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Abstract: Outdoor air pollution and biomass smoke exposure are related to the prevalence of chronic
obstructive pulmonary disease (COPD). Since Osorno, Chile, is saturated with fine particulate
matter (PM2.5), the aim of this work is to determine the prevalence distribution of COPD patients
in the Primary Health Care (PHC) system in the city of Osorno, and its relationship with PM2.5. A
cross-sectional descriptive study was carried out on COPD patients enrolled in the six PHC centers
(PHCCs) of the city to assess the adjusted prevalence (population over 40 years). Gender- and
territory-associated odds ratios (ORs) were also determined. In addition, an urban analysis of the
distribution of PM2.5 and an exploratory analysis of the spatial behavior of enrolled COPD patients
through featured binning were carried out. In 2018, the city of Osorno had 809 enrolled COPD
patients in the PHC system (55.1% female), with a 1.3% age-adjusted prevalence (inhabitants over
40 years old), which was 11.7% after underdiagnosis correction. The COPD patients were mainly
between 70 and 79 years old (34.3%). The urban area under the administration of the PHCC Rahue
Alto (PHCC-RA) had a higher OR (1.98 [1.73–2.26]) compared to the situation of the city. Also,
air pollution (PM2.5) was the highest in the PHCC-RA area, which could account for the observed
prevalence. The number of COPD patients in this area is the highest in the commune, which increases
the risk of complications derived from the disease and air pollution. Thus, territories with the highest
COPD prevalence have the largest OR, which could complicate patients’ condition due to the high
levels of outdoor air pollution.

Keywords: outdoor PM2.5; chronic obstructive pulmonary disease; Osorno

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a global public health problem due
to its high prevalence, its progressive condition, the deterioration of the patient’s quality of
life, and its great economic impact [1]. Smoking is the primary risk factor for COPD, but
not all smokers develop the disease, as it also depends on genetic susceptibility [2] and
other exogenous factors, such as exposure to biomass combustion smoke [3].

In 2015, 3.2 million people died from COPD worldwide [4]. In 2017, the prevalence was
estimated at 300 million patients, and it was the cause of 5.7% of all global deaths [5]. Global
mortality of COPD is anticipated to increase up to 7.8% of total mortality in 2030 [6], unless
urgent actions are taken to reduce underlying risk factors, especially smoking. However,
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globally, while 1.1 billion people smoke tobacco, about 3 billion people are exposed to
biomass-burning smoke [7,8]. In 2010, the global prevalence of COPD was estimated at
11.7% [9]. The Latin American Pulmonary Obstruction Research Project (PLATINO) of the
Latin American Thoracic Association estimated that Santiago—the capital of Chile—has a
crude prevalence of 16.9%, or 14.5% when adjusted by age (over 40 years), sex, ethnicity,
education, pack-years of smoking, exposure to household biomass and coal pollution,
occupational exposure to dust, and body mass index [10].

Exposure to outdoor air pollution is also related to the prevalence and incidence
of COPD [11,12] and a decrease in respiratory function [13]. In Chile, 31.8% of patients
with COPD report having never smoked, so this high prevalence would be associated
with exposure to occupational dust or gases, biomass combustion, history of pulmonary
tuberculosis, chronic asthma, respiratory infections during childhood, air pollution, and
the socioeconomic stratum [14].

Atmospheric pollution is the presence of polluting elements in the air that alter its
composition and affect any component of the ecosystem [15]. It is a public health prob-
lem worldwide, mainly due to its harmful effects on the respiratory and cardiovascular
systems [16]. Among the pollutants, particulate matter (PM) is distinguished into a large
fraction (≤10 µm, PM10) and a fine fraction (≤2.5 µm, PM2.5), composed of particles small
enough that they can penetrate the respiratory tract until reaching the alveoli and the
bloodstream [17].

Exposure to air pollutants increases both morbidity and mortality rates, as well as
the number of hospital admissions of patients with respiratory and cardiovascular symp-
toms [16], and is of particular importance due to its harmful effect on patients with chronic
respiratory diseases [18]. It is estimated that worldwide, 1.4% of mortality is associated
with air pollution [19–21]. According to the World Health Organization (WHO), in 2020,
there were 3.2 million deaths attributable to the effects of indoor pollution produced by the
combustion of paraffin, biomass, and coal, used for heating and/or cooking, of which 19%
were from COPD [22]. In China, incomplete combustion of biomass fuel is responsible for
10–12% of COPD cases in non-smokers [23]. However, the impact of air pollution derived
from biomass combustion on COPD has not been directly studied in Chile.

The city of Osorno is located 938 km south of Santiago, the capital of Chile. It
is the third-most PM2.5-polluted city in Chile, with an annual average of 30 µg/m3 in
2023, after Coyhaique (Aysén region; 38 µg/m3) and Padre las Casas (Araucanía region,
33 µg/m3) (https://sinca.mma.gob.cl/index.php/, accessed on 22 March 2024). Osorno
was declared a saturated zone for PM10 and PM2.5 in 2012 [24]. As of 2016, the Atmospheric
Decontamination Plan for the City of Osorno has been in effect [25]. According to the 2017
CENSUS, the commune has 161,460 inhabitants, of which 91.4% are located within the
urban radius (city of Osorno). The city has 60,132 homes [26], with an average annual
consumption of 13.4 m3 of firewood per home in 2017 [27].

In this work, we determine the sociodemographic characteristics and prevalence of
COPD among the inhabitants of the different administration territories of the Primary
Health Care Centers (PHCCs) in the city of Osorno, Los Lagos Region, Chile, in 2018. In
addition, we describe the geographical distribution pattern of patients according to the
levels of PM2.5 in the city. First, we analyzed the territorial distribution of COPD patients
enrolled in the six PHCCs from the city and the age-adjusted prevalence distribution
(regarding the population over 40 years old). To establish whether living in a particular
area in the city of Osorno is a risk factor for COPD, and to compare the magnitude of
different territories’ risks for that outcome, odds ratio (OR) analysis was also carried out.
Then, we mapped the urban distribution of PM2.5 during the critical air pollution episodes
in the city and discussed how this factor could affect the health of COPD patients and the
functioning of the Primary Health Care system.

https://sinca.mma.gob.cl/index.php/
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2. Materials and Methods
2.1. Study Design and Ethical Approval

An analytical, observational, and cross-sectional research was carried out, which
incorporated an independent variable (PM2.5 pollution) in a quasi-experimental manner.
The administration territories of each of the six Primary Health Care Centers (PHCCs) were
delimited for the entire city of Osorno (urban Osorno, UOS), being the following: PHCC
Marcelo Lopetegui, hereinafter PHCC-ML; PHCC Ovejería, PHCC-OV; PHCC Pampa
Alegre, PHCC-PA; PHCC Pedro Jauregui, PHCC-PJ; PHCC Quinto Centenario, PHCC-QC;
and PHCC Rahue Alto, PHCC-RA (Figure 1). The territorial information from the Health
Department of the Municipality of Osorno (HDMO) was used. Polygons were adjusted
using the ArcGIS Desktop 10.5 software (Environmental Systems Research Institute, Inc.,
ESRI. Redlands, CA, USA, 2020), according to the urban boundary of Osorno obtained
from the 2017 census micro-data [28]. This study was approved by the Scientific Ethics
Committee of the Valdivia Health Service (ORD N◦036, 17 February 2020).
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Figure 1. Administration areas of the six Primary Health Care Centers (PHCCs) in the city of Osorno,
Los Lagos region, Chile. Colored areas depict the urban territories administered by each PHCC
(located at red crosses). Right upper insert, location map of the Los Lagos region (red) in Chile
(gray). Middle insert, location of the city of Osorno (black dot) within the commune of the same
name (yellow area) in the Los Lagos region (red). PHCC-ML, Primary Health Care Center Marcelo
Lopetegui; PHCC-OV, Ovejería; PHCC-PA, Pampa Alegre; PHCC-RA, Rahue Alto; PHCC-PJ, Pedro
Jauregui; PHCC-QC, Quinto Centenario. Open arrowhead, magnetic north. Bar, 1 km.

2.2. COPD Patients’ Information, Adjusted Prevalence, and Odds Ratio

Secondary databases of COPD patients, obtained from the patient registry of the
Adult Respiratory Disease Control Program, were acquired between March and May
2020. The studied population was enrolled in the PHC system in 2018. Consolidated data
were submitted to HDMO in June 2019. Thereafter, HDMO staff deleted sensitive data
not related to this study, and patients’ names were anonymized. The sociodemographic
characteristics of users with COPD were identified, including age, sex, educational level,
ethnicity, nationality, and address. Adjusted prevalence was determined by the relationship
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between the number of users with COPD and the population over 40 years old living
in the administration area of each PHCC, and at the city level (urban Osorno, UOS).
The population structure and composition in the city of Osorno and in each of the six
PHC system territories were obtained from the Economic Commission for Latin America
and the Caribbean (ECLAC)-REDATAM database (available at https://redatam.org/cdr/
descargas/censos/poblacion/CP2017CHL.zip, accessed on 15 March 2024). A contingency
table analysis was carried out to determine the odds ratio (OR). The OR was used to
establish whether living in a particular area in the city of Osorno (i.e., different PHCC
administration territories) is a risk factor for COPD, and to compare the magnitude of
different territories for that outcome (see the workflow methodology in Figure S1).

2.3. Territorial Analysis

The users’ addresses were standardized at the block level, geolocated using the Google
Earth Pro program (Google LLC, Mountainview, CA, USA), and exported as a KMZ file.
Employing the kernel density tool from ArcGIS Desktop 10.5 software (ESRI, Redlands,
CA, USA, 2020), an exploratory analysis of the spatial behavior of users with COPD (heat
maps; patient distribution) was carried out (Figure 2). Also, feature binning was carried
out to increase the visualization capability by using ArcGIS Pro 3.1 (ESRI, Redlands, CA,
USA, 2023) [29]. Feature binning aggregates large amounts of point features into dynamic
polygon bins that vary through scaled levels of detail, and a single bin represents all features
within its boundaries at that level of detail [30].
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Figure 2. Heat map of COPD patients’ distribution in the city of Osorno. Colored scale, from sparse
(purple) to dense (yellow). Administration areas of the six Primary Health Care Centers (PHCCs)
in the city of Osorno are depicted. PHCC-ML, Primary Health Care Center Marcelo Lopetegui
(blue); PHCC-OV, Ovejería (green); PHCC-PA, Pampa Alegre (yellow); PHCC-RA, Rahue Alto (dark
grey); PHCC-PJ, Pedro Jauregui (red); PHCC-QC, Quinto Centenario (pink). Upper right insert,
location map of the city of Osorno (black) in the Los Lagos region. Open arrowhead, magnetic north.
Bar, 1 km.
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2.4. PM2.5 Air Pollution Data and Measurements

The Chilean Ministry of the Environment defines the critical episode management
(CEM) period in the commune of Osorno between 1 April and 30 September of each year.
During pre-emergency episodes, the PM2.5 24 h average is between 110 and 169 µg/m3; in
emergency episodes, the PM2.5 24 h average is greater than or equal to 170 µg/m3 [31].

The whole-commune air pollution (PM2.5) data from 2019 were obtained from Osorno’s
Ministry of the Environment air quality monitoring station [31]. Annual daily average PM2.5
levels were used. Hourly PM2.5 pollution data on verified pre-emergency (24 h average,
PM2.5 110–169 µg/m3; n = 20) and emergency (24 h average, PM2.5 ≥ 170 µg/m3; n = 7)
days were also downloaded. Territorial PM2.5 levels were recorded in 142 different points of
the commune (Figure 3A) using the portable eSAMPLER Dual Ambient Monitor/Sampler
fine particulate matter measurement equipment (MetOne Instruments Inc., Grants Pass,
OR, USA), which allows the measurement of particles in real time through the scattering of
visible laser light. The measurements were carried out between 18:00 and 23:59 Chilean
local time (CLT) on the days defined as a critical air pollution episode (pre-emergency,
n = 26; and/or emergency, n = 17) according to the Chilean Ministry of the Environment
forecast model. Collected data were analyzed using advanced geostatistical autocorrelative
kriging modeling, which generates an estimated surface from a set of scattered points.
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Figure 3. Local air pollution recording and urban green areas in the city of Osorno. (A) PM2.5

was measured at 142 points (purple dots) on emergency and pre-emergency days in 2019. Open
arrowhead, magnetic north. Upper right insert, location map of the city of Osorno (black) in the
Los Lagos region. Bar, 1 km. (B) Urban green spaces (UGSs) are hatched in light green. PHCC-ML,
Primary Health Care Center Marcelo Lopetegui; PHCC-OV, Ovejería; PHCC-PA, Pampa Alegre;
PHCC-RA, Rahue Alto; PHCC-PJ, Pedro Jauregui; PHCC-QC, Quinto Centenario.

To obtain the surface of urban green spaces (UGSs; Figure 3B), the communal (munici-
pality) inventory of urban green areas was uploaded, grouped by PHCC administration
areas, and obtained by using the geometry calculation tool from ArcGIS Pro 3.1 (ESRI 2023).
WGS84 projection and UTM 18 S coordinates were used.
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2.5. Statistical Analyses

Analyses were performed and graphs were made using GraphPad Prism® version
6.07 software (GraphPad Software, San Diego, CA, USA). Odds ratios were expressed as
ORs and 95% confidence intervals (OR [95% CI]). OR = 1, territory does not affect odds
of COPD; OR > 1, territory associated with higher odds of COPD; and, OR < 1, territory
associated with lower odds of COPD. Statistical differences were ascertained by Chi-square
and considered significant when p < 0.05. Whole-city (UOS) and PHCC area averages
of PM2.5 values are Means ± Standard Error of the Mean (SEM). Statistical differences
were ascertained using the two-way Mann–Whitney test and considered significant when
p < 0.05.

3. Results
3.1. Sociodemographic Data

In 2018, the city of Osorno had 147,666 inhabitants (52.5% females; 2017 Census). The
study group was the urban population of Osorno (UOS) over 40 years old, which corresponded
to 62,839 inhabitants (42.6% of the total population), with 34,764 (55.3%) females and 28,075
(44.7%) males. The Primary Health Care (PHC) system had 809 users with COPD, with 55.1%
(n = 446) females and 44.9% (n = 363) males (Table 1). Regarding territorial distribution among
the six PHCCs in the city, it was greatest in the PHCC-RA, with 36.1% of the users and 18.5%
of the city’s population over 40 years old. The second greatest was PHCC-ML, with 22.7%
of users with COPD and 32.1% of the above-mentioned population. Regarding the age of
the patients, the ranges of 60–69 years stand out, with 27.5% of the cases, and 70–79 years,
with 34.3%. The median age of COPD patients reached 72 years. In terms of the maximum
educational level reached, 45.4% of users reported incomplete primary education and 17.3%
reported having completed primary education. This proportion was obtained from patients
who declared their educational level (416 out of 809). Regarding native people (4.4% Mapuche)
and nationality (99.8% Chilean), they are variables with little representation within the sample
and their analysis was carried out by incorporating them within the administration territory.
A detailed sociodemographic description at the territory level of each Family Health Care
Center can be found in Table S1.

Table 1. Sociodemographic characteristics of users with chronic obstructive pulmonary disease
(COPD) enrolled in the Primary Health Care (PHC) system from the city of Osorno in 2018.

Variable Frequency %

Gender
Female 446 55.1
Male 363 44.9

Age (Years Old)
40–49 18 2.2
50–59 97 11.9
60–69 223 27.5
70–79 278 34.3
80 and older 193 23.8

Educational Level 1

Without educational teaching 36 8.6
Incomplete primary education 189 45.4
Complete primary education 72 17.3
Incomplete secondary education 38 9.1
Complete secondary education 60 14.4
Incomplete higher education 4 0.9
Complete higher education 17 4.1

Ethnicity
Mapuche 36 4.4
None 773 95.6
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Table 1. Cont.

Variable Frequency %

Primary Health Care Center (PHCC) 2

Marcelo Lopetegui (PHCC-ML) 184 22.7
Ovejería (PHCC-OV) 43 5.3
Pampa Alegre (PHCC-PA) 144 17.8
Rahue Alto (PHCC-RA) 292 36.1
Pedro Jáuregui (PHCC-PJ) 83 10.3
Quinto Centenario (PHCC-QC) 63 7.8

Nationality
Chilean 807 99.8
Foreigner 2 0.2

1 Educational level is expressed with respect to the users who reported that variable (n = 416). 2 Expressed as a
percentage of the total users with COPD.

3.2. COPD Adjusted Prevalence and Odds Ratio

The urban adjusted prevalence was 13 cases per 1000 inhabitants over 40 years old
(1.3%), for both females and males. The highest prevalence was found in the PHCC-
RA area, with 26 cases per 1000 inhabitants among females, and 24 per 1000 in males;
while the lowest age-adjusted prevalence corresponded to the PHCC-QC area, with 5 and
7 cases per 1000 inhabitants, for females and males, respectively (Table 2). Contingency
analysis and odds ratios (ORs) of the COPD condition were analyzed in the different PHCC
administration areas (Figure 4). It was observed that the inhabitants of the PHCC-RA
territory had a higher OR, being 1.98 [1.73–2.26], compared to the total urban situation
(UOS) (Figure 4A). Similarly, both female and male people in PHCC-RA had a higher
OR than the communal situation, being 2.03 [1.69–2.44] and 1.91 [1.56–2.34], respectively
(Figure 4B,C). Finally, both in the entire city and in the different PHCC administration areas,
we did not find significant differences between females and males (Figure 4D).

Table 2. Adjusted prevalence of COPD, according to Primary Health Care Center (PHCC) adminis-
tration areas and sex, in the city of Osorno in 2018. UOS, urban area of Osorno; PHCC-ML, PHCC
Marcelo Lopetegui; PHCC-OV, Ovejería; PHCC-PA, Pampa Alegre; PHCC-RA, Rahue Alto; PHCC-PJ,
Pedro Jauregui; PHCC-QC, Quinto Centenario.

Territory

Females Males

COPD Patients Population over
40 Years Old 1

Age-Adjusted
Prevalence (Per

1000 Inhabitants) 2
COPD Patients Population over

40 Years Old 1

Age-Adjusted
Prevalence (Per

1000 Inhabitants) 2

UOS 446 34,764 13 363 28,075 13
PHCC-ML 105 11,238 9 79 8906 9
PHCC-OV 24 2228 11 19 1835 10
PHCC-PA 77 4537 17 67 3557 19
PHCC-RA 162 6302 26 130 5320 24
PHCC-PJ 49 4170 12 34 3391 10

PHCC-QC 29 6289 5 34 5066 7

1 According to 2017 Chilean Census. 2 Inhabitants over 40 years old.
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Figure 4. Territorial odds ratios (ORs) in patients with COPD. (A) Odds ratios in the entire population
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areas: ML, Marcelo Lopetegui; OV, Ovejería; PA, Pampa Alegre; RA, Rahue Alto; PJ, Pedro Jáuregui;
QC, Quinto Centenario.

3.3. PM2.5 Outdoor Air Pollution in Osorno

The annual average of outdoor levels of PM2.5 measured in 2019 in Osorno reached
33.3 ± 2.2 µg/m3 (Mean ± SEM, n = 365) with a marked seasonality, mainly associated
with biomass combustion [32]. As shown in Figure 5A, there was an increase in PM2.5 levels
in April, and they remained elevated until September. In consequence, monthly averages
were also elevated throughout the entire period of critical episode management (CEM;
Figure 5B). So, between autumn and winter (April to September), there was a five-fold
increase in PM2.5 air pollution compared with summer (January to March) and spring
(October to December) (Figure 5B, upper inset). It must be noted that the annual average
reached 33.2 ± 2.2 µg/m3, a value that is significantly lower than the CEM period average
(56.4 ± 3.6 µg/m3; p < 0.05, two-tailed Mann–Whitney test).
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at 15 µg/m3 depicts the 24 h WHO Air Quality Guideline (AQG). (B) Monthly averages of PM2.5.
Upper insert, PM2.5 concentration both in the CEM (green) and no-CEM (purple) periods. Values,
Means ± SEMs. * p < 0.01, Mann–Whitney test. (C) Hourly variation in PM2.5 levels on the twenty
days of verified pre-emergency. Filled squares with dotted connecting lines depict individual circa-
dian changes; red-filled circles, the Means ± SEMs (n = 20). (D) Hourly variation in PM2.5 levels on
the seven verified emergency days. Open squares with dotted connecting lines depict individual
circadian changes; purple-filled circles, Means ± SEM’s (n = 7); CLT, Chilean local time.

Daily variations in PM2.5 air pollution were also analyzed during pre-emergency and
emergency critical episodes in 2019. Figure 5C summarizes the hourly PM2.5 changes on
20 verified pre-emergency days. PM2.5 reached its maximal values of ca. 320 µg/m3 in
the late evening, between 20:00 and 21:00 CLT. A second peak in PM2.5 was observed (ca.
130 µg/m3) in the morning, between 08:00 and 10:00 CLT. During verified emergency
episodes (n = 7, Figure 5D), PM2.5 reached its maximal value of ca. 550 µg/m3 at 20:00 CLT
and remained elevated up to 23:00 CLT. A second marked increase in PM2.5 was observed
(ca. 200 µg/m3) in the morning, at 11:00 CLT. It must be noted that PM2.5 air pollution
reached its nadir (ca. 40 µg/m3) between 14:00 and 16:00 CLT in both pre-emergency and
emergency episodes. These data also show that the evening increase in PM2.5 reached a
rate (from 16:00 to 20:00 CLT) of ca. 70 µg/m3/h and 125 µg/m3/h during pre-emergency
end emergency episodes, respectively.

3.4. Territorial PM2.5 Air Pollution

Between April and September 2019, 26 pre-emergency and 17 emergency episodes
were predicted [33]. During those days, PM2.5 was measured in different points of the
communal urban area (Figure 3), to apply a self-correlative model (kriging) and deter-
mine the sectorial communal distribution of PM2.5. As shown in Figure 6A, fine PM air
pollution is heterogeneously distributed in the commune. The three territories located to
the west of the Rahue River, QC, PJ, and RA, remain in the same contamination range
(PM2.5 > 170 µg/m3). Figure 6B shows that the average PM2.5 values in the recording
period are different, being higher in the PHCC-RA area (446.1 ± 58.0 µg/m3), followed by
PHCC-PJ (304.1 ± 66.6 µg/m3) and then PHCC-QC (274.1 ± 38.5 µg/m3). The highest re-
sult is directly associated with the highest OR of COPD for the inhabitants of the PHCC-RA
area, unlike what is observed in the PHCC-OV area, which presents the lowest pollution
levels and ORs.

3.5. COPD Patient Distribution in Osorno

Figure 7 shows the aggregated distribution of COPD patients into hexagonal binnings
for each urban territory. Patients, both females (Figure 7A) and males (Figure 7B), are
mainly concentrated in the PHCC-RA area, a zone that is exposed to the highest levels
of PM2.5 pollution during pre-emergency and emergency critical episodes (Figure 6A).
The greatest average number of patients per binning was in the PHCC-RA area, both for
females and males. Also, the maximum aggregation numbers were in the PHCC-RA area,
with 13 and 8 patients for females and males, respectively. It is interesting to mention that
despite the PHCC-PA area having a maximum aggregation number of 12 and 8 patients for
females and males, respectively, the PM2.5 levels recorded during the CEM period in 2019
(107.2 ± 35.0 µg/m3) were lower than in the PHCC-RA area (Figure 6B). This area is the
one with the highest percentage of green areas in the city (Figure 3).
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Figure 6. Air pollution distribution in Osorno and territorial ORs of COPD. (A) Autocorrelative model
of PM2.5 pollution in the different management areas of each of the Primary Health Care Centers
(PHCCs; red crosses) in the city of Osorno. PM2.5 levels are ranked on a color scale. Upper right
insert, location map of the city of Osorno (black) in the Los Lagos region. Bar, 1 km. (B) Association
between average levels of PM2.5 pollution and the territorial ORs in the total urban population,
females, and males. Abscissae, PM2.5 values are Mean ± SEM; ordinate, OR (95% CI). UOS, urban
area of Osorno; PHCCs: ML, Marcelo Lopetegui; OV, Ovejería; PA, Pampa Alegre; RA, Rahue Alto;
PJ, Pedro Jáuregui; QC, Quinto Centenario.
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4. Discussion

A descriptive observational cross-sectional study that incorporates an independent
variable (PM2.5 pollution) in a quasi-experimental manner was carried out. The territorial
distribution of the COPD patients enrolled in the six Primary Health Care Centers (PHCC)
that exist in the city of Osorno was analyzed. The prevalence of chronic obstructive
pulmonary disease (COPD) was evaluated both in the urban area of Osorno commune and
in the different administration territories in each of the six PHCCs. Additionally, these
results were compared with PM2.5 air pollution levels.

In this study, we estimate an urban prevalence of 1.3% (13 users/1000 inhabitants)
among the population over 40 years old from Osorno. Depending on the different PHCC
areas, adjusted prevalence varies between 0.5 and 2.6%. In females, the prevalence ranges
between 0.5 and 2.6%, while in males, between 0.7 and 2.4%. The observed prevalence is
lower than the one presented in 2005 by the PLATINO study, which estimated a national
(Santiago, capital of Chile) prevalence of 16.9% (14.7–19.1%, 95% CI) [10]. On the other
hand, the global prevalence of COPD among people aged 30–79 years in 2019 was 10.3%
(95% CI 8.2–12.8) [34]. The observed prevalence reported here is ca. 12% of the global value,
which could be justified because of COPD underdiagnosis, which varies between 65.8%
and 90.6% [35–42]. Since the PLATINO study showed that 89% of individuals found to
have COPD according to spirometry results did not have a previous diagnosis in five Latin
American cities (including Santiago, Chile) [10], if the observed prevalence is adjusted to
this condition, we find a corrected prevalence of 11.7% (4.2% to 23.4%) in females and
11.8% (6.1% to 22.2%) in males over 40 years old (Table S2). After this correction, territorial
prevalences do not differ significantly from the national prevalence, except for the one
corrected in PHCC-RA, which would reach 22.8%, with 23.4% for females and 22.2% for
males. Although four out of the six PHCC territories—i.e., ML, OV, PJ, and QC—have odds
ratios less than or equal to that of the entire city, the RA and PA areas are quite different, with
ORs 97.6% and 38.9% larger than the OR of the entire city, respectively. This observation is
valid for both males and females. In two territories of the city (i.e., PA and QC), the adjusted
prevalence in males is higher than in females, as previously described [10]. However, in
the OV, RA, and PJ areas, the prevalence in females is higher than in males, meaning that
gender differences are not observed at the communal (urban) level. Since in Chile, adult
female smoking prevalence is 32.7% [43], the increased COPD prevalence and odds ratios
in the females from the RA and PA areas may be attributed to their greater susceptibility
to tobacco smoke (whether they are active or second-hand smokers) [44]. On the other
hand, this condition can be attributed to pollution from biomass combustion [45,46], which
primarily affects women who cook in poorly ventilated environments where concentrations
of particulate material in room air are higher than the recommended levels. In Osorno,
94.7% of households use firewood as fuel, and of those, 62.5% use biomass combustion
as an energy source for cooking [47]. The population pyramids from Osorno inhabitants
(urban area) and from each of the six PHCC areas show a graphical representation of
statistics regarding the age and sex of the population (Figure S1). Osorno’s population,
and that of its administration territories by each PHCC, is moving from a stationary to a
constrictive population pyramid, and the RA and PS territories have the highest density
of people over 60 years old, the age group to which 85.6% of COPD patients in the city of
Osorno belong.

Regarding schooling, 45.4% of users report a maximal educational level of incomplete
primary education, like what was published by the PLATINO study [10]. COPD patients
in the RA territory are one of the groups with the lowest educational level, with 61.8% of
patients with incomplete primary education (with an additional 13.7% without educational
teaching), only surpassed by QC patients, with 68.9% (with the addition of 11.1% illiterate)
(Table S2). According to 2017 census data (available online at https://redatam.org/es/
microdatos, accessed on 15 March 2024), 29.5% of the population (illiterate included) over
40 years old in the city of Osorno have incomplete primary education; this percentage
increases to 48.9% when we consider the population over 60 years old. Thus, although only

https://redatam.org/es/microdatos
https://redatam.org/es/microdatos
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51.4% of patients with COPD declare their educational level, the results reported here differ
from the census characteristics of the city of Osorno. Also, the RA and PA territories have
ca. 20% females aged between 15 and 40 years old. These findings are important, given
that females with low educational levels showed a faster forced expiratory volume in 1 s
(FEV1) decline than highly educated females, and this effect of low educational level on
FEV1 decline is stronger in younger females [48].

Outdoor PM2.5 air pollution in Osorno exceeded both annual (5 µg/m3) and 24 h
average (15 µg/m3) WHO recommendations [49], with a marked seasonality, mainly
between April and September. Despite this, monthly variations are not considered in WHO
recommendations or Chilean guidelines [50]. The monthly concentration corresponds
to the average of the measured 24 h concentration values at the monitoring station, in a
calendar month, and is a more accurate indicator of seasonal variations in air pollution.
The annual average masks the real pollution levels, given that due to the nature of air
pollution in Osorno, the summer and spring months (in Chile, January, February, March,
October, November, and December, called the “no-CEM” period in this work) have good
air quality since wood combustion decreases considerably due to the increase in ambient
temperature. In autumn and winter (i.e., from April to September, called the “CEM” period
in this work), the cold environment forces an increase in the demand for energy from
biomass combustion (94.7% of households [47]). The CEM period was 5.6 times more
polluted than the “no-CEM” period in 2019. In places where air pollution comes from other
anthropogenic sources, such as industrialization or vehicular transportation, the annual
average may be representative.

With every 10 µg/m3 elevation in PM2.5, the probability of COPD-related emergency
room visits and hospital admissions rose by 1.4–2.5% [51]. The daily oscillations in PM2.5 air
pollution are also interesting. During pre-emergency and emergency episodes, PM2.5 levels
vary from ca. 40 µg/m3 to 320 µg/m3 or 550 µg/m3 in 4 h, respectively. COPD patients
have worse lung function, lower FEV1 and oxygen saturation, more severe emphysema,
higher blood pressure, and cardiovascular mortality when exposed to higher levels of
PM2.5 [52]. Furthermore, the adverse effects of air pollution are greater in the elderly [53].

On the other hand, exacerbations of respiratory symptoms in patients with COPD
can be triggered by different factors (alone or in combination), such as either bacterial or
viral respiratory infections (which may coexist), environmental pollutants, or unknown
factors [54]. Short-term (daily) exposure to fine PM2.5 (10 µg/m3) is associated with in-
creased hospitalizations, emergency room visits, and outpatient visits [55], mainly by
inducing the release of pro-inflammatory cytokines, production of chemo-attractive me-
diators, generation of reactive oxygen species (ROS), and protease activation, leading to
airway inflammation, immune dysfunction, and altered airway epithelial structure and
microbiome [56]. During pre-emergency and emergency episodes (CEM period), the popu-
lation located in both PHCC-RA and -PA areas is exposed to pollution levels that greatly
exceed the WHO 24 h air quality recommendations [49]. If we add the high density of
COPD patients to this, air pollution in this area could have very serious consequences for
patients, aggravating their chronic condition, with high risks and consequent high costs
of maintaining health. A study about the hidden economic burden of morbidity related
to air pollution concludes that the health cost of residents exposed to moderate concentra-
tions of PM10 (≤20 µg/m3), and who suffer from chronic diseases (asthmatic children and
elderly with coronary heart disease), is approximately 42 times higher than that of acute
patients (i.e., EUR 8.8 million in acute patients vs. EUR 370 million in chronic patients) [57].
Also, outdoor particulate matter is the second most frequent reason contributing to the
disability-adjusted life year (DALY) rates for COPD [58].

Our results allow us to assume that acute exposure to outdoor PM2.5 could evoke
excessive demand in Primary Health Care Centers, by either increasing COPD exacerbations
on the same day [59] or after up to 10 lag days [60]. Fine particulate matter is a major risk
factor for COPD [61], and PM2.5 increases the incidence and prevalence of COPD during
long-term exposure [62,63]. So, elevated outdoor PM2.5 pollution could explain, at least in
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part, the higher prevalence of COPD in some polluted territories, but with this experimental
design, it is not possible to know if patients acquired COPD because of prolonged PM2.5
exposure or if they came to live in that area with pre-existing COPD.

Despite having both a high prevalence and OR, PM2.5 levels in the PHHC-PA area
are not among the highest in the commune, which could be attributed to the presence of
a large area of urban green spaces. The presence of urban green spaces can reduce PM2.5
levels when compared to places with less vegetation cover, providing better air quality [64].
In fact, exposure to residential greenness had a protective effect, being associated with a
lower risk of COPD [61]. Beneficial effects of 10% increments in green cover within a 1 km
residential buffer on COPD and asthma have been reported [65].

Since for each 5 µg/m3 reduction in PM2.5, the risk of acquiring COPD decreases
by 12% [66], and early mortality could be reduced to 0.52% [52], all interventions to
lessen patients’ exposure to PM2.5 may benefit those with COPD. An important challenge
for public health is the generation of more effective health regulations for atmospheric
pollution, due to the use of biomass combustion as a means of heating, cooking, and clothes
drying, and its potentially harmful effect on the health of COPD or chronic respiratory
disease patients.

5. Conclusions

The prevalence distribution of COPD patients in the city of Osorno, Los Lagos, Chile,
in 2018 was studied. Since Osorno is the third most polluted city in Chile, urban PM2.5
distribution was also assessed.

COPD prevalence in the entire urban commune was like national levels. But there were
marked differences between the six Primary Health Care Center (PHCC) administration
territories into which the commune is divided, particularly in areas with the greatest
socioeconomic vulnerability in the city. Remarkably, the Rahue Alto PHCC area has a
prevalence that is double that of the entire city and is also the most polluted area in Osorno,
which could have serious consequences for patients, aggravating their chronic condition,
with high risks and the consequent high cost of maintaining health.

Through spatial analysis, it was possible to determine the sectors of the city that
have the greatest exposure to PM2.5, which can affect the health of chronic respiratory
disease patients, such as patients with COPD. This would justify the need to establish PM2.5
measurement networks, both intra- and extra-domiciliary, to make the problem visible and
reduce the risk of exposure to air pollutants, thus promoting a better quality of life.

The results reported here raise the need to correct and promote a change in the current
public policies existing at the local level, which are marked by a strong sectoral bias, towards
the development of joint actions between state institutions, based on interdisciplinary work
between different bodies and departments, such as Health and Environment.

These results would allow us to focus and direct the delivery of financial subsidies,
derived from the current Decontamination Plan of the City of Osorno, towards the people
immersed in areas with greater health risk because of their exposure to PM2.5.

The most important limitations of this study are those derived from the way secondary
data were collected, since the precision in their collection is unknown. Furthermore, the
temporal sequence of events cannot be known, so it is not known if there are causal
relationships (since it cannot be determined if the exposure preceded the disease or vice
versa). On the other hand, the presence (or absence) of smoking in the study population,
the use of firewood, or another source of heating or cooking (e.g., coal, petroleum products,
etc.) is unknown. Therefore, a deeper characterization of patients and their homes is
very important.

This work is pioneering in the field and will constitute a baseline for future research on
the topic. Also, the use of sensitive geographic data is an invaluable asset for both the people
to whom they belong and for the health teams and those responsible for public policies. The
multidisciplinary nature of this study is a strength since it places the pathological condition
in a specific territory, along with the sociodemographic and geographic variability of each
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sector, which is considered an important contribution to the population of the city of Osorno,
as well as to the health professionals of the Primary Health Care network. Geographic
information system (GIS) application is a valuable tool to spatially locate the distribution
of patients and their potential exposure to pollutants.
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with chronic obstructive pulmonary disease (COPD) in Osorno in 2018, according to the Family Health
Care Center (FHCC) administration area; Table S2: Corrected prevalence of COPD in Osorno.

Author Contributions: Conceptualization, R.F., R.P., J.B.-A. and R.M.-R.; Data curation, R.F., J.B.-A.,
K.R.M. and E.P.R.; Formal analysis, R.F., K.R.M., E.P.R. and R.M.-R.; Funding acquisition, R.F.; Investi-
gation, R.F., R.P. and R.M.-R.; Methodology, R.F., R.P., D.R.-P.D.L.R. and R.M.-R.; Project administra-
tion, R.F. and R.M.-R.; Resources, R.F.; Software, R.F., E.P.R. and R.M.-R.; Supervision, R.F. and R.M.-R.;
Validation, R.F., K.R.M., E.P.R. and R.M.-R.; Visualization, R.F. and R.M.-R.; Writing—original draft,
R.F., R.P. and D.R.-P.D.L.R.; Writing—review and editing, R.F., J.B.-A., K.R.M., E.P.R. and R.M.-R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Fund for Research and Development in Health, FONIS
(No. SA17I0212) from the National Research and Development Agency (ANID, Chile), and by the
Regular Research Fund DI R19/20 from the Universidad de Los Lagos.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Scientific Ethics Committee of the Valdivia Health Service (ORD
N◦036, 17 February 2020) for studies involving sensitive human data.

Informed Consent Statement: Patient consent was waived because sociodemographic data and
addresses were obtained from the Osorno Municipal Health Department (secondary data), who
anonymized sensitive data. Other data was obtained from public sources of information.

Data Availability Statement: The sociodemographic data of COPD patients presented in this
study are available on request from the corresponding author. The data are not publicly avail-
able due to ethical restrictions (sensitive information). Publicly available datasets analyzed in this
study can be found in https://sinca.mma.gob.cl/index.php/estacion/index/key/A01 (accessed on
27 February 2024), https://estadisticas.ssosorno.cl/poblacion/ (accessed on 27 February 2024), and
https://redatam.org/es/microdatos (accessed on 27 February 2024).

Acknowledgments: Thanks are due to Barbara Sandoval Provoste for English grammatical proofreading.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Campos, A.A.; Cabrera, R.O.; Arancibia, H.F. Rehabilitación respiratoria en pacientes EPOC: Experiencia en Atención Primaria de

Salud. [Respiratory rehabilitation in COPD patients: Experience in a rural Primary Health Care Center]. Rev. Chil. Enferm. Respir.
2015, 31, 77–85. [CrossRef]

2. Silva, R. Enfermedad pulmonar obstructiva crónica: Mirada actual a una enfermedad emergente. [Update on chronic obstructive
pulmonary disease]. Rev. Med. Chil. 2010, 138, 1544–1552. [CrossRef] [PubMed]

3. Ramirez-Venegas, A.; Torres-Duque, C.A.; Guzman-Bouilloud, N.E.; Gonzalez-Garcia, M.; Sansores, R.H. Small airway disease in
COPD associated to biomass exposure. Rev. Investig. Clin. 2019, 71, 70–78. [CrossRef] [PubMed]

4. Soriano, J.B.; Abajobir, A.A.; Abate, K.H.; Abera, S.F.; Agrawal, A.; Ahmed, M.B.; Aichour, A.N.; Aichour, I.; Aichour, M.T.E.;
Alam, K.; et al. Global, regional, and national deaths, prevalence, disability-adjusted life years, and years lived with disability for
chronic obstructive pulmonary disease and asthma, 1990-2015: A systematic analysis for the Global Burden of Disease Study
2015. Lancet Respir. Med. 2017, 5, 691–706. [CrossRef] [PubMed]

5. Soriano, J.B.; Kendrick, P.J.; Paulson, K.R.; Gupta, V.; Abrams, E.M.; Adedoyin, R.A.; Adhikari, T.B.; Advani, S.M.; Agrawal, A.;
Ahmadian, E.; et al. Prevalence and attributable health burden of chronic respiratory diseases, 1990–2017: A systematic analysis
for the Global Burden of Disease Study 2017. Lancet Respir. Med. 2020, 8, 585–596. [CrossRef]

6. Mathers, C.D.; Loncar, D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 2006, 3, 2011–2030.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/atmos15040482/s1
https://www.mdpi.com/article/10.3390/atmos15040482/s1
https://sinca.mma.gob.cl/index.php/estacion/index/key/A01
https://estadisticas.ssosorno.cl/poblacion/
https://redatam.org/es/microdatos
https://doi.org/10.4067/S0717-73482015000200002
https://doi.org/10.4067/S0034-98872010001300012
https://www.ncbi.nlm.nih.gov/pubmed/21526305
https://doi.org/10.24875/RIC.18002652
https://www.ncbi.nlm.nih.gov/pubmed/30810542
https://doi.org/10.1016/S2213-2600(17)30293-X
https://www.ncbi.nlm.nih.gov/pubmed/28822787
https://doi.org/10.1016/S2213-2600(20)30105-3
https://doi.org/10.1371/journal.pmed.0030442
https://www.ncbi.nlm.nih.gov/pubmed/17132052


Atmosphere 2024, 15, 482 16 of 18

7. Lopez, M.; Mongilardi, N.; Checkley, W. Enfermedad pulmonar obstructiva crónica por exposición al humo de biomasa. [Chronic
obstructive pulmonary disease by biomass smoke exposure]. Rev. Peru. Med. Exp. Salud Pública 2014, 31, 94–99. [PubMed]

8. Salvi, S.S.; Barnes, P.J. Is Exposure to Biomass Smoke the Biggest Risk Factor for COPD Globally? Chest 2010, 138, 3–6. [CrossRef]
9. Adeloye, D.; Chua, S.; Lee, C.; Basquill, C.; Papana, A.; Theodoratou, E.; Nair, H.; Gasevic, D.; Sridhar, D.; Campbell, H.;

et al. Global and regional estimates of COPD prevalence: Systematic review and meta-analysis. J. Glob. Health 2015, 5, 020415.
[CrossRef]

10. Menezes, A.M.B.; Perez-Padilla, R.; Jardim, J.R.B.; Muiño, A.; Lopez, M.V.; Valdivia, G.; Montes de Oca, M.; Talamo, C.; Hallal,
P.C.; Victora, C.G. Chronic obstructive pulmonary disease in five Latin American cities (the PLATINO study): A prevalence study.
Lancet 2005, 366, 1875–1881. [CrossRef]

11. Dockery, D.W.; Pope, C.A., III; Xu, X.; Spengler, J.D.; Ware, J.H.; Fay, M.E.; Ferris, B.G., Jr.; Speizer, F.E. An Association between
Air Pollution and Mortality in Six U.S. Cities. N. Engl. J. Med. 1993, 329, 1753–1759. [CrossRef]

12. Pope, C.A., III. Epidemiology of fine particulate air pollution and human health: Biologic mechanisms and who’s at risk? Environ.
Health Perspect. 2000, 108 (Suppl. S4), 713–723. [CrossRef]

13. Liu, S.; Zhou, Y.; Liu, S.; Chen, X.; Zou, W.; Zhao, D.; Li, X.; Pu, J.; Huang, L.; Chen, J.; et al. Association between exposure to
ambient particulate matter and chronic obstructive pulmonary disease: Results from a cross-sectional study in China. Thorax
2017, 72, 788–795. [CrossRef]

14. Salvi, S.S.; Barnes, P.J. Chronic obstructive pulmonary disease in non-smokers. Lancet 2009, 374, 733–743. [CrossRef]
15. Amable Álvarez, I.; Méndez Martínez, J.; Bello Rodríguez, B.M.; Benítez Fuentes, B.; Escobar Blanco, L.M.; Zamora Monzón, R.

Influencia de los contaminantes atmosféricos sobre la salud. [Atmospheric contaminants influence on health]. Rev. Med. Electrón.
2017, 39, 1160–1170. Available online: https://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1684-18242017000500017&lng=
es&tlng=es (accessed on 27 February 2024).

16. Oyarzún, M. Contaminación aérea y sus efectos en la salud. [Air pollution and its effects on health]. Rev. Chil. Enferm. Respir.
2010, 26, 16–25. [CrossRef]

17. Xia, X.; Yao, L.; Lu, J.; Liu, Y.; Jing, W.; Li, Y. A Comparison Analysis of Causative Impact of PM2.5 on Acute Exacerbation of
Chronic Obstructive Pulmonary Disease (COPD) in Two Typical Cities in China. Atmosphere 2021, 12, 970. [CrossRef]

18. Román, O.; Prieto, M.J.; Mancilla, P.; Astudillo, P.; Dussaubat, A.M.; Miguel, C.; Lara, J. Daño cardiovascular por material
particulado del aire. Puesta al día 2008. [Association between air pollution and cardiovascular risk]. Rev. Med. Chil. 2009, 137,
1217–1224. [CrossRef]

19. World Health Organization, WHO. Ambient (Outdoor) Air Pollution. 2022. Available online: https://www.who.int/news-room/
fact-sheets/detail/ambient-(outdoor)-air-quality-and-health (accessed on 7 November 2023).

20. Samet, J.M.; Dominici, F.; Curriero, F.C.; Coursac, I.; Zeger, S.L. Fine Particulate Air Pollution and Mortality in 20 U.S. Cities,
1987–1994. N. Engl. J. Med. 2000, 343, 1742–1749. [CrossRef]

21. Pope, C.A., III; Burnett, R.T.; Thun, M.J.; Calle, E.E.; Krewski, D.; Ito, K.; Thurston, G.D. Lung cancer, cardiopulmonary mortality,
and long-term exposure to fine particulate air pollution. JAMA 2002, 287, 1132–1141. [CrossRef]

22. World Health Organization, WHO. Household Air Pollution. Available online: https://www.who.int/news-room/fact-sheets/
detail/household-air-pollution-and-health#:~:text=Household%20air%20pollution%20was%20responsible,6.7%20million%20
premature%20deaths%20annually (accessed on 8 November 2023).

23. Zhang, J.; Lin, X.; Bai, C. Comparison of clinical features between non-smokers with COPD and smokers with COPD: A
retrospective observational study. Int. J. Chron. Obstruct. Pulmon. Dis. 2014, 9, 57–63. [CrossRef]

24. Ministerio del Medio Ambiente, Chile. Decreto 27, 2012. Declara Zona Saturada por Material Particulado Respirable MP10, Como
Concentración Diaria y Anual, y Por Material Particulado Fino Respirable MP2.5, Como Concentración Diaria y Anual, a la Comuna
de Osorno. [Decree 27. Declares Saturated Area by Breathable Particulate Matter PM10, as a Daily and Annual Concentration, and
by Fine Breathable Particulate Matter PM2.5, as a Daily and Annual Concentration, the Commune of Osorno]. Available online:
https://www.bcn.cl/leychile/navegar?idNorma=1046121&idParte=0&idVersion= (accessed on 8 November 2023).

25. Ministerio del Medio Ambiente, Chile. Decreto 47, 2016. Establece Plan de Descontaminación Atmosférica para la Comuna
de Osorno. [Decree 47. Establishes Atmospheric Decontamination Plan for the Commune of Osorno]. Available online:
https://www.bcn.cl/leychile/navegar?i=1088771&f=2022-11-03 (accessed on 8 November 2023).

26. Instituto Nacional de Estadísticas, INE, Chile. Resultados Censo 2017. [Census 2017 Results]. Available online: http://resultados.
censo2017.cl/Region?R=R10 (accessed on 8 November 2023).

27. Bustos, Y.; Ferrada, L.M. Consumo Residencial de Leña, Análisis para la Ciudad de Osorno en Chile. [Residential Consumption
of Firewood, an Analysis of the City of Osorno in Chile]. Idesia 2017, 35, 95–105. [CrossRef]

28. Instituto Nacional de Estadísticas, INE, Chile. Microdatos Censo 2017. [Census 2017 Microdata]. Available online: http:
//www.censo2017.cl/microdatos/ (accessed on 8 November 2023).

29. Esri. Enable Feature Binning (Data Management). Available online: https://pro.arcgis.com/en/pro-app/latest/tool-reference/
data-management/enable-feature-binning.htm (accessed on 12 December 2023).

30. Sharma, P.; Martin, M.; Swanlund, D. MapSafe: A complete tool for achieving geospatial data sovereignty. Trans. GIS 2023, 27,
1680–1698. [CrossRef]

31. Ministerio del Medio Ambiente, Chile. Sistema Nacional de Información de Calidad del Aire, SINCA. Osorno Air Quality Monitoring
Station. Available online: https://sinca.mma.gob.cl/index.php/estacion/index/key/A01 (accessed on 12 December 2023).

https://www.ncbi.nlm.nih.gov/pubmed/24718533
https://doi.org/10.1378/chest.10-0645
https://doi.org/10.7189/jogh.05.020415
https://doi.org/10.1016/S0140-6736(05)67632-5
https://doi.org/10.1056/NEJM199312093292401
https://doi.org/10.1289/ehp.108-1637679
https://doi.org/10.1136/thoraxjnl-2016-208910
https://doi.org/10.1016/S0140-6736(09)61303-9
https://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1684-18242017000500017&lng=es&tlng=es
https://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1684-18242017000500017&lng=es&tlng=es
https://doi.org/10.4067/S0717-73482010000100004
https://doi.org/10.3390/atmos12080970
https://doi.org/10.4067/S0034-98872009000900013
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://doi.org/10.1056/NEJM200012143432401
https://doi.org/10.1001/jama.287.9.1132
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health#:~:text=Household%20air%20pollution%20was%20responsible,6.7%20million%20premature%20deaths%20annually
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health#:~:text=Household%20air%20pollution%20was%20responsible,6.7%20million%20premature%20deaths%20annually
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health#:~:text=Household%20air%20pollution%20was%20responsible,6.7%20million%20premature%20deaths%20annually
https://doi.org/10.2147/COPD.S52416
https://www.bcn.cl/leychile/navegar?idNorma=1046121&idParte=0&idVersion=
https://www.bcn.cl/leychile/navegar?i=1088771&f=2022-11-03
http://resultados.censo2017.cl/Region?R=R10
http://resultados.censo2017.cl/Region?R=R10
https://doi.org/10.4067/S0718-34292017005000024
http://www.censo2017.cl/microdatos/
http://www.censo2017.cl/microdatos/
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/enable-feature-binning.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/enable-feature-binning.htm
https://doi.org/10.1111/tgis.13094
https://sinca.mma.gob.cl/index.php/estacion/index/key/A01


Atmosphere 2024, 15, 482 17 of 18

32. Nakamura, A.; Nakatani, N.; Maruyama, F.; Fujiyoshi, S.; Márquez-Reyes, R.; Fernández, R.; Noda, J. Characteristics of PM2.5
pollution in Osorno, Chile: Ion chromatography and meteorological data analyses. Atmosphere 2022, 13, 168. [CrossRef]

33. Saide, P.E.; Mena-Carrasco, M.; Tolvett, S.; Hernandez, P.; Carmichael, G.R. Air quality forecasting for winter-time PM2.5 episodes
occurring in multiple cities in central and southern Chile. J. Geophys. Res. Atmos 2016, 121, 558–575. [CrossRef]

34. Adeloye, D.; Song, P.; Zhu, Y.; Campbell, H.; Sheikh, A.; Rudan, I.; NIHR RESPIRE Global Respiratory Health Unit. Global,
regional, and national prevalence of, and risk factors for, chronic obstructive pulmonary disease (COPD) in 2019: A systematic
review and modelling analysis. Lancet Respir. Med. 2022, 10, 447–458. [CrossRef]

35. Schiavi, E.; Stirbulov, R.; Hernández Vecino, R.; Mercurio, S.; Di Boscio, V. COPD Screening in primary care in four Latin American
countries: Methodology of the PUMA study. Arch. Bronconeumol. 2014, 50, 469–474. [CrossRef]

36. Casas Herrera, A.; Montes de Oca, M.; López Varela, M.V.; Aguirre, C.; Schiavi, E.; Jardim, J.R.; PUMA Team. COPD under-
diagnosis and misdiagnosis in a high-risk primary care population in four Latin American countries. A key to enhance disease
diagnosis: The PUMA Study. PLoS ONE 2016, 11, e0152266. [CrossRef]

37. Lamprecht, B.; Soriano, J.B.; Studnicka, M.; Kaiser, B.; Vanfleteren, L.E.; Gnatiuc, L.; Burney, P.; Miravitlles, M.; García-Rio, F.;
Akbari, K.; et al. Determinants of underdiagnosis of COPD in national and international surveys. Chest 2015, 148, 971–985.
[CrossRef]

38. Vandevoorde, J.; Verbanck, S.; Gijssels, L.; Schuermans, D.; Devroey, D.; De Backer, J.; Kartounian, J.; Vincken, W. Early detection
of COPD: A case finding study in general practice. Respir. Med. 2007, 101, 525–530. [CrossRef]

39. Bednarek, M.; Maciejewski, J.; Wozniak, M.; Kuca, P.; Zielinski, J. Prevalence, severity and underdiagnosis of COPD in the primary
care setting. Thorax 2008, 63, 402–407. [CrossRef]

40. Fukuchi, Y.; Nishimura, M.; Ichinose, M.; Adachi, M.; Nagai, A.; Kuriyama, T.; Takahashi, K.; Nishimura, K.; Ishioka, S.; Aizawa,
H.; et al. COPD in Japan: The nippon COPD epidemiology study. Respirology 2004, 9, 458–465. [CrossRef]

41. Peña, V.S.; Miravitlles, M.; Gabriel, R.; Jiménez-Ruiz, C.A.; Villasante, C.; Masa, J.F.; Viejo, J.L.; Fernández-Fau, L. Geographic
variations in prevalence and underdiagnosis of COPD: Results of the IBERPOC multicenter epidemiological study. Chest 2000,
118, 981–989. [CrossRef]

42. Ancochea, J.; Badiola, C.; Duran-Tauleria, E.; Garcia Rio, F.; Miravitlles, M.; Muñoz, L.; Sobradillo, V.; Soriano, J.B. Estudio
EPI-SCAN: Resumen del protocolo de un estudio para estimar la prevalencia de EPOC en personas de 40 a 80 años en España.
[The EPI-SCAN survey to assess the prevalence of chronic obstructive pulmonary disease in Spanish 40-to-80-year-olds: Protocol
summary]. Archi. Bronconeumol. 2009, 45, 41–47. [CrossRef]

43. Drope, J.; Hamill, S.; Chaloupka, F.; Guerrero, C.; Lee, H.M.; Mirza, M.; Mouton, A.; Murukutla, M.; Ngo, A.; Perl, R.; et al.
The Tobacco Atlas. Vital Strategies and Tobacconomics: New York, NY, USA, 2022. Available online: https://tobaccoatlas.org/
factsheets/chile/ (accessed on 10 January 2024).

44. Alonso, T.; Sobradillo, P.; De Torres, J.P. Chronic obstructive pulmonary disease in women. Is it different? Arch. Bronconeumol.
2017, 53, 222–227. [CrossRef]

45. Varkey, A.B. Chronic obstructive pulmonary disease in women: Exploring gender differences. Curr. Op. Pulm. Med. 2004, 10,
98–103. [CrossRef]

46. De Torres, J.P.; Casanova, C. EPOC en la mujer. [Chronic obstructive pulmonary disease in women]. Arch. Bronconeumol. 2010,
46 (Suppl. 3), 23–27. [CrossRef]

47. Díaz, L.A.; Carimán, E.; Moncada, J. Estudio de Consumo y Caracterización del Uso de la Leña en la Ciudad de Osorno, 2013.
[Consumption and Characterization of the Use of Firewood in the City of Osorno, 2013]. Air Quality Unit, Catholic University
of Temuco. Available online: https://planesynormas.mma.gob.cl/archivos/2014/proyectos/4._Estudio_de_Caracterizacion_
del_Consumo_de_Lena_en_Osorno__UCT_2013_.pdf (accessed on 10 January 2024).

48. Tabak, C.; Spijkerman, A.M.W.; Verschuren, W.M.M.; Smit, H.A. Does educational level influence lung function decline (Doet-
inchem Cohort Study)? Eur. Respir. J. 2009, 34, 940–947. [CrossRef]

49. World Health Organization, WHO. WHO Global Air Quality Guidelines, 2021. Particulate Matter (PM2.5 and PM10), Ozone, Nitrogen
Dioxide, Sulfur Dioxide and Carbon Monoxide. Geneva. License: CCBY-NC-SA 3.0 IGO. Available online: https://www.who.int/
publications/i/item/9789240034228 (accessed on 13 January 2024).

50. Ministerio del Medio Ambiente, Chile. Decreto 12, 2012. Establece la Norma Primaria de Calidad Ambiental para Material Particulado
Fino Respirable MP2.5. [Decree 12, 2012. Establishes the Primary Environmental Quality Standard for Fine Particulate Matter PM2.5].
Available online: https://www.bcn.cl/leychile/navegar?i=1025202&f=2012-01-01&p= (accessed on 13 January 2024).

51. DeVries, R.; Kriebel, D.; Sama, S. Outdoor air pollution and COPD-related emergency department visits, hospital admissions, and
mortality: A meta-analysis. COPD 2017, 14, 113–121. [CrossRef]

52. Wang, Q.; Liu, S. The effects and pathogenesis of PM2.5 and its components on chronic obstructive pulmonary disease. Int. J.
Chron. Obstruct. Pulmon. Dis. 2023, 18, 493–506. [CrossRef]

53. Dyer, C.; Pugh, L. Lung health in older adults. Age Ageing 2019, 48, 319–322. [CrossRef]
54. Global Initiative for Chronic Obstructive Lung Disease, GOLD. Global Strategy for the Diagnosis, Management, and Prevention

of Chronic Obstructive Pulmonary Disease. 2024. Available online: http://www.goldcopd.org/ (accessed on 15 January 2024).
55. Li, N.; Ma, J.; Ji, K.; Wang, L. Association of PM2.5 and PM10 with acute exacerbation of chronic obstructive pulmonary disease at

lag0 to lag7: A systematic review and meta-analysis. COPD 2022, 19, 243–254. [CrossRef]
56. Ni, L.; Chuang, C.; Zuo, L. Fine particulate matter in acute exacerbation of COPD. Front. Physiol. 2015, 6, 294. [CrossRef]

https://doi.org/10.3390/atmos13020168
https://doi.org/10.1002/2015JD023949
https://doi.org/10.1016/S2213-2600(21)00511-7
https://doi.org/10.1016/j.arbres.2014.03.006
https://doi.org/10.1371/journal.pone.0152266
https://doi.org/10.1378/chest.14-2535
https://doi.org/10.1016/j.rmed.2006.06.027
https://doi.org/10.1136/thx.2007.085456
https://doi.org/10.1111/j.1440-1843.2004.00637.x
https://doi.org/10.1378/chest.118.4.981
https://doi.org/10.1016/j.arbres.2008.06.001
https://tobaccoatlas.org/factsheets/chile/
https://tobaccoatlas.org/factsheets/chile/
https://doi.org/10.1016/j.arbres.2016.10.008
https://doi.org/10.1097/00063198-200403000-00003
https://doi.org/10.1016/s0300-289670023-5
https://planesynormas.mma.gob.cl/archivos/2014/proyectos/4._Estudio_de_Caracterizacion_del_Consumo_de_Lena_en_Osorno__UCT_2013_.pdf
https://planesynormas.mma.gob.cl/archivos/2014/proyectos/4._Estudio_de_Caracterizacion_del_Consumo_de_Lena_en_Osorno__UCT_2013_.pdf
https://doi.org/10.1183/09031936.00111608
https://www.who.int/publications/i/item/9789240034228
https://www.who.int/publications/i/item/9789240034228
https://www.bcn.cl/leychile/navegar?i=1025202&f=2012-01-01&p=
https://doi.org/10.1080/15412555.2016.1216956
https://doi.org/10.2147/COPD.S402122
https://doi.org/10.1093/ageing/afz008
http://www.goldcopd.org/
https://doi.org/10.1080/15412555.2022.2070062
https://doi.org/10.3389/fphys.2015.00294


Atmosphere 2024, 15, 482 18 of 18

57. Chanel, O.; Perez, L.; Künzli, N.; Medina, S.; Aphekom Group. The hidden economic burden of air pollution-related morbidity:
Evidence from the Aphekom project. Eur. J. Health Econ. 2016, 17, 1101–1115. [CrossRef]

58. Safiri, S.; Carson-Chahhoud, K.; Noori, M.; Nejadghaderi, S.A.; Sullman, M.J.M.; Heris, J.A.; Ansarin, K.; Mansournia, M.A.;
Collins, G.S.; Kolahi, A.A.; et al. Burden of chronic obstructive pulmonary disease and its attributable risk factors in 204 countries
and territories, 1990-2019: Results from the Global Burden of Disease Study 2019. BMJ 2022, 378, e069679. [CrossRef]

59. Sun, Q.; Liu, C.; Chen, R.; Wang, C.; Li, J.; Sun, J.; Kan, H.; Cao, J.; Bai, H. Association of fine particulate matter on acute
exacerbation of chronic obstructive pulmonary disease in Yancheng, China. Sci. Total Environ. 2019, 650 Pt 2, 1665–1670.
[CrossRef]

60. Huh, J.Y.; Hong, J.; Han, D.W.; Park, Y.J.; Jung, J.; Lee, S.W. The impact of air pollutants and meteorological factors on chronic
obstructive pulmonary disease exacerbations: A nationwide study. Ann. Am. Thorac. Soc. 2022, 19, 214–226. [CrossRef]

61. Sarkar, C.; Zhang, B.; Ni, M.; Kumari, S.; Bauermeister, S.; Gallacher, J.; Webster, C. Environmental correlates of chronic obstructive
pulmonary disease in 96779 participants from the UK Biobank: A cross-sectional, observational study. Lancet Planet Health 2019, 3,
e478–e490. [CrossRef]

62. Park, J.; Kim, H.J.; Lee, C.H.; Lee, C.H.; Lee, H.W. Impact of long-term exposure to ambient air pollution on the incidence of
chronic obstructive pulmonary disease: A systematic review and meta-analysis. Environ. Res. 2021, 194, 110703. [CrossRef]

63. Hsu, H.T.; Wu, C.D.; Chung, M.C.; Shen, T.C.; Lai, T.J.; Chen, C.Y.; Wang, R.Y.; Chung, C.J. The effects of traffic-related air
pollutants on chronic obstructive pulmonary disease in the community-based general population. Respir. Res. 2021, 22, 217.
[CrossRef]

64. Junior, D.P.M.; Bueno, C.; da Silva, C.M. The effect of urban green spaces on reduction of particulate matter concentration. Bull.
Environ. Contam. Toxicol. 2022, 108, 1104–1111. [CrossRef] [PubMed]

65. Maas, J.; Verheij, R.A.; de Vries, S.; Spreeuwenberg, P.; Schellevis, F.G.; Groenewegen, P.P. Morbidity is related to a green living
environment. J. Epidemiol. Commun. Health 2009, 63, 967–973. [CrossRef] [PubMed]

66. Bo, Y.; Chang, L.Y.; Guo, C.; Lin, C.; Lau, A.K.H.; Tam, T.; Lao, X.Q. Reduced ambient PM2.5, better lung function, and decreased
risk of chronic obstructive pulmonary disease. Environ. Int. 2021, 156, 106706. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10198-015-0748-z
https://doi.org/10.1136/bmj-2021-069679
https://doi.org/10.1016/j.scitotenv.2018.09.278
https://doi.org/10.1513/AnnalsATS.202103-298OC
https://doi.org/10.1016/S2542-5196(19)30214-1
https://doi.org/10.1016/j.envres.2020.110703
https://doi.org/10.1186/s12931-021-01812-x
https://doi.org/10.1007/s00128-022-03460-3
https://www.ncbi.nlm.nih.gov/pubmed/35064787
https://doi.org/10.1136/jech.2008.079038
https://www.ncbi.nlm.nih.gov/pubmed/19833605
https://doi.org/10.1016/j.envint.2021.106706
https://www.ncbi.nlm.nih.gov/pubmed/34153892

	Introduction 
	Materials and Methods 
	Study Design and Ethical Approval 
	COPD Patients’ Information, Adjusted Prevalence, and Odds Ratio 
	Territorial Analysis 
	PM2.5 Air Pollution Data and Measurements 
	Statistical Analyses 

	Results 
	Sociodemographic Data 
	COPD Adjusted Prevalence and Odds Ratio 
	PM2.5 Outdoor Air Pollution in Osorno 
	Territorial PM2.5 Air Pollution 
	COPD Patient Distribution in Osorno 

	Discussion 
	Conclusions 
	References

