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ABSTRACT: There is consistency in the findings that relate the acute increases in
urban air pollution (mainly the particulate matter) and the short-term health effects (i.e.
mortality and hospital admissions) on patients suffering from chronic obstructive
pulmonary disease (COPD). Beyond the acute effects, a relevant public health and
scientific question is to what extent chronic exposure to air pollution is related with lung
function impairment and development of COPD.

The few cross-sectional studies showed an increase of self-reported diagnosis of
chronic bronchitis and emphysema, breathlessness and mucus hypersecretion and lower
levels of lung function in the more polluted areas. The two cohort studies in children
have found a retardation of pulmonary function growth, and the only cohort in adults a
faster decline of lung function.

Given the intrinsic limitations of cross-sectional studies to separate the timing
between exposure and effects, and the weaknesses of the cohorts (i.e. few areas, short
follow-up, only one retest, lack of individual weighting of air pollution measure) there is
a need for new prospective studies. These should be performed in a large number of
geographical areas and with a long follow-up to asses the impact of long-term air
pollution on lung function growth and decline, and on incidence, duration, severity and
survival of chronic obstructive pulmonary disease.
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Histological background

The majority of deaths occurring during the fog
episode in London in 1952 involved subjects diagnosed
of bronchitis (table 1) [1]. Physicians and public health
officers concluded that subjects suffering from cardio-
respiratory disease were the most susceptible to the
London fog [2]. Lawrther et al. [3] followed up a series
of panels of patients suffering from chronic bronchitis
in London during the periods 1959-60, 1964—65 and
196768 [3]. Patients recorded daily changes in their
symptoms and medication in a diary. Increases in daily
air pollution levels, rather than weather, were asso-
ciated with exacerbation of chronic bronchitis. The
association between air pollution and daily symptoma-
tology during the last period was of a lower magnitude
than that of the previous periods, coincidin% with lower
values of black smoke (mean 68 pg-m™) and the
absence of episodes of high air ?ollution (i.e. values
of sulphur dioxide >500 pg-m™) [3]. During 1968,
Carnow et al. [4] conducted two large panel studies in
Chicago and found an acute association between a
personal pollution index and acute illness (breath-
lessness, dyspnoea, cough and phlegm) in patients with
chronic bronchopulmonary diseases.

Previously during the 1950s, researchers in the UK
had shown that air pollution was not only the cause of
sudden exacerbation in patients suffering from chronic
obstructive pulmonary disease (COPD), but also that

prevalence of chronic bronchitis (CB) and cor pulmo-
nale appeared to be greater in postmen from areas with
higher pollution than in postmen from other areas [5].
A later study on the general population reached the
same conclusions [6], and a new study on postmen
during the 1960s observed reduced levels of lung
function in areas with higher air pollution [7]. A
higher prevalence of respiratory diseases compatible
with COPD in areas with higher air pollution was also
observed in the US [8§-10] and Poland [11]. In the
Netherlands, VAN DErR LENDE et al. [12] investigated the
decline in forced expiratory volume in one second
(FEV1) using repeated observations in the same
subjects, and found that living in highly polluted
areas had effects independent of smoking, on a faster

Table 1.—Cause specific mortality during the London fog
of December (6™ —13") 1952

Cause Excess n (%) RR (95% CI)
Bronchitis 628 (41) 9.3 (8.6-10)
Other respiratory 188 (12) 4.4 (3.8-5.0)
Coronary 163 (11) 2.4 (2.0-2.8)
Other heart 272 (18) 1.6 (1.4-1.8)
Rest 288 (19) 1.5(1.3-1.7)

Adapted from [2]. Excess (number of excess deaths) and
relative risk (RR) versus previous week. CI: confidence
interval.
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decline in FEV1. However, studies conducted during
the 1970s in areas with low levels of air pollution did
not observe an increase of respiratory symptoms or
diseases associated with air pollution [13-14], and
there was a widespread belief that air pollution levels
achieved after the Clean Air Act programmes guaran-
teed health.

The present paper is a review of the epidemiological
research conducted during the last 20 yrs on the role of
air pollution in the exacerbation of a pre-existing
COPD (i.e. the short-term effect) and also on the
causation of COPD (i.e. the long-term effect) with
lower levels of particles and gases, but with different air
pollution mixtures due to a reduction in the use of coal,
the increase of traffic, and the control of industrial
emissions, than in earlier times. Sudden functional,
biological and clinical changes after air pollution
exposures have been extensively studied in experiments.
The study of chronic effects of air pollution is
methodologically more complex and can only be
carried out through epidemiological studies. Toxicolo-
gical research and chamber studies are not addressed in
this review.

Definition of chronic obstructive pulmonary disease

The definition of COPD is still an open issue [15]
which has been approached from a clinical perspective
where the dominant needs are diagnosis and treat-
ment [16]. However, a single definition may not serve
all purposes equally well. From an epidemiological
perspective, the definition needs to be translated into
operative criteria. Thus, the use of quantitative
criterion, such as the FEV1, provides a valuable inter-
mediate phenotype.

In the studies on the short-term effects of air
pollution, case definition was based on doctor diag-
nosis in death certificates and clinical records, as well as
in self-reported daily variations of symptoms and
treatment in patients with a diagnosis of COPD
based on clinical and spirometric criteria. Mortality
due to COPD was based on diagnosis labels in death
certificates. Studies on admissions rely on diagnosis of
exacerbations of the disease. Although acute exacerba-
tions are considered to be the most common cause of
hospital admission in COPD patients, there is no well-
established definition, and the studies have used the
diagnosis labelling stated in medical records.

The natural history of COPD is characterized by a
progressive, irreversible decline in lung function. In
normal conditions, lung function achieves maximum
values at the age of 20-25, followed by a slow,
progressive decline due to ageing. The earliest step of
COPD may involve either suboptimal development of
lung function during childhood or an accelerated
decline [17, 18]. The appearance of the clinical disease
over the years is a result of the level of initial lung
function (the maximum value attained during child-
hood and adolescence) and the decline after youth [17,
18]. Thus, when symptoms appear, most of the volume
and flow capacity has already been lost [17, 18]. After
years of suffering dyspnoea and disability, many
patients with COPD die as a consequence of the

disease [19]. Although most smokers with COPD
experience CB, as a definition for chronic hypersecre-
tion at an early stage, both entities may develop
independently, and mucus hypersecretion and
decreased FEV1 were seen as different entities [17,
19]. Most studies have shown either a small or no
association of mucus hypersecretion and respiratory
infection with the decline of FEV1 [19, 20]. Among the
intermediate symptoms of COPD, breathlessness, in
contrast to chronic productive cough, was the symp-
tom associated with the largest loss of lung function in
studies on the natural history of COPD [19-21].

Studies on the chronic effects of air pollution have
been carried out at different stages of the long natural
history of COPD. Given that symptoms appeared in a
latter phase of the disease, this report has selected only
studies of symptoms during adulthood. In addition,
since the distinction between asthma and COPD
remains a major difficulty [15, 16], this review has
excluded studies on asthmatics with COPD. By
contrast, it has included studies on lung function at
all ages. FEV1 showed a strong within-individual
tracking during life [22] and studies in children may
indicate the potential effects on lung function growth,
which could be associated with COPD later in the
elderly.

Short-term effect of air pollution on patients with
chronic obstructive pulmonary disease

The short-term patterns of association between air
pollution increases and increases in health events in
patients suffering from COPD has been investigated
using aggregated time series studies on respiratory
mortality or COPD hospital admissions in the total
population (i.e. studies measuring daily variations in
the number of health events in a city in relation to daily
variations in air pollutants and confounding variables,
such as temperature) and in individual studies, such as
in case-crossover studies in cohorts of COPD patients
as well as in panel studies (i.e. studies following daily
variations in symptoms and other markers of exacerba-
tion in a group of patients with COPD in relation to
daily variations of air pollution at the city level).

Time-series studies on mortality and hospital admis-
sions

The pattern of excess death seen in the Philadelphia
time-series study on mortality and air pollution at the
end of the 1970s parallels the pattern seen in London in
1952. The increased risk of dying due to COPD
associated with air particles among the general
population was triple the increase in all-cause mortality
[23]. In addition, respiratory conditions increased
substantially as contributing causes of death among
cardiovascular deaths occurring in days with high
pollution levels [24]. The magnitude of this increase
could not be explained by a bias due to miscoding of
death registers. Similarly, in time-series multicentre
studies on mortality conducted in Europe in more
recent years, such as the Air Pollution Health Effects
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Approach (APHEA) study, the greatest increase in the
association between mortality and air pollution (mainly
particulates, but also sulphur dioxide) was observed for
deaths due to respiratory conditions (relative risk
(RR)=1.04; 1.2-1.07 for black smoke). The RR for
mortality due to cardiac diseases was lower (RR=1.02,
1.01-1.04) [25-27]. Studies on mortality did not assess
the specific mortality due to COPD (given the small
daily values in any city) and furnish information for all
respiratory diseases.

Studies on daily admissions in emergency rooms and
hospital admissions were specific for COPD. Studies
conducted during the 1980s and 1990s in different cities
in Europe, USA and Australia have consistently
observed that admissions due to COPD increased on
days with high pollution values (table 2) [28 —34]. The
results for particles are less consistent than those for
ozone. The association for particles was smaller in
Europe, which may be explained by the inclusion of
individuals less susceptible (mainly due to lower age),
or by the chemical nature of particles and differences in
their measurement [28]. The relative risk of admission
due to COPD was much higher than the relative risk
for a cardiac cause, which coincides with studies on
daily mortality [32, 35, 36].

In addition, a study performed in a cohort of
patients diagnosed with COPD, showed that the
relative risk of dying due to particles was much
higher among subjects with COPD than in studies
conducted with the total population [37]. The associa-
tion between black smoke and the risk of dying due to
respiratory causes (RR=1.18, 1.02-1.36) was higher
than for cardiovascular causes (RR=1.08, 0.92—-1.36)
[37]. Patients with a more severe COPD had a higher
risk of dying in relation to particle levels [37].

Panel studies of patients with chronic obstructive
pulmonary disease

Panel studies have rarely been conducted among
COPD patients, since sudden changes in the degree of
airway obstruction only occurred in some of the
patients with COPD. Nevertheless, there have been
some attempts to relate daily variations in lung
function in COPD patients with air pollution. PoPE
and Kanner [38] observed that FEV1 was associated
with the level of particles with a 50% cut-off

Table 2. —Per cent increase of Emergency Room admis-
sions due to chronic obstructive pulmonary diseases for
each increase in 50 ug-m™ (95% confidence interval) of air
pollutants

City Particles Ozone

APHEA* [28] 3.5(1.0-6.0) 4.3 (1.1-6.5)

Birmingham, AL, USA [29] 12 (3.5-22) 3.0 (-2.5-10)
Detroit, MI, USA [30] 20 (9.0-32) 6.0 (1.5-10)
Spokane, WA, USA [33] 17 (7.1-28) 13 (1.1-25)
Minneapolis, MN, USA [31] 25 (10-53) 3.0 (-3.9-7.0)
Sydney, Australia [34] 5.1 (-0.6-10) 1.5(-7.6-12)

*. Amsterdam, Barcelona, London, Milan, Paris, Rotterdam
Adapted from [28].

aerodynamic diameter of 10 pm (PM10) on the day of
testing in a study conducted on 624 smokers with mild-
to-moderate COPD who were tested twice, 10—90 days
apart, in Salt Lake City (USA) during the years
1987-1989. Subjects retested on cleaner days had
better lung function values than in the previous test,
while subjects retested on more polluted days had a
relative decrease, although air pollution (PM10 levels)
only explained a small fraction (2—3%) of the FEVI
variation, independent of the degree of bronchial
reactivity. Transient effects of air pollution on pulmo-
nary function may not only occur in patients with
COPD, since they had previously been observed among
healthy children after acute air pollution episodes
[39-42]. However, these small transient effects may
not be detected in panel studies under background air
pollution levels. There is only one study which
exclusively includes subjects with COPD [43]. In
Christchuch (New Zealand), a panel of 55 subjects
with COPD was followed for 3 months in 1994 [43]. A
rise in the interquartile range of PM1o0, of 35 pg-m™,
was associated with an increase in night-time chest
symptoms (RR=1.38, 1.07—1.78) [44]. An increase of
nitrogen dioxide (NO,) was associated with increased
relieved inhaler use (RR =1.42, 1.13—1.72). There was
no evidence of any effects of air pollution on peak
expiratory flow. The other panel studies [44, 45]
included patients with asthma. In a panel study
conducted in the UK, only 10 of the 75 subjects
included had COPD, whereas the rest were asthmatic
[44]. A large panel study in 489 adults (50—70 yrs of
age) was conducted in the Netherlands during the years
19921993 [45]. Subjects suffered from chronic
obstructive respiratory symptoms (either wheezing/
shortness of breath or cough/phlegm) and were selected
from a cross-sectional study in the general population.
Inclusion of subjects in the panel was not based on
diagnosis of COPD, but rather on symptoms of asthma
and or chronic bronchitis (43% of them reported
attacks of shortness of breath and 8% reported attacks
of asthma, whereas chronic phlegm was reported for
40% of subjects).

Overall, panel studies conducted during recent
decades fail to separate the asthma phenotype from
the COPD phenotype, although it is complex among
the elderly. Besides, the indicator of sudden effects
among COPD patient could not be based on sudden
lung function changes, due to the insensitivity of these
variables among subjects with COPD. Nevertheless, the
study in Christchuch (New Zealand) [43], with the best
characterization of the COPD phenotype, suggests
that, even at current levels of air pollution, COPD
patients have more symptoms during days with
increased levels of pollutants, coinciding with the
findings from time-series studies.

Long-term effects of urban air pollution on
development of chronic obstructive pulmonary disease

Beyond the effect of air pollution on the exacerba-
tion (i.e. aggravation) of the disease among subjects
suffering from COPD, a relevant question is to what
extent air pollution is a risk factor for new cases of
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COPD. Is the chronic exposure to air pollution related
to the incidence of COPD? Long-term effects of air
pollution have been evaluated largely by cross-sectional
comparisons of the prevalence of COPD among
subjects who lived in environments with varying
profiles of ambient air pollution. Prevalence is a good
indicator of incidence in a chronic and nonreversible
disease, such as COPD, in the absence of migration,
and if duration of the disease is similar in all the study
areas. Cross-sectional studies have also compared the
level of lung function among subjects from different
areas. Besides the cross-sectional studies, there have
been few successful attempts to measure the effect of air
pollution on lung function growth and decline using
cohort studies in the general population. In addition,
there have been three prospective cohort studies in the
USA [46-49] on the relationship between ambient
concentrations in the past and mortality in the general
population. Specific mortality for COPD was not
measured, but two of the studies reported mortality
for cardiopulmonary conditions [46, 47] and a third for
nonmalignant respiratory diseases [48, 49].

Mortality

The Harvard six-cities study followed a cohort of
8,111 adults from between 1974 and 1977 to 1991 in 6
cities of the USA (Boston, MA; Knoxville, TN;
Portage, WI; St. Louis, MO; Steubenville, OH,
Topeka, KS) and found that adjusted mortality due
to cardiopulmonary conditions appeared to increase in
areas with the highest past levels of fine particles and
sulphates, independently of smoking, occupation and
social class [46]. A larger study was that of the
American Cancer Society (ACS) which followed
552,138 adults from 151 areas during 7 yrs starting in
1982, and provided results on particles with a 50% cut-
off aerodynamic diameter of 2.5 pm (PM2.5) (only for
50 areas) and sulphates, with the higher relative
increase observed for cardiopulmonary causes of
death in cities with high levels, in comparison with
the low pollution cities [47]. The third study was
conducted in 6,338 nonsmokers of the Adventist
Health Study of Smog in California (AHSMOG) and
did not find an association between total suspended
particles (TSP) and all causes of death combined, using
data collected from 1977-1987 [48]. However, the
follow-up of this third cohort up to 1992, using 348
centroid monitoring stations of PMi10 throughout
California found an increase for PMIlo, instead of
TSP, in deaths due to nonmalignant respiratory
conditions (both as a main cause and as a contributory
cause) in males (the association in females was not
statistically significant, and did not occur for cardio-
pulmonary diseases) [49]. In addition to the American
cohorts, there are preliminary results of the long-term
French study Pollution Atmospherique et Affections
Respiratoires Croniques (PARC) that have suggested
that survival was lower in areas with high levels of
sulphur dioxide (SO;) during the period 1974-1976
[50].

By adjusting analysis for individual characteristics
of subjects (i.e. smoking, occupation, education or

migration) the cohort studies showed that the associa-
tion with mortality was unlikely to be explained by
these variables. A higher mortality rate in areas with
higher air pollution could be due to either a higher
prevalence of the disease, and/or a higher severity of the
disease in the most polluted areas. The major limit-
ations of these studies for the study of COPD, however,
are the lack of specificity of the cause of death (i.e. the
impossibility to tease out the effect on COPD from that
on other respiratory deaths or cardiac deaths) and the
validity of the diagnosis of the death certificates [51].

Symptoms

In adults, cross-sectional studies on prevalence of
symptoms are rare. Only AHSMOG in California [52]
and the Swiss Study on Air Pollution and Lung
Diseases in Adults (SAPALDIA) in Switzerland [53]
were designed to measure the health effects of air
pollution. Other studies, like the National Health and
Nutrition Examination Survey (NHANES) in the USA
[54], the US National Health Interview Study [55], as
well as the Swedish cities participating in the European
Community Respiratory Health Study (ECRHS) [56]
did a more extended interview, not initially designed
for the study of air pollution effects. All studies
consistently found a higher prevalence of symptoms
of hypersecretion, breathlessness, or diagnoses of CB,
emphysema or COPD in areas with higher particulate
air pollution, and some studies also found an
association with levels of SO,. In Switzerland and
Sweden, an association of prevalence of symptoms with
NO, was also observed [53, 57]. Among the studies
reviewed, some used diagnosis of CB or emphysema
[52, 54, 55], while others measured symptoms [52, 53,
56, 57]. In the SAPALDIA study [53], the strongest
association was obtained with breathlessness, the
symptom associated with the largest loss of lung
function [19, 20].

Lung function level

Studies on lung function in children (table 3) are of
value since they indicate the potential effects on lung
function growth. DOCKERY et al [58] in the Harvard
six-cities study, investigated 5,422 children from
10-12 yrs old during 19801981, and did not observe
any association with pulmonary function. SCHWARTZ
[59] argues that the explanation for the lack of
association was the low number of cities with high
levels of particles, given his results from the study based
on NHANES-II (which included children and young
people) of a threshold level of the effect on lung
function (85 pg-m™ of particles) using a higher number
of cities. There have recently been reports from three
big studies in the USA and Canada [60—62]. All these
studies observed lower levels of forced vital capacity
(FVC) and FEV1 in children whose lifelong residency
had been in areas with higher particulate pollution. In
the study of Southern California [62], the effects were
larger in young females who spent more time outdoors.

There are few cross-sectional studies on lung
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Table 3.—Summary of the cross-sectional and cohort epidemiological studies on lung function and air pollution

Author reference Location Age Sites Lung function measure Effect
CROSS-SECTIONAL
Children
Dockery [58] USA 10-12 6 FvC No association
FEVI1
FEV25-75
Schwartz [59] USA 6-24 64 FvC -6% per 100 pg-m™ TSP
FEVI
Stern [60] Canada 8-10 10* FvVC -1.7% per 6 pg- m ? of sulphates
FEV1 -1.3% per 6 pg-m™ of sulphates
Raizenne [61] USA and Canada 8§-12 24* FVC -3.25% per 52 nmol-m™ acidity
FEVI1 -3.1% per 52 nmol-m™ acidity
Peters [62] Southern California 9-16 12 FvVC 31.8 mL per 15 pg- m 3 of PM2s
FEV1 19.6 mL per 15 pg'm™ of PM2.5
Adults
Ackerman [63] Switzerland 18-60 8 FVC -3.24% per 10 pg- m 3 of PM10
Chestnut [64] USA 25-75 90 FVC -2.25% per 34 pg-m™ TSP
Abbey [66] California 43-80 348 FEV1 -7.2% per 54 days- year ! with
PM10>100 pg-m™
Xu [67] Xina 40-69 3 FEV1 -131.4 mL doubling TSP
COHORT STUDIES
Frisher [69] Austria 7 8 AFEF1 -0.029 mL-day™ per ppb of O;
Jedrychowski [71] Poland 9-11 15* AFEV1 odds ratio=2.1 and 1.5 in male and
female children, respectively,
for -0.18 L/2yrs between high
and low pollution areas
Detels [72] Los Angeles 25-59 3 AFEV1 -23.6 and -9.6 mL-yr’" in males

and females between Long
Beach and Lancaster

*: Data was analysed comparing two groups of exposure (low versus high). TSP: total suspended particles; PM10: particles less
than 10 pm. FVC: forced vital capacity; FEV1: forced expiratory volume in one second; FEV25-75: forced mid-expiratory

volume; AFEV1: change in FEV1.

function levels and air pollution in adults (table 3). The
SAPALDIA study was conducted in Switzerland [63]
during the years 1991-1993 in 9,651 subjects of eight
communities w1th low levels of air pollution (mean
PM10=21 pg'm™). This study measured most of the
potential confounding variables, but the variation in air
pollution levels was less than in the study in the USA
using NHANES-I data [64]. In the Swiss study, the
authors were able to measure personal levels of NO,, in
addition to the city-average levels of particles. They
found that home outdoor measurements of NO, and
personal measurements of NO, were related with a
lower FVC (-0.59% and -0.74% per 10 pg-m~, respect-
ively) [65]. The authors were able to exclude people
who had recently moved, controlling in part the
potential immigration bias due to the cross-sectional
nature of the design. The small number of areas in
SAPALDIA did not allow the association with lung
function to be separated according to the different
pollutants. Another study on the levels of lung function
was the AHSMOG cohort that assigned personal air
pollution during the period 1977-1993 based on
distance of the residence from 348 monitoring stations,
and measured lung function in 1993, in 1,391
nonsmokers always living in the same place [66]. Men
with a higher exposure to PM10 had lower levels of
FEVi. As observed for the association within
AHSMOG on mortality, there were sex inconsistencies
in the association with lung function that were difficult
to explain biologically (the lower values of FEV1 in

relation to PM10 levels were only observed for males,
and there was a stronger association with respiratory
mortality in males). A different intensity of exposure in
females or a residual confounding by indoor occupa-
tion was discussed by the authors as explanations of
these differences. Given the prospective nature of this
study, it avoided problems of migration typical of
cross-sectional studies. However, it could not measure
lung function decline since only a single test was
performed. Finally, there was a study in three areas
highly polluted from coal combustion in China [67].
Part of the effect could be attributed to indoor
pollution, although authors tried to adjust for this
factor.

Lung function growth in children and adolescents

Among the studies using repeated measures of lung
function in each individual, studies on failure to
maintain the predicted lung function growth curve
during pre-adolescence are easier to conduct than
studies in adulthood, given the lack of smoking. Three
cohort studies have been conducted on lung function
growth, although one of them was conducted at the
end of 1970s and investigated a point-source of
an industrial pollution [68] rather than the urban
pollution.

DoDGE et al. [68] performed lung function measure-
ments in 1979 and 1982, on two cohorts of 193 children
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aged 9—11 from two areas located in the vicinity of a
smelter in Arizona (USA), one downwind from the
smelter and highly polluted, and the other as a control.
They did not find decreased lung function growth to be
associated with high air pollution, although children in
the more polluted area reported more cough.

Two big studies assessing the effect of ambient air
pollution on lung function growth in pre-adolescent
children have recently been carried out in Europe
(table 3). The first of these prospective studies was
carried out in nine areas of Austria [69] and in two
areas of Germany [70], selected according to ozone
exposure. Of the 1,150 7-yr-old children included, 92%
completed all the tests. Individual ozone exposure was
calculated weighting the mean of the monitoring site of
the village with the time spent by each child in the
village. The range of ozone exposure between the
highest and lowest values differ by a factor of 2 (range
of ozone=18-40 part per billion (ppb)). Lung
function was measured 6 times from 1994-1996.
Exposure to summertime ozone, and to a less extent
to wintertime ozone, was negatively associated with
changes in FVC, FEV1 and mean maximal expiratory
flow (MEF50). For a child living in an area with levels
of ozone of 10 ppb higher than for a child from
another community, the reduction in FVC growth was
48 (95% CI=21-75) mL. The authors failed to find a
consistent association with other pollutants, but fine
particles (sulphates and acidity particles that usually
rise together with ozone) were not measured.

The second study was conducted among adolescents
in Krakow (Poland) [71]. Air pollution (particles and
SO,) was measured in 17 monitoring stations and
values were attributed to those residents living within a
radius of 0.5 km of the station. Air pollution exposure
was classified only in two levels (low and high). The
lung function gain was measured by FVC and FEVI
and data was obtained on social class and exposure to
indoor pollution (environmental tobacco smoking
(ETS), type of heating and molds). Nine-yr-old
children (n=1,165) were recruited and 89% were
followed for 2 yrs. The baseline study was carried out
in 1995 and repeated in 1997. Male children who lived
in the more polluted area had higher FVC and FEV1
values at baseline, but both male and female children
who lived in these areas showed lower lung function
growth rates than children who lived in less polluted
areas, after 2 yrs. The effect due to air pollution was
not explained by the other studied variables. The
proportion of subjects with a lower lung function
growth (defined as -0.18 L and -0.19 L of FEV1 in male
and female children, respectively, over 2 yrs, based on
the lowest quintile of the distribution of spirometric
values) was 2 times and 1.5 times higher in male and
female children from the polluted area, respectively, in
comparison with children of the lesser polluted areas.
Levels in the high air pollution areas were moderate at
the time of the study (average SO,=44 ug-m>, and
average of TSP=53 pg-m™).

It is difficult to conclude from these studies that a
certain pollutant is related to the slowing of lung
function development, due to the poor characterization
of the atmosphere components and the problem of
comparing between few levels of exposure (i.e. high and

low exposures). However, the prospective nature of
both studies, and the effort to measure the main
covariables, suggests that urban air is involved in lung
function development, although in the case of Austria,
levels of air pollution are low in comparison with other
European areas. Due to the age under study and the
short follow-up, these studies could not assess whether
the slowing in growth observed would result in a
definitive lower maximum FEV1 attained at youth, or
whether the decreases were only transient.

Lung function decline in adults

There is only one cohort study assessing the effect of
COPD on the decline of FEV1 (table 3). The University
of California at Los Angeles Chronic Obstructive
Respiratory Disease (UCLA-CORD) study followed
changes in lung function over time in several cohorts of
smokers and nonsmokers residing in areas of Southern
California, chronically exposed to different levels and
types of air pollution [72, 73]. The three areas were:
Lancaster, with moderate levels of photochemical
oxidants and low levels of particles; Glendora, with
high levels of photochemical oxidants; and Long Beach
with high levels of particles, nitrogen oxides and
sulphates. Eligible residents (aged 25-59) were tested
twice, once in 1973—-78 and once in 1978 —82. Around
50% of the subjects were retested (around 800 per area),
and there were no significant differences in baseline
characteristics between participants and nonpartici-
pants in the retest. Equipment and staff in the retesting
were almost the same as in the first test. Mean declines
of FEV1 in males were significantly lower in Lancaster,
as well as in Glendora compared with Long Beach, in
each category of smoking. In females, similar findings
were obtained for never-smokers, but no differences by
area were observed in smokers. In males, living in Long
Beach in comparison to living in Lancaster explained a
substantial decline in FEV1 with about 70% of the
decline being due to current smoking of 1 pack-day™' of
cigarettes. Results, then, suggest that heavy air pollu-
tion may lead to the development of COPD and that
chronic exposure to particulates, sulphates and nitro-
gen oxides (Long Beach) may be more damaging than
levels of ozone (Glendora). Major limitations of the
study were: the small number of areas studied, the
potential for a socioeconomic self-selection by area,
the low proportion of subjects retested, and the lack
of control for season and field worker between the
two spirometries. Among these limitations, the high
proportion lost to follow-up, probably differential in
relation to lung function by area, creates a major
problem for the interpretation of the findings.

Discussion

There is consistency in the findings that relate the
acute increases in urban air pollution and the short-
term health effects on patients suffering from COPD.
Particulate air pollution has been related to increases in
daily mortality in general population mainly due to
respiratory causes, to increased mortality in patients
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with COPD, and to higher rates of hospitalization or
admission to emergency departments due to COPD on
days with elevated pollution. Associations with pollu-
tants other than particles are less consistent. Both in
studies with mortality and with admissions, the
association with respiratory causes, and specifically
with COPD, were higher than that for cardiac causes.
Quantification of the association between air pollution
levels and exacerbation of COPD, however, is unclear.
Differences in the strength of the effects between the
studies are attributed to differences in the susceptibility
of the study subjects (i.e. the more severe COPD
patients are those with a higher susceptibility in relation
to short-term exposures of air pollution [37]), and also
to differences in air pollution mixtures and environ-
mental measurement between the locations [28].

In addition to the short-term effects on individuals
with COPD, a relevant public health and scientific
question is "to what extend chronic exposure to air
pollution is related to lung function impairment and
development of COPD". It is unlikely that the acute
effects on exacerbation would reflect an association of
air pollution with the development of the disease, since
the influence of acute exacerbation on the progression
of COPD has not been established [74]. However, the
increase of self-reported diagnosis of CB or emphy-
sema, both in the American NHANES study [52] and
in the AHSMOG study [51], in addition to the
increased prevalence of breathlessness and mucus
hypersecretion in the SAPALDIA study [53], and the
lower lung function parameters in cross-sectional
studies [59-65], suggests that air pollution is related
to an increased prevalence of COPD, mainly due to a
higher incidence of the disease and an impairment of
lung function, coinciding with the findings of the few
cohort studies in children and adults [69—73]. These
cohort studies have found a retardation of pulmonary
function growth and a faster decline, which would
result in the appearance of the clinical disease over the
years. Nevertheless, this global picture has to be
considered in the light of the limitations of the studies.

The study of chronic effects poses difficult problems
to epidemiology. Cross-sectional studies provide a
shortcut to understanding these long-term effects. But
the simplification of the temporal associations imposed
by the cross-sectional design implies a series of
limitations [75]. One problem is that in a cross-sectional
study, cases with long duration or mild development of
the disease are over-represented, while those with fast
development are under-represented [76]. If air pollution
were to produce both an increase of the incidence and
an anticipation of death, the association observed in a
cross-sectional study would be attenuated. A second
problem involves changes of exposure occurring in
relation to the disease. If subjects with a faster decline,
or with established clinical disease, migrate to less
polluted areas, the association would also be attenu-
ated. In the cross-sectional analysis of the AHSMOG
and SAPALDIA studies, exposure was defined for each
individual using residential history, which diminished
the potential for this bias A third problem, also
common to cohort studies, is self-selection of indivi-
duals prior to the beginning of the study, due to
different residences according to health and exposure

because of differences in socioeconomical factors
(usually, poor people live in the more polluted areas
without possibility of migration). Thus, a problem
common to all these studies comparing different
geographical areas, is the lack of adjustment for
contextual (aggregated) variables. Adjustment for
social conditions and occupation at the individual
level, but also at the aggregated level, is required [77].
Another problem is the nature of past exposures given
the long lead time between exposure and appearance of
disease in COPD. Air pollution exposure has changed
during the second half of the century and adults with
COPD today had a different air pollution exposure
when they were children, which incorporates complex-
ities that could only be tackled with cohort studies from
childhood, such as in the six-cities study [46]. A final
weakness of cross-sectional studies is the inability to
measure incidence or remission of symptoms and
changes in lung function. Prevalence of symptoms or
lung function level could only reflect a short-term
effect. AHSMOG and SAPALDIA studies have
measured historical symptoms, although recall in the
questionnaires is imperfect.

Results from the reported cohort studies on lung
function changes are coincident with the results from
cross-sectional studies, suggesting that air pollution
caused both a retardation of lung function growth and
an acceleration of lung function decline [68, 71, 72]. A
problem of these cohort studies is the small number of
areas studied, which limit their power to separate the
effects of pollutants, and to control for contextual
variables, such as the socioeconomic conditions. A
second problem is the short time of follow-up,
particularly in the studies in children that preclude
assessing whether changes are transient or permanent.
A third problem in the studies in Poland [71] and
UCLA-CORD [72], is that subjects were only retest
once, which precludes the control of the possible
impact of air pollution levels on the day of testing [38].
Furthermore, only the Austrian study [69] performed
an individual weighting of the area air pollution
averages to build up an individual measure for each
participant. Individual time-pattern characteristics
could have introduced a misclassification of the
exposure in the other studies. This type of error,
could produce a nondifferential bias, and thus a
conservative estimation of the effect, although under
some exceptional circumstances this type of error may
result in an overestimation of the association [78].
Another problem, as occurred in cross-sectional
studies, could have been self-selection of the subject’s
residence by disease characteristics. This type of self-
selection may explain in part why the baseline lung
function of subjects living in the most polluted areas in
Krakow [70] and in UCLA-CORD study [71] were
higher than among people in the less polluted areas. If
frail people tend to live in the cleaner areas, this type of
bias would result in conservative estimates. Another
explanation of the paradoxical baseline lung function
values in the UCLA-CORD study could have been a
differential loss to follow-up of participants by areas.
Thus, in the UCLA-CORD study [73], a problem was
the important number of individuals lost to follow-up,
since the variations in baseline lung function between
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the three areas differed only between those tested once
and those retested [72]. Although the authors adjusted
for baseline FEV1, a selection bias could not be
excluded, since the relation between decline in FEVI
and participation was unknown. Overall, although
cohort studies were more robust than cross-sectional
studies for aetiological research [74, 75], the weaknesses
of these cohort studies do not allow conclusive
estimates of the role of air pollution on lung function
growth and decline, or on the incidence of symptoms,
to be obtained.

At present, epidemiological evidence does not allow
observed health effects to be attributed to a single
pollutant. The Austrian study signals ozone as the
major culprit. However, the authors did not have daily
data on fine particles. In the UCLA-CORD study, the
greatest decline was observed in the area with high
particulate values, rather than the area with high ozone
values. In Krakow, pollution was measured by total
particulate matter and SO,. Most of the cross-sectional
studies found an association with PM10 and sulphates
(table 3), but also with SO, [60, 66] and NO, [63].
There is a need for studies with a larger number of
areas, in order to discern the effect of the different
ambient air pollutants and evaluate potential inter-
actions. The levels of air pollution in some of these
studies are rather low. This is the case for the studies in
Switzerland, suggesting that effects of air pollution on
COPD may occur almost everywhere.

An intriguing finding of some of these studies is the
sex difference of the effects. Thus, in the AHSMOG
study, most of the associations with mortality and lung
function were only observed in males. Similarly, in the
study in Krakow in children, and in the UCLA-CORD
study in adulthood, the association with lung function
growth and decline were stronger in males. Reasons for
this discrepancy lay in differences between male and
female exposures in the AHSMOG study [48, 66], or in
different nonresponse bias by sex in the UCLA-CORD
study [73]. However, given the repetition of this finding
in three of the studies, it needs to be investigated in
further studies, and requires a biological explanation if
it is confirmed.

Overall, epidemiological studies on the short-term
effects of air pollution have consistently shown that
COPD patients are susceptible to the acute effects of air
pollution, and that COPD explained an important part
of the total number of deaths attributed to air
pollution. In contrast, study of the chronic effects of
air pollution in COPD is incomplete. Cross-sectional
studies have been carried out in more extended areas
and with a better measurement of exposure than cohort
studies, but the intrinsic weaknesses of cross-sectional
studies for aetiological research preclude attaining
definitive and quantitative estimates of the long-term
effect of air pollution on COPD. Kunzii et al [79]
have calculated, based on the data provided by the
cross-sectional SAPALDIA study, that for an increase
of 10 pg'm™ in the annual mean of PMio, the
percentage of subjects with an FVC <70% predicted
would increase from 5% to 8%.

However, given the limitation of cross-sectional
studies, and the discussed weaknesses in the few
cohorts followed-up, there is a need for appropriate

methodological assessment of the long-term impact of
urban air pollution on lung function growth and
decline, on incidence, duration and severity of chronic
obstructive pulmonary disease, as well as on survival.
Thus, prospective studies in a larger number of
geographical areas and with a longer follow-up are
needed to confirm these important impacts, to dis-
entangle the associations between pollutants, to control
for contextual variables, to evaluate the differences
between sexes, and to evaluate the degree of reversi-
bility of the findings obtained in studies on lung
growth.
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