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ABSTRACT

Asthma incidence and prevalence have increased in the last decades, suggesting a role of
environmental factors including air pollution. In this manuscript, we summarize the evidence
of the role of air pollution on (i) asthma exacerbations, (ii) asthma incidence in children, and
(iii) asthma incidence in adults, pointing out the most important publications in each of these
three areas. There is solid evidence that air pollution causes asthma exacerbations, characterized
by hospital admissions, emergency department or doctor’s visits, medication intake, or absen-
teeism. The evidence regarding the effect of long-term air pollution exposure on asthma onset
is also quite robust. In children, many studies have associated air pollution or proximity to
traffic with asthma incidence, and while there are some negative publications, the evidence
for an association is appealing. In adults, several studies also point to a positive association
between air pollution and asthma incidence. Furthermore, there is a lot of knowledge about
the mechanisms of the different agents involved. Gases, that are oxidants, could be more
associated with acute manifestations of the disease and particles, more related with chronic
inflammation, could be more associated with incidence. Diesel particles have been associated
with both exacerbations and incidence. However, research is still needed to better understand
and identify the underlying mechanisms related to the specific pollutants and specific sources.
More research is also needed to identify more susceptible groups such as males, non-smokers,
or persons with another chronic condition such as atopy or obesity. BRN Rev. 2015:1:78-91
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INTRODUCTION

Asthma incidence and prevalence have in-
creased in the last decades, affecting between
5-10% of the population!. In 2010, asthma
ranked as the 28th leading cause of disability
adjusted life-years worldwide?. Asthma is a
heterogeneous disease that appears more fre-
quently in childhood, but can also appear in
adulthood. Asthma is a particularly complex
disease than can persist, remit, or show a
variable disease activity over time>%. Its in-
crease in the last decades strongly suggests a
role of environmental factors, which certainly
play a role as acute triggers of attacks, but
probably also as causative agents.

Research on environmental factors associated
with asthma incidence or exacerbations is very
extensive. In the 1980s, the first hypotheses
explaining the incidence increase pointed to
allergen exposure (or non-exposure), tobacco,
and air pollution®. Outdoor air pollution is a
complex and variable mixture of multiple pol-
lutants. Transport, power generation, industri-
al activity, and biomass burning are the pre-
dominant anthropogenic sources. The mix of
outdoor pollutants varies over space and time,
reflecting the diversity of sources as well as the
effect of atmospheric processes. Outdoor air
pollution has evolved in the last decades. In
Europe and North America, air pollution relat-
ed to industrial effluents is better controlled,
and episodes of severe air pollution related to
industrial activity have mostly disappeared.
Currently, the main source of air pollution in
Europe and North America is vehicular traffic,
and the air pollutants of major interest in ur-
ban areas are those related to traffic: nitrogen
dioxide (NO,) and particulate matter (PM), or
ozone (O;) which is a by-product of NO,.

With the decrease of air pollution levels in
the 1980s, associated with a better control of
industrial emissions and residential coal com-
bustion, interest in air pollution research de-
creased as it was thought that air pollution
levels were too low to be associated with
health problems®. However, at the beginning
of the 1990s, the Barcelona group found that
air pollution levels below the air quality rec-
ommendations had an effect on respiratory
health, namely on chronic obstructive pulmo-
nary disease (COPD) exacerbations’. Also, stud-
ies in the USA, (“Six Cities” and ACS) showed
that even at low concentrations, air pollution
exposure was associated with an increase in
respiratory and cardiovascular mortality®®.
Since then it has not been possible to establish
a threshold below which no adverse effects
on health were found. Furthermore, it has
been shown that air pollution exposure was
not only associated with acute health effects,
but also that long-term air pollution exposure
was associated with chronic health effects.

The effects of air pollution on asthma are bi-
ologically possible as air pollution causes in-
flammation and oxidative stress, i.e. mecha-
nisms that are involved in asthma exacerbation,
asthma severity, and probably in asthma devel-
opment as welll’. Particulate matter is catego-
rized on the basis of its aerodynamic diameter
and causes inflammation and oxidative stress
in the lung at various levels, depending on the
site of deposition when inhaled. Gases also in-
teract with the lung at several levels (Fig. 1). In
asthmatic volunteers, controlled exposures to
sulphur dioxide (SO,), O,, and NO, at levels
that are found in real-life situations induced
bronchial hyperresponsiveness and inflam-
mation and reduced the dose of aeroallergen
needed to produce a given bronchial response.
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Nose, throat: Particles < 30 um

Trachea, bronchi, bronchioli: Particles < 10 um

§0,,NO,, ozone

Pulmonary alveoli: Particles < 2-3 um

NO,, ozone

Pulmonary tissue, circulation:  Ultrafine particles < 0.1 um

Ficure 1. Particulate matter and gases — interactions with respiratory tract. Particulate matter is categorized on the basis of its aerodynamic
diameter, depending on site of deposition when inhaled. Gases cause lung damage at all the levels.

NO,: nitrogen dioxide; SO,: sulphur dioxide.

The role of air pollutants in triggering asthma
exacerbations in asthma patients has been es-
tablished since many years. Several studies,
although not all, support the role of air pol-
lution or traffic proximity in the development
of asthma in childhood. The role of air pollu-
tion in adult-onset asthma (i.e., asthma inci-
dence) has been investigated in fewer studies
and should not be extrapolated from studies
in children because they are two distinct
asthma phenotypes that have, at least partly,
different clinical, biological, and genetic char-
acteristics*. Although we will not address it
in this manuscript, it is important to note that
there is also literature on the effects of air
pollution on asthma-related traits or pheno-
types, such as asthma control or severity, or
atopy in asthmatics. Very briefly, it seems that
air pollution could be associated with more
severe attacks of asthma'' and a more severe

asthma'?, and also with a poorer control of the
disease!*!. Regarding atopy, the literature is
even less consistent and has mainly focused
in children. For the moment, it is not possible
to draw a firm conclusion about the effects on
allergy, however some studies suggest that air
pollution could be associated with atopy in
children'>¢ or higher levels of immunoglob-
ulin E in subjects with asthma, but not in
those without. Furthermore, a recent study
showed that the effects of NO, on childhood
asthma were modified by the presence of other
allergic diseases, such as allergic rhinitis, ec-
zema, or food allergy, suggesting a probable
role for allergic sensitization in the pathogen-
esis of air pollution-related asthmal®.

In this manuscript, we will summarize the
evidence for the role of air pollution on (i)
asthma exacerbations, (ii) asthma incidence in
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children, and (iii) asthma incidence in adults,
highlighting the most important publications
in each of these three areas.

ASTHMA EXACERBATIONS

Air pollution epidemiology started in the
1970s by studying the short-term effects of air
pollution on mortality and hospitalization and
by focusing on respiratory causes, including
those related to asthma. The effect of short-
term exposure to air pollution on acute man-
ifestations of the disease is usually assessed
with time-series or panel studies. The mark-
ers of asthma exacerbations that were more
frequently studied were hospitalizations or
emergency visits due to asthma. In the 1980s,
many studies showed an increase in hospital
admissions due to asthma associated with O,
and particles exposure in adults, children, and
the elderly. Most of these studies were con-
ducted in the USAY. They all described the
health effects at concentrations below the North
American air quality standards. One of the
first studies in Europe showing an associa-
tion between air pollution and asthma emer-
gency visits was conducted in Barcelona.
They showed that black smoke and NO, were
associated with asthma visits, but they did
not find associations with SO, and O,%. These
results were confirmed in a study that includ-
ed four European cities: Barcelona, Helsinki,
London, and Paris within the framework of
APHEA (Air Pollution and Health: A Europe-
an Approach). They showed a significant in-
crease in daily admissions for asthma in adults
associated with NO, and non-significantly
with black smoke. The association between
asthma admissions and O, was heterogeneous
among cities. In children, daily admissions

increased significantly with SO, and non-sig-
nificantly with black smoke and NO,?.. Rou-
tine PM monitoring in Europe appeared after
those for gases and a few years later, within
the context of APHEA 2, it was confirmed that
particle concentrations in eight European cit-
ies were positively associated with increased
numbers of admissions for asthma in chil-
dren and adults??. Since then, many studies
have confirmed such associations for gases
and particles for adults and children (e.g., the
multicenter studies by Bell et al.3, Dominici
et al.?%, and Staffogia et al.?®). Selected articles
are summarized in table 1. These results on
emergency admissions as markers of exacer-
bations have been validated with other acute
markers of the disease such as doctor’s or
emergency departments’ visits?*2%, medica-
tion intake?®3°, or absenteeism?'.

Recently, several studies have tried to identi-
fy the component or the source of pollution as-
sociated with asthma hospitalizations. Basagafia
et al.*? found in Europe an increase in respira-
tory hospitalization with several PM constitu-
ents such as elemental carbon or nickel. Such
elements come from different sources and some
of them are highly correlated and therefore it
was difficult to attribute effects to a particular
constituent or to identify any source specifical-
ly. In the USA, adverse associations with pae-
diatric asthma were observed with particles
generated from diesel-fuelled vehicles and
gasoline-fuelled vehicles®®, while in another
study they found that emergency visits for
paediatric asthma were strongly associated
with high exposures on days with multi-pol-
lutant mixtures; but they could not identify
any specific combinations that were more
harmful than others®. However, a very im-
portant and interesting experimental real-life
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TaBLE 1. Key epidemiological papers regarding the short-term effects of air pollution on asthma exacerbations

Sunyer et al.?!
NO,, SO,

Atkinson et al.?
o, NO,, S0,, CO

Bell et al.2*
1999-2005. PM,

Dominici et al.
1999-2002. PM,

Stafoggia et al.®

PM, ., PMcoarse

Multi-city time series, 8 European cities. 1988-1997. PM

Multi-site time-series models in 202 US counties.

Multi-site time-series models in 204 US counties.

Multi-city time series, 8 European cities. 2001-2010. PM

Brief description of the study Key findings

Multi-city time series, 4 European cities. 1986-92. 0,

Daily admissions for asthma in adults increased with NO,.
In children, daily admissions increased with SO,

PM is associated with increased admissions for
respiratory diseases

10"

PM, . was associated with respiratory admissions

PM, . increases hospital admission for respiratory
diseases

PM, . and PMcoarse were associated with respiratory
hospitalizations

10"

CO0: carbon monoxide; NO,: nitrogen dioxide; O,: ozone; SO,: sulphur dioxide; PM: particulate matter; PM, : particulate matter with an aerodynamic diameter < 10 pm;
PM, ;: particulate matter with an aerodynamic diameter < 2.5 ym; PMcoarse: particulate matter with an aerodynamic diameter < 10 ym and > than 2.5 pm.

condition study (detailed in the discussion)
showed that exposure demonstrated a causal
nature in the functional exacerbation (forced
expiratory volume in one second, FEV,, de-
cline in asthmatics) due to diesel particles®.

The literature on asthma symptoms associated
with long term-exposure to air pollution is
very extensive, suggesting also a chronic effect
of air pollution in asthma expression in both

children3>3® and adults®-%°.

ASTHMA INCIDENCE IN CHILDREN

The research on the chronic long-term effects of
exposure to air pollution in asthma is more re-
cent than the research on its acute effects, main-
ly due to the development of new methods to
assess long-term exposure to air pollution. The
long-term effect of air pollution on new-onset
asthma has been mostly studied in children®
and is quite extensive. In children, proximity to
traffic is associated with an increase in asthma
prevalence and incidence**3, with substantial
evidence for a causal asthmogenic role of the

pollutants occurring in high concentrations
along busy roads. The Southern California
Children’s Health Study contributed with sev-
eral analyses to the evidence that proximity
to traffic or air pollution was associated with
asthma*4>#*. They also found that long-term
exposure in early childhood was associated
with impaired lung development, as we will
detail later*. These results were confirmed by
several European studies*>#¢. Within the Span-
ish INMA cohort (Childhood and Environ-
ment), it was observed that early-life expo-
sure to ambient air pollution may increase
the risk of upper and lower respiratory tract
infections in infants?. These results were con-
firmed within the context of ESCAPE includ-
ing INMA and another six European cohorts*.
Selected articles are summarized in table 2.

In the literature on children, it is interesting
to note that proximity to traffic, more than air
pollution exposure per se, seems to be associ-
ated with asthma. For example, in the Euro-
pean ESCAPE study* including five cohorts,
the authors did not find an association be-
tween modelled air pollution and childhood

A€ X BARCELONA
—d_ -+ RESPIRATORY
3L NETWORK

Collaborative research



Bénédicte Jacquemin, Jordi Sunyer: Asthma and Air Pollution. Where are We?

TaBLE 2. Key epidemiological papers regarding the long-term exposure of air pollution on asthma onset in children

Jerrett et al.¥!

McConnell et al.*?

Brief description of the study Key findings

217 children from the Southern California Children’s Health Study,
followed up from the age of 10 to 18. Home NO, monitors

2,497 4-6 year old children from the Southern California Children’s
Health Study followed-up for 3 years. Central monitoring 0,, PM and

NO, was associated with the onset of
asthma

Both proximity to traffic and NO, were
associated with asthma onset

NO, and traffic-related air pollution derived from dispersion models

Gehring et al.®

estimated by land-use regression models

Gauderman et al.**

Birth cohort study with an 8-year follow-up. NO,, PM, . and soot

208 children from the Children’s Health Study, followed up from the
age of 10 to 18. Home NO, monitors and distance to freeways

derived by geographic information systems

Brauer et al.*

estimated by land-use regression models

Méalter et al.* Five European cohorts. NO,, NOx, PM

from land use regression models

10"

PM

4,000 children followed-up from birth to 4 years. NO, and PM,

R2ing

PM, ., NO, and soot were associated with
incidence of asthma, prevalence of asthma,
and prevalence of asthma symptoms

NO, and distance to freeways were
associated with asthma incidence

Traffic-related pollution was associated with
doctor-diagnosed asthma

black smoke derived No significant association between air
pollution exposure and childhood asthma

prevalence

NO,: nitrogen dioxide; NOx: nitrogen oxides; O: ozone; PM: particulate matter; PM, : particulate matter with an aerodynamic diameter < 10 ym; PM, .: particulate matter with

an aerodynamic diameter < 2.5 pm.

asthma prevalence, but they did not test for
proximity to traffic. While the evidence sup-
porting the negative effect of air pollution on
asthma incidence is still quite accepted, this
issue raises the question of which air pollu-
tion element or source is the one causing neg-
ative health effects in children, and evidence
is pointing to combustion/diesel exhaust.

Another issue we would like to discuss is that
time of exposure could be particularly import-
ant regarding respiratory health in children.
Morales et al.*® found that prenatal exposure
to residential traffic-related air pollution was
associated with long-term lung function defi-
cits at preschool age. These results are closely
related to the growing and solid evidence in
the literature associating prenatal exposure
to air pollution with low birth weight>’*?, as
it is well known that birth weight has an im-
pact on health at later ages, including respi-
ratory health. Therefore, prenatal exposure to

air pollution could play an important role in
later asthma development.

ASTHMA INCIDENCE IN ADULTS

The evidence is less extensive in adult-onset
than in childhood asthma®. The earliest study
to identify an association between long-term
exposure to air pollution (i.e, O,) and asthma
incidence was a cohort of non-smoking Cali-
fornian Seventh-Day Adventists assessing the
long-term health effects of ambient air pollut-
ants (AHSMOG,). They found a positive associ-
ation, but only for males®. The study by Modig
et al.>* was the first to investigate the contri-
bution of traffic-related pollution to adult-on-
set asthma, and suggested an association of
traffic-related NO, with asthma incidence, but
the study lacked statistical power. The Respi-
ratory Health in Northern Europe study®
and the European Community Respiratory
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TaBLE 3. Key epidemiological papers regarding the long-term exposure of air pollution on asthma onset in adults

McDonnell et al.5® Cohort of 3,091 nonsmoker adults (age, 27-87) in US,
followed up for 15 years. PM,,, SQ,, NO,, SO,, O, and

0,8-hour average from the closest fixed monitoring

stations
Modig et al.** 203 cases and 203 controls in Sweden, aged from 20 to
60. Home NO, monitors and proximity to traffic
Modig et al.®® Cohort in Sweden, including 3,824 adults (age, 15-45),

followed-up for 9 years. NO, dispersion models and
proximity to traffic

Jacquemin et al.% Prospective cohort, in European 17 cities (ECRHS),
including 4,185 adults (age, 20-40) followed up for 10

years. NO, dispersion models

Kunzli et al.”’ Prospective cohort in 8 Swiss areas, including 2,725
adults (age,18-60), followed up for 10 years,

traffic-related PM, dispersions model

US cohort including 50,884 women followed up for 5 years
PM,, and NO, Kriging models

Young et al.%®

Jacquemin et al.%® 6 European cohorts of adults followed up for around 10
years. NO,, NOx, PM,, PM, ., black smoke derived

from land-use regression models

Brief description of the study Key findings

0, 8-hour average was associated with adult asthma
incidence in males

Living close to high traffic was non-significantly
associated with asthma incidence

NO, was associated with adult asthma incidence only
in subjects with a positive SPT

NO, exposure and living close to a major road were

associated with asthma onset and incidence in adults

NO, was associated with asthma incidence in adults

Traffic PM,, is associated with asthma incidence in
adult nonsmokers

PM, ; and NO, were associated with asthma incidence

NO, was borderline significant associated with asthma
incidence

NO,: nitrogen dioxide; O;: ozone; SO,: sulphur dioxide; PM: particulate matter; PM,: particulate matter with an aerodynamic diameter < 10 ym; PM, ;: particulate matter with

an aerodynamic diameter < 2.5 ym.

Health Survey®® also reported a positive asso-
ciation between NO, and asthma incidence.
In the latter cohort, results were confirmed
using asthma definition-based symptoms®.
The Swiss study on air pollution and health
in adults found similar results, but using the
traffic fraction of PM and only in never-smok-
ers”. A recent US study suggested an associ-
ation of particulate matter with an aerody-
namic diameter < 2.5 um (PM, ) with incident
asthma in women®®. Within the context of the
European Study of Cohorts for Air Pollution
Effects (ESCAPE) including six cohorts, the
authors also found that asthma incidence was
positively associated with NO, but lacked the
power to find an association with PM*. Even
if, compared to the child literature, evidence
is less extensive, it strongly suggests that air

pollution could also be associated with asth-
ma incidence in adults. Selected articles are
summarized in table 3.

INTERPRETATION OF FINDINGS

Air pollution is associated with acute and
chronic manifestations of asthma and very
probably also associated with asthma onset
in both children and adults (Table 4). Howev-
er, some issues still need to be discussed and
clarified so we will raise some of these in the
following sections.

Disentangling the chronic and acute effects
of air pollution is a challenge in air pollution
epidemiology. In the case of asthma, as shown
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previously, it appears that air pollution could
be associated with both aspects, namely
worsening of the pre-existent disease but also
causing the disease. However, the underlying
mechanisms through which air pollution
could be associated with these two facets of
the disease are still unclear, though it is like-
ly that in both cases the effects are mediated
by oxidative stress and inflammation®"-%, But
mechanisms could be specific per pollutant.
As alluded to above, evidence points towards
combustion and diesel particle exposure as
being responsible for asthma development in
children. In child studies, it has been suggest-
ed that the mechanisms linked to asthma in-
cidence include allergic sensitization, and
diesel exhaust may act as an adjuvant affect-
ing the immune response to environmental
allergens, and air pollutant particles may act
as carriers of microbes and allergens®4%°.

One of the main challenges for studies ad-
dressing the health impact of air pollution is
the assessment of exposure. Similar to the need
to define the phenotypes and biologic features
of study participants, exposure to ambient air
pollution has to be assessed at an individual
level. Numerous studies on the effects of air
pollution are based on studies characterizing
urban background pollution and/or the daily
changes of key markers of this mixture. More
recent approaches substantially improved the
assessment of local contrasts occurring par-
ticularly in those pollutants and constituen-
cies that heavily depend on proximity to
sources, such as traffic-related primary pol-
lutants®. However, personal assessment of ex-
posures, integrating the various spaces people
spent time and commute in, has so far been
restricted to small-scale studies. All methods
have advantages and limitations, but there is

TaBLE 4. Summary of the air pollutant effects on asthma

Particulate matter ++ ++ _
Nitrogen dioxide 4+ ++ ++
Ozone 4+ NA NA
Traffic proximity NA ++ _

— not sufficient evidence; + some studies find associations; ++ most studies find
consistent results; +++ almost all studies find consistent results; NA: not available.

no consensus on a “gold standard” —which
also depends on the study design— and their
development depends on the resources avail-
able®®. A general challenge of exposure as-
sessment, in particular in studies on the long-
term effects of air pollution, is the scaling-up
to large populations. Novel remote sensing,
satellite-based tools combined with local
measurements and land-use information may
become highly attractive to define air quality
retrospectively and prospectively in space
and time (Fig. 2 and 3)*”. The combination of
the pollution space with individually collect-
ed information on time-activity patterns, us-
ing personal mobile micro technology, will
further improve the assessment of exposure
on various time scales and for specific sourc-
es. The improvement of air pollution expo-
sure assessment in a fine geographical scale
on large populations, taking into account
time-activity patterns, will allow us to better
characterize and understand air pollution ef-
fects on asthma.

Air pollution is a mixture of multiple pollut-
ants, some of them being highly correlated to
each other either in time or space, if not both,
making it difficult to identify the causal pol-
lutants. It is interesting to note that American
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Figure 2. Map of nitrogen dioxide concentrations in 2005. Nitrogen dioxide (NO,) LUR models for Western Europe (years: 2005-2007)
based on > 1,500 EuroAirnet monitoring sites covering background, industrial, and traffic environments. Predictor variables include land
use characteristics, population density, and length of major and minor roads in zones from 0.1 to 10 km, altitude, and distance to sea.
The models were improved using satellite-based data (reprinted with permission from Vienneau et al.?”. Copyright 2013 American

Chemical Society).
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Annual PM,,
(ug/m?)
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Ficure 3. Map of particulate matter with an aerodynamic diameter <10 ym concentrations in 2010. Nitrogen dioxide LUR models for Western
Europe (years: 2005-2007) based on > 1,500 EuroAirnet monitoring sites covering background, industrial, and traffic environments.

Predictor variables include land use characteristics, population density, and length of major and minor roads in zones from 0.1 to 10 km,
altitude, and distance to sea. The models were improved using satellite-based data (reprinted with permission from Vienneau et al.?’.
Copyright 2013 American Chemical Society).

PM,,: particulate matter with an aerodynamic diameter <10 pm.
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studies tend to find more negative effects of air
pollution on asthma with PM or proximity to
traffic and European studies with gases, name-
ly NO,. This could be due in part to the fact
that particles have been measured routinely
for more time in American cities, thus having
more perspective for PM. Also, NO, is a mark-
er of traffic and particularly of ultrafine par-
ticles. While in relation to mortality NO, is
generally seen as a marker of traffic exposure,
being an oxidant in relation to asthma at-
tacks, it could play a causal role as a trigger.
Another explanation could be that particle
composition differs from one place to anoth-
er. In fact, the notion of a “culprit pollutant”
may be inherently flawed as pollutants con-
tained in the mixture may act synergistically
or even antagonistically. Characterizing ex-
posure to “clustered” and source-specific pol-
lutants at the personal level may have major
advantages. To the extent that health effects
depend on the nature and toxicity of pollut-
ants, markers of such features of the mixture
may be particularly appealing to address
mechanisms and susceptibility factors.

We would like to draw attention to the litera-
ture about air pollution and lung function,
which is a phenotype closely related to asthma.
Numerous epidemiologic studies have shown
decrements in pulmonary function that were
associated with short-term air pollution expo-
sure under real exposure conditions®. In 2007,
Mc Creanor et al.** conducted a very interest-
ing experimental real-life exposure study, in-
cluding 60 adults with asthma. Each partici-
pant walked for two hours in a very busy
London street (Oxford Street) and, at a sepa-
rate time, in a London park (Hyde Park). They
found larger reductions in the FEV, and forced
vital capacity (FVC) after walking in the street

compared with walking in the park. The chang-
es were greater in subjects with moderate asth-
ma compared with those with mild asthma.
These lung function test abnormalities were ac-
companied by increases in biomarkers of lung
inflammation. These results contributed to
confirm and better understand the acute ef-
fects of air pollution on the lung in asthmatics.
Furthermore, long-term exposure to air pollu-
tion has also been associated with lung func-
tion growth?, levels®, and decline’*”!. The study
by Gauderman et al-** was particularly import-
ant as it was one of the first to show prospec-
tively in a large cohort that local exposure to
traffic had adverse effects on children’s lung
development, which could cause an impaired
lung function in later life. All these features are
implicated in both asthma aetiology and severity
and very likely share mechanisms with asthma.

Another issue that we would like to discuss
is whether it has been possible to identify sus-
ceptibility factors in the association between
air pollution and asthma, in particular related
to sex, atopy, or smoking. Actually, these fac-
tors have not systematically been addressed
and the results are inconsistent. For example,
as we have seen, many studies have found
that air pollution was associated with atopy
and/or asthma, but most of them lacked the
power to address the question if air pollution
was more associated with atopic asthma or
non-atopic asthma, and those that looked for
such interactions reported inconsistent asso-
ciations. While results concerning sex differ-
ences are also inconsistent, some but not all
seemed to find a higher association in males.
It is interesting to note that in a prospective
European meta-analysis including six cohorts,
sex did not modify the associations between
NO, and asthma incidence®. Furthermore, all
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cohorts showed positive associations between
air pollution and asthma incidence in adults,
except the Etude Epidémiologique aupres de
femmes de la MGEN (Mutuelle Générale de
I’Education Nationale) (E3N) cohort that only
includes older women, mostly teachers®. How-
ever, conversely, results from a nationwide
US cohort suggest that air pollution exposure
increases the risk of developing asthma in
adult women®®. Regarding smoking, air pol-
lution may be plausibly more asthmogenic in
non-smokers, and several studies found great-
er associations between air pollution and
asthma in non-smokers®, but there is not
sufficient evidence to draw a conclusion. An-
other interesting question is whether genes,
mainly the ones involved in oxidative-nitro-
sative stress or inflammation pathways, may
modulate the associations between air pollu-
tion and asthma. A recent review”? concluded
that there is some evidence for an association
between polymorphisms in inflammatory and
immune-response genes and adverse respira-
tory outcomes from exposure to air pollution.
However, the authors warned that more re-
search is needed to confirm and quantify the
strength of the interactions and to understand
the mechanisms behind them.

To conclude the discussion, we would like to
highlight several studies that have shown that
efforts to reduce exposure are associated with
lung function or asthma improvement. In a
Swiss prospective cohort, decreasing exposure
to airborne particulates appeared to attenuate
the decline in lung function related to expo-
sure to particulate matter with an aerodynam-
ic diameter < 10 um (PM, ). In another Swiss
study, it was observed that the reduction of PM
exposures improved respiratory health in chil-
dren”®. More recently, Adar et al.” found that

national and local diesel policies have reduced
air pollutant concentrations exposures in the
USA, so such decrease in exposure was asso-
ciated with improved fractional exhaled NO,,
FEV, and FVC growth, and absenteeism, prin-
cipally in children with asthma. And Gaud-
erman et al.”>, as part of the Children’s Health
Study, found that long-term improvements in
air quality were associated with statistically
and clinically significant positive effects on
lung-function growth in children. Whether all
these improvements will actually result in few-
er cases of asthma in the future still needs to
be studied, but these results are promising.

CONCLUSION

There is growing and solid evidence that air
pollution causes asthma exacerbations. The ev-
idence regarding the effect of air pollution ex-
posure on asthma onset is also quite robust,
mainly in children but also in adults. Further-
more, there is a lot of knowledge about the
mechanisms of the different pollutants in-
volved. Gases that are oxidants could be more
associated with acute manifestations of the dis-
ease, and particles that are more related with
chronic inflammation could be more related to
incidence. Diesel particles have been associated
with both exacerbations and incidence. How-
ever, research is still needed to better under-
stand and identify the underlying mechanisms
related to the specific pollutants and specific
sources. More research is also needed to iden-
tify more susceptible groups such as males,
non-smokers, or persons with other chronic
conditions, such as atopy or obesity. To achieve
such goals, well-characterized and phenotyped
large cohorts with detailed exposure assess-
ment are necessary.

#% ¥ BARCELONA
_d__» RESPIRATORY
Lt NETWORK

Collaborative research




BRN Rev. 2015;1

In the light of these results that show that air
pollution exposure, and principally traffic-re-
lated air pollution exposure, has a major
impact on respiratory health, the pulmonolo-
gists, as they did against the tobacco indus-
try, should act as lobbyists and put pressure
on local and European authorities in order to
promote policies to better control emissions
and therefore improve the respiratory health
of the population.
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