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Abstract

Air pollution is one of the world’s most serious environmental problems. Air pollutants continue to be

major contributing factors to chronic respiratory diseases (such as chronic obstructive pulmonary disease and

asthma), cardiovascular diseases, and cancer. We conducted a systematic literature review to provide some

insight into what we currently know about the health problems associated with various air pollutants (espe-

cially ozone and particulate matter) and their relationship in promoting chronic respiratory diseases.

Additionally, an overview of methodology used for evaluating the impact of air pollution on chronic respira-

tory diseases was done. A literature search targeted studies on the association between the effects of air pollu-

tion and respiratory health endpoints published between January 2000 and June 2010.
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Introduction

In the last two decades epidemiological research has
shown the significant impact of air pollution on population
health. Growing evidence indicates that increasing levels of
ambient air pollution are associated with exacerbation of
chronic diseases, like chronic pulmonary diseases and res-
piratory health effects [1-3]. The adverse health effects
associated with air pollution may be attributable to short-
term (a few minutes to 24 h) exposure or long-term (months
to decades) exposure, and different pollutants may have
widely different exposure-response characteristics [2, 4].

Ambient air pollution consists of a highly variable,
complex mixture of different substances that may occur in
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gas, liquid, or solid phase. Common outdoor pollutants,
identified as being of greatest concern from a health per-
spective, are particulate matter (PM), nitrogen dioxide
(NO,), carbon monoxide (CO), volatile organic com-
pounds, and ozone (O;). Urban ambient air pollution is the
result of emissions from multiple sources, mainly station-
ary, industrial, and domestic fossil fuel combustion, and
petrol and diesel vehicle emissions [2].

Among all air pollutants, PM is the type of air pollution
that causes the most serious effects on human health,
because it contains a broad range of diverse toxic sub-
stances [5]. The term PM is used to describe airborne solid
particles and/or droplets. These particles may vary in size,
composition and origin. Based on size, urban PM tends to
be divided into three groups: coarse (larger than 1 pm, usu-
ally defined as the difference between PM,, and PM,;),
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fine, (smaller than 1 um, usually measured as PM, ;) and
ultrafine particles (UFP) smaller than 0.1 um. In the air pol-
lution regulations of PM there are two main categories, PM, s
and PM,,, which refer to particles with aerodynamic diame-
ter smaller than 2.5 pm and 10 um, respectively [6].
Chemical composition of ambient PM varies widely as a
function of its main emission sources and of the chemical
reactions that take place in the atmosphere. The major com-
ponents of PM are transition metals, ions (sulfate, nitrate),
organic compound, quinoid stable radicals of carbonaceous
materials, minerals, reactive gases, and materials of biologic
origin. The health effects associated with ambient exposure
to PM,, 5 (coarse particles) differ from those of PM, 5 (fine
particles) according to the sites of deposition in the respirato-
ry tract and chemical composition. Coarse particles, which
are produced primarily by processes such as mechanical
grinding, windblown dust, and agricultural activities, deposit
preferentially in the upper and larger airways. Particles PM, 5
in size, which are more likely to result from combustion
processes, can reach smaller airways and alveoli [5, 7].
Numerous epidemiological studies [5, 7-9] have found a
strong exposure-response relationship between PM for short-
term effects (premature mortality, hospital admissions) and
long-term or cumulative health effects (morbidity, lung can-
cer, cardiovascular, and cardiopulmonary diseases).

Ozone, a highly reactive form of oxygen that is the pri-
mary component of urban smog, is commonly known as an
irritant air pollutant. In several studies respiratory morbidi-
ty, including asthma and chronic obstructive pulmonary
disease (COPD), has been linked with the short-term
changes in O; levels [10, 11]. Results of epidemiological
studies addressing long-term effects of ozone are not entire-
ly consistent. Several studies indicate that an increase in
ground-level ozone may actually cause asthma [12-14].

Method
Data Source and Literature Search Strategy

We performed a systematic review of the literature
focused on the short-term and long-term effects of outdoor
air pollution (in particular PM and O,) on respiratory health
outcomes, published between January 2000 and June 2010.
The data source was the MEDLINE electronic database
searched via PubMed, using topic-related search terms,
either alone or in combination, both for exposure and for
health outcomes.

Key words and search strategy: The search strings con-
sisted of next words: (“Ozone” or “Particulate Matter”)
and (“Pulmonary Disease” or “Respiratory Disease” or
“Asthma”) and (“Incidence” or “Prevalence” or “Morbidity”
or “Mortality””). The search was restricted to humans and to
articles published in English.

Data processing and quality assessment: Eligible stud-
ies were appraised by two independent reviewers who also
extracted data. Discrepancies were resolved through a third
reviewer. Titles and abstracts of the identified citations were

screened to select articles according to the rating relevance,

based on the following criteria:

1. Extremely relevant papers — if data about incidence,
prevalence or mortality are presented in the abstract.

2. Quite relevant papers — data about incidence, preva-
lence or mortality are not presented in the abstract, but
aresearcher can conclude from the title and abstract that
they are presented in the full text paper.

3. Marginally relevant papers — data about incidence,
prevalence or mortality are not presented in the abstract,
and a researcher can conclude from the title and abstract
that they are probably also not presented in the full text.
Out of 318 identified papers, 68 were selected as

extremely relevant, 100 as quite relevant, and 150 articles

were of marginal relevance. Only extremely relevant papers
were recommended for further reading.

The full text papers were rated for quality of research as
high, medium, or low. The quality assessment was based on
the following criteria:

- clearly stated aims

- appropriate methods are used

- well constituted context of the study

- clearly described, valid, and reliable results

- clearly described analysis

- possible influences of the outcome are considered

- conclusion is linked to the aim, analysis, and interpreta-
tion of results of the study

- limitations of research are identified
Based on previous criteria, the best-rated articles [36]

were recommended for final analysis.

Number of identified papers through data processing
and quality assessment are presented in Fig. 1.

| Search strategy |

!

Chronic respiratory diseases

!

Number of identified articles

!

318
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|
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High quality rating
(Recommended for final
analysis)
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Fig. 1. Search strategy for systematic review of air pollution
adverse effects on the respiratory system.
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Results
Methods Used in the Reviewed Studies

Assessing the health effects of ambient air pollution on
individuals in a population is the primary goal of air pollution
epidemiology studies. Epidemiologic studies of air pollution
look for association between the exposure of interest (levels
of O;, particulates, and other pollutants) and health outcome
using statistical methods. In practice, most of the air pollution
studies on humans have been observational studies: ecologi-
cal time-series, case-crossover, panel, and cohort studies,
while cross-sectional studies are less common. The time-
series, case-crossover, and panel studies are best suited for
estimating the acute effects of air pollution, while cohort
studies estimate acute and chronic effects combined [6].

The time-series studies associate time-varying pollution
exposure to time-varying event counts [10, 15-17]. The
time-series studies of PM examine association over time in
one area, between daily changes in PM,, and daily counts
of mortality or hospitalizations, controlling for other factors
[17]. These studies can control for effects of weather and
season [15].

The case-crossover design is used to estimate the risk of
a respiratory event associated with a short-term exposure.
The case-crossover design is a variant of the matched case-
control design in which a case subject becomes a control
subject on days when no event (hospital admission) occurs.
It has been shown that the case-crossover design is best
suited to study intermittent exposures inducing immediate
and transient risk, and abrupt rare outcomes [11, 18]. For
example, to evaluate the effect of short-term exposure of O,
and PM,, on respiratory hospital admissions for pneumonia
and COPD, a large multi-city study was conducted [11].
The case-crossover analysis in which a case subject
becomes a control subject on days when no hospital admis-
sion occurs was used. Study confirmed that short-term
increases in PM,, and O, ambient concentrations are relat-
ed to hospital admissions for COPD and pneumonia, espe-
cially during seasonally warm periods.

Panel studies enroll a cohort or panel of individuals and
follow them over time to investigate changes in repeated
outcome measures [1]. They are most effective for studying
short-term health effects of air pollutants, particularly in the
susceptible subpopulation. The panel study design is com-
monly used to study chronic disease exacerbations such as
daily asthma symptoms, COPD, or lung function [1].

Air pollution cohort studies associate long-term expo-
sure with health outcome. Either a prospective or retro-
spective design is possible. In the prospective design par-
ticipants are followed over time for mortality or other
health events [9, 14, 19, 20]. A measure of cumulative air
pollution is often used as an exposure variable. Cohort stud-
ies might estimate a combination of acute and chronic
effects because the outcomes accumulate over long time
periods and could be triggered by either cumulative or
short-term peak exposures. Thus, although estimation of
chronic effects is one goal of cohort studies, these may not
be separable from the acute effects of exposure [3].

Effects of Air Pollution on Morbidity
and Mortality of Chronic Respiratory Diseases

Although the mechanisms are not fully explained, epi-
demiological evidence suggests that outdoor air pollution is
a contributing cause of morbidity and mortality of chronic
respiratory diseases all over the world [3, 7, 9, 18, 20].

Results from toxicological research have shown several
mechanisms of adverse effects, such as cytotoxicity
through oxidative stress mechanisms, oxygen-free radical-
generating activity, DNA oxidative damage, mutagenicity,
and stimulation of proinflammatory factors [1, 6]. Air pol-
lution exposure involves the contact of pollutants with the
respiratory tract, such exposure being measured according
to two parameters: intensity and duration. The pathogenic
effects of environmental pollution on the organism fall into
two categories: acute or short-term effects, and chronic or
long-term effects, depending on the time required from
exposure to the manifestation of its effect [5].

Short-Term Effects

Hospital Admission

Air pollution has been associated with hospital admis-
sions for respiratory diseases in cities all over the world.
The most common and consistent associations have been
found with PM and ozone [11, 15].

Relatively few studies of the association between air
pollution and emergency department visits have been con-
ducted [10, 15]. In the large multicenter analysis of Stieb et
al. [15] associations were examined between CO, NO,, O,,
SO,, and PM,, and PM, s, and visits for various cardiac and
respiratory conditions (asthma, COPD and respiratory
infections). Daily average concentrations of CO and NO,
exhibited the most consistent associations with emergency
department visits for cardiac conditions, while O, exhibited
the most associations with visits for respiratory conditions.
PM,, and PM, 5 were strongly associated with asthma visits
during warm periods. Significant associations between O,
concentrations and asthma-related emergency department
visits among children were also found in the study of Babin
et al. [10].

In a large-scale epidemiological study of respiratory
hospital admissions in children, carried out in the largest
cities in Australia and New Zealand, positive associations
were observed for PM, s and PM,,, for several childhood
respiratory diseases including pneumonia, bronchitis and
asthma [21].

Halonen et al. [17] found that most particle fractions
had positive associations with hospital admissions for
pneumonia, asthma, and COPD among the elderly (> 65
years). The overall associations were stronger for respirato-
ry than for cardiovascular outcomes.

Lung function and exacerbations of COPD have been
associated with short-term exposure to air pollution. In a
large case-crossover study of Medicare recipients in 36
U.S. cities, Medina-Ramon et al. [11] found that the risk of
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daily hospital admissions for COPD and pneumonia
increased with short-term increases in ozone concentrations
during the warm season. Findings suggest that some city
characteristics modify the effect of air pollution on respira-
tory hospital admissions. It was shown that use of central
air conditioning decreases the effect of air pollution and that
variability of summer temperature decreases the effect of
ozone on COPD [11].

In the study of Sauerzapf et al. [22], no associations
were observed between O, or particulates and the risk of
hospital admission for COPD.

Yamazaki and coauthors conducted case-crossover
design study to examine the association between short-term
exposure to outdoor air pollution and nighttime primary
care visits due to asthma attack [18]. They found the asso-
ciation between ozone and visits for asthma attack in warm
months, which was greater among preschool children.
There was no association between ozone and primary care
visits among adults. Similar results were reported by
Halonen et al. [23] who found that ambient O exacerbated
asthma and COPD among the elderly, and asthma among
children during the warm season, and that adults seem to be
less sensitive to the effects of O;.

In a systematic review and meta analysis Weinmayr et
al. [2] found clear evidence of effects of PM;,, on the occur-
rence of asthma symptom episodes, and to a lesser extent
on cough and Peak Expiratory Flow (PEF).

Epidemiological studies also have shown that short-
term effects of O; can be enhanced by PM, and vice versa,
and that O; may facilitate responses to allergens [12, 13,
23].

Kiechl-Kohlendorfer et al. [24] reported that living at
higher altitude was associated with an enhanced risk of hos-
pitalization for atopic asthma (RRs 2.08, 95%CI (1.45-
2.98) and 1.49 (1.05 to 2.11) for the comparison between
altitude categories (> 1200, 900-1199 m vs <900 m;
p<0.001). The risk for asthma hospitalization increased by
7% to each 100 m increase in altitude (p=0.013). Altitude
characteristics (declining with outdoor temperature, air
humidity, and ozone levels) could be operative in underly-
ing mechanisms of triggering and attenuating lung func-
tion.

There is evidence that low birth weight (LBW) and pre-
maturity are associated with reduced lung function, higher
levels of airway reactivity, and increased susceptibility to
lung damage. Large multicenter study of inner-city children
with asthma evaluated a series of demographic, host, and
home environment characteristics that may modify
response (symptomatic and pulmonary functional) to urban
air pollution [25]. Asthmatic children born prematurely or
with LBW have the greatest response to ozone. Children of
LBW or of premature birth appear to be more susceptible to
the effects of air pollution than children of normal birth
weight or full-term gestation.

Experimental data suggest that asthma exacerbation by
ambient air pollutants is enhanced by exposure to endo-
toxins and allergens. McConnel et al. [26] found a strong
association between bronchitic symptoms and air pollutants

like PM,,, PM,;, and PM,,,s among asthmatic children
owning a dog (indicator of allergen and endotoxin expo-
sure). Results suggest that exposure to endotoxins and aller-
gens may worsen the relationship between air pollution and
respiratory symptoms in asthmatic children [26]. An inter-
action between endotoxin and oxidant air pollutants is a
plausible explanation.

The relationship between air pollution concentrations
and total IgE levels in adult asthmatics was examined in a
study of 369 asthmatic adults from the French
Epidemiological study on Genetics and Environment of
Asthma (EGEA). Ozone concentrations were positively
related to total IgE levels and an incease of 10 mg/m’ of O,
resulted in an increase of 20.4% (95% CI=3.0-40.7) in total
IgE levels. Ozone and ambient pollutants may up-regulate
total IgE levels among asthmatic adults. Adjustment for
age, gender, smoking habits, and previous life in the coun-
tryside did not change the results [27].

Mortality

Numerous studies have shown associations between
ambient air pollution and daily mortality [5, 23]. It was
shown that outdoor air pollution is also associated with res-
piratory premature mortality. A short-term link between the
levels of ozone and PM,, and mortality for respiratory caus-
es was found in a study by Siccard et al. [4]. By consider-
ing the ozone mean values in urban areas during 1997-
2005, an increase of 3.0% year' was obtained with annual
averages and 3.9% year' with median values. A clear
increasing trend for PM,, ambient concentrations was also
obtained. Over the same period an annual change rate of
+0.31% year" for “airway diseases” was identified. Fischer
et al. [16] found that the elderly (over 65 years) are at high-
er risk for acute mortality effects of air pollution compared
to younger age groups. Statistically significant associations
were found for O, (total and COPD mortality), PM,, (pneu-
monia), NO, (pneumonia), and CO (pneumonia). Children
are uniquely predisposed to the potentially harmful effects
of PM and O, [2, 15].

The main characteristics and results of the above-men-
tioned short-term studies are presented in Table 1.

Long-Term Effects

Morbidity in Adults

Strong epidemiological evidence suggests that exposure
to PM air pollution causes exacerbations of pre-existing
lung conditions, such as COPD, resulting in increased mor-
bidity and mortality. However, little is known whether
chronic low-grade exposure to ambient PM can cause the
development and progression of COPD [28].Vulnerable
groups (COPD) and the elderly seem to be susceptible to air
pollution at lower levels than the general population.

According to the Swiss Study on Air Pollution and
Lung Disease in Adults (SAPALDIA), a -3.14% decrease in
forced vital capacity (FVC) per 10 pg/m’® increment in PM,
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An analysis from the California Children’s Health
Study [14] points to ozone as a cause in the development of
asthma in young people who did not previously have the
disease. The study found that children who were active in
outdoor sports in areas with high ozone concentrations
were more than three times as likely to develop asthma as
those who did not engage in outdoor sports during the five-
year follow-up study [14].

Although increasing evidence indicates that living near
heavy traffic is associated with increased rates of asthma,
some well designed studies have found only weak or no
associations [33, 35]. Results of the McConnell et al. study
[32] indicate that children exposed to higher levels of traf-
fic-related air pollution at school and home are at increased
risk of developing asthma, i.e. exposure at school and
home both contribute to the risk of new-onset asthma.

The role of exposure to ambient air pollution in the
development of childhood asthma, allergy, and related
symptoms, however, remains less clear due in part to the
limited number of prospective birth cohort studies. The
prospective birth cohort study of Gehring et al. [19], found
positive associations between traffic-related air pollution
levels outside subjects” homes and the incidence and preva-
lence of asthma during the first 8 years of life. Results of
this study provide evidence that air pollution exposure may
contribute to the pathogenesis of asthma in children.

Mortality

Although much attention has been focused on the
adverse health effects associated with daily exposure
(short-term exposure) to air pollutants, researchers are
reporting adverse health effects that are associated with
long-term exposure, especially to PM,, and O; [9, 36].

Several studies on long-term exposure to PM, indicate
a direct association with mortality, particularly from car-
diovascular and respiratory diseases [9, 20]. In most stud-
ies total mortality was directly associated with long-term
exposure to fine and very fine PM. According to a system-
atic review of the relation between long-term exposure to
ambient air pollution and chronic diseases, long-term
exposure to PM, s increases the risk of nonaccidental mor-
tality by 6% per a 10 pg/m’ increase, independent of age,
gender, and geographic region. Exposure to PM, 5 was also
associated with an increased risk of mortality from lung
cancer (range: 15% to 21% per a 10 pg /m’® increase) [36].
A study by Naess et al. [8] investigated the concentration-
response relation between PM pollutants (PM,, and PM, ;)
and cause-specific mortality. A consistent effect on all
causes of death was found for both sexes and age groups
by all indicators of air pollution. In the cause-specific
analyses, authors found an effect of all indicators for car-
diovascular causes, lung cancer, and COPD. Results indi-
cate that vulnerable persons with COPD and the elderly
seem to be susceptible to air pollution at lower levels than
the general population [8]. According to Pope et al. [20],
long-term PM exposures were most strongly associated

with mortality attributable to ischemic heart disease, dys-
rhythmias, heart failure, and cardiac arrest, while mortali-
ty attributable to respiratory disease had relatively weak
associations.

In the project of Kunzli et al. [3], the contribution of air
pollution and traffic-related air pollution in Austria, France
and Switzerland was estimated. A 10 pg/m’ increase in PM
was used to quantify the effects of air pollution. It was
shown that air pollution causes 6% of total mortality or
more than 40,000 attributable cases per year. About half of
all mortality caused by air pollution was attributed to
motorized traffic, accounting also for more than 25,000
new cases of chronic bronchitis (adults), more than 290,000
episodes of bronchitis (children), more than 0.5 million
asthma attacks, and more than 16 million person-days of
restricted activities. Although individual health risks of air
pollution are relatively small, the public-health conse-
quences are considerable. Traffic-related air pollution
remains a key target for public health action all over the
world.

The main characteristics and results of the selected
above-mentioned long-term studies are presented in Table 2.

Conclusive Considerations
and Research Gaps

Epidemiological studies of air pollution examine effects
of air pollution in large human populations under real-
world conditions. They look for associations between the
exposure of interest (short- and long-term exposure) and
health outcomes (acute or chronic). There is clear evidence
of association between air pollution and respiratory mor-
bidity and mortality. Although there has been progress in
the investigation of the association between air pollution
and health, a considerable need for further methodological
improvement still exists.

The development of GIS techniques, intense ambient
monitoring of air pollutants, air dispersion modeling, and
land use regression modeling has improved the tools for
better exposure assessment. Planning transportation and
other urban development so as to limit population exposure
to traffic exhaust, and more effective control of vehicular
emissions, may result in substantial long-term public health
benefits. Such insight eventually may direct the means for
effective public health prevention and treatment of diseases
associated with air pollution. The understanding of the
extent to which air pollution affects human health requires
an integrated approach to air pollution research, assembling
a multidisciplinary team of investigators with various inter-
faces between: data management, exposure assessment,
environmental and social epidemiology, biostatistics, health
economics, and policy. Air quality standards and guidelines
should be proposed to protect public health.

However, more research is needed to understand the
role of air pollution on respiratory health, and to clarify the
specific exposure indicator most sensitive in detecting a
health effect.
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