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Chronic effects of ozone in children

J. Sunyer

Children are not little adults in terms of environmental
exposure. They have a unique vulnerability, given their develop-
mental stage and their higher exposure. Lung function in
childhood increases linearly with age and height until the
adolescent growth spurt [1]. Studies on failure to maintain the
predicted lung-function growth-curve during pre-adolescence
are pertinent, both from a research and a public health
perspective and are easier to conduct than studies in adult-
hood, given the absence of smoking. Ozone is the most
important photochemical oxidant in the troposphere. It is
formed by photochemical reactions in the presence of
precursor pollutants released by motor vehicles. As a result
of its photochemical origin, O3 concentrations are much
higher in summer.

Change in lung function (forced vital capacity, FVC; forced
expiratory volume in one second, FEV1, mean maximal
expiratory flow) between a pre- and a post-summer test was
negatively associated with the cumulative O3 mean in a study
conducted in Austria [2]. In nine areas without major
industrial sites, 1,150 children aged between 8–11 yrs were
followed during a 3–yr period, performing 6 lung function
tests. A further analysis showed the effect of O3 to be
independent of particles and nitrogen dioxide [3]. These
results were not replicated by the first of the South California
cohort studies [4] where more than 3,000 children from 12
communities were followed during 4 yrs and lung-function
tests were performed annually. However, in the same study in
South California, lung function level was lower in commu-
nities with higher ozone in comparison to communities with
lower O3 average levels; particularly among young females
with asthma and spending more time outdoors [5].

A major difficulty in studies on the chronic effects of air
pollutants, is how to measure the cumulative exposure of each
child. The spatial variability of ozone levels may be high
within large areas, since there are gradients within cities, due
to the reaction of ozone with nitrogen oxides, particularly
in town centres with dense traffic [6]. This is obviously an
obstacle in designing epidemiological studies based on differ-
ences in exposure for different communities. It has been
suggested that a valid measure could be obtained by weight-
ing ozone monitor levels by the time spent by subjects in the
different areas [7]. The misclassification error of exposure
could lead to a positive or negative bias, though the few
epidemiological studies that have explicitly assessed the
misclassification error found a bias towards the null hypo-
thesis [8, 9] and therefore penalising an actual association.

Standardisation of lung-function tests when doing within-
individual comparisons is a complicated endeavor in these
studies. Not only do spirometers and technicians have to be
the same, strict quality control must also ensure avoidance of

the common fatigue effect occurring in long, cohort studies.
Poor reliability, of particular concern in comparisons of only
two lung-function tests, can really only be avoided through
perfect field work. In addition, the growth spurt in adole-
scence, which generally occurs at the age of 10 yrs in young
females and 12 yrs in young males, has enormous individual
variability which creates problems in interpreting the results [1].

In this issue, IHORST et al. [10] from the same team that
carried out the pioneer Austrian study, publishes results from
a larger population (2,251 children from 14 rural and medium-
size areas, 5 German and 9 Austrian), followed during a
longer period (including four summers) and performing more
refined statistical analysis (including regression methods for
repeated measurements and models to estimate lung growth
over the total study period). An effect of O3 in reducing the
pre-summer lung function (FVC and FEV1) in comparison
with the post-summer test was only found in the first two of
the four summers, namely those with higher ozone levels. In
addition, a catch-up effect of lung function during winter
among those with a slower growth during summer and the
absence of any cumulative effect for the whole period is
reported. The authors conclude that the medium-term effect
found at the end of summer is reversible and has no chronic
impact. Potential mechanisms of how repeated acute insults
of ozone to the respiratory system results in chronic damage
and persistent impairment of lung function are unknown.

IHORST et al. [10] measured exposure using the central
monitoring stations both as mean-semiannual O3 concentra-
tions for the inhabitants of a given area and by classifying the
communities in three exposure groups. Results were consis-
tent using both methods. However, the authors were unable
to estimate individual exposures by weighting per time spent
outdoors in each community per each individual.

Subgroup analysis might provide a different appraisal of
O3 effects. The second cohort study in South California
following 9–10 yr old children during 4 yrs, has recently
shown that cumulative exposure to O3 was associated to
reduced growth in peak expiratory flow (PEF), as well as to
FVC and FEV1 only among children spending more time
outdoors [11]. Indoor sources of ozone are very rare and
outdoor levels decreased rapidly in indoor air, indoor levels
being very low. In the first South California study children
playing three or more sports in communities with high ozone
concentrations had a higher incidence of asthma than children
performing less exercise, something which did not occur in
low ozone communities [12]. Children performing strenuous
exercise have a much higher exposure. Furthermore, a recent
study in New England USA has shown that asthmatic
children with maintenance medication are particularly vulner-
able to low levels of ozone [13]. It could be then that a
slowing of lung function growth due to ozone only occurs in
some subgroups, those more exposed and those with asthma.
In fact, chamber studies have demonstrated strong inter-
individual variation in pulmonary function responses to O3

[14]. Genes for quinone-metabolising enzymes may explain a
different susceptibility in the pulmonary function response
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[15]. Identification of the more susceptible subgroups is a task
that requires a large sample size, and probably collaborative
studies.

In summary, IHORST et al. [10] have initiated epidemiolo-
gical research into the persistent effects of ozone levels on
lung-function growth, which is highly relevant from both
public health and clinical perspectives. Further epidemiologi-
cal studies need to follow this path, incorporating the new
advances provided by investigations on exposure assessment
and on susceptibility factors.
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