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ABSTRACT

Background and objective: The relationship between
IPF development and environmental factors has not
been completely elucidated. Analysing geographic
regions of idiopathic pulmonary fibrosis (IPF) cases
could help identify those areas with higher aggregation
and investigate potential triggers. We hypothesize that
cross-analysing location of IPF cases and areas of con-
sistently high air pollution concentration could lead to
recognition of environmental risk factors for IPF
development.
Methods: This retrospective study analysed epidemio-
logical and clinical data from 503 patients registered
in the Observatory IPF.cat from January 2017 to June
2019. Incident and prevalent IPF cases from the

Catalan region of Spain were graphed based on their
postal address. We generated maps of the most rele-
vant air pollutant PM2.5 from the last 10 years using
data from the CALIOPE air quality forecast system
and observational data.
Results: In 2018, the prevalence of IPF differed across
provinces; from 8.1 cases per 100 000 habitants in Bar-
celona to 2.0 cases per 100 000 in Girona. The ratio of
IPF was higher in some areas. Mapping PM2.5 levels
illustrated that certain areas with more industry, traffic
and shipping maintained markedly higher PM2.5 con-
centrations. Most of these locations correlated with
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SUMMARY AT A GLANCE

This study identifies geographic regions of notable air
pollution, juxtaposed over locations with higher preva-
lence of idiopathic pulmonary fibrosis (IPF). Certain
areas with elevated air pollutants may be deserving
greater analysis for screening of IPF and optimizing
early identification. Prospective studies are required
for evaluating air pollution as an IPF risk factor.
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higher aggregation of IPF cases. Compared with other
risk factors, PM2.5 exposure was the most frequent.
Conclusion: In this retrospective study, prevalence of
IPF is higher in areas of elevated PM2.5 concentration.
Prospective studies with targeted pollution mapping
need to be done in specific geographies to compile a
broader profile of environmental factors involved in the
development of pulmonary fibrosis.

Key words: air pollution, early diagnosis, environmental risk

factor, geographic region, idiopathic pulmonary fibrosis.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is considered a rare
disease, with an estimated prevalence of 13–20 patients in
100 000 habitants1 and an increasing incidence.2 Due to
the rarity and complexity of the disease, prevalence varies
notably depending on the source of data and the confi-
dence of diagnosis. IPF patients are on average diagnosed
24 months after the presentation of symptoms due to com-
plexity in identifying the disease and a tendency for mis-
diagnosis.3 The earlier IPF is identified, the better the
prognosis of the patient, so identifying potential cases of
IPF before symptoms are severe is critical.4 Even though
the cause remains unknown, some IPF risk factors have
been identified.3 Therefore, a better understanding of envi-
ronmental risk factors could help optimize early detection.
IPF develops after repeated injury to the lung epithe-

lium. Due to several mechanisms under study, the repair
process for injury leads to abnormal scarring of the lung
tissue which increases over time.5 Experimental studies
have suggested that air pollutants induce endothelial cell
damage6 and airway inflammation.7 Another study dem-
onstrated that environmental contaminants are associated
with an increase in IPF incidence by 7.9–8.4%.8 Previous
studies showed a correlation between air pollution and
other respiratory diseases such as chronic obstructive
pulmonary disease9,10 and asthma.11 A recent study
questioned whether air pollution could be associated with
the development of pulmonary fibrosis12 and evidence
suggests that ambient pollution exposure also leads to
exacerbations of the disease13 and lower lung function.14

Among the different air pollutants, evidence indicates that
fine particulate matter (PM) of 2.5 μm or less in diameter
(PM2.5) is particularly harmful as these particles reach
deep into the lung and corrode alveoli, exacerbating
respiratory disease.15 Combined, it indicates that long-
term exposure to specific pollutants such as PM2.5 may
be involved in the development of IPF.
Mapping geographic regions with IPF helps identify

specific areas where the prevalence is higher and
therefore, could contribute towards improving the effi-
ciency of the early diagnosis and the identification of
potential environmental risk factors.

METHODS

Project background
A primary source of data was the Observatory IPF.cat,
the most comprehensive registry of IPF patients in

Catalonia (population 7.6 million), the most north-
eastern of the 17 regions in Spain, abutting the Medi-
terranean and the Pyrenees. Since 2008, the region
has collaborated through a cross-disciplinary network
(CRAMPID group) of interstitial lung disease (ILD)
practitioners, to share expertise and insight on unique
cases as part of the Catalan Society for Pulmonology
(SOCAP). Twenty-two hospitals across this network
contributed to document features of IPF patients in
the region.

Patient data
Included IPF patients were diagnosed or reviewed by
a centralized expert ILD multidisciplinary committee.
All patients provided written informed consent and
the study was approved by the Institutional Ethics
Committee (CEIC, ref. PR307/16). Data management
followed the regulatory guidelines from the EU
2016/679 statement and Declaration of Helsinki.16 A
site visit to each hospital was performed to ensure
data collected were accurate and current. Patient
postal codes were recorded, along with factors such as
age, occupational history, exposure to industrial
toxins, smoking history and familial history of lung
disease. Environmental factors were already under
consideration for investigation using the systems biol-
ogy approach to understand IPF pathology17 and the
potential role of air pollutants on the variability of IPF
incidence and prevalence.
From the 503 patients registered in the Observatory

IPF.cat, 379 were mapped in this study. Of the
126 drop-out cases, there were 2 cases wherein the
diagnosis was not consistent and 124 contained only
partial clinical data. The project defined location of
patients by postal code, the area where it is estimated
the majority of outdoor activity occurred.18 Postal code
population density ranged from 20 000 people per km2

in cities to 1000 per km2 in rural areas. Postal codes
smaller than 4 km2 were grouped by Global Positioning
System (GPS) coordinates to indicate PM2.5 exposure
level for those areas.

Background on air pollution data
The World Health Organization (WHO) Air Quality
Guidelines (AQG)19 provide acceptable threshold mea-
surements for concentration of air pollutants that pose
a threat to the health of populations. The WHO AQG
set maximum values for PM2.5 concentration of 10 and
25 μg/m3 for the annual and 1-day means, respectively.
It is worth noting that PM is composed of different

chemical components such as mineral dust, sea salt, sul-
phates, nitrates, black carbon and organic carbon, among
other elements.20 Using the PM2.5 label refers only to
mass and size, neglecting the chemical composition.

Air pollution data
The CALIOPE modelling system21–24 is a state-of-the-
art modelling system, specially developed with spatial
(4 km × 4 km) and temporal resolution (1 h) to forecast
air quality across Spain taking into account both
anthropogenic and natural pollution. CALIOPE’s
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forecast includes surface concentration of gaseous and
aerosol pollutants (i.e. O3, NO2, CO, SO2, PM10, PM2.5
and C6H6). The system consists of the HERMESv2.0
emission model,25 the WRF-ARWv3.6 meteorological
model,26 the CMAQ v5.0.2 chemical transport model27

and the BSC-DREAM8bv2 mineral dust model.28 The
CALIOPE system has been evaluated for epidemiologi-
cal research,22 and has provided operational air quality
forecasts since 2006.
To provide the most accurate estimate map of PM2.5

concentration, a combination of the CALIOPE model
results and actual observations through data assimila-
tion was used; techniques that outperform conventional
frameworks, even when demonstrating inter-urban
exposure gradients.29 In this study, we processed the
CALIOPE PM2.5 predictions following calibration fac-
tors already described,24 and then applied a Barnes-type
iterative objective analyses scheme30 to assimilate
PM2.5 observations from the EIONET network across
Catalonia. This provided an estimate of exposure over
several previous years, a calculation shown to be as
accurate as data produced for current yearly exposures.
The PM2.5 concentration time series (2001–2017) plot

indicates that PM2.5 concentrations have remained
almost constant in this region since 2009 (Fig. 1). The
data from 2015 were selected for the PM2.5 map, over
which was superimposed the Observatory IPF.cat loca-
tion data (Fig. 2).

Geographic map generation
The PM2.5 results of the CALIOPE system for 2015
were plotted using R (version 3.6.0) and the Google
Map API (Amphitheatre Pkwy, Mountain View, CA,
USA). After analysing and graphing patients by postal
code, these points could be translated into latitudinal
and longitudinal information to be plotted and juxta-
posed over the PM2.5 data.

RESULTS

Prevalence and location of IPF population
We sought to clarify that higher prevalence of the dis-
ease in certain areas was not simply due to greater
population numbers. After calculating the official

Figure 1 Time series (2001–2017)

of the mean daily PM2.5 (particulate

matter of 2.5 μmor less in diameter)

concentrations (μg/m3) at the sta-

tions over Catalonia: Cabo de Creus

(ES0010R), Montseny (ES1778R)

and Els Torms (ES0014R).

Figure 2 Region of Catalonia.

Annual mean concentration of

PM2.5 (particulate matter of

2.5 μm or less in diameter) in 2015

(units in μg/m3. Data: minimum =

4.43, maximum = 24.6).
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population statistics from 2018, the province of Barce-
lona showed a higher prevalence (8.1 in 100 000) when
compared with the other three provinces (Table 1).
Figures are based on real prevalence, not estimated,
considering real data from participating ILD centres
were used.
Examining the maps (Fig. 2), the distribution of

patients varied; clear aggregation was found in Barce-
lona with a lower prevalence in postal codes near the
hills in the eastern side of the city (Tibidabo). Two
other areas with patient aggregation (Martorell and
Vallès) are surrounded by industry. In the other three
provinces, patient distribution followed a pattern of

aggregation for rural areas, with areas where no patient
was identified. In the southern province (Tarragona),
most cases were located within city limits and near a
big petrochemical zone. Statistics on population were
derived directly from the published online data of the
Catalonian Institute of Statistics: (https://www.idescat.
cat/pub/?id=aec&n=246&lang=en).

Concentration of air pollutants
The map is an illustration of PM2.5 concentrations
(Fig. 2). The white line delineates the border of

Table 1 Population of Catalonia, total and by province, and prevalence of IPF

Province Population in 2018 Number of patients Prevalence

Barcelona 5 571 822 452 8.1 in 100 000

Tarragona 797 128 23 2.9 in 100 000

Lleida 427 718 11 2.6 in 100 000

Girona 747 157 15 2.0 in 100 000

Total 7 543 825 501 5.0 in 100 000

Total number of patients registered in the Observatory IPF.cat = 503, unconfirmed diagnosis = 2.

IPF, idiopathic pulmonary fibrosis.

Table 2 Areas with highest cases of IPF; colour indicates the average exposure to PM2.5 over 1 year

Post code City No. of patients Concentration Colour

Postal code population

density × km2

08028 Barcelona 12 19 501 301 20 657

08820 El Prat de Llobregat 11 18 044 706 1940

08913 Barcelona 11 11 820 154 17 897

08940 Cornellá de Llobregat 11 18 044 706 12 325

08016 Barcelona 10 19 501 301 20 922

08830 Sant Boi De Llobregat 10 17 455 006 20 347

08902 L’Hospitalet de Llobregat 10 20 041 073 20 542

08042 Barcelona 8 19 501 301 19 187

08304 Mataró 8 14 946 873 2763

08906 L’Hospitalet de Llobregat 8 20 041 073 18 892

08030 Barcelona 6 19 501 301 20 347

08303 Mataró 6 14 946 873 9997

08011 Barcelona 5 19 501 301 19 255

08027 Barcelona 5 19 501 301 20 350

08029 Barcelona 5 19 501 301 20 781

08031 Barcelona 5 19 501 301 19 630

08320 El Masnou 5 15 010 112 4914

08340 Vilassar de Mar 5 13 532 051 4485

08760 Martorell 5 14 908 229 2058

08901 L’Hospitalet de Llobregat 5 20 041 073 20 422

08905 L’Hospitalet de Llobregat 5 20 041 073 21 432

08004 Barcelona 4 19 501 301 21 555

08019 Barcelona 4 19 501 301 21 424

08020 Barcelona 4 19 501 301 21 236

08100 Mollet de Vallès 4 1 908 028 6255

08302 Mataró 4 2 187 719 11 270

08329 Teià 4 14 102 392 942

IPF, idiopathic pulmonary fibrosis; PM2.5, particulate matter of 2.5 μm or less in diameter.

© 2020 Asian Pacific Society of Respirology Respirology (2020)

4 JG Shull et al.

https://www.idescat.cat/pub/?id=aec%26n=246%26lang=en
https://www.idescat.cat/pub/?id=aec%26n=246%26lang=en


Catalonia; to the north are the Pyrenees and to the
southeast the Mediterranean Sea.
The map makes clear where PM2.5 concentrations in

the region of Catalonia were well above the WHO AQG.
Using a roadmap, one can identify the thread of red
winding its way north is the busiest highway in the region.
The orange area furthest west is an agricultural region,
home to a booming agriculture and pork industry where
dust and chemically formed particles accumulate due to
ploughing hectares of land, wind and spraying of
chemicals. At every point coloured with yellow, orange or
red, the PM2.5 concentrations for the year 2015 were
above the annual WHO AQG of 10 μg/m3. The zones
coloured red reached more than double that

concentration. The highest PM2.5 concentrations of
20–24.6 μg/m3 are located precisely over areas of traffic
congestion, industrial areas (Martorell), the airport
(El Prat de Llobregat) and the ports of Barcelona
(L’Hospitalet de Llobregat), not where population is
highest.
We ran, in addition to these average annual concen-

tration exposure maps, an analysis of the percentile
exposures for PM2.5. Using the WHO AQG value for
daily maximum of PM2.5: 25 μg/m3, we plotted on an
hourly basis where the annual percentile of 90.4 (and
resulting concentration exceeded more than 35 days
per year) occurs. The map is nearly identical to the
annual mean (Fig. S1 in Supplementary Information).

Figure 3 Patient exposure by province. (A) Non-smokers (pink), smokers of <20 pack-years (purple) and smokers of >20 pack-years

(dark grey). (B) Occupational exposure: no exposure (green); inorganic dust such as iron, fibre glass and stone dust (blue); organic

dust such as from paper or sausage factories (yellow); and chemical inhalation such as paint fumes and caustic cleaning supplies

(grey). (C) Familial risk factor, which is present in the data for 10.4% of patients in the province of Barcelona. The region of Girona is

not depicted in any chart as the database contained only three patients with the data required.
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The next consideration to address was that of popula-
tion density. We graphed each of the 141 postal codes
according to the density of population, cross-referenced
with annual PM2.5 exposure (Fig. S2 in Supplementary
Information). The areas of highest population density
do not coincide precisely with the highest number of
patients. Table 2 shows the 27 postal codes with the
highest number of IPF cases, with average PM2.5 expo-
sure over 1 year. All 141 postcodes can be seen in
Table S1 (Supplementary Information).

PM2.5 exposure: An additional IPF risk factor
As noted previously, other risk factors for IPF develop-
ment (smoking history, occupational exposure and fam-
ily aggregation) were analysed. Distribution for these
factors across provinces was similar, especially for
smoking history (Fig. 3A). Inorganic dust exposure was
lower in Lleida compared with Tarragona and Barce-
lona (Fig. 3B). However, high-level PM2.5 areas

revealed 40.3% of patients had no smoking history and
69% of patients had no occupational exposure. Family
aggregation data were present in 10.4% of cases in Bar-
celona province (Fig. 3C). Interestingly, of the
68 patients (23.5%) with none of these three risk factors,
67 were living in areas with PM2.5 above WHO AQG
norms, 40 of them exposed to annual means of 17 μg/
m3 or higher (Table S1 in Supplementary Information).
From collected patient data, we tabulated exposure as
binary, using the province of Barcelona for which there
was a higher number of cases (Table 1). PM2.5 exposure
was the most prevalent risk factor in this area (Table 3).
We then modelled the risk factors of smoking, occupa-
tional exposure, familial aggregation and environmental
exposure (<12 μg/m3) in a mosaic plot (Fig. 4). These
risk factors cannot be assumed to be independent from
each other when the high environmental PM2.5 expo-
sure is present (P = 0.070246) (Fig. 4).

DISCUSSION

As a hypothesis-generating study, finding coincidences
between patient aggregation in geographic regions and
PM2.5 concentration after superposing patient location
and pollution concentration maps from the last decade
suggest environmental factors may be considered for
future research on disease aetiopathogenesis. This pre-
liminary finding may also be useful to better anticipate
resources and requirements to diagnosis and treatment
of the disease. Additional investigation could include a
control in other respiratory disease areas.
IPF incidence and prevalence are variable.4 Due to

the complexity of this rare disease, most studies are
only able to estimate the numbers of patients in a
region or country1,2,4. In our study, although there are
more cases in areas with higher density of population,
patient aggregation varied and did not depend on den-
sity. Previous work associated the incidence of IPF with
air pollution in the north of Italy.8 The potential bias
for greater IPF identification in reference centres for

Table 3 Barcelona province risk factors

All n

n = 260

Smoker 260

No 92 (35.4%)

Yes 168 (64.6%)

Occupational 260

No 165 (63.5%)

Yes 95 (36.5%)

Family 260

No 233 (89.6%)

Yes 27 (10.4%)

Environmental 260

No 31 (11.9%)

Yes 229 (88.1%)

Figure 4 Mosaic plot of expo-

sure for patients in Barcelona

province. The size of the areas is

proportional to the percentage of

cases in that combination of vari-

ables (n = 260).

© 2020 Asian Pacific Society of Respirology Respirology (2020)

6 JG Shull et al.



the disease is possible; however, bias should be
reduced through ILD networks that share knowledge
within the region. Naturally, ILD expert teams arise in
areas with a greater number of visited cases; therefore,
it is difficult to determine if the differences in ILD
expert resources among regions influence IPF preva-
lence or if a higher demand of ILD patients influence
the need for expert teams. Other risk factors could also
influence IPF prevalence, including different occupa-
tional inorganic exposures, family aggregation and
smoking habits.4 A special pattern of clustering for IPF
cases did not emerge. Interestingly, almost one-third of
patients in our study had none of these recognized risk
factors, whereas a majority were living in areas with
high PM2.5 concentration.
Among the different air pollutants regulated by the

2008/50/EC Directive on Ambient Air Quality and Cleaner
Air for Europe,19 PM has been associated with adverse
respiratory outcomes.7,8,13,14,31 PM2.5 is a mixture of fine
substances (metals, sand, exhaust, etc.), which may dam-
age the respiratory system through cell injury, oxidative
stress and inflammatory response.31 Moreover, long- and
short-term exposure to PM2.5 has been correlated with
abnormal telomere length, so these particles could also
impact abnormal tissue repair.32 On the other hand, an
increase in IPF mortality risk has been reported in those
cases with long-term cumulative concentrations of PM10
and PM2.5.33 Furthermore, PM2.5 exposure has been
associated with a higher use of oxygen in the 6-min walk
test (6MWT) and lower forced vital capacity (FVC) in IPF
patients14,34. A recent histological study from the Finnish
IPF Registry has found that lung samples from those
regions with higher air PM levels had significant
increased PM scores in lungs than those with less PM
exposure.35 Although the study did not include a normal
control group to anticipate a potential role of these parti-
cles in disease development, the Finnish data clearly
show that the amount of the different fine particles in IPF
lungs depends on the exposure.35

One limitation of the study is that quantifying the
precise amount of exposure to air pollution prior to
diagnosis was not possible, because included patients
had to have been already diagnosed. Another potential
limitation would be that prevalence in rural areas and
small towns could be higher than documented. How-
ever, the Catalan system uses a network for ILD; it
offers knowledge, healthcare training and multi-
disciplinary ILD diagnosis across the entire region.
As this was a retrospective study and the raw pollu-

tion data were not generated with IPF epidemiology in
mind, prospective longitudinal cohort studies and
experimental studies are needed. A limitation of pollu-
tion data is its inherently non-granularity; government-
designated high-sensitivity sensor distribution is limited
(the sensors are the size of trucks) and calculated for
large areas, no more granular than 1 km. Prospective
studies would need more precise data on history of
smoking and occupational exposure, as well as residen-
tial history and mapping of any previous residences. It
would also be elucidative to compare two equally dense
metropolitan areas, one with high pollution and one
low, to equalize the population density variable. And
finally, the impact of long-term pollution exposure ver-
sus spikes in pollution exposure would have to be

addressed, possibly by identifying cohorts in two locali-
ties where these variables are clear.
Climate change and the impact of environmental pol-

lutants on health are topics that deserve more research.
This proof of concept is intended as a starting point for
further research focused on the role of PM2.5 and other
environmental risk factors in IPF development and the
need for epidemiological databases in anticipating dis-
ease burden, early diagnosis and patient needs.
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