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Air pollution is a significant factor shaping public health

O

ver the past decade epidemiological studies in Europe and
worldwide have measured increases in mortality and morbidity associated with air pollution.1 2 As evidence
of health effects of air pollution has
accumulated, European governments,
the World Health Organisation (WHO),
and other groups have begun to use data
from these studies to inform environmental policies through, for example,
quantitative estimates of impact of air
pollution on public health.3–6 Health
impact assessment involves extrapolation of exposure-health associations
measured in epidemiological studies to a
target population characterised by a certain observed or predicted exposure
pattern.7 The analysis must address
important methodological issues relevant to both its design and conduct.
Clarity in defining these issues is a
prerequisite for proper interpretation of
the results in the policy arena.
Nevertheless, the results are often prone
to misinterpretation, even when the
assessment is done carefully, and its
multiple uncertainties are carefully presented and explained to decision makers, the press, and the public.
WHO recently convened a Working
Group to examine key methodological
issues in health impact assessment of air
pollution using epidemiological data,
and to recommend approaches to the
conduct of such assessments. The Working Group comprised experts who develop and apply methods for health risk
analysis, and scientists involved in the
communication of the results of the
analysis to the public or decision makers.
The Working Group formulated recommendations on the framework and
methods of health impact assessment.
Their discussions focused on the conditions pertinent to the developed countries, where most of the studies documenting the relations between air
pollution and health were performed.
The WHO report presenting the Working
Group discussions and its recommendations has been published recently.8 This
paper summarises the WHO report and
communicates its main messages to a
broader group of public health and environmental management professionals

interested in health impact assessment
of air pollution.

FRAMEWORK OF HEALTH IMPACT
ASSESSMENT OF AIR POLLUTION
The basic steps in health impact assessment include selection of the (set of)
health outcomes associated with air pollution, adoption of the risk estimates
(exposure-response function) based on
epidemiological studies, and application
of this function to the distribution of
exposure experienced by the target
population.7 The result of the analysis is
the quantification of the expected health
burden owing to the exposure in the target population, expressed in terms of the
number of cases or years of life lost
attributable to the exposure. This analysis can be extended to include economic
valuation of the impact,6 but this aspect
was not a subject of the Working Group
discussion. Assumptions and choices
made at each step may influence the
result of the analysis. The WHO group
discussed merits and limitations of various sources on information necessary for
health impact assessment, and recommended the choices suggested by the
present understanding of the health
aspects of air pollution.

CHOICE OF HEALTH OUTCOMES
REPRESENTING THE IMPACT OF
AIR POLLUTION
Exposure to outdoor air pollution is associated with a broad spectrum of acute and
chronic health effects ranging from irritant effects to death.9 10 This suggests that
the total impact is likely to exceed that
contributed by the less frequent, more
severe outcomes, and, in some cases, may
be dominated by the less severe, but more
frequent, ones. The choice of health
outcome will ultimately depend on the
objective of the health impact assessment.
In part, it will also depend on the usefulness of the impact indices in the subsequent valuation analyses.
Epidemiology has provided much of
the existing evidence for these associations, and toxicology and clinical sciences have provided convincing support
for the mechanisms of many (though
not all) of the observed associations. The

most relevant information on the relation between mortality and air pollution
provides two epidemiological designs:
time series studies of daily mortality, and
cohort studies of mortality over extended periods. Time series studies of
mortality and air pollution use relatively
widely available data on daily counts of
death in a city and daily air pollution
levels. They have been completed in more
than 160 cities worldwide and provide
solid evidence on the adverse effects of
air pollution on health. However, because
chronic effects of long term exposure
cannot be fully quantified in such
studies, some deaths attributable to air
pollution will be missed and the extent
to which air pollution advances the time
of death cannot be quantified.11 12
Another source of information on the
impact of air pollution on mortality is
cohort studies, in which large populations are followed for years and their
mortality ascertained. The number of
such studies is still very limited: currently, only three US studies13–16 provide
such estimates; they have been extensively used for impact assessment. Several cohort studies (for example, Hoek
and colleagues17) have been undertaken
in Europe and their results should be
available in the next few years.
The Working Group considered the
relative contributions to health impact
assessment of the two designs and
concluded that both could contribute
useful, albeit different, information. The
following recommendations were formulated:
• The most complete estimates of both
attributable numbers of deaths and
average reductions in lifespan associated with exposure to air pollution are
those based on cohort studies. Until
the risk estimates from the European
studies are available, impact assessment will need to rely on the results of
currently available US studies. Additional cohort studies, in Europe and
elsewhere, and confirmation of the
transferability of US results to European populations are critical research
needs.
• Time series studies of daily mortality,
which are likely to provide a lower
bound on the number of attributable
deaths, and which can be conducted
relatively easily in diverse locations,
will continue to be valuable for: demonstrating and documenting the adverse effects of air pollution in specific
locales; quantifying the effects of
short term variation of air pollution
(including air pollution episodes); and
serving as the basis for air pollution
alert systems. They will also likely
continue to contribute to scientific
understanding by identifying factors
that modify the effects of air pollution
on mortality and morbidity, toxic
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WHICH COMPONENTS OF RISK
ESTIMATES MADE IN ONE
POPULATION CAN BE
TRANSFERRED (GENERALISED) TO
ANOTHER?
Health impact assessments usually apply
air pollution effect estimates derived
from a study in one population (the evidentiary population), to estimate impacts in another (the target population).
Such assessments assume that the effect
estimates in the evidentiary population
are transferable, or generalisable, to the
target population. The validity of this
assumption implicitly requires that the
two populations be similar with regard
to factors that influence the magnitude
of the effect estimates, such as structure
of the morbidity, basic health status, or
composition of the air pollution mix.
Recent analyses have begun to explore
how such factors may explain the variation in air pollution effect estimates
observed among locations in Europe and
the United States.2 18–20 They suggest the
presence of significant and real heterogeneity in location specific estimates that
may need to be taken into account in
health impact assessments. However, at
present knowledge about effect modifiers is quite limited. Until we have a more
complete understanding of these factors,
their value for health impact assessment
will also be limited.
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In general, the most precise valid
effect estimate should be used for impact
assessment. In some cases, that may be
the estimate from the target population
itself. However, in many cases the local
estimate, if it exists, may not be the most
precise (or valid) estimate, because of
random error or epidemiological bias.
Therefore, health impact assessments in
specific locales should consider using
risk estimates from multisite studies or
meta-analytic summary estimates in the
absence of compelling evidence that the
target population differs from the aggregate vis-à-vis its response to air pollution.
The transferability of the mortality
effect estimates from the US cohort
studies to other, non-US, target populations can be justified on the basis that:
(1) these estimates are the only ones that
currently exist; (2) they are the only ones
which are theoretically justifiable. Ideally, application of these estimates to
other target populations should incorporate information on factors that influence the magnitude of the mortality
coefficients and cause them to differ
among populations. Unfortunately, lack
of knowledge precludes this at present.
Transferability of baseline mortality
and morbidity rates among European
populations cannot be implicitly assumed for purposes of impact assessment. With regard to mortality, population specific rates, compiled using
relatively standardised approaches, are
widely available. They should, of course,
be used in this context. Differences in
recording and classification of cause specific morbidity among countries lead to
non-comparability of baseline rates. Better data on the baseline rates of key morbidity outcomes is a priority for strengthening the capability to perform health
impact assessments.
Considering the above issues, the
Working Group formulated the following
recommendation: “Health impact assessments should exercise great care
when the evidentiary and target populations differ. In general, the most precise,
valid and specific effect estimate should
be used for impact assessment. The
deviations of the conditions in the target
population from those in the evidentiary
population which would plausibly affect
estimated pollution effects must be
made explicit and, whenever possible,
should be included in the uncertainty
analysis.”

HOW SHOULD EXPOSURE TO AIR
POLLUTION BE CHARACTERISED
FOR THE PURPOSE OF A HEALTH
IMPACT ASSESSMENT?
Recent analyses suggest that there is no
discernable threshold for the effects of
particulate air pollution on daily or
longer term average mortality from

cardiorespiratory disease.18 21 though for
other pollutants, such as ozone, the
evidence is not as clear. Although this
provides some theoretical justification
for calculating impacts based on exposure levels down to and even including
so-called “background” (possibly nonanthropogenic) levels, the Working
Group recommended that in most cases
impacts should be calculated for a range
of population exposure levels that reflect
realistic policy options. Depending on
the pollutant, those options might include an ambient concentration of zero,
some non-zero “clean” concentration, or
a concentration mandated by an air
quality standard. Since the estimates of
impact may be sensitive to the chosen
range of exposure,3 the chosen range
should be clearly defined and the effect
of that choice on the impact estimates
should be included in the sensitivity
analysis.
The Working Group concluded that
health impact assessments should design exposure characterisation in the
target population to mirror as nearly as
possible exposure in the study providing
the effect estimate. Impact assessments
should avoid adding estimates of effects
of individual pollutants derived from
single pollutant statistical models unless
there is a good reason to assume that
various pollutants from the air pollution
mixture affect health independently.

HOW TO ASSESS AND REDUCE
UNCERTAINTY OF IMPACT
ASSESSMENT?
Health impact assessments should address the uncertainties in their estimates
of impact in as explicit and quantitative a
manner as possible. They should indicate
how deviations from key assumptions
would be expected to affect the results of
the assessment and their application in
policy analyses. The specific content of
the uncertainty analysis will, therefore,
depend on its purpose (for example, in
consideration of various policy options,
or in scientific investigation). The uncertainties in such assessments include
those of the effect estimates (random
error, bias, and confounding), as well as
those associated with generalising those
estimates to target populations. Therefore, the standard measures of statistical
precision of epidemiological estimates (p
values, confidence intervals) alone are
not sufficient. The magnitude of the
uncertainty should be tested by sensitivity analysis. It should focus on the
assumptions and input parameters
which are the most important determinants of the magnitude of the estimated
impacts.
Research to quantify chronic effects of
pollution, to identify the determinants of
variation in health response to an exposure between various populations, as
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components of the air pollution mixture, and high risk subgroups, and by
furthering
understanding
of
exposure-response relations.
In some cases, increased risk of mortality
estimated in time series studies may be
connected with substantial loss of life
years and may be directly used for quantification of air pollution impact. This
might occur, for example, when air
pollution increases the risk of mortality
from acute respiratory infections in children, as shown in several studies in
developing countries.
Considering the wide range of indicators of morbidity associated with air pollution, the Working Group suggested
that impact measures which integrate
various clinical manifestations of a disease, and provide estimates of the effects
on quality of life, are to be preferred.
Such measures focus on the end consequences of pollution related illness
rather than on the pathological or
clinical aspects. Restricted activity days,
which include operational concepts such
as missed work or school days, as well as
reduced physical activities, are concrete,
quantifiable, and easily communicated.
However, more research is needed to
quantify the relation of these measures
with air pollution exposure, as there
have been few studies using this type of
outcome.
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Answers to multiple choice questions on Episodes of environmental poisoning
worldwide by N Langford and R Ferner, on pages 855–860
(1)
(2)
(3)
(4)

(a)
(a)
(a)
(a)

true;
true;
true;
true;

(b)
(b)
(b)
(b)

true; (c) true; (d) true; (e) false
true; (c) true; (d) false; (e) true
false; (c) true; (d) false; (e) false
false; (c) false (d) false; (e) true
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well as to quantify the impacts of air pollution on disease burden, are the most
needed to improve the scope and reliability of health impact analysis, as well as to
reduce its uncertainty. The research
should be specific to target populations
and provide support for generalisation of
the studies to wider target populations.
The currently implemented WHO project
to assess the burden of air pollution to
health in all parts of the world (Comparative Risk Assessment project) emphasises the need for the evidence
necessary to expand such assessments to
the developing countries. In those parts
of the world, exposure situation, population health status and, possibly, susceptibility to air pollution are different from
those in the developed parts of the
world. The few available studies confirm,
however, that the daily changes in air
pollution are associated with changes in
mortality in a similar way to the one
observed in the developed countries. This
suggests that air pollution is a significant
factor shaping public health in the
developing countries.

