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The neurological effects of air pollution in children
J. Sunyer*,#,"

E
nvironmental exposures in utero and during early life
may permanently change the body’s structure, physiol-
ogy and metabolism, and lead to diseases in adult life [1].

Infants are particularly vulnerable because of their rapid growth
and cell differentiation, immaturity of metabolic pathways and
development of vital organ systems. The central nervous system
has unprotected barriers and a broad time window of conforma-
tion, leading to a long period of vulnerability in the developmental
process and to susceptibility to any environmental insult [2].
Research conducted among a limited series of pollutants (includ-
ing lead, mercury and polycyclic aromatic hydrocarbons (PAH))
shows that early-life exposure to chemicals at current environ-
mental levels can be neurotoxic years or even decades after
exposure [3].

Traffic-related air pollution, basically urban outdoor pollution,
is a global public health problem [4]. Cardiorespiratory effects
and mechanisms have been fully investigated [5]. In contrast,
little is known regarding neurological effects, with only some
preliminary evidence. In rats, ultrafine carbon particles have
been found in the olfactory bulb and the cerebrum and
cerebellum after inhalation exposure [6]; this finding has been
reproduced more recently with manganese particles directly
translocated to the olfactory nerve from the nose to the brain [7].
In one study, dogs living in a highly polluted region in Mexico
City (Mexico) had an increase in brain inflammation compared
with animals living in a less polluted area [8]. The brain tissue of
animals from Mexico City had higher levels of nuclear factor-kB
activation and nitric oxide production, as well as the principal
pro-inflammatory cytokines interleukin (IL)-1 and tumour
necrosis factor (TNF)-a, compared with the animals from the
nonpolluted area [9]. In a study on human autopsies in Mexico
City, exposure to severe air pollution has been associated with
increased levels of cyclooxygenase (COX)-2 and accumulation
of the 42-amino-acid form of b-amyloid, a cause of neuronal
dysfunction [10].

There are two small studies in children from the general
population exposed to urban air. The first study related PAH in
particulate form, as collected with individual pumps during two

consecutive days in 181 pregnant women from New York City
(NY, USA), to mental health measured at age 3 yrs in their
offspring [11]. The short measurement of the exposure (only
2 days), their narrow variability (only low and high levels), and
the poor specificity of PAH (the principal source is smoking)
resulted in preliminary research that is not very conclusive. The
second study related average air pollution exposure during
childhood (carbon particles at home address derived by spatial
modelling) to intelligence at age 9 yrs in 202 children from
Boston (MA, USA) [12]. The study, however, followed only 20%
of those recruited and did not measure prospectively the
variations in air pollution or the time-activity patterns of the
participants. The two studies adjusted for potential confoun-
ders, such as socio-economic conditions or internal doses of
lead, but failed to adjust for other factors, such as noise. Overall,
these two studies were the first to translate into humans the
evidence suggested in animal studies, but their deficiencies in
size and design call for larger and more detailed research.

THE LUNG AND THE UNDERLYING MECHANISMS
Oxidative stress, changes in autonomous function and progres-
sion of atherosclerosis have been hypothesised to be mechanisms
of the neurological effect of urban air pollution in humans at any
age [13]. Among them, inflammation secondary to oxidative
stress appears to be the major suspected culprit for delay in
conformation and maturation during developmental steps. Even
though most of the available research about the inflammatory
effects of air pollution refers to the lungs, there is evidence that
the oxidative stress and inflammation induced by particles
translates systemically beyond the lungs [14]. For example, we
found in an international longitudinal study of 1,003 adult
subjects that particle count increased markers of systemic
inflammation (IL-6 and fibrinogen peripheral levels) [15].

The major underlying hypothesis is that chronic respiratory
tract inflammation may lead to brain inflammation by altering
levels of circulating cytokines, such as TNF-a and IL-1. These
cytokines have the ability to upregulate COX-2, a potent active
mediator of inflammation, in capillary brain endothelium [16].
Changes in brain cytokine and chemokine expression in mice
have been directly linked to intranasal exposure to ultrafine
carbon [17]. Carbon particles themselves generally adsorb
transition metals (including antimony, barium, copper, iron
and zinc) emitted from traffic exhaust and also from tyres and
brake wear. These metals, which are mainly generated by
traffic in the current urban atmospheres [18], have been shown
to induce oxidative stress in the lung [16].

An alternative hypothetical mechanism of the neurological
effect of air pollution is based on the observation that ultrafine
particles containing metals translocate directly to the brain,
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without entering the lung [7]. Changes in cognitive function in
children have been shown to be associated with relatively low
internal doses of lead [19] and mercury [3]. In addition to being
linked to cognitive deficits in children, lead has been related to
a diversity of behavioural problems (reading problems, school
failure and delinquent behaviour), with a high social impact
[20]. In experimental studies, some metals, such as mercury
and lead, inhibit neuronal differentiation, myelinisation and
synaptogenesis [21], but the specific mechanisms for lead-
induced intellectual deficits have not been fully elucidated.

THE CONSTELLATION OF FACTORS IN BRAIN
MATURATION
A well-known constellation of factors related to neurodevelop-
ment could all play a confounding role or they could explain
differences in vulnerability of the dose–response relationship
between air pollution and neurodevelopment [20]. These factors
must be considered and include, for example, the social
environment (including parental psychological status), breast-
feeding, diet, maternal smoking, birthweight and noise [22];
along with other pollutants such as lead, mercury, DDT and
indoor air pollutants (those originating from indoor sources,
such as heating and cooking, or from microbial contaminants,
such as endotoxins). Endotoxins are the common structural
component of Gram-negative bacteria in indoor air that induced
chronic inflammation in the rat brain [23].

Therefore, it is important to examine diet, since it is a major
source of antioxidants. Antioxidant defence mechanisms could
be increased by dietary means (vitamins, omega-3 (docosa-
hexaenoic acid) and omega-6 (arachidonic acid) fatty acids, and
other micronutrients (zinc and folic acid)) to protect against air
pollutants [24]. Antioxidants in the lung are the first line of
defence against oxygen free radicals. All of these antioxidants are
free radical scavengers and they react rapidly to limit interaction
with lung fluid lipids and proteins [25]. The brain is particularly
susceptible to free radical-mediated insult, due to its inherent
biochemical and physiological characteristics, including high
lipid content and energy requirements [26]. Reactive oxygen
species are generated continuously in the nervous system during
normal metabolism and neuronal activity [27]. Similarly, genetic
background may result in a differential susceptibility toward the
oxidative stress pathway [28]. For example, antioxidant supple-
mentation with vitamins C and E appears to modulate the effect
of ozone in asthmatic children homozygous for the GSTM1 null
allele [29]. Inflammatory cytokines released in the periphery (e.g.
respiratory epithelia) upregulate the innate immune Toll-like
receptor 2. Such activation and the subsequent events leading to
neurodegeneration have recently been observed in lung lavage in
mice exposed to ambient Los Angeles (CA, USA) particulate
matter [30].

CONCLUSION
The study of chronic effects of urban air pollution should
incorporate subtle health effects, such as functional delays in
brain maturation and impairment of neurobehavioural compe-
tences, from early life exposures. The long-term consequences of
these effects in the co-causation of neurodegenerative diseases
have so far only been speculated, but it is time for multi-
disciplinary research in human populations (including neuro-
behavioural and lung examination, and assessments of

individual exposure to air pollutants and antioxidants, and of
the genetic contribution) to further investigate the suspicion that
our urban air is neurotoxic for our children.
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