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Epidemiologic evidence on the relation between ambient air pollution exposure and cancer is reviewed. The
well-documented urban/rural difference in lung cancer incidence and the detection of known carcinogens in the
atmosphere gave rise to the hypothesis that long-term exposure to air pollution may have an effect on lung cancer
risk. However, problems inherent in assessing adequately the exposure of interest led to considerable difficulties in
evaluating this effect. Routinely measured air pollutants do not include, as a rule, established carcinogens, and air
pollution measurements usually come from fixed-site monitors, making it difficult to estimate individual exposures,
especially long-term. The nature of the exposure and associated measurement problems made ecologic comparisons
a natural way to approach the study of air pollution effects on lung cancer risk. The descriptive/ecologic studies
which have been undertaken after 1950 often had problems with inadequate control of confounding, but, on the
whole, provided evidence compatible with the hypothesis that urban and industrial air pollution may have an effect
on lung cancer risk. The results of several case-control and cohort studies are described in the present review with
emphasis on the exposure metric used. These studies, which control for important potential confounders, suggest
that urban air pollution may be a risk factor for lung cancer, with estimated relative risks in the order of up to
about 1.5 in most situations. Cancer Causes and Control 1997, 8, 284-291
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Introduction
The severe, acute, adverse health effects of high air-
pollution levels – first quantified around the middle of
this century, following the well-known London (United
Kingdom)  episodes – gave  rise  to the hypothesis  that
long-term exposure to air pollution also has effects on
human morbidity and mortality.1,2 This hypothesis was
strengthened further by the urban/rural differences
observed in the incidence and mortality from lung cancer
and chronic obstructive pulmonary disease (COPD).3,4

The involuntary nature and the ubiquity of air pollution
exposure lead to a significant public health concern.

The particular characteristics of air pollution exposure
have posed considerable difficulties in the studies of its
long-term effects. More specifically: (i) measurements of

air pollution levels, so far, nearly always come from fixed-
site monitors which are supposed to represent the air
pollution situation of a whole area – i.e., the data are at
an aggregated (ecologic) level; (ii) even if the monitoring
network is extensive and gives a good estimation of levels
of air pollutants by district or neighborhood, there are
sparse data to estimate inter- and intra-individual
exposure variability in a population; and (iii) it is even
more difficult to estimate long-term exposure, especially
in retrospect.

Most studies thus far indicate relatively low effects
(relative risks [RR] ranging up to about  1.5), which
suggests that causal relations are difficult to determine
using epidemiologic methodology,  principally due  to
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difficulties in controling bias, such as confounding from
stronger risk factors and exposure misclassification. Dif-
ferent types of bias may lead to over- or underestimation
of any risks related to air pollution exposure.

The present review focuses mainly on the effects of
outdoor air pollution. Other types of pollution such as
environmental tobacco smoke (ETS) are reviewed else-
where in this issue and are considered here only in relation
to confounding and effect modification. Regarding out-
come, we focus mainly on lung cancer for which there is
an a priori biologic hypothesis and, consequently, it has
been studied more extensively in relation to air pollution.

Exposure characterization

Air pollution comprises a large number of components
mostly produced by fuel combustion. On a short-term
basis, fluctuations in the levels of different pollutants are
determined by local meteorologic conditions, and the
pollutant concentrations usually are correlated over time;
thus, any pollutant may serve, to some extent, as an index
of the mixture. However, over longer time periods,
changes in emissions may result in substantial modifica-
tions of the air pollution mixture in both qualitative and
quantitative terms, and the same is true when comparing
different geographic areas.

Some pollutants have been chosen by several countries
or international bodies (e.g., the World Health Organi-
zation) as criteria pollutants which, on the basis of current
scientific knowledge, reasonably may be anticipated to
endanger public health and welfare. These usually include
suspended particulate matter, sulphur dioxide, nitrogen
dioxide, ozone, and carbon monoxide, and are monitored
routinely by fixed-site monitoring networks. The purposes
of regular monitoring are: assessing the air quality, and
ensuring conformity with air quality standards set by law
to protect public health from known or anticipated
adverse effects associated with the  presence  of  these
specific pollutants in the air.5 The presence of carcinogens
among air pollutants supports the hypothesis that air
pollution may increase the risk of lung cancer and possibly
also other types of cancer.6-10 However, such substances
are not monitored routinely in most places where air
pollution monitoring is established. Among these,
benzo(a)pyrene concentrations have been measured
sporadically as an index of air carcinogenicity but there
is a lack of data on long time-trends. Diesel exhaust also
has  attracted attention, but  studies  so far have  been
conducted mostly on persons occupationally exposed.10

Very few studies have been conducted providing detailed
information on personal exposures, intra- and inter-
person variability in exposure, and the correlation of
personal exposures with  levels measured at  fixed-site
monitors. It follows that exposure to air pollutants is not
described adequately and most of the evidence linking air

pollution to the risk of lung cancer cannot be attributed
to a specific pollutant or mixture.

Descriptive/ecologic studies

The nature of the exposure and associated measurement
problems made ecologic comparisons a natural way to
approach the issue of long-term effects of air pollution.
There have been comprehensive reviews on air pollution
exposure and cancer which adequately present and discuss
the descriptive/ecologic studies done between 1950 and
1990.6-10 Only the main points are summarized here.

Geographic studies. Geographic studies describe urban/
rural differences in lung cancer incidence and mortality.
These studies may give false positive and false negative
results. Adequate control for smoking and other
potential confounders is difficult to achieve at the
aggregate level. Further, the methodology may not be
sensitive enough to detect  the possible effect  of air
pollution  exposure, given the problems of exposure
misclassification.6 Comparisons of lung cancer inci-
dence among nonsmokers generally failed to account
for exposure to passive smoking.6

A few studies have been performed on populations
living around a point source of pollution, usually indus-
trial. These studies suffer from the same problems
concerning the use of aggregated data for exposure and
confounders. In particular, there may be important un-
controlled confounding effects of occupational exposures
in the industries involved as pollution sources. Studies
have been done in areas with: chemical, paper and pulp,
and petroleum industries; ferro-chromium alloy indus-
tries; industries with arsenic emissions; iron and steel
foundries; non-ferrous smelters; and waste incinerators.6-7

Time trend studies. These studies also use aggregated
data and evaluate time trends in incidence and
mortality from lung cancer either within one area or,
comparatively in several areas.6-10 In general, such
studies have the drawbacks of ecologic comparisons
mentioned above. An interesting study within this
group is the study by Archer11 who compared the time
trend of respiratory cancer mortality in two similar
Utah (United States) counties with very low smoking
rates. In  one  of these,  a steel mill was built during
World War II and substantially polluted the air. This
was followed by an increase in lung cancer which was
evident within 15 years of the start of operations.
However, also in this study, all data concerning expo-
sure, covariates, and outcome were at the aggregate
level, which casts doubts on the interpretation of the
results.9,10

A recent study by Tango12 investigated the time trends
of female mortality from lung cancer and two control
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diseases (ischemic heart  and cerebrovascular disease,
hypothesized to be associated with tobacco smoking but
not  with air pollution exposure)  in 23 wards in the
metropolitan Tokyo  (Japan)  area. Air pollution  levels
from SO2 and NO2 were available for each ward, but not
smoking prevalence. The analysis supported an effect of
air pollution on lung cancer. However, the effect of smoking
on the three causes under study differs in magnitude of
the RR and this may explain the results if areas with higher
air pollution levels also had higher prevalence of smoking.

Migrant studies. These studies have shown that migrant
populations have risks of lung cancer intermediate
between those of the population of their origin and
those of the place to which they migrated.6-8 This
observation suggests an effect of air pollution exposure
early in life.

In conclusion, descriptive/ecologic studies provided
evidence compatible with the hypothesis that urban and
industrial air pollution may have an effect on lung cancer
risk. However, problems with the use of information on
the aggregate level for exposure and confounders make
it difficult to use the evidence for assessment of causal
relationships.

Analytic epidemiologic studies

In analytic epidemiologic studies (cohort or case-control),
the unit of data collection and analysis is the individual.13

In analytic studies where the exposure of interest is air
pollution, typically the data on the outcome (incidence
or mortality form lung cancer) and potential confounders
are measured at  the level of  the individuals, but the
exposure assessment very often is assessed at the aggre-
gated level and – especially in case-control studies – it is
complemented by proxy measures of individual exposure
assessment such as urban residence, distance from a point
source, etc. It should be noted, therefore, that the exposure
of interest either is not measured at all at the individual
level or is a relatively crude proxy-measure in most cases.

In Table 1, case-control studies on ambient air pollution
and lung cancer are summarized.14-28 The description of
exposure assessment is classified in two categories: one is
the individual exposure-assessment method used; and the
other is the characterization of air pollution in different
geographic areas (aggregate level), either by degree of
urbanization or by actual measurements of air pollutant
levels. These measurements usually are provided by the
state monitoring networks, which are set up to monitor
‘criteria’ pollutants.  The pollutants available are not
always the same nor are they necessarily the most relevant
for cancer induction. It is therefore difficult to compare
the study areas on the basis of these measurements. On
the other hand, it is often possible to reach useful
conclusions considering the sources  and  emissions of

pollution in each case. In some of the studies, air pollution
originates mainly from industrial and heating sources,
while in others, it is mostly generated from traffic. How-
ever, although the situation during the study period may
be characterized adequately, there is much more uncer-
tainty about  retrospective  information which may  be
more relevant for lung cancer etiology.

Assessment of air pollution at  the aggregate level
assumes that all individuals with residence in one area
have the same exposure to air pollution. When the only
criterion of individual air-pollution exposure is current
residence, then the exposure assessment may be consid-
ered as ecological. However, in most case-control studies,
some measure of individual exposure has been used, based
usually on history of residence. Then, the areas of resi-
dence are ordered according to air pollution levels and a
weighted average is usually taken, the weights being pro-
portional to length of stay in each area. This approach
differentiates individuals of the same population accord-
ing to air pollution exposure, but it should be noted that
the measurements used for classifying areas according to
air pollution levels are often inadequate for this purpose,
leading to substantial misclassification in the exposure
assessment. Further, the studies on air pollution and lung
cancer suffer from the fact that smoking is a potential
confounder of the association  with high RRs for the
disease. The sample size requirements increase consider-
ably with increasing RR of a confounder.29 This means
that many of the smaller studies probably have inadequate
power.

If the studies which use a classification of areas based
on air pollution measurements are considered,21,23-28 then
the largest RRs observed concern the most polluted area
studied, i.e., Shenyang in China. Four other studies21, 24,27,28

resulted in RRs of 1.2 to 1.5, while the two smallest ones
in size gave rather unstable results. It should be noted
that several studies suggested a combined effect of
smoking and air pollution exposure exceeding an additive
effect of the two factors.17-19,21,24-25

In Table 2, the cohort studies are summarized.30-38 All
cohort studies use exposure data at the aggregate level,
and estimation of individual exposure is based on area of
residence at a certain point in time, usually at the begin-
ning of the follow up. The older studies 30-36 generally have
adjusted for age and smoking, but smoking data were
often rather crude. The two most recent cohort studies37-38

have detailed information on many potential confounders
and good characterization of the air pollution situation
in the areas involved, as far as ‘criteria’ pollutants are
concerned. One of the studies suggested that exposure to
sulphate particulates was especially important for lung
cancer. The estimated RRs for lung cancer mortality in the
cohort studies are remarkably consistent and of the same
order as the ones estimated by the case-control studies.
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Conclusions and recommendations for
research
Analytic epidemiologic studies, which control for impor-
tant potential confounders, suggest that urban air
pollution may be a risk factor for lung cancer. The RRs
are in the order of up to about 1.5 in most situations, but
may be higher in areas with extreme pollution levels. Some
data point to an interaction between air pollution expo-
sure and smoking exceeding an additive effect, but the
evidence is not conclusive.

A major drawback in the studies has been the inade-
quate characterization of air pollution exposure. First,
measurements of air pollution in the study areas should
span the time period relevant for disease etiology and
preferably should include concentrations of suspected
carcinogens. Second, an estimation of individual exposure
should be based on exposure studies, studies of the time-
activity patterns, and the geographic distribution of
pollutants in micro-scale. Exposure studies should
provide data on how individual exposure is related to the
levels measured at fixed monitors, considering different
activities and transportation used.39,40 Further, methods
for retrospective exposure assessment covering periods
of several decades should be developed. The results of
such studies  could  be  used  as input in large  analytic
epidemiologic investigations to address the problems of
measurement error and reduce uncertainties in the RR
estimates.
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