutants af-
fected the rate of medical care utilization in
patients with asthma and chronic obstructive
pulmonary disease (COPD).

2. COPD was associated with more medical care
visits due to environmental factors, but in el-
derly asthma, the increase in medical use is
greater than in COPD.

3. Females may be more sensitive to environmen-
tal factors, with greater exacerbation of respi-
ratory symptoms, although more exacerbations
requiring hospitalization occurred in males.

4. Sensitivity to environmental factors may differ
between diseases.
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