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Preface
The environmental quality objectives (EQOs) adopted by the Swedish Parliament (the
Riksdag) serve to guide Sweden’s environmental efforts in their entirety. One is Clean Air,
the objective being that air must be clean enough not to represent certain risks, including a
risk to human health. Although the quality of outdoor air has substantially improved in
recent years, air pollution from transport and heating still cause considerable health problems. In this context, children are seen as a priority demographic group; moreover, unlike
adults, they cannot choose the environment in which they spend time.
The National Board of Health and Welfare has recommended that a special environmental objective concerning children’s health should be investigated.To boost this country’s
capacity to meet the requirements posed on our outdoor environment by a child-oriented
perspective, the Swedish Environmental Protection Agency assigned the Institute of Environmental Medicine (IMM), part of Karolinska Institutet, to compile the present report, Air
pollution and children’s respiratory health. The work was conducted in close cooperation
with Stockholm County Council’s Occupational and Environmental Medicine Unit, which
was transferred to the IMM and renamed the Department of Occupational and Environmental Health on 1 January 2009.
Based on a broad review of current scientific literature in this area, a knowledge overview was compiled. This has culminated in balanced risk assessments designed to serve as a
basis for decisions on how to shape the outdoor environment for our children, with health
aspects as the foremost guiding principle.
This report was prepared by Olena Gruzieva1, Igge Gustafsson2, Johan Alm1,3, Göran
Pershagen1,2 and Tom Bellander1.
Those responsible for the assignment at the Swedish Environmental Protection Agency
were Maria Ullerstam and Titus Kyrklund.
Stockholm April 2010

Anders Johnson
Director, Environmental Assessment Department
Swedish Environmental Protection Agency

1
Institute of Environmental Medicine at Karolinska Institutet, Stockholm, Sweden
2
Department of Molecular Medicine, Karolinska University Hospital, Solna, Sweden
3

Sachs’ Children’s Hospital, Södersjukhuset (Stockholm South General Hospital), Stockholm, Sweden
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Summary
In children, air pollution may cause, contribute to or aggravate respiratory diseases, which
are a major cause of their ill-health. Childhood exposure to traffic-related air pollution is
therefore of great concern, and has been discussed as a key aetiological factor. This review
summarises and evaluates the findings of recent epidemiological studies of how short- and
long-term exposure to traffic-related air pollution affects respiratory health and allergic
sensitisation in children. In adults, air pollution is also known to contribute to cancer and
heart disease. The same may, in principle, be true of children too, but these effects have
scarcely been studied; and given the rarity of these diseases in childhood, air pollution is
probably a minor contributory factor, at most, in terms of public health. Moreover, there are
no reports on possible effects, in the form of adult cancer and heart disease, of childhood
exposure to air pollution.
Since respiratory tract symptoms are particularly prevalent in young children, elevated
risks due to exposure to traffic-related air pollution have major implications for public
health. Effects of air pollution may be divided into short-term and long-term effects, depending on the time lag from exposure until they make themselves felt.
Exposure to NO2, PM10 and to some extent PM2,5 has been associated with symptoms of
the lower respiratory tract in asthmatic children and with their hospital admission for asthma,
often on the same or the following day. The overall estimated associations with hospital
admissions for asthma were 1.3 % and 2 % rises in such admissions for every 10 µg/m³
increase in NO2 and PM10 respectively. No threshold levels (i.e. ‘safe’ levels below which
there is no risk) can be identified from the existing data. The areas with the best air quality in
which a significant association with admissions was found had average levels of 53 µg/m³
NO2 and 52 µg/m³ PM10. The symptom studies were more heterogeneous and no overall
estimate can be derived. However, the areas with the best air quality where significant
effects on asthmatic children’s symptoms were found had average levels of 16 µg/m³ NO2
and 57 µg/m³ PM10. Based on a few studies only, asthmatic children thus appear to be at
substantially higher risk than non-asthmatic children of having lower respiratory tract symptoms caused by exposure to air pollution.
Owing to the variety of methods and definitions in the studies reviewed, no combined
analysis of the long-term effects of ambient air pollution on respiratory symptoms or disease
was feasible. However, there is evidence that exposure early in life to traffic-related air pollution, including gases (CO, O3, NOx) and particles (PM2.5, PM10), contributes to the onset of
respiratory airway diseases, such as asthma and rhinitis, during childhood. This applies especially to children living close to major roads. The lowest long-term levels found to be associated with long-term health effects are 17–20 μg/m3 of NO2 (in Dresden and Munich,
Germany and Stockholm, Sweden).
There is strong evidence that exposure to traffic-related air pollution in childhood
adversely affects children’s age-dependent improvement in lung function, at least up to
adolescence, an effect that probably — although this remains to be studied — persists into
adulthood, thus exerting an impact on adult respiratory health as well. The diversity of the
studies reviewed makes formal quantitative comparisons of the findings difficult, and rules
out any generalisation on how far air pollution affects lung function in children. The cleanest
environments where lung function has been shown to be related to air pollution were in
Austria and Sweden, where mean levels of NO2/NOx were 18–23 μg/m3. One study of lung
7
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function in children up to late adolescence showed a 3 % rise per µg/m³ of NO2 or PM10 in
the risk of having a clinically serious deficit in lung function after eight years’ exposure.
Exposure to NO2 (or NOx) has been shown, in some studies, to be associated with sensitisation to common allergens in children. The pooled estimate gives a 7 % rise in the risk of
sensitisation to outdoor allergens for children living in areas with 10 µg/m³ higher NO2
levels. In addition, the health effects of air pollution may be especially pronounced in individuals who are genetically susceptible, as well as in those exposed to other environmental
factors. However, the association between air pollution and sensitisation needs to be studied
further before it can serve as the basis for preventive action.
Children are judged to be more susceptible than adults to the adverse effects of air pollution. Their developing airway and lung function distinguishes them from adults and, since
reduced lung growth may be seen as a permanent impairment, children may indeed be seen
as a susceptible group. Whether they are especially susceptible when it comes to other respiratory effects is less clear. In addition, children cannot choose or modify their environment
to the same extent as adults.
Urban air pollution is caused by a mix of numerous components. Some are correlated,
thereby confounding explanations of health effects, if any, in specific studies. Moreover,
differences in observed effects may reflect random variation. Error rates in exposure assessments vary from one component and location to another. Accordingly, little emphasis should
be laid on the fact that air pollutants derived from the same source seem to be variously
related to certain health effects in different studies. Considering the components of air pollution as representing a complex mix is often more meaningful. Selective measures to improve
air quality by removing specific components may achieve considerably smaller health gains
than the ‘single component’ risks observed in epidemiological studies might lead one to
expect.
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Sammanfattning
Luftföroreningar kan orsaka, bidra till eller förvärra sjukdomar i luftvägarna hos barn. Eftersom luftvägssjukdomar är en viktig orsak till ohälsa hos barn är barns exponering för trafikrelaterade luftföroreningar ett allvarligt problem. Nya resultat från epidemiologiska studier
av effekterna av kort- och långvarig exponering för trafikrelaterade luftföroreningar på luftvägsproblem och allergisk sensibilisering hos barn sammanfattas och utvärderas i denna
rapport.

Luftföroreningar förvärrar sjukdomar i luftvägarna
Symptom från luftvägarna är särskilt vanligt hos yngre barn. Ökad risk för sjuklighet på
grund av exponering för luftföroreningar orsakade av trafiken har betydande konsekvenser
för folkhälsan. Effekterna kan delas upp på kort sikt och på lång sikt, beroende på hur lång
tid det är mellan att barnet exponeras för luftföroreningar och att effekten studeras.
Exponering för NO2, PM10 och i viss mån PM2,5 har satts i samband med symptom från
nedre luftvägarna hos astmatiska barn samt med sjukhusinläggningar på grund av astma, ofta
under samma eller nästföljande dag. För varje ökning med 10 mikrogram/m3 av NO2 respektive PM10 uppskattades risken för sjukhusinläggning p.g.a. astma öka med 1,3 respektive 2
%. Inga tröskelvärden (det vill säga en säker nivå under vilken det inte finns någon risk) kan
identifieras utifrån befintliga data. I områden med den bästa luftkvaliteten där man kunde
konstatera ett signifikant samband mellan sjuklighet och luftföroreningar var halterna av
NO2 och PM10 i genomsnitt 53 respektive 52 mikrogram/m3.
Studierna av symptomen visade en mera heterogen bild, och inget samlat riskmått kunde
tas fram. I områden med god luftkvalitet, där en signifikant påverkan i form av astmasymptom hos barn kunde hittas, var halterna i genomsnitt 16 mikrogram/m³ NO2 respektive 57
mikrogram/m³ PM10. Utifrån det fåtal studier som redovisas verkar det som att astmatiska
barn löper betydligt större risk att få symptom i nedre luftvägarna orsakade av exponering
för luftföroreningar än icke-astmatiska barn.

Svårt dra generella slutsatser på grund av olikheter
i metodik
På grund av att skillnader i metodik och kriterier för diagnos varierar mellan de studier som
ingår i denna litteraturgenomgång kan ingen sammanvägd analys göras av de långsiktiga
effekterna av luftföroreningar på luftvägssymptom eller sjukdom hos barn. Men det finns
bevis för att exponering för luftföroreningar från trafiken, inklusive gaser (CO, O3, NOx) och
partiklar (PM2,5, PM10), tidigt i livet bidrar till sjukdomar i luftvägarna såsom astma och rinit
(rinnande eller täppt näsa) under barndomen, särskilt hos barn som bor nära större vägar.
Lägsta långsiktiga föroreningsnivåer som har satts i samband med hälsoeffekter på lång sikt
är 17–20 mikrogram/m3 av NO2 (Dresden, München, Tyskland, Stockholm, Sverige).
Det finns starka bevis för att exponering för trafikrelaterade luftföroreningar har negativ
påverkan på lungfunktionen och lungtillväxten hos barn, åtminstone fram till puberteten. Det
är troligt, men det har ännu inte undersökts, att detta även medför påverkan på luftvägshälsan
i vuxen ålder. På grund av olikheterna hos de granskade studierna är kvantitativa jämförelser
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av resultaten svåra att göra, och graden av påverkan på lungfunktionen av luftföroreningar
går inte att generalisera.
Den renaste miljö i vilken luftföroreningar har kunnat kopplas till påverkan på lungfunktionen var i Österrike och Sverige där de genomsnittliga nivåerna av NO2 eller NOx var 18–
23 mikrogram/m3. En studie som har följt tillväxten av lungfunktionen fram till sena tonåren
kunde visa att risken för kliniskt betydelsefull nedsättning av lungfunktionen ökade med 3 %
per mikrogram/m3 för NO2 och PM10 åtta år efter exponeringen.
Exponering för NO2 (eller NOx) har i vissa studier satts i samband med sensibilisering
för vanliga allergen hos barn. En sammanvägd beräkning visar att risken för sensibilisering
för utomhusallergen ökade med 7 % per 10 mikrogram/m³ NO2 för barn som bodde i områden med förhöjda halter av kvävedioxid. Detta betyder att luftföroreningar även skulle kunna
bidra till uppkomsten av allergi. Dessutom skulle hälsoeffekterna av luftföroreningar kunna
vara särskilt uttalade hos individer som är genetiskt mottagliga eller utsätts för andra miljöfaktorer. Sambandet mellan luftföroreningar och sensibilisering behöver studeras närmare
innan det kan användas som en grund för förebyggande åtgärder.

Barn är ofta mer utsatta än vuxna
Det har föreslagits att barn är mer känsliga än vuxna för negativa effekter av luftföroreningar. Luftvägarna och lungfunktionen är under utveckling hos barn och detta skiljer barn
från vuxna. Därigenom kan barn faktiskt bedömas som en särskilt känslig grupp, eftersom
minskad lungtillväxt kan leda till permanent funktionshinder. Det är mindre klart om barn är
en känslig grupp när det gäller annan påverkan av luftföroreningar på luftvägarna. Det bör
också tilläggas att barn inte kan välja eller ändra på faktorer i sin omgivning i samma utsträckning som vuxna.
Det är känt att luftföroreningar kan bidra till cancer och hjärtsjukdomar hos vuxna. Sådana effekter är i princip möjliga även hos barn, men har knappast studerats. Eftersom dessa
sjukdomar är mycket ovanliga hos barn blir antalet tänkbara fall mycket litet och betydelsen
för folkhälsan följaktligen ringa. Det saknas än så länge rapporter som har satt exponering
för luftföroreningar under barndomen i relation till förekomsten av cancer och hjärtsjukdomar i vuxen ålder.

Många komponenter i föroreningarna samverkar
Luftföroreningarna i tätorter består av en blandning av ett stort antal komponenter. Samvarierande komponenter konkurrerar om att vara förklaringen till en observerad hälsoeffekt i
en specifik studie. Förutom fel som slumpmässig samvariation tillkommer dessutom felaktigheter i exponeringsbedömningen som varierar beroende på komponent och plats. Olika
komponenter av luftföroreningar som kommer från samma källa har i skilda studier kopplats
till olika hälsoeffekter. Det är ofta mer meningsfullt att betrakta dessa komponenter som
företrädare för en komplex blandning. Att försöka förbättra luftkvaliteten genom att selektivt
försöka ta bort en komponent, som i en enskild studie visat sig ha samband med hälsoeffekter, kan resultera i att hälsan förbättras i betydligt lägre grad än vad som kan förväntas från
substansspecifika riskmått baserade på epidemiologiska studier.
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Abbreviations
BHR
BS
CO
DEP
FEV1

bronchial hyperresponsiveness
black smoke, e.g. soot particles measured by measuring blackening of a filter used
for sampling of particles (soot measurements)
carbon monoxide
diesel exhaust particles
forced expiratory volume in 1 second, the amount of air exhaled during the first
second (after a full inspiration) is measured. Measures flow in medium size airways.

FVC

forced vital capacity, the maximum volume of air that can be forcibly expired from
the lungs.
GIS
geographical information system
GSTP Glutathione S-transferase P (detoxification enzyme)
IgE
antibody associated with allergy. Specific IgE binds to a certain allergen/protein
LRS lower respiratory symptoms
MMEF, FEF 25-75 maximum midexpiratory flow: the airflow exhaled between the period of
which 25 % and 75 % of the FVC is left. Measures the flow in the smallest airways.
NO
nitrogen oxide
NO2 nitrogen dioxide
NOX nitrogen oxides
ozone
O3
PEF peak expiratory flow, the maximum flow of air generated during expiration
performed with maximal force after a full inspiration, most often as measured with a
simple device. Measures flow in large and medium size airways.
PM
particulate matter (suspended in air, eg an aerosol)
PM10 particles with an aerodynamic diameter < 10 μm, eg suspended particles in air that
are small enough to be inhaled
PM2.5 particles with aerodynamic diameter < 2.5 μm, as PM10 but excluding the “coarse
fraction”
PM2.5-10 the “coarse fraction”, eg most coarse fraction of the inhalable particles, those with
diameter 2.5-10 µm
SNP
single-nucleotide polymorphism (expression of genetic variability)
SO2
sulfur dioxide
TNF (α) tumor necrosis factor-alpha (signalling molecule in the regulation of the immune
system)
TSP total suspended particles in air, regardless of size
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Introduction
This review of the scientific literature is performed as an assignment from the Swedish
Environment Protection Agency, to constitute a basis for possible future proposals on
specific environmental goals for children’s environments.
Air pollution may cause, contribute to, or aggravate respiratory disease in children,
which is the most important health outcome in children. In adults, effects on the cardiovascular system are of greater importance. It is theoretically possible that air pollution exposure
during childhood may pose a risk for cardiovascular disease or cancer in adulthood, however, this aspect has not yet been sufficiently studied. The evidence on effects of air pollution
on childhood cancer is conflicting, but if such a relation exists, the relative risks are most
probably modest. In view of the rarity of childhood cancer, the public health importance has
been regarded as minor (Miljöhälsorapport 2005).
Respiratory diseases are a major cause of poor health in children. In developing countries
they are the most important cause of childhood death, while in industrialized countries respiratory diseases are the most common cause of childhood morbidity, resulting in an extensive
use of drugs and medical services.1 Respiratory tract symptoms are particularly prevalent in
young children.2 Exposure to traffic-related air pollution and especially particulate matter
from motor vehicles has often been discussed as one of the important etiological factors.3
This is supported by numerous epidemiological studies conducted in Europe and in other
parts of the world. In addition, several experimental studies with human volunteers, different
animal species and in vitro studies of human or animal lung origin indicate that diesel
exhaust particles enhance immunological responses to allergens and induce inflammatory
reactions in the airways.4,5
In addition, asthmatic children probably are more vulnerable to air pollution than nonasthmatic children, which is indicated by the findings that in subgroups of asthmatic children, prenatal and early-life exposures to carbon mono oxide, PM10, and nitrogen dioxide are
shown to have a negative effect on pulmonary function.6
The aim of this review is to summarise the results from epidemiological studies published since 1998, with emphasis on recent publications, concerning effects of short- and
long-term exposure to traffic-related air pollution on respiratory health and allergic sensitization in children.

__________________________________
1. Children’s health and the environment in Europe: a baseline assessment. Copenhagen, WHO, 2007
(http://www.euro.who.int/Document/E90767.pdf, accessed 29 May 2008).
2. World Health Organization European Centre for Environment and Health. Effects of air pollution on children’s
health and development – a review of the evidence. Copenhagen, WHO Regional Office forEurope, 2005
(http://www.euro.who.int/document/E86575.pdf, accessed 2 June 2008).
3. Health effects of transport-related air pollution. Copenhagen, WHO Regional Office for Europe, 2005
(http://www.euro.who.int/document/e86650.pdf, accessed 2 June 2008).
4. Diaz-Sanchez D, Penichet-Garcia M, Saxon A. Diesel exhaust particles directly induce activated mast cells to
degranulate and increase histamine levels and symptom severity. J Allergy Clin Immunol 2000; 106:1140–1146.
5. Nordenhall C, Pourazar J, Ledin MC et al. Diesel exhaust enhances airway responsiveness in asthmatic subjects.
Eur Respir J 2001; 17:909–915.
6. Moretimer K, Neugebauer R et al. Early-lifetime exposure to air pollution and allergic sensitization in children with
asthma. Journal of asthma, 2008; 45:874-881.
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Method
For the purposes of this review a comprehensive computerized literature search in the
PubMed database for articles published in English speaking peer reviewed journals since
1998 was conducted to select relevant studies with original data on air pollution and respiratory symptoms in children. We used the following medical subject heading terms and/or key
words: “air pollution”, “traffic-related air pollution”, “respiratory symptoms”, “respiratory
health”, “asthma”, “allergic rhinitis”, “wheeze”, “sensitization”, “allergy”, “atopy”, “lung
function”, “spirometry”. The search was complemented by the reference lists of the papers
retrieved as well as reviews and reports. Only study populations up to 18 years of age were
considered. Whenever possible, we included numerical estimates of the observed associations, using the units reported by the original investigators.
This review focuses on particulate matter (PM) and nitrogen dioxide (NO2). Other
important pollutants include sulphur dioxide (SO2) and ozone (O3), but data on these have
not been systematically collected. The levels of SO2 have decreased substantially and it is
therefore, of less importance. Ozone mainly comes to Sweden from long-range transport;
only a small fraction of observed ozone levels are due to locally formed ozone. It is, thus, not
a primary target for local, regional or even national preventive efforts. Also, long-term
effects on health are difficult to study due to the small concentrations differences within
limited geographical areas.
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Exposure to air pollutants
In the studies of short-term effects, air pollution exposure was generally monitored on a daily
basis, often in single urban background location. Potential confounders that also change
daily, such as different meteorological parameters or day of the week were also collected.
The majority of the studies reported measurements of ozone (O3), nitrogen dioxide (NO2),
PM2.5, PM10, sulphur dioxide (SO2) and carbon monoxide (CO). The range of air pollutants
concentrations varied across studies.
In the studies of long-term effects, exposure assessment was mostly based on residential
and/or school air pollutants levels,1-14 traffic density and type15-17 or distance to the road18-22
(including self-reported proximity)23 as proxies for exposure to traffic exhaust. A drawback
of self-reported air pollution exposure indicators, however, is that they might cause an overestimation of the effect of self-assessed health.32 Recent studies explored the spatial or
temporal distribution patterns of composition and levels of air pollution, applying modelling
using GIS data to obtain precise and bias-free exposure assessment.24-26 Relatively few
studies were designed to study the effects of reduced air pollution on respiratory health in
children.10 Several studies considered pollution from certain industrial areas or from domestic heating.2,3
The range of air pollution concentrations varied across the studies. In many studies exposure assessment for the whole study population was based on air quality measurements from
one single monitor.2,27 Considering traffic density, some researchers used the sum of the
daily traffic counts with a distance limit of 50 m around each child’s home to characterize
traffic exposure for the study subjects (range: 2 600 to >30 000 v/d) across studies,28 others
separated truck counts (70 – 22 326 v/d) and cars (2 000 – 15 5656 v/d).29 In addition,
authors from the Netherlands also included into analysis distance from home and school to
motorways. A number of studies were focused on pollution from industrial sources or pollution from domestic heating.2,27 A detailed description of the air pollution data is given in
Table 2 and 4.
Urban air pollution is a mixture of a large number of components, of which only a few
are characterised. Some characteristics follow:
1. Different components are often correlated to each other, both in time and space,
because they come from the same sources that may be local or distant. Any measured component of such a mixture may be regarded as a representative of the total mix from a source,
i.e. an indicator. As an example, road traffic emissions are often dominating in urban settings. They contain both gases (e.g. NO, NO2, CO), semivolatiles (PAH) and particulates
(e.g. PM10, PM2.5, Black Smoke, ultrafines) and all these components are usually related to
each other. The extent of internal correlations varies from place to place and also from time
to time, partly because of contributions from other sources, topography and meteorology.
Also, the error level in exposure assessment varies by comoponent and location. The fact
that e.g. NO2 but not PM10 shows significant results in a specific study should therefore not
be interpreted as NO2 must be the only causal factor.
2. It should be noted that all sampling of particulates in one way or another are composite samples, including particulate matter of different origin, size and chemical composition.
A measured level of 20 µg/m³ PM10 in an area with mainly diesel traffic means both physically and chemically something very different as compared to 20 µg/m³ PM10 in an area with
mainly petrol driven cars, studded tyres on dry asphalt. It has not yet been well established in
14
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what way health effects are expected to differ in those situations, although some preliminary
conclusions may be drawn.
In addition, components may correlate with each other in time regardless if they come
from different sources, because they share temporal patterns as long-term time trends,
seasonal cycles, weakly cycles, diurnal cycles or weather. Also in these situations the single
components will serve as representatives for a mixture, although the representativeness will
vary between components, locations and time periods.
In conclusion, little emphasis should be given to the fact that different components of air
pollution originating from the same source seem to relate in a different way with certain
health effects in different studies. It is often more meaningful to consider the components as
representatives of a complex mixture. Attempts of improving air quality selectively by
removing one component may be less effective than may be expected from the risk observed
for a specific “component” in epidemiological studies. At the same time it is important to
better identify the important etiological agents as a basis for preventive action. For example,
it is clearly of great importance to determine whether health effects caused by particles
primarily relate to those originating from road dust or from exhaust emissions.
In general, the population exposure to air pollutants is relatively low in Sweden, for the
year 2005 almost 50 % of the population were exposed to annual mean NO2 concentrations
of less than 5 μg/m3. A further 30 % were exposed to concentration levels between 5-10
μg/m3 and only 5 % of the Swedish inhabitants experienced exposure levels above 15
μg/m.30 Winter half-year mean PM10 concentrations for regional background sites varied
from 19 μg/m3 in the southernmost station to 6 μg/m3 in the north of Sweden. A mean local
contribution constituted about 6.3 μg/ m3.31
__________________________________
1. Hirsch T, Weiland SK, Mutius E et al. Inner city air pollution and respiratory health and atopy in children. Eur
Respir J 1999; 14:669-677.
2. Heinrich J, Hoelscher B, Wjst M et al. Respiratory diseases and allergies in two polluted areas in East Germany.
Environ Health Perspect 1999; 107:53-62.
3. Ramadour M, Burel C, Lanteaume A, Vervloet D, Charpin D. Prevalence of asthma and rhinitis in relation to longterm exposure to gaseous air pollutants. Allergy 2000; 55:1163-1169.
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Asthma and allergy in children
Respiratory disorders in children are of great concern, accounting for a substantial part of
consultations with doctors for acute illness. In Sweden such disorders led to 21 % of all
hospital admissions in young children of preschool age in 2008.1 In Stockholm county
almost one out of four hospital admissions were for respiratory disorders. Asthma is a major
respiratory disease and the most common chronic disease in children, and may be included in
the wider definition allergy-related disorders, which besides asthma includes rhinitis, eczema
and food allergy.2 In these disorders, symptoms are usually triggered by hypersensitivity to
substances and environmental factors mostly tolerated in the normal population. Hypersensitivity mediated by immunological mechanisms is called allergy. However, in some individuals with hypersensitivity no such immunological mechanism can be identified, in which case
they are diagnosed with non-allergic hypersensitivity. It should be noted that nomenclature
in this field has varied over the years, and that the definitions given here are rather recent.3
Almost four out of ten Swedish children are to some extent affected by allergy-related disorders.
These disorders tend to appear together in individuals and their families, and have also
collectively been labelled “atopic disease”. The prevalence of “atopic disease” has risen
markedly during the last decades, which is thought to be caused by environmental influences
in genetic predisposed individuals.2 The term atopy is in recent definitions more strictly
reserved for allergic hypersensitivity associated to IgE antibodies, excluding other types of
allergic hypersensitivity. Atopic individuals thus are predisposed to have positive skin prick
test or elevated IgE-antibodies to common allergens (such as pollens and animal dander),
which is called being sensitized. To be sensitized is a strong risk factor for having symptoms
if exposed to that allergen, however not synonymous with clinical allergy; a sensitized individual not necessarily will have symptoms by such exposure, and is thus not allergic. On the
other hand, a negative allergy test can not fully role out clinical allergy, since airway allergy
not always is mediated by IgE-antibodies, and thus sometimes difficult to diagnose.
According to the WHO definition, asthma is a chronic disease characterized by recurrent
attacks of breathlessness and wheezing, which vary in severity and frequency from person to
person.4 During an asthma attack, the lining of the bronchial tubes swell, causing the
airways to narrow and reducing the flow of air into and out of the lungs.5 Asthma is characterised by inflammation of the bronchial mucosa and airway hyperreactivity due to hypersensitivity to environmental irritants, e.g. exposure to allergens like cat dander. Asthmatic
symptoms could also be triggered by unspecific irritants like infections, tobacco smoke, cold
weather or exercise, and occur e.g. in 15-20 % of pre-school children in relation to airway
infections. In a Swedish cohort, in school-age 1/3 of all children have had some episode of
asthma-related symptoms, and 7-8 % have asthma.6 Of asthmatic children 25 % usually have
moderate and 10 % severe asthma. Asthma is in principal treated with bronchodilators
(β-agonists) and anti-inflammatory inhaled steroids.
The asthmatic expressions may vary throughout infancy and childhood, and are related to
different physiological, cellular and biochemical characteristics, which may also vary with
age. There is, however, no widely accepted operational definition of asthma, which makes it
difficult to compare different epidemiological studies.
In international literature obstructive airways symptoms in general is called wheeze, of
which asthma is its more chronic manifestation. Wheeze is by the European Lung
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Foundation defined as an abnormal high-pitched or low-pitched sound heard during
expiration; and results from narrowing of the airways or increased secretion or retention of
sputum. Different wheezing phenotypes have been identified. The present “Task Force” on
the diagnosis and management of wheezing disorders proposes to use the terms episodic
(viral) wheeze to describe children who wheeze intermittently and are well between
episodes, and multiple-trigger wheeze for children who wheeze both during and outside
discrete episodes.7 The latter is more likely if there are other risk factors such as a family
history of asthma or allergy.
Over 20 % of children and young people report having allergic rhino-conjunctivitis, one
of the other most common allergic disorders. Typical symptoms are itchy runny nose,
sneezes, nasal congestion in combination with itchy eyes with redness and swelling. Fatigue
could be substantial, affecting out-put capacity at school and leisure. Allergy to cat and
birch- and grass pollens dominates. History is usually more informative than allergy testing.
Almost half of young children with allergic rhino-conjunctivitis develop asthma in parallel,
which is sometimes overlooked.
In this report studies on symptoms of respiratory disease are followed by chapters on
signs associated with respiratory disease. Both symptoms and signs are something abnormal,
relevant to a potential medical condition, but a symptom is experienced and reported by the
patient, while a sign is discovered by a physician or other person during examination of the
patient.
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Development of symptoms and
disease following short-term exposure
Two types of epidemiological studies are reviewed here: a) panel studies that monitor at the
individual level the variation in respiratory symptoms in relation to air pollutants; b) timeseries studies that examine the daily number of children requiring urgent medical attention
because of asthma in a given geographical area in relation to the daily level of air pollutants,
generally measured at a fixed site. Table 1 provides the main characteristics of selected articles.

Summary of panel studies
In conclusion, some heterogeneity in the results of panel studies is expected, given differences in selection criteria, duration of follow-up and outcomes under investigation. Overall,
the effects of air pollutants on asthma exacerbation do not appear fully consistent, which
may be related to the complexity of the disease itself and the subsequent difficulties in estimating the impact of air pollution. Nevertheless, most of the reviewed studies found evidence of adverse effects of short-term exposure to air pollutants and respiratory symptoms in
children. Thus, significant positive associations were shown for asthma symptoms in relation
to exposure to SO2,1,9 PM10,7,8,14 NO21,8,9 and O3.9 Upper respiratory symptoms were associated with PM10 exposure at 4 day moving average5 and at lag of 2 days.14 Lower respiratory
symptoms (LRS) were related to PM10,3,5,7,10 BS3,10 and NO2,3,10 at a 5 day mean. The strongest associations with asthma attacks and asthma-like symptoms were reported for an increased air pollution exposure on the same day and 3-5 day means. Studies that investigated
different respiratory symptoms separately found associations with cough and exposure to
PM10,6,11,13,14 PM2.5,11,13 including nocturnal cough, and black smoke and NO2 exposure1,2
shortness of breath and PM10,13 and SO2,1 at a lag of 3 days; wheeze and NO2,13,16 PM10,3,16
PM2.5,13 at lags of 3 and 4 days. Asthmatics have been shown to respond to ambient PM with
more respiratory symptoms compared with non-asthmatics, in one study having 2.4 times
higher risk for LRS.10 Certain threshold levels (or safe levels below which there is no risk)
can not be identified from the existing data. Areas with the lowest pollutant concentrations in
which positive statistically significant short-term effects on reported cough and respiratory
symptoms were found had the mean/median concentrations of PM10 16 μg/m3 (Vancouver,
Canada6) and 34.2 μg/m3 (Paris, France1); NO2 57 μg/m3 (Paris, France1).

Panel studies
Various symptoms are considered as outcomes, including cough (unspecified cough, cough
in combination with wheeze and tight chest, nocturnal cough), wheeze, shortness of breath
with wheeze and asthma attacks. Some studies reported both the incidence and prevalence of
symptoms.1,2 In addition, several studies performed analyses of the effects of air pollution
exposure on medication use.1,3,4
A significant benefit of panel study design is that stable individual characteristics and
behaviours that might confound the observed relationship between pollution exposure and
health symptoms are controlled for by design, since the same individuals are monitored at
each occasion. Because the health history, exposure patterns and lifestyle of a subject
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generally remain unchanged during the study period, each individual serves as his or her own
control, thus eliminating the need for a separate control group. Furthermore, because of the
often intense monitoring of the study persons, information on time-varying potential confounders can be collected, and controlled for when analyzing the data.5 In addition, other
important benefits of conducting a symptom diary study include; a) direct control over the
health data collection process so that the needed data are recorded as desired, with as much
accuracy as possible; b) flexibility to match the study population and air pollution monitoring locations for the exposure assessment portion of the analysis; c) ability to target selected
population groups that may have specific characteristics of interest and d) ability to obtain
otherwise unavailable data from individual subjects, e.g., detailed health history, smoking
history and exposure, socioeconomic characteristics and behaviour and activity patterns,
which may be relevant for assessing air pollutant exposure. However, such studies are
dependent on participants’ collaboration and provide relatively small data sets. These shortcomings make the results less reliable, and will not have high power to show a relation with
effects when exposure variation is low or moderate.

Reviewed panel studies
Of 17 reviewed studies 7 were conducted in Europe (2 in France, 1 in Finland, 2 in the
Netherlands, 1 in Denmark and 1 study within 14 European centres), 9 in North America and
1 in Asia (Thailand).
In Port Alberni, British Columbia 75 physician-diagnosed asthmatic children aged 6–13
years were examined.6 Several other groups of non-asthmatics were also studied. For the
entire group (n = 206), particulates were associated with increases in both cough and
phlegm. Stratified analysis indicated effects among asthmatic children only; no consistent
effects were found in the other groups of children.
In a study conducted in Paris children with mild and moderate asthma were followed
during a period of six months.1 Nocturnal cough was the symptom most strongly associated
with air pollution in mild asthmatics, particularly PM13, BS and nitrogen dioxide. When the
analysis was restricted to 21 children taking no asthma medication as corticosteroids or no
regularly scheduled ß-agonist, borderline statistically significant effects for PM13 and NO2
were observed. A later study examined symptoms and medication use among 82 children
followed for three months.2 Again, nocturnal cough was associated with BS and NO2
whereas no association was found for ozone. The authors reported that the effect of ozone on
asthma attacks became statistically significant when interaction with pollens was considered.
In addition, ozone was strongly related to ß-agonist use on days when no steroids were taken.
A panel of asthmatics living in a semi-rural area of Southern California with high levels
of summer smog was examined.7 The panel of 24 asthmatics, aged 9–17 years, was followed
3 months on average. Asthma symptoms were associated with both PM10 and ozone, with a
greater relative effect from PM10. The largest effects of PM10 were on children not taking
anti-inflammatory medication at the time. In a later study conducted in the same location the
authors confirmed the association of PM10 and ozone with asthma symptoms and found
nitrogen dioxide to be a relevant pollutant also.8 Adjustment for pollens was carried out in
this study; the effects were stronger in children with respiratory infections and in children
who were not taking anti-inflammatory medication. The latest report from the same group
evaluates asthma symptoms among Hispanic children living in an area of Los Angeles
County that has major freeways and trucking routes.9 A total of 22 asthmatics were followed
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and provided with a diary to monitor symptoms. Significant associations were found for
PM10 and nitrogen dioxide. Ozone also had an effect but this was not statistically significant.
In addition, elementary carbon and organic carbon were measured and both had an effect on
symptoms. The observed effects of PM10, however, did not change if also elementary and
organic carbon were included in multipollutant models.
Children in urban and rural areas of the Netherlands were studied by Boezen et al. and
categorized according to their BHR and specific serum IgE.10 Based on data from three
winters, there was a strong association between the occurrence of lower respiratory tract
symptoms, including wheeze, and both PM10 and nitrogen dioxide among subjects with
increased BHR and high IgE levels. No associations were found among children who did not
have both of these factors.
Another Dutch study investigated respiratory symptoms among children in urban and
rural areas with and without asthma, chronic cough or wheeze (classified as symptomatic).3
In the urban areas associations were found between PM10 and lower respiratory symptoms,
medication use among the symptomatic children. The effects of nitrogen dioxide were
limited to an increased frequency of bronchodilator use. However, only minimal effects were
observed in the non-urban areas. No associations were found among the non-symptomatic
children.
Researchers from Finland examined the association between PM and cough over a period
of six weeks among 49 children with chronic respiratory symptoms living in Kuopio.11
Several different measures of PM were available, including PM10, PM2.5, PM10–2.5 and
ultrafine particles. Incidence of cough was associated with all particulate sizes, however, the
strongest association was with a 4 day cumulative average of both PM2.5 and ultrafine
particles.
In a US study 133 asthmatics aged 5–13 years living in Seattle were followed.12 A strong
association was reported between asthma symptoms and PM measured both as light scattering (nephelometry, approximately equal to PM1.0) and as weight of inhalable particles per
volume of air (PM10). Effects increased with the level of carbon monoxide, which the authors
assumed served as a marker for vehicle exhaust. The latest report on this panel gives positive
associations of symptoms and medication use with PM2.5.4 Thus, a 10-μg/m3 increase in
PM2.5 lagged 1 day was associated with a 1.20 times increased odds of having a more serious
asthma attack and a 1.08-fold increase in medication use. Similar estimates were seen for
PM10.
Ostro et al. examined the effect of PM10 and PM2.5 on 138 African-American children
with current physician-diagnosed asthma living in Los Angeles.13 Daily reports of cough,
shortness of breath and wheeze and asthma episodes (i.e. the start of several consecutive
days with symptoms) were associated with PM10 and PM2.5 but not with ozone, which
showed a protective effect. The PM10 effects were slightly stronger than those for PM2.5.
A study in Thailand investigated daily upper and lower respiratory symptoms in panels
of schoolchildren, nurses and adults in relation to daily outdoor PM2.5 and PM10 concentrations over three months.5 A 45-μg/m3 (approximately interquartile range) change in PM10
was associated with risk of 1.10 and 1.13, respectively, for upper and lower respiratory illnesses in children.
A research group from Washington evaluated the effect of particulate matter of various
size fractions (PM10, PM2.5, PM1.0, and PM coarse fraction (PM2.5−10)) on respiratory symptoms in both adults and children with asthma monitored over many months.14 In children
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cough was strongly associated with PM10 and coarse fraction (PM2.5−10) and to a lesser extent
with PM2.5 and PM1.0. The association with PM10 and coarse fraction was present on at least 2
consecutive days. The odds of having any lower respiratory symptoms were more strongly
associated with increases in the fine particles, PM2.5, and PM1.0 than with the coarse fraction.
Runny nose was shown to be statistically associated with the larger particles, namely, PM10
and coarse fraction in children, suggesting that the larger particles may be irritating the nose.
A school-based panel of urban African American children with moderate to severe
asthma was followed over a period of 3 consecutive winters in Denver.15 After controlling
for time-varying factors such as upper respiratory infections and meteorological factors, a
weak association was found between ambient carbon monoxide levels and bronchodilator
use. Ozone levels were associated with daytime symptoms only.
Daily symptoms recordings and air pollution levels were obtained for a panel of 205
children participating in a birth cohort from Copenhagen followed during the first three years
of life.16 Significant positive associations between concentrations of PM10, NO2, NOx, CO
and wheezing symptoms in infants (age 0-1) with 3 to 4 days delay were found. Only the
traffic-related gasses, NO2, NOx showed significant effects throughout the three years of life,
albeit attenuated after the age of one.
The results of the PEACE study deserve special mention.17 This study was carried out in
2010 symptomatic children in 14 centres (one urban and one rural panel per centre) throughout Europe in one winter 1993-1994. This reduced the potential for heterogeneity because
the exposure of the panels were more similar than if they had been conducted in different
years or seasons. There was a concurrent influenza epidemic which could not be accounted
for in the analysis and the study period was too short (2 months) to make adequate adjustment for time trends. The pooled odds ratio estimate is close to 1.0 with 95 % confidence
limits indicating statistically non-significant associations of PM10, BS or nitrogen dioxide
exposure with various outcomes, including symptoms and medication use. Because this was
a winter-time study, no effects of ozone were assessed.
Finally, a recently published systematic review on particulate air pollution and panel
studies in children provides an interesting overview.18 The authors considered 22 panel studies conducted on children (with or without asthma or respiratory symptoms at the baseline).
Summary estimates of the effects for cough, lower respiratory symptoms including wheeze
were reported. Pooling the results for PM10 indicated no overall effect for cough but a statistically significant effect for lower respiratory symptoms. Pooled results from studies conducted in conditions of relatively high levels of ozone suggest a greater impact of PM10 on
both cough and lower respiratory symptoms than for studies as a whole. It has been underlined that the results show considerable heterogeneity and there is evidence of possible publication bias. Therefore, the summary estimates of effect should be interpreted with caution.
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Summary of time-series studies on hospital
admissions and emergency department visits for
asthma
Overall, the reviewed studies found consistent associations between short-term exposure to
air pollution and hospital admissions or emergency department visits for asthma or respiratory conditions in children. The observed associations with NO2,24-30 PM10,20-21,25-29 CO,2325,29,30
suggest that traffic-related pollutants are the main pollutants associated with urgent
medical help needs for respiratory conditions. Similar to the panel studies, effects appeared
stronger for several days means or delayed day lags of exposure, although some studies have
also shown significant increase in emergency room visits for the same day exposure24,28 or
lag of 1 day.23,25 Ozone has also been associated with asthma hospitalization. Controlled
laboratory studies have shown that O3 can invoke acute lower inflammatory responses in
both healthy and asthmatic subjects, however, asthmatics appear to experience more severe
responses.34
The combined estimates of the association with hospital admissions for asthma were
1.3 % and 2 % increase in such admissions, for a 10 µg/m³ increase of NO2 (95 % confidence interval 0.96-1.7, based on four studies, Figure 1) and PM10 (95 % CI 1.7-2.3; based
on five studies, Figure 2), respectively. No threshold levels (eg a “safe” level below which
there is no risk) can be identified from the data. The areas with best air quality in which a
significant association with admissions was found had mean levels of 53 µg/m³ NO2 (Hong
Kong27) and 52 µg/m³ PM10 (Turkey19, Hong Kong27), respectively.
The emerging overall picture is rather clear: among children with asthma air pollutants
are associated with medication use, hospital admissions or emergency room visits for asthma
or other respiratory conditions. However, although time-series studies have shown a link
between day-to-day variations in air pollution concentrations and hospital admissions, it is
not clear if all the events attributable to air pollution could be totally avoided if air pollution
levels were lower, or if some of them would occur anyway, only later. Another point of importance is to determine which pollution components are responsible for certain health effects observed in the epidemiological studies, for example, which particulate matter components or attributes are most important in determining health effects.35

Reviewed time series studies
In this section we considered cases of emergency room visits and hospital admissions for
asthma, upper and lower respiratory diseases in children as main outcomes of interest. Several studies included more specific symptoms (i.e., allergic rhinitis19 and wheezing20). In
most studies cases of asthma or other respiratory condition hospitalization were defined
using International Classification of Diseases Revision 9 or 10.
Of 12 reviewed studies 2 were carried out in Western Europe, 2 in the North America,
1 in Australia, 3 in the South America, 4 in Asia:
An investigation from Sao Paulo, Brazil reported significant associations between the
increase of respiratory emergency visits and air pollution exposure.20 The most robust associations were observed with PM10 and to a lesser extent with O3 that remained stable across
different model specifications and several controlling variables. A significant increase in the
counts of emergency visits – more than 20 % - was observed on the most polluted days,
indicating that air pollution is a substantial paediatric health concern.
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Another Brazilian study in order to investigate the responses of children of different ages to
air pollution exposure considered daily records of hospital admissions for children in 5 age
groups (equal or less than 2 years of age, 3-5, 6-13, 14-19 and all ages together from 0-19
years of age).21 This study showed that daily respiratory hospital admissions for children and
adolescents in increased with air pollution (especially with PM10) and that the largest effects
were found for the youngest (2 years or less) and oldest (14-19 years) age groups.
A recent study from Sao Paulo have investigated three health end-points: the daily number of emergency room visits due to lower respiratory tract diseases, hospital admissions due
to pneumonia and hospital admissions due to asthma or bronchiolitis. Out of all considered
air pollutants NO2 was positively associated with all outcomes.22
Emergency department visits in Seattle for childhood asthma during 15 months in 1995–
1996 were evaluated in relation to particulate matter, nitrogen dioxide and other pollutants.23
The study found a small but statistically significant effect of PM10 and fine particles. Daily
maximum 1-hour mean nitrogen dioxide and 8-hour mean ozone also had an effect, albeit
not significant.
Results found in time-series analysis of respiratory admissions in Rome during 1995–
1997 suggested that nitrogen dioxide was strongly related to total respiratory admissions and
in particular to acute respiratory infections and asthma among children.24 Although ozone
was strongly associated with total respiratory admissions in children, no effect was detected
for asthma admissions.
A research group from Seoul, Korea analysed hospital admissions for acute asthma over
a two-year period. PM10, nitrogen dioxide and ozone were all related to asthma admissions,
the strongest and most robust effects being for nitrogen dioxide and ozone.25
A group from Hong Kong reported the association between asthma admission with
change of NO2, PM10, PM2.5 and O3 levels that remained significant after adjustment for
multi-pollutants effect and confounding variables, with increase in asthma admission rate of
5.64 % at lag 3 for NO2, 3.67 % at lag 4 for PM10, 3.24 % at lag 4 for PM2.5 and 2.63 % at lag
2 for O3. The effect of SO2 was lost after adjustment.26 A recent retrospective ecological
study conducted in Hong Kong showed significant associations between hospital admissions
for asthma and levels of NO2, O3, PM10 and PM2.5. The relative risks for hospitalization for
every 10 mg/m3 increase in mentioned air pollutants were 1.028, 1.034, 1.019 and 1.021,
respectively at a lag day that ranged from cumulative lag 0–4 to 0–5. In a multi-pollutant
model O3 was significantly associated with increased admissions for asthma.27
In an Australian region-specific analysis associations between combined local levels of air
pollutants and childhood asthma emergency department (ED) presentations were examined,
adjusting for seasonal variation, day of week effects and meteorological variables.28 There
were consistent associations between childhood ED asthma presentations and regional concentration of PM10, with a strongest association in the central district of Melbourne. NO2 and
O3 was associated with increased childhood asthma ED presentations in the Western districts. This study suggests that regional concentrations of PM10 may have a significant effect
on childhood asthma morbidity.
Scientists from Canada applied a time stratified case-crossover study design to evaluate
the effects of outdoor air pollution on daily number of ED visits for asthma.29 An increase in
the interquartile range of the 5-day average for NO2 and CO levels was associated with a
50 % and 48 % increase, respectively, in the number of ED visits among children 2 – 4 years
of age. Associations were also evident for O3 and CO, but weaker.
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A bidirectional case-crossover study was conducted in Turkey to estimate odds ratios for the
admissions adjusted for daily meteorological parameters.19 Significant increases were observed for hospital admissions in children for asthma, allergic rhinitis, and upper and lower
respiratory diseases. All fractions of PM showed significant positive associations with
asthma admissions in children. The highest association noted was 18 % rise in asthma admissions correlated with a 10-mg/m3 increase in PM10-2.5 on the same day of admissions. The
adjusted odds ratios for exposure to PM2.5 with an increment of 10 mg/m3 were 1.15 and 1.21
for asthma and allergic rhinitis with asthma, respectively. PM10 exerted significant effects on
hospital admissions for all outcomes.
In a recent Finnish study the effects of size fractioned particulate air pollution and
source-specific fine particles on asthma aggravation were investigated.30 Hospital emergency
room visits for asthma among children were associated with traffic-related PM2.5 at longer
lags (4 to 5 days).
Tolbert et al. examined the effects of air pollution on paediatric emergency department
visits for asthma during the summers of 1993–1995 in Atlanta.38 Several different statistical
models were used to explore the sensitivity of the results to the model selection. PM10 concentrations were highly correlated with 1-hour maximum ozone (r = 0.75). Associations
between daily visits, PM10 and ozone were reported, with consistent results across all models. The estimated RR for PM10 was 1.04.
Finally, the project of APHEA-2, evaluating the association between particulate matter
and hospital admissions for respiratory symptoms in eight cities considered PM10 and black
smoke (BS) to be the main factors of interest, while gaseous pollutants were considered only
in order to evaluate their potential confounding role.31 The summary estimates for each 10
m3 were a 1.2 % increase for PM10 and a 1.3 % increase for BS. In multipollutant models
ozone and sulphur dioxide did not substantially alter the effect estimates for PM10 and BS,
but the inclusion of nitrogen dioxide in the models dramatically reduced the effect. Such
confounding from nitrogen dioxide has been interpreted as indicating that the particles’ effects may be due to particles derived from traffic-related sources and strongly correlated with
nitrogen dioxide. A recent revision of the estimates, while using updated methods, gave very
similar results with an estimated effect of 1.5 % per 10 m3 in PM10.32
Several studies have investigated the differences in the effects of air pollution on asthma
hospitalization and emergency room visits among children, adults and the elderly within the
same study and have found stronger effects in children, suggesting children to be more susceptible to air pollution.27,30,31 This can partly be attributed to the differences with respect to
lung development, immune system as well as activity patterns.33
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Development of symptoms and disease
following long-term exposure
Summary
There is evidence that exposure to traffic-related air pollution including gases (CO, O3, NOx)
and particles (PM2.5, PM10) early in life contribute to the induction of respiratory airway
disease like asthma and allergic rhinitis11,13,16,18 during childhood, especially in children living within short distances of major roads. Furthermore, it is likely that traffic-related air
pollution could interact with certain genetic factors making some individuals further susceptible to environmental agents. The lowest long-term levels that have been associated with
health effects are 17-20 μg/m3 of NO2 (Germany10,41 and Sweden32). However, due to the
variation in methods and definitions among the studies on respiratory symptoms and disease
reviewed, no combined analysis could be done on the long-term effects.

Long-term studies
Asthma and allergies are associated with multiple factors, such as heredity, lifestyle, dietary
habits, socioeconomic conditions and environment.1 The clear geographical variation and
recent trends in asthma prevalence in several countries, however, point to the importance of
environmental and lify style factors in the causation of asthma or the triggering of its symptoms. Importantly, it also suggests that asthma is a preventable disease and that the impact of
these environmental factors can be reduced.2 Poor outdoor air quality, exposure to indoor
allergens and a stressful lifestyle have been connected with the prevalence of asthma and
allergic rhinoconjunctivitis3. An increasing trend in the prevalence of asthma and allergies is
particularly apparent in urban areas, where children have been found to have more allergic
reactions to outdoor and indoor allergens.4 In particular, higher volumes of road traffic in
cities are thought to contribute to this.3 Recent evidence supports a causal relationship between exposure to air pollution and exacerbation of asthma, mainly due to exposure to particulate matter (PM) and ozone.5 There is limited evidence, however, to support a causal
association between the prevalence or incidence of asthma and air pollution in general.
This section reviews the results from epidemiological studies published since 1998 concerning effects of exposure to traffic-related air pollution on development of respiratory
symptoms in children. The review is divided into two main sections: a) results from crosssectional studies, providing separate summaries between the regions where studies were
conducted; and b) data from longitudinal studies (including case-control and cohort studies).
Table 3 describes the studies contributing to this report.
As end-points, we considered respiratory symptoms (asthma symptoms, allergic rhinitis)
Table 5. Symptoms may occur several times in a day or week in affected individuals, and for
some people become worse during infections, physical activity or at night.
Most of the reviewed studies used questionnaire-based reports of asthma symptoms and
physician diagnosis of asthma according to the methodology proposed by the International
Study of Asthma and Allergy in Childhood (ISAAC), described in detail elsewhere
(http://isaac.auckland.ac.nz). In brief, ISAAC collected epidemiological data on the preva-
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lence of childhood asthma, allergic rhinitis and atopic eczema worldwide, based on standardised diagnostic criteria and representative population samples. The ISAAC Phase One study
involved 700000 children in two age groups (6–7 and 13–14 years), from 155 collaborating
centres in 56 countries. Identical video and written questionnaires were used to assess the 12month period prevalence of symptoms of asthma, allergic rhinitis and eczema (ISAAC
Steering Committee, 1998a and 1998b). The questionnaire included core questions on
asthma and allergy. For asthma symptoms (wheeze) in the previous 12 months in 13-14 year
old children, up to 15-fold differences were found between countries, with a range from 2.1
to 4.4 % in Albania, China, Greece, Indonesia, Romania to a range from 29.1 to 32.2 % in
Australia, New Zealand, Ireland and the United Kingdom. In the younger age group, the
prevalence of wheeze ranged from 4.1 to 32.1 %. For both age groups, the prevalence of
wheeze was particularly high in English speaking countries. Countries with a relatively
lower prevalence (under 10 %) were mainly found in Asia, Northern Africa, Eastern Europe
and eastern Mediterranean regions. Overall, the between-country variation was greater than
the within-country variation, both in Europe and worldwide (ISAAC Steering Committee,
1998).9 In ISAAC Phase Two, causes are studied in more detail in 30 study centres in 22
countries, with detailed questionnaires and objective measurements of physiological
variables and indoor exposure. ISAAC Phase Three is a repetition of a multicountry crosssectional survey of two age-groups of school children undertaken 5 years after the baseline
survey (ISAAC Phase One).1 Asthma symptoms were estimated on the basis of positive
answers to the written question: “Have you (has your child) had wheezing or whistling in the
chest in the past 12 months?”
Only few studies have considered allergic rhinitis/rhinoconjunctivitis as an end-point.
Allergic rhinoconjunctivitis was characterized by sneezing, nasal congestion and itching of
the nose, eyes or throat in the past 12 months, in the absence of a common cold.
31 articles were identified to be included in this review. 14 studies were conducted in
Western European countries, 4 in Asia, 3 in the US, 1 in South America. Considering study
type, the majority was of cross-sectional design (13), 2 case-control studies, 6 cohort studies,
1 combined study.
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Reviewed cross-sectional studies
Many of the reviewed studies on the effects of air pollution were of cross-sectional design, in
which disease and exposure status are measured simultaneously in a given population at
certain point in time, thus allowing one to measure only the prevalence of disease. It is
particularly difficult, with such a study design, to determine the potential effects of long-term
exposure to air pollutants on the prevalence of asthma. Besides, respiratory symptoms such
as chronic cough, wheezing, and chest tightness reported by questionnaire can be interpreted
either as irritative symptoms related to exposure to irritants or as asthmatic symptoms.
A number of studies from Germany reported associations of respiratory symptoms in
children with different indicators of exposure to transport-related air pollution. The results of
a survey from Dresden suggest that moderate increases in inner city air pollution well below
the national ambient air quality standards are associated with an increased prevalence of
morning cough and doctor diagnosed bronchitis (particularly in relation to benzene, NO2 and
CO).10 Another study from Munich conducted in the same period confirmed these results.23 It
put great weight on the measurement of exposure. Traffic exposure was assessed using GIS
to relate the home address to traffic counts in the area and to an emission model that predicted soot, benzene and NO2. The prevalence of current asthma, wheeze and cough was
increased in the category with the highest density of traffic. Investigation of the respiratory
health of children living in Dusseldorf showed increased risks for wheezing and rhinitis in
relation to NO2 exposure.11 When interpreting these findings it is important to bear in mind
that in Dresden, as in many other areas of the former East Germany, exposure to air pollution
has changed tremendously in the first years after German reunification in 1989.43 Levels of
SO2 have decreased substantially and car traffic exposure has increased.
The value of more precise exposure measurements was nicely demonstrated by English
researchers who had conducted large prevalence surveys among primary and secondary
schoolchildren, followed by nested case-control studies to adjust for personal risk factors.
When traffic exposure was assessed in the locality of the schools, no association was observed with prevalence of wheezing.22 However, when the same material was analyzed for
children living within short distances of major roads (estimated by GIS software), there was
a clear positive and significant association with the prevalence of current wheeze in both age
groups.25 Most of the increased risk occurred within 90 m of the roadside.
A study from the Netherlands assessed exposure to traffic-related air pollution using specific traffic-related characteristics (traffic counts for cars and trucks separately and distance
of the homes and schools to the highway) as well as estimated annual average concentrations
of PM2.5, soot, and NO2 outside 24 schools located within 400 m of busy motorways.26 Current conjunctivitis was positively correlated with a high level of truck traffic (though not car
traffic) and with air pollutants related to truck traffic. The associations between trafficrelated air pollution and symptoms were much stronger in children with bronchial hyperresponsiveness (BHR) and sensitization to common allergens than among children without
these traits.
Within the SCARPOL survey it was investigated how air pollution abatement measures
implemented in Switzerland in the 1990s that resulted in moderately reduced air pollution
exposures contributed to a decrease in respiratory symptoms and diseases in school children.17 The larger reduction in bronchitis, nocturnal dry cough, conjunctivitis rates but not
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asthma in areas with a stronger decrease in PM10 levels supports the causality of
observed associations between air pollution and respiratory health in children. The findings
did not suggest a threshold for adverse effects of PM10, because beneficial effects of rather
small PM10 reductions in a moderately polluted environment were observed.
In a large population-based sample of children from 108 randomly selected schools in 6
French cities, elevated concentrations of SO2, PM10 and O3 were significantly associated
with an increased risk of suffering from allergic rhinitis, past year rhinoconjunctivitis and
wheeze.18 When adjusting for O3 a positive association was found also between NO2 and
respiratory indicators. Results persisted in long-term resident (current address for at least 8
years) children. Further analyses of the same material showed that adjusted odds of suffering
from current asthma were significantly higher than 1 in concurrence with elevated PM2.5
concentrations in the proximity of the houses where the children lived.19 The risk was limited
to atopic asthma. Again, the relationships were strengthened in long-term residents (current
address for at least 8 years), for whom exposure to outdoor air pollutants could be considered
stable through life.
Several studies were conducted in areas strongly impacted by industrial sources of air
pollution. Examining whether regional differences with respect to the occurrence of childhood respiratory diseases and symptoms scientists from Germany found that children residing in Hettstedt (with high industrial pollution related to mining and smelting operations)
have about a 50 % increased lifetime prevalence of physician-diagnosed allergies, eczema,
and bronchitis compared to children from Zerbst (reference area) and about twice the number
of respiratory symptoms such as wheeze, shortness of breath, and cough without cold.36
A french cross-sectional epidemiologic survey performed in an area of high photochemical air pollution found that wheeze in the last 12 months, asthma ever and nocturnal dry
cough were related to ozone but not SO2 and NO2 in a simple regression analysis.44 However, all associations disappeared after adjustment for a family history of asthma, early
childhood respiratory disease and socioeconomic status.
A large body of evidence has been provided by Chinese researchers. The results suggest
a clear effect of air pollution on respiratory morbidity in schoolchildren. Thus, clear associations with physician-diagnosed bronchitis and persistent cough and exposure to coarse particles (PM10-2.5, total suspended particles (TSP)) were found in all types of statistical analyses
(overall analyses, within- and between-city analyses, three-cities analyses).37 Further analyzing these data investigators applied an hierarchical clustering technique to classify study
districts into district clusters based on average ambient concentrations of TSP, PM10–2.5,
PM2.5, SO2, and NOx and examined exposure–response associations by relating districtcluster-specific levels of individual pollutant concentrations to the estimated odds ratios.38
Positive significant concentration-symptom relationships between ambient air pollutant mixture exposure and prevalence of cough and wheeze were observed.
In Taiwan, a nationwide survey investigated the relationship between the prevalence of
respiratory illness and symptoms in 13–15-year-old non-smoking students who attended
schools located within 2 km of 55 air monitoring stations.12,13 Factor analyses identified two
types of air pollution: a) “traffic-related” air pollutants, i.e. CO, NO2 (positively correlated)
and ozone (negatively correlated); and b) “fossil-fuel-combustion-related” air pollutants,
mainly SO2 and PM10. After adjustment for age, history of atopic eczema and parental education, asthma prevalence was positively associated with traffic-related air pollution, especially
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with CO and nitrogen oxides. The group also analysed the effects of air pollution on the
prevalence of diagnosed allergic rhinitis, assessed by parental responses to written questions
on doctors’ diagnoses and typical symptoms.13 Again, there was a positive correlation, adjusted for several potential confounding and climatic factors, between the prevalence of
rhinitis and traffic-related air pollutants. Recent results from another Taiwanese study confirmed these results.15,16 After adding adjustments for parental atopy and indoor exposures
which are potential sources of confounding, associations between increased risk of childhood
asthma and allergic rhinitis were suggested in relation to exposure to CO, O3, NOx, but not
PM10.
Not many cross-sectional studies evaluating relationships between measured trafficrelated pollutants and respiratory morbidity have been conducted in North America. One of
the studies was performed in San Francisco Bay Area to explore associations between respiratory symptoms and exposures to traffic-related air pollutants among children living and
attending schools near busy roads in an urban area with high traffic density but good regional
air quality.14 For children residing at their current address for at least 1 year, modest but
significant increases in the odds of bronchitis symptoms and physician-diagnosed asthma in
neighbourhoods with higher concentrations of PM2.5, nitric oxides were found.
Researchers from South America observed a significant association between traffic flow
and asthma among schoolchildren residing in Lima, Peru.30 In the 6-7-year age group there
was a significant increase in the medical diagnosis of asthma, cumulative wheezing and
current wheezing as the traffic flow index increased. An increase for asthma attacks or difficulty breathing during the previous 12 months was found only among the 6-7-year-old
school children. One possible explanation is that for younger children the questionnaire had
been answered by the mother. In the older age group (13–14 years), children responded
themselves and might have underreported their respiratory symptoms since in both groups an
increasing trend of medical diagnosis of asthma (which is a more objective measure than
symptoms) with increasing traffic was observed.

Reviewed longitudinal studies
Case-control studies
A case-control study is a study of one or more exposures and development of a disease, in
which study groups are defined on the basis of disease status. The history of exposure in
diseased persons (cases) is compared to the history of exposure in a sample of the base population from which the cases originate (controls). The results of a multicentre study conducted in 5 French metropolitan areas suggested that when controlling for known risk factors
of asthma, exposure to traffic exhausts during early life is associated with a greater risk of
childhood asthma.24 This association did not hold when exposure was averaged over life.
These findings support the hypothesis that the first years of life are critical for development
of childhood asthma or atopy in relation to exposure to environmental pollution.
In a nested case-control study within the Swedish birth cohort BAMSE effects of outdoor
and indoor exposure were evaluated and a relation between measured front-door to NO2 and
recurrent wheezing was suggested.21 When the material was stratified for age, the association
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between wheezing and NO2 exposure appeared stronger among children who did not fulfil
the criteria of recurrent wheezing until the age of 2. This might be explained by reduced
misclassification of disease in the older children or it may be that some time is required for
the effect of ambient air pollution on recurrent wheezing to be visible. The suggested
increase in risk of recurrent wheezing was mainly confined to the children who in addition
had at least one smoking family member. A significant interaction could be shown for
children exposed to the upper quartile of NO2 levels in combination with any smoking family
member.
Cohort studies
A cohort study is a study of one or more exposures and development of different diseases, in
which individuals with different exposure levels are identified and then observed for the
occurrence of certain health effects over some period.
Japanese researchers investigated the effects of outdoor and indoor NO2 levels on the prevalence and incidence of respiratory symptoms among children.20 A cohort study was
conducted over a period of 3 years on 842 schoolchildren living in 7 different municipalities
and 3-year average of outdoor nitrogen dioxide concentration was calculated. While crosssectionally there was no relationship between the prevalence of asthma or wheeze and
outdoor levels of NO2, the incidence of asthma and wheeze was positively associated with
outdoor NO2 levels, although the number of incident cases was low.
Using a dispersion model to estimate differences in exposure of homes of young
children to locally generated primary PM10 a strong association appeared in a UK cohort
study between exposure and the prevalence and incidence of cough without a cold and
wheeze which was independent of potential confounders.39 Furthermore, there was clear
evidence of a dose-response relationship. The evidence for an association between primary
PM10 and the prevalence or incidence of current wheeze was less consistent.
When the prospective Swedish BAMSE birth cohort study was analyzed at children’s
age 4, it showed that exposure to moderate levels of locally emitted air pollution from traffic
early in life influenced the development of airway disease.32 Air pollution exposure assessment was based on geocoding of an individual’s address information and using an emission
inventory together with dispersion models to map outdoor levels of certain pollutants from
selected regional and local emission sources over time at the relevant geographical locations.
For a 5th to 95th percentile difference in residential level, persistent wheezing at the age of 4
was associated similarly with exposure to traffic-PM10 and traffic-NOx, but not to heatingSO2. Transient and late-onset wheezing did not seem to be associated with exposure to any
of the air pollutants. There was no relation between reported doctor’s diagnosis of asthma in
combination with current symptoms and any of the air pollutants. Furthermore, no association was seen with symptoms of allergic rhinoconjunctivitis at the age of 4 years.
The Dutch part of the EU-funded international project on the effect of transport-related
air pollution on childhood asthma (TRAPCA) assessed exposure to transport-related air
pollution at residences by a combination of measurements and GIS-based models.40 In the
project, a Dutch birth cohort of 4000 children showed significantly increased risks of ear,
nose and throat infections, as well as influenza with air pollution, but a weak association
with cough and bronchitis. The German sister study in the TRAPCA project included nearly
2000 children living in Munich.41 Children at age 1 and 2 years showed significant
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associations between the air pollutants PM2.5, PM2.5 absorbance and NO2 and cough without
infection, dry cough at night. At age two years these effects, however, were attenuated. A
reason could be that children in their first year of life are more sensitive towards respiratory
health symptoms than those in the second year of life. The same analyses were conducted in
a larger geographical area and thus in a larger cohort using different models for the same
pollutants.29 The tendency of some of the effect estimates was confirmed. However, different
outcomes turned out to be significant. For the larger study population significant associations
between PM2.5 or PM2.5 absorbance and sneezing/runny/stuffed nose were found. Reports of
bronchitis were found to be associated with NO2 in the first year of life. Further, the authors
used data from the same ongoing cohorts when the children were four and six years of age,
enabling better diagnosis of asthma and allergic rhinitis.33 As they assessed the individual
based exposure models to the addresses at three different time points and built longitudinal
models, the residential history of the study participants could be incorporated very precisely.
Statistically significant positive associations were found between the pollutant PM2.5
absorbance, proximity to the nearest main road and asthmatic/spastic/obstructive bronchitis
(both reported by parents and diagnosed by physician).
In a cohort within the Children’s Health Study from California strong associations were
observed of lifetime asthma with residential ambient NO2, an indicator of variability within
municipalities of traffic-related pollutants, which was measured at a sample of homes.28
Measured NO2 was moderately correlated with total traffic-modelled pollution. Strong associations also were found with residential distance to a freeway and with traffic-modelled
exposure from freeways (but not from non-freeway traffic–modelled pollution). Later authors extended these observations to a larger population and to residential distance to other
major roadways.27 The association of asthma in the new cohort with non-freeway traffic–
modelled exposure, but not with freeway-modelled exposure, may reflect differences in the
distribution of freeways and major roads around homes in the different cohorts. The association of asthma with non-freeway traffic–modelled exposure is consistent with the observed
association with distance to a major road, because there were few children within 75 m of a
freeway in this study. Residential distance to a major roadway also is computationally easier
to estimate from data that are more readily available than the meteorological and traffic
volume data required to model exposure.
Several researchers have analyzed effects of air pollution exposure on the combination of
respiratory symptoms with allergic sensitization. Thus, when stratifying children with doctor
diagnosed asthma into atopic and non-atopic asthmatics, Hirsch and co-authors found
non-significant association between pollutant exposure and atopic asthma.10 Non-atopic
asthma, however, was significantly associated with pollutant exposure (except for O3). Similar differences were found when comparing the adjusted odds ratios for morning cough and
bronchitis in atopic and non-atopic children. For wheeze the difference was less pronounced.
This was confirmed by the results from Swedish BAMSE cohort study.32 Children with
wheezing at 4 years (early persistent wheezing and late onset wheezing) were further sub
grouped regarding sensitization to pollen at the age of 4, thus representing non-atopic and
atopic wheeze. Exposure to traffic pollutants tended to be primarily associated with
non-atopic wheeze rather than with atopic. In contrast, French researchers reported past year
atopic asthma to be significantly more common in residential settings with PM2.5 concentrations above the median value.19
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Although we did not aim to consider effects separately for boys and girls, it could be important to point out that sex-specific results appear inconsistent across the studies. While some
studies showed boys are at higher risk of developing respiratory symptoms due to air pollution exposure,30,41 others provide evidence of girls being more vulnerable.11,25,32 On the one
hand, boys tend to spend more time outdoors and thus are more exposed to outdoor contaminants than girls. Besides, it has been shown that females aged 0–2 yrs have larger airways in
relation to lung size than males.42 These differences in lung growth and development
between males and females might be responsible for the higher incidences of symptoms and
the greater susceptibility of males. On the other hand, one can speculate that elicitation of
symptoms in girls is less strictly genetically fixed than in boys and therefore girls are more
likely to be affected by the environment.11 However, separate analyses for males and females
are available for a limited number of studies and the differences are still not completely
understood.

General considerations
Overall, there is growing evidence to suggest that exposure to air pollution from motor
vehicles increases the risk of airways disease. Recent human and animal exposure studies, as
well as laboratory-based studies, have demonstrated that diesel particles, ozone and nitrogen
dioxide induce an inflammatory response that involves various inflammatory cells, mediators
and adhesion molecules, which could contribute to worsening of the allergic disorders.
One possible reason for inconsistency in results between studies is the use of different
indicators of traffic-related pollution. Studies relying on residential proximity to the nearest
main road reported statistically significant associations with cumulative wheeze,25 lifetime
asthma27,28 and sneezing nose.29 From those considering traffic density some studies showed
positive relationship with current asthma and wheeze,23,30 as well as early onset asthma
(before age 3),24 while others did not.11,26 Many cross-sectional surveys making comparisons
between study areas suggested that children living at more polluted areas are at higher risk of
respiratory health impairment.11,17,27,36,38 Results from recent studies that used advanced
exposure assessment approaches combining spatial measurements of traffic-related air
pollutants, regression modelling and GIS data provide evidence of doctor’s diagnosed
asthma,30,31,33 wheeze (ever,30,31 recurrent,21 and persistent wheeze32), cough (without infection39,41 and nocturnal41) being associated with air pollution exposure. It is less clear which
pollutants are most responsible but particles and ozone show the strongest associations.
Another explanation to the observed inconsistencies may be the difference in outcome
definitions. Although most of the reviewed studies used the International Study of Asthma
and Allergy in Childhood (ISAAC) questionnaire to collect symptom and physician diagnosis data, the construction of the asthma variables used in the analysis was different. For
instance, in one of the papers authors defined asthma as a report by parents that a doctor has
diagnosed asthma at least once or that a doctor has diagnosed asthmatic, spastic or obstructive bronchitis more than once.23 This definition therefore includes, to some extent, symptoms that may be bronchitic rather than asthmatic. "Current asthma" is then defined as a
combination of asthma and wheeze symptoms occurring in the past year. Besides, the
distinction between asthmatic symptoms and diagnosis of asthma could be complicated
because it relies on cultural and medical habits (and we consider studies from different
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continents). In addition, as stated above, some respiratory symptoms can be interpreted as
irritative or as asthmatic symptoms.
More research is needed in this field to clarify the role of specific air pollutants on
children’s health as well as their interactions with other environmental agents such as allergen exposure, with specific genetic factors affecting susceptibility. Such studies will require
a careful monitoring of the environment to allow more precise exposure assessment.
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Lung function
Summary
There is strong evidence that adverse long-term effects of air-pollution occur on lung function growth in children, resulting in deficits of lung function at the end of adolescence. No
study has, however, followed up adolescents until they reached the plateau phase of early
adulthood. It therefore is not known whether growth deficits will be compensated by a
prolonged growth phase, or whether these subjects will enter the lung-function decline phase
of later adulthood with a reduced lung function. Because of the diversity of the reviewed
studies, formal quantitative comparisons of the findings are difficult and the magnitude of
the effect of air pollution on lung function cannot be generalized. The cleanest environment
in which lung function has been shown to be related to air pollution was in Austria11,17 and
Sweden21 in which the mean levels of NO2/NOx were 18-23 µg/m³. Based on one study that
has followed the lung function growth until late adolescence the risk of having clinically
important deficit in lung function increased by 3 % per µg/m³ of NO2 or of PM10.
Several, but not all, of the papers that studied children and adolescents included in a
recent review25 were the same as we studied in this project, and our conclusions correspond
with theirs. A quantitative summary of lung function studies are given in Table 9.
Most of the publications reviewed here reported some statistically significant adverse
effects of air pollution on lung function. The most relevant pattern between air pollution and
lung function emerged from the Californian study “Children Health Study (CHS)” that
started in 1993 and where reduced lung function growth were shown in children exposed to
higher levels of regionally air pollution but also in children that lived in areas with heavy
traffic. In the CHS project there was even some evidence that relocating from one municipality to another municipality with different pollution levels, affected the lung function
growth.
It would have been preferable to base the quantitative assessment on several studies
following children’s lung function development until the growth plateau, e.g. to about 20
years of age for women and to about 25 years of age for men. There are however no such
studies and the only one that comes close to this is the CHS that has reported on lung
function development until the age of 18. Since the early effects seen in the CHS study
correspond well with other studies, our conclusion is that the best estimates available on
long-term effects from air pollution on lung function come from this study.
In the CHS study, lung function effects were modelled as linear with increasing air pollution levels at schools. The lowest levels in that study were approximately 15 µg/m³ PM10, 6
µg/m³ PM2.5, and 8 µg/m³ NO2, and the elevated risk estimated in the publication all refer to
levels that are higher than this. From this level up the lung function decreased with increasing exposure level. The risk of having clinically important deficit in lung function increased
by 3 % per µg/m³ of NO2 or of PM10. The corresponding risk estimate for PM2.5 was 7 %
increase per µg/m³. It should be noted that these are different estimates of the same risk
elevation and they should not be pooled.
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Lung function measurements
The lower airways can be compared to a tree, turned upside down, where the trunk represents the windpipe, trachea, which divides into two limbs, one to each lung. Inside the lungs,
the limbs divide into branches and twigs, the large airways, bronchi, and the small airways,
bronchioles, which terminate into hollow cavities, the pulmonary alveoli.
When a deep breath is taken, the bronchi, bronchioles and pulmonary alveoli are filled
with air. If the air is exhaled as powerfully as possible, the capacity and velocity of emptying
the lungs largely depend on the diameter of the bronchioles and bronchi. Narrow bronchioles
and/or bronchi imply a lower capacity and velocity of emptying, and factors causing that can
be infective agents, allergens, smoke, other airway irritants etc.
The easiest way to make an overall investigation of the pulmonary function is to measure
the peak expiratory flow, PEF. The method is simple. A deep breath is taken and the air is
exhaled as powerful as possible into a PEF apparatus, which can be described as a cylinder
with a slight resistance. From the PEF-apparatus the capacity of emptying the lung can be
estimated, measured as volume per time. The PEF measurement will not give any information of the air volume in the lung, neither the velocity of emptying the lung.
A more advanced picture of the lung function turns up when a device called a dynamic
spirometer is used. Also here a deep breath is taken, and then a powerful exhalation is made
into a nozzle, that is connected to the spirometer and a computer. The total amount of the
exhaled air, which depends on sex, age and height, is a good estimate of the air volume in the
lung, and is called the forced vital capacity, FVC. Changes over the years in FVC values for
children, can be a surrogate for measurement of pulmonary growth.
To estimate the bronchi and bronchioles influence on pulmonary function, the amount of
air exhaled during the first second is measured - the forced expiratory volume in one second,
FEV1. Even the FEV1 has a relation to sex, age and length. If the FEV1 volume is lower than
80 % of the expected value, it is possible that the bronchi and/or the bronchioles for some
reason could be more narrow than normal, and affect the capacity and velocity of emptying
the lungs. Changes over the years for FEV1 in children are a proxy for bronchial growth.
The exhaled volume within the first second can be studied more closely. The airflow that
is exhaled between the period of which 25 % and 75 % of the FVC, is left, or the middle 2/4
of FVC is known under different names as the maximum midexpiratory flow, MMEF, FEF
25-75 etc, and is said to reflect the capacity of the bronchioles. Changes in MMEF over the
years for children is said to reflect the growths of the smallest airways, the bronchioles.
The following section summarizes the studies on air pollution and lung function. For a more
detailed description, see Appendix.

Cross-sectional studies
Children in two areas with different air pollution levels in Hong Kong were tested for
pulmonary function (FVC, FEV1, FEF25-75).8 In both sexes, the mean values of pulmonary
function were higher in the low polluted district. The differences in the parameters between
the two districts were statistically significant (except for FVC in boys), and the differences
among girls were more marked. No effect of either active or passive smoking on any
parameter of pulmonary function was observed. A recent purchase of new furniture at home
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was associated with a decrease in FEV1/FVC and FEF25-75 for boys. Girls whose fathers held
blue-collar jobs, and girls born in the mainland of China, had higher FVC and FEV1 levels
compared to those whose fathers are white-collar workers and those born locally in Hong
Kong.
Lung function was studied in areas with four different exposure levels in Leipzig.
Day-care centres were divided into four exposure groups due to domestic- or coal heating
and level of traffic.2 Lower mean FVC and FEV1, compared with predicted values, were seen
among children in areas with dominated by traffic pollutants. Vmax75 values were within the
predicted norm for all four exposure groups, but a stepwise decrement was notable with
increasing pollution levels. All together 57 of 235 lung function tests (24 %) were outside
the normal range and 50 % of these children were reported to have physician-diagnosed
asthma, allergies, eczema or any combination of the three diagnoses. Gender was by far the
most striking predictor of an adversely affected lung function.
Hyperresponsiveness was studied in areas with three different exposure levels southeast
Korea.3 Allergy skin prick tests were also performed.
257 (38 %) of the 670 children had airway hyperresponsiveness; 375 (56 %) had lung
symptoms and 434 (65 %) had nose symptoms. There was significantly more airway hyperresponsiveness in children with lung symptoms than in those without. There was no significant difference in airway hyperresponsiveness between children with and without nose
symptoms. Atopy was significantly more prevalent in the polluted area than in the rural area.
A significantly greater proportion of children (45 %) had airway hyperresponsiveness in the
polluted area than in the rural area (32 %) or coastal (33 %) area. Schoolchildren with atopy
needed a lower concentration of methacholine before FEV1 fell, than those without atopy. In
the multiple logistic regression model, positive allergy skin test and living in the polluted
area near the chemical factory were independently associated with airway hyperresponsiveness.
Spirometry and questionnaire data for respiratory function and symptoms were studied in
areas with three different exposure levels in Moscow.1 Based on earlier measurements of
ambient air pollution, 479 children from low-, medium and high polluted areas were investigated. Children in the medium and high polluted districts had that were 6 and 10 % lower
FVC, respectively, than children in the clean district. But the risk of having FEV below 75 %
of the expected value showed the opposite effect. The influence of socioeconomic factors
seems problematic in this study.
Pulmonary function (FVC and FEV1) was analysed twice for relationships with PM10
levels in two areas in China.4 FVC and FEV1 in March were significantly lower than the in
December for both regions, even when taking into consideration the increase of the children’s height and weight during these months. The findings could be due to the yellow dust
storms with wind-blown dust/particles with predominantly size of 3µm.
Healthy children in two areas of northern Italy underwent lung function tests (FVC,
FEV1), skin tests to common allergens, total serum levels of IgE, and a challenge to methacholine at increasing doses.7 Lung function data, adjusted for the effect of potential confounders showed significantly lower FVC, and FEV1 in the children from the polluted area.
After the exclusion of subjects with positive skin tests and serum IgE above the sensitivity
level and those with history of asthma or respiratory disorders, there were higher percentages
of positive responses in the challenge to methacholine in children from the polluted city area.
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Lung function and the carbon content of airway macrophages was studied in 114 healthy
children and nine children with asthma, in Leicester, UK5 The levels of PM10 from local
sources of combustion were calculated for each child's home address using the Airviro
dispersion model (Swedish Meteorological and Hydrological Institute). Increased primary
PM10 was inversely associated with the percentage of the predicted FEV1 and the FEF25-75, in
the healthy children.
Children with asthma lived in areas with increased levels of primary PM10, had a reduced
FEV1 (before use of bronchodilator), and had an increased proportion of eosinophils in
sputum. Carbon was not detected in the majority of airway macrophages from children with
asthma, whereas the majority of airway macrophages from healthy children contained at least
one area of carbon. This suggest that the phagocytosis of carbon particles by airway macrophages may be impaired in severe asthma
Four different areas in Bangkok were selected based on the traffic volumes and population density.6 722 children were examined for lung function, (FVC, FEV1, FEF25-75) by technicians. The proportion of children with impaired lung function was significant higher in the
polluted areas than in the control area.

Panel studies
In a panel study over three consecutive winters in three rural areas and two urban areas of the
Netherlands, the effects of air pollutants on lung function (PEF) and prevalence of lower and
upper respiratory symptoms were studied in children.9 The children were divided into four
groups according to bronchial hyperresponsiveness (BHR; decline in FEV1 of > 20 % after
inhalation of up to 2.0 mg/m3 methacholine) and elevated serum concentrations of IgE
(above 60 kU/L). Atmospheric concentrations of PM10, black smoke, SO2 and NO2 were
measured continually at fixed sites in each urban and rural area. Significant associations
between air pollution and the prevalence of lower respiratory symptoms were seen in the
group with BHR and high total S-IgE and in the group without BHR and without high S-IgE.
In the group with no BHR and without elevated total S-IgE there was no consistent positive
or negative association between respiratory symptoms, decreased PEF, or increased air
pollution (lag 0 through 5-day mean).
164 children at an elementary school in the city of Linz underwent from September to
May, once a month, lung function tests, FVC, FEV1, FEV0.5, FEF25 %, FEF50 %, FEF75 % and
PEF.11 All pollutants studied in the single pollutant models had adverse effects on most of the
lung function parameters except FVC and PEF that did not show significant influence from
PMs and NO2 respectively. Overall effects were rather small. Reductions per 10 µg/m3 were
in the magnitude of 1 % only. The most sensitive indicator for acute effect of combustionrelated pollutants was a change in FEFs. Coarse particles (calculated as the difference
between PM10 and PM2.5) were only weakly associated with all lung function outcomes. Most
effect estimates for NO remained significant (except for PEF) and some even grew larger
after controlling for PM2.5.
FVC and FEV1 were studied in relation to exposure of PM10, NO2 and SO2 in 181 healthy
children, on an island, off the southern coast of Korea.10 Of the air pollutants, only PM10
showed significant associations with a reduction in lung function. Three pollutants (PM10,
NO2, SO2) were associated with a change in FVC and FEV1, over 0–72 hr (lag-effect), but it
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was only significance for PM10. Significant decreases in FVC and FEV1 ocurred 37–60 hr
after exposure to PM10 and the lag effect was essentially unchanged in the two-pollutant
model.
The relationship between short-term fluctuations in outdoor air pollutant concentrations
and changes in pulmonary function and respiratory symptoms among 861 children with
asthma was studied in 7 US inner-city communities.22 The children performed spirometry
twice-daily for 2 weeks every 6 months for 2 years. Asthma symptom data were collected by
telephone interview every 2 months. FEV1 and PEF were related to the 5-day average
concentrations of PM2.5, NO2 and SO2, but no relation was shown for the 1-day average
concentration. For O3 and CO, associations with FEV1 and PEF were smaller and not statistically significant. Multipollutant models showed independent effects for NO2 and PM2.5 on
FEV1 and for NO2 and O3 on PEF.

Cohort studies
Several cohort study publications originate from the prospective Children’s health study
(CHS), performed in 12 locations in southern California. In 1993, 1759 4th grade children
(average age 10 years) from elementary schools in 12 southern California municipalities, had
been recruited to the Children’s Health study.14 Data on the children’s pulmonary function
(FVC, FEV1, MMEF) for the period 1993 – 2001 and linear regression was used to examine
the long-term relationship of pulmonary function and air pollution. Over the eight-year
period, deficits in the growth of FEV1 were associated with exposure to NO2, acid vapour,
PM2.5 and elemental carbon, even after adjustment for several potential confounders and
effect modifiers. Associations were also observed for other spirometric measures. The correlations of growth with air pollution did not differ significantly between the sexes. Exposure
to pollutants was associated with clinically and statistically significant deficits in the FEV1
attained at the age of 18 years. The rate of attrition in the study was approximately 10
percent per year. Among the children who participated throughout the whole study period,
the effect on lung function growth was somewhat larger than among those who dropped out
of the study (Gauderman 2008, personal communication), indicating that air-pollution sensitive individual were more common among participants than drop-outs. There was, however,
no relation between base-line respiratory status and willingness to participate, why the
findings overall seem to be valid.
Air pollution monitoring stations were established in each of the 12 municipalities as a
part of the study design. These were originally (and for most municipalities throughout the
study) located at the schools. Measurements for all pollutants at all sites were available from
1994 and onward. Hourly concentrations of O3, NO2, PM10 and two-week integrated
samplers for PM2.5 and acid vapour (HCl + HNO3). There was substantial variation in annual
average pollutant concentrations across the 12 municipalities, with little year-to-year deviation in levels within each municipality. PM10, PM2.5, NO2, and inorganic acid were strongly
correlated with each another. PM10-2.5 was significantly correlated with PM10 and PM2.5, but
not with any other pollutant. The two O3 metrics were significantly correlated with each
other, but not with any of the remaining pollutants.
Longitudinal lung function data from the first 4 years of follow-up of the Children’s
Health study were analyzed for the relationship between air pollution concentrations and
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lung function growth.12 Spirometric evaluations (FVC, FEV1, MMEF, FEF75) were conducted annually at schools during the morning and early afternoon hours, from 1993 to 1997.
Approximately 15 % of the children included had reported a history of doctor-diagnosed
asthma at baseline.
Significant deficits (nearly 10 % reduction in the growth rate per year of FEV1 and
MMEF) were seen in the 4th grade cohort (10 years old on average), comparing the most
polluted municipalities compared with the least polluted. A deficit in growth of lung function
(FVC, FEV1, MMEF, and FEF75) was associated with exposure to PM10, PM2.5, PM10-2.5,
NO2, and inorganic acid vapour. No significant associations were observed with O3. The
estimated growth rate for children in the most polluted of the municipalities as compared
with the least polluted was predicted to result in a cumulative reduction of 3.4 % in FEV1 and
5.0 % in MMEF over the 4-yr study period. The estimated deficits were generally larger for
children spending more time outdoors.
In the 7th - and 10th-grade cohorts (15-16 years of age), the estimated pollutant effects
were also negative for most lung function measures, but sample sizes were lower in these
groups and none achieved statistical significance. The results suggest that significant negative effects on lung function growth in children occur at current ambient concentrations of
particles, NO2, and inorganic acid vapour.
In order to give further support to the causal interpretation of the findings in Gauderman
et al 2000, 110 movers in the CHS cohort were studied separately.16 To be included in this
study, the participants had to have one or more acceptable CHS lung function data and had to
have moved away from any of the CHS municipalities to another municipality in California,
Arizona, Nevada, Oregon, Washington or Utah at least one year before the study (164 children were eligible). The air pollution levels - annual average 24 hr NO2, daily average PM10
and average daytime O3 levels - between the former municipalities, based on 1994 data, and
the current municipalities, based on 1998 data, were compared. Negative pollution scores
reflected moves to areas of lower pollution and positive pollution scores represented moves
to municipalities with higher air pollution levels. Testing of lung function, FEV1, FVC,
MMEF and PEF was performed in weekend mornings in the children´s respective homes
between January and June 1998. Increasing exposure (by moving to another municipality) to
PM10 of 10 μg/m3 was associated with decreased rates of annual growth in MMEF (-16.6
mL/s), PEF (-34.9 mL/s) and with a marginally decrease in FEV1 (-6.6). Although increases
in NO2 and O3 were also estimated to reduce lung function growth rates, none of these effects was statistically significant at the 5 % level. The effect of a change in air pollution level
was significant for children who moved from a high- or low polluted municipality. The children who moved from a municipality with medium PM10 levels experienced smaller changes
in PM10, and no significant associations were detected with annual FVC, PEF and FEV1.
In 1996 1,678 new children (average age 9.9 years) in 4th grade were included in the
Children Health study. 14 % of the children reported doctor diagnosis of asthma at baseline.13
Lung function (FVC, FEV1, MMEF (=FEF25-75 %), PEF) was tested in every spring from
1996 by a team of field technicians, who travelled to the children’s schools. In addition to
measure PM2.5 the concentrations of elemental carbon (EC) and organic carbon (OC) were
measured. Concentrations of O3 were not significantly correlated with any other pollutant,
with the exception of a negative correlation between 24-hour ozone and NO2. The other pollutants were correlated with each another. Over the study period 1996 - 2000, FEV1 in-
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creased at an average rate of 11.8 % per year, with equivalent growth rates in boys and girls.
The directions and magnitudes of pollutant effects observed in the cohort from 1996 were
generally comparable to those observed in the cohort from 1993.
Significant deficits in lung function growth rate (especially MMEF and FEV1) were associated with exposure to acid vapour, NO2, PM2.5, and elemental carbon. Exposure to ozone
was correlated with reduced growth in peak flow rate. In each cohort larger deficits in lung
function growth rate were observed in children who reported spending more time outdoors.
1718 children from 4th grade had recruited in 1993 and 1959 children from 4th grade were
recruited in 1996 and included in the Children’s Health Study (total of 3677 children), see
Gauderman et al 2000, 2002, 2004.15 Of these, 440 children (12 %) lived within 500 m of a
freeway. The children were followed up for 8 years and the last measurement was in 12th
grade (mean age 17.9 years, n=1497).
The exposure of every study participant to traffic-related pollutants were calculated by
two types of measures–proximity of the child’s residence to the nearest freeway or to the
nearest major non-freeway road, and model-based estimates of traffic-related air pollution at
the residence, derived from dispersion models that incorporated distance to roadways, vehicle counts, vehicle emission rates, and meteorological conditions. For distance to the freeway, four categories were formed - < 500 m, 500–1000 m, 1000–1500 m, and > 1500 m.
Distances to non-freeway major roads were similarly categorised based on distances of 75 m,
150 m, and 300 m.
Children who lived within 500 m of a freeway had substantial deficits in 8-year growth
of FEV1 and MMEF compared with children who lived at least 1500 m from a freeway. Joint
models showed that both local exposure to freeways and regional air pollution had detrimental effects on lung-function growth. O3 was not associated with reduced lung-function
growth.
This study evaluates the hypothesis that higher lung function is associated with reduced
risk for childhood asthma, but that ambient air pollution attenuates this protective effect.18
The participants were 2057 children in the Children’s health study, who in fourth grade were
free of any wheezing or physician-diagnosed asthma, who could perform adequate lung function manoeuvres at study entry and who had at least one follow-up assessment. Children who
then reported physician-diagnosed asthma at any annual follow-up testing, were classified as
having new onset asthma.
Owing to a high correlation between the air pollutants, except O3, these can be considered as a correlated non-ozone "package" of pollutants, with a similar pattern relative to each
other across the 12 municipalities and the municipalities were defined as "high" or "low"
polluted based on the non-ozone "package".
The percentage predicted lung function values were categorised into three groups
(<90 %, 90–100 % and >100 % of predicted for FVC and FEV1 and <100 %, 100–120 % and
>120 % of predicted for FEF25-75).
There were 212 new cases of asthma resulting in an average incidence rate of 16.1/1000
person-years. The incidence of newly diagnosed asthma was inversely associated with
measures of lung function at study entry. For children with baseline FEF25-75 values > 120 %,
the incidence rate of diagnosed asthma in the study time was 9.5/1000 person-years. For
children with baseline FEF25-75 values < 100 %, the incidence rate of diagnosed asthma in
the study time was 20.4/1000 person-years, corresponding to a relative risk of 0.50 (95 % CI
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0.35 to 0.71) of getting asthma among those with supranormal lung function. This protective
effect of better lung function was reduced in children exposed to higher levels of PM2.5 (13.7
– 29.5 µg/m3), where the relative risk of new onset asthma was 0.76 (95 % CI, 0.45: 1.26). In
municipalities with lower levels of PM2.5 (5.7 – 8.5 µg/m3) the protective effect of good lung
function on onset of asthma corresponded to a relative risk of 0.34 (95 % CI, 0.21: 0.56). A
similar pattern was observed for FEV1. Little variation in relative risk was observed for
ozone.
A similar inverse relationship was observed for FEV1 but was less clear for FVC.
Lung function growth rate measured by gain in FVC and FEV1 over a 2-year period was
studied in 1,129 9-year-old children who lived near their school (14 schools) in Krakow in
southern Poland.19 Daily 24-hr concentrations of suspended particulate matter (Black smoke)
and SO2 were obtained from a city network of 17 air monitoring stations and the spatial distribution was used to divide the children in a high-level and a low-level group. The social
structure of the families, as defined by parental education, was approximately the same in
both areas of the city.
Children who lived in the higher polluted area showed better FVC and FEV1 at baseline
compared to children from the less polluted area, but the lung function growth rate during
the two-year follow-up was lower.
Lung function tests (FVC, FEV1, MEF25-75) were done twice a year in 975 schoolchildren
from eight municipalities in Austria during three years.17 The loss to follow-up was 12 %
throughout the study period. In each municipality a fixed-monitor station for continuous
monitoring of PM10, O3, SO2 and NO2 was located in the immediate vicinity of the elementary schools.
FEV1 showed associations with all air-pollutant parameters. A change in 10 µg/m3 of
PM10 was associated with a decrease in FEV1 of 0.23 mL/day (or 84 mL/yr). This effect remained significant even when O3, NO2, SO2 or temperature were introduced into twopollutant models. A significant negative effect of winter PM10 on FEV1 was revealed when
temperature was added into the model. A negative association between winter NO2 and FEV1
was also observed, that stayed significant even when PM10 was introduced into the model.
FVC growth during the three-year period was hampered by increased levels of summer and
winter PM10 and O3, as well as by winter NO2. The development of MEF25-75 showed negative association with summer PM10 and summer NO2: and winter O3: Overall, the effect of
PM10 on lung function development remained in multipollutant models.
PEF and FEV1 were tested weekday mornings in 86 children from Detroit with diagnosis
or symptoms of asthma, for 14 consecutive days under six periods, during one year. Ambient
monitoring sites with PM2.5, PM10 and O3 were performed in urban background within 7.5
km from the schools.20 At start about half of the children had symptoms consistent with
moderate to severe persistent asthma.
In both single-pollutant and two-pollutant models, there were associations between higher
exposure to ambient pollutants and poorer lung function (increased diurnal variability and
decreased lowest daily values for FEV1) among children using corticosteroids, and among
children reporting upper respiratory infections, which together constituted about one third of
all associations. No significant effect on lung function was found for occasions without
corticosteroids or infections.
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A dynamic cohort of 3,170 children, (8 years old and not diagnosed with asthma at the
beginning of the study), from 39 randomly selected elementary schools in Mexico City was
followed every 6 months (spring and fall) for three years with spirometric tests and questionnaires.24 All schools were located within 2 km from monitoring stations for NO2, PM10
O3 and SO2.
The results showed significant associations between NO2, PM10, O3 and impairments in
growth of FVC and FEV1 in both girls and boys, which were confirmed in two-pollutant
models. The negative association of NO2, PM10, O3 with lung function growth persisted in
multipollutant models, but in these the effects was slightly stronger for O3 in girls than boys.
Children without known lung diseases from two areas with different levels of air pollution in the Athens region were tested for lung function twice, three years apart.23 The 820
participants´ homes were situated within 1 km radius from the monitoring station in the urban area or within 5 km from the monitoring station in the rural area. 15 % of the participants dropped out during the follow-up period.
At baseline, FEV1 (proportion of predicted) was significantly higher in the urban area
than in the rural, while FEF50 showed the opposite difference. Multivariate linear regression
analysis showed that FVC at baseline was correlated with the residential area and with outdoor systemic athletic activities. During the three year follow-up, only FVC developed significantly better in the rural area. For FEV1 and FEF50 there was no difference in development between the two areas.
The spatial distribution of nitrogen oxides from traffic (traffic-NOx) and inhalable particulate matter from traffic (traffic-PM10) in area study from Stockholm was assessed with
emission databases and dispersion modelling.21 Estimated levels were used to assign firstyear-of-life exposure levels for children in a prospective birth cohort (n = 4,089), by linking
to geocoded home addresses. Parents provided questionnaire data on symptoms and exposures when the children were 2 months and 1, 2, and 4-year-old. At 4 years, 73 % of the
children underwent clinical examination including peak expiratory flow and specific IgE
measurements. Traffic-related air pollution exposure during the first year of life was associated with lower lung function at 4 years of age. Results were similar using traffic-NOx and
traffic-PM10 as indicators.
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Sensitization
Summary
Exposure to NO2 (or NOx) was in some studies related to sensitization to common allergens
in children.1 The pooled estimate shows a 7 % (95 % confidence interval 0.8-14 %) increased risk for sensitization to outdoor allergens when living in areas with 10 µg/m³ higher
NO2 levels. Just as for the association between environmental pollution and respiratory disease, a gene-environmental interaction is suggested, with the consequence that certain individuals may be especially prone to develop sensitisation to common allergens if exposed to
traffic air pollution.2 In conclusion the association between air pollution and sensitisation
needs to be further studied before it can be used as a basis of preventive action.

Sensitization
According to WHO data, sensitization to pollen allergens is likely to have doubled during the
last three decades, particularly in young people in many areas in Europe.3 Sensitization is
most often assessed through skin prick test and/or measurement of specific IgE-antibodies in
blood. Total IgE level is sometime used, however, it does not correlate very well to allergy
or sensitisation.
Animal studies have shown that diesel exhaust particles (DEP), or extracts made from
DEP, enhance allergic sensitisation.4 Simultaneous exposure of DEPs with allergen in the
human upper respiratory tract markedly increases IgE levels specific to the allergen while
deviating the cytokine repertoire towards a Th2-like pattern.5 DEPs have been shown to
interact with ragweed allergen in the nasal mucosa, to drive in vivo isotype switching to IgE
and to induce sensitization.6 NO2 and ozone can trigger the release of allergen-containing
granules from grass pollen and thus increase the biovariability of airborne pollen allergens.7
Taken together, these studies provide a basis whereby exposure to certain pollutants may
induce allergic sensitization.

Reviewed studies of sensitisation
Our review is divided into two main sections: a) results from cross-sectional studies; and b)
data from longitudinal studies. Table 6 presents the basic descriptive characteristics of selected studies. Detailed description of air pollution data is given in Table 7. All of them were
conducted in the Western European countries (5 in different regions of Germany, 2 in the
Netherlands, 2 in France, 1 in Sweden and 1 in Norway). 7 studies were designed as crosssectional and 4 as cohort.
We used allergic sensitization as disease entity. This is a process by which a subject acquires markedly increased allergic sensitivity to a substance through repeated exposure to
that substance.8 As the allergy develops, the response becomes worse with even short exposures to low concentrations eliciting severe reactions. In the reviewed studies sensitization
was assessed mostly through skin prick test and/or measurement of total or specific IgEantibodies in blood.
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Skin prick test (SPT) assesses specific IgE attached to cells in the skin important in allergies
called "mast" cells.9 SPT is generally performed on the volar or inner aspect of the forearms.
Small amounts of suspected allergens and/or their extracts (pollen, grass, mite proteins,
peanut extract, etc.) are placed on the skin marked with pen or dye. Then, the skin beneath
each drop is pricked with a needle. After 15 min, the outside contour of the wheal is marked
and the mean of the longest diameter and the length of the perpendicular line through its
middle is calculated. A positive and negative control must be included in each series of tests.
The negative control is a saline solution, to which a response is not expected. If however a
patient reacts to a negative control, this will indicate that the skin is extremely hyperreactive
and that the results need to be interpreted with caution. The positive control solution is a 1
mg/ml histamine hydrochloride solution to which everyone is expected to react. In almost all
reviewed studies SPT was performed according to the standardized ISAAC II protocol
(ISAAC 1998).10 The ISAAC panel of six aeroallergens was used: Dermatophagoides farinae, Dermatophagoides pteronyssinus, cat, Alternaria tenuis, mixed tree pollen (Betula
verrucosa, Alnus glutinosa, Corylus avellana), and mixed grass pollen (Dactylis glomerata,
Lolium perennae, Festuca pratensis, Poa pratensis, Phleum pratense, Avena eliator). A mean
wheal diameter ≥ 3 mm in almost all reviewed studies was regarded as a positive reaction. A
range of the prevalence of positive SPT to at least one allergen constituted 12.8 to 28.1 % (to
outdoor allergens – between 12.3-14.9 %; to indoor – 11.5-21.9 %; to pollen – 12.2-30.6 %).
Many studies have used IgE measurements alone or in combination with SPT for definition of atopy. Immunoglobulin E is a protein involved in allergic reactions. When someone
with a predisposition to allergies is exposed to a potential allergen they may become sensitized by production of IgE specific to that allergen. At the time of the next exposure IgE
antibodies recognize the allergen and cause the mast and basophil cells to release histamine
and other chemicals which results in an allergic reaction. The allergen-specific IgE antibody
test measures the amount of IgE antibody in the blood for the suspected allergen(s).8 A multi
test for specific IgE to several common inhalant allergens is frequently used as a screening
instrument with further testing of all sera that were positive in the test for each allergen.
Measurement of total level IgE, regardless of specificity, in the individual is sometimes used,
however its precision is poor and thus not recommended alone when screening for allergy. A
positive test result on total IgE and specific IgE in most studies was defined as a titer of 100
and 0.35 kU/L, respectively. The prevalence of elevated total IgE in the reviewed studies
ranged from 26.1 to 39.8 % (specific IgE to outdoor allergens varied between 8.2-21.2 %, to
indoor – 13.8-16.5 %, to inhalant – 21.8-37.6 %). A quantitative description of outcome
prevalence is given in Table 8.
This review is restricted to studies that used measured or modelled exposure to indicators of
transport-related air pollution and allergic sensitization assessed by antibody measurements
or skin-prick testing.
Cross-sectional studies
Recent studies on the effects of outdoor air pollution that compared areas with different
levels of air pollution have shown that there may be relevant differences in exposure to
outdoor air within a larger area. As a result, attempts have been made to incorporate more
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accurate estimates of individual and small-area variations in exposure, which are nowadays
largely determined by motor traffic.11
The impact of urban air pollution on the manifestation of atopic diseases in 5,421
children (two age groups: 5–7 and 9–11 years) was studied cross-sectionally in Dresden,
Germany.12 Exposure was assessed individually by relating mean annual air pollution levels
(SO2, NO2, CO, benzene and O3), which had been measured for one year on a 1-km2 grid, to
the home and school addresses of study participants using the geographical information
system (GIS). After adjustment for potential confounders, the prevalence of atopic sensitization was not related to any of these pollutants. A further analysis adding traffic density and
residential proximity to busy roads to the exposure assessment also found no association
with specific sensitization against latex.13 However, there was special situation in Dresden in
that the study was conducted during a period of rapid transition after German reunification,
so that for example the levels of TSP and SO2 dropped drastically while those of NO2
increased during the same period.14
The research group from East Germany examined whether regional differences with
respect to the occurrence of childhood allergy exist, using the data for 2,470 school children
5 - 14 years of age who had lived most of their lives in either one of two counties strongly
impacted by industrial pollution (Bitterfeld and Hettstedt) or in a neighbouring county without any sources of industrial pollution (Zerbst).15 The predominant airborne pollutants were
SO2, particulates, NO2 and halogenated hydrocarbons. Industrial pollution related to mining
and smelting operations in the county of Hettstedt appeared to be associated with an
increased rate of sensitization to common aeroallergens.
A cross-sectional epidemiological survey was performed in 2,604 primary school children, 10-11 years old, living in seven municipalities among which some have the highest
photochemical exposure in France.16 The percentage of positive skin tests and the number of
positive skin tests were similar in the different municipalities. Bivariate and multivariate
analysis including potential confounding factors did not demonstrate any statistically significant associations between mean SO2, NO2 or O3 levels and atopy (numerical values not provided).
Another study looked at the association between traffic-related air pollution and indicators of
atopy in 317 9-year-old children living near major roads in one suburban and two urban
areas of a city in western Germany.17 Personal NO2 exposure and NO2 concentrations in front
of the children’s homes were measured. The outdoor NO2 level was correlated with traffic
exposure but not with personal NO2 exposure. In the urban areas, outdoor levels of NO2
(though not personal NO2 levels) were associated with allergen-specific sensitization (pollen,
“house dust mite/cat” or “milk/egg”). The strength of this study is the detailed exposure
assessment; limitations are the low participation rate (38 %) and number of participants (182
in the urban areas). It should be noted that results from a questionnaire-based inquiry of nonrespondents suggested no selection bias.
A large representative population survey in Germany investigated the effect of traffic on
the prevalence of asthma and atopy.18 Random samples of school children (n = 7,509, grades
1 and 4) were studied using parental questionnaires, skin-prick tests and measurements of
specific serum IgE. Traffic exposure was assessed using GIS to relate the home address to
traffic counts in the area and to an emission model that predicted soot, benzene and nitrogen
dioxide. In children also exposed to environmental tobacco smoke, traffic was associated
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with a positive skin-prick test to pollen. Allergic sensitization was not related to any of the
specific pollutants.
A study from the Netherlands was designed specifically to distinguish the effects of car
traffic from those of truck traffic in relation to development of sensitization in children.19 It
involved 2,509 children attending 24 schools located within 400 m of busy motorways
carrying 5,190–22,326 trucks and 30,399–155,656 cars per day. Locations were chosen for
their low correlation between truck and car traffic counts. Air pollution was measured at the
schools for one year. Sensitization to outdoor allergens (particularly pollen) and levels of
total serum IgE increased in relation to the level of truck traffic.
Another cross-sectional study intended to analyze the associations between long-term
exposure to background air pollution and atopic outcomes in a large population-based
sample of 9,615 9-11 year-old French schoolchildren.20 Three-year-averaged concentrations
of air pollutants (NO2, SO2, PM10 and O3) were calculated at the children’s schools using
measurements at monitoring stations. Sensitization to pollen, indoor allergens, moulds were
associated with O3, but negatively - with NO2 (except when taking into account colinearity
with O3). A potential effect of fine particles is supported by findings obtained from analysis
of the same sample of children 2 years later.21 After adjusting for confounders and NO2 as a
potential modifier, SPT positivity to indoor allergens was significantly increased in residential settings with PM2.5 concentrations exceeding 10 µg/m3. Results persisted in long-term
resident children (current addresses for at least 8 years).
Cohort studies
Cross-sectional studies have well-known limitations with regard to etiological research, the
most important include difficulties to establish a temporal relationship between exposure and
outcome. Therefore, it is interesting and important to evaluate separately the results from
cohort studies that investigate the influence of outdoor air pollution on allergy development
in children.
A birth cohort study (n = 4,146) from the Netherlands assessed the development of sensitization in children during the first 4 years of life.22 Outdoor concentrations of traffic-related
air pollutants (NO2, PM2.5 and soot) were assigned to birthplace home addresses with a landuse regression model, without considering personal exposures directly in the subgroup
(n=713) with IgE measurements. Positive associations between air pollution and specific
sensitization to common food allergens were found, but not with total IgE (supporting the
evidence that total and specific IgE are associated with different clinical presentations and
may be determined by different mechanisms).23
The Oslo Birth Cohort (n = 3,754) study assessed the relations between early and lifetime exposure to residential outdoor air pollution and allergic sensitization in 9-10-year-old
children.24 A cross-sectional study of all children born in 1992 and living in Oslo was carried
out simultaneously. Exposure was estimated by a dispersion model which calculated hourly
concentrations of NO2, PM2.5 and PM10. Individual receptor points had additional contributions from a line source model which calculated concentrations from busy roads up to 500 m
from the road, depending on the number of vehicles. Analyses showed a significant association between long-term air pollution exposure and sensitization to house dust mite D. farinae
and cat in a subpopulation (both diminished after adjusting for socio-economic factor).
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In a birth cohort from Stockholm (n = 4,089) associations between residential outdoor levels
of locally emitted air pollution from traffic during the first year of life and allergic sensitization in children at the age of 4 were investigated.25 The spatial distribution of NO2 and PM10
was assessed with emission databases and dispersion modelling. Exposure to traffic-related
air pollution appeared to be associated with sensitization to inhalant allergens, especially
pollen at the age of 4. Results were similar using traffic-NOx and traffic-PM10 as indicators.
No associations with heating-SO2 were seen.
Assessing the relationship between individual exposure to traffic-related air pollutants
and allergic outcomes in a prospective birth cohort study during the first 6 years of life
researchers from Germany built longitudinal models, incorporating the residential history of
the study participants very precisely without exclusion children who moved within the first 6
years of life.26 Strong positive associations and clear dose-response connection for any inhalant sensitization and particularly to pollen in relation to PM2.5 and PM2.5 absorbance were
found, while they were weaker for NO2. In addition, a distance-dependant relationship was
identified, with the highest odds ratios for children living less than 50 m from busy roads.
In addition, recent studies suggest that pollutants can enhance allergic sensitization in
those genetically at risk. The ability of DEPs to enhance allergic responses is highly repeatable within individuals and supports the view that genetic factors are important in determining individual sensitivity to air pollution.5 Results from the Swedish BAMSE birth cohort
study suggested gene-environment interaction effects between all tested SNPs (singlenucleotide polymorphism) in the GSTP1 (glutathione S-transferase P) gene and exposure to
traffic-NOx during the first year of life with regard to sensitization at 4 years.2 A further
interaction with variants of the TNF (α) (tumor necrosis factor-alpha) gene was indicated,
supporting a role of genes controlling the antioxidative system and inflammatory response in
the pathogenesis of allergy.

General considerations
Evidence indicates that traffic-related air pollution contributes to an increased risk of allergic
diseases in children. Experimental studies demonstrate various mechanisms by which air
pollutants can contribute to allergic sensitization. The evidence from epidemiological studies, however, is not entirely consistent. Thus, of the 13 reviewed articles 10 showed statistically significant positive associations between various measures of air pollution exposure
and allergic sensitization in children. Results seem to be more consistent from cohort studies,
while out of 9 reviewed articles dealing with cross-sectional studies 3 showed nonsignificant associations. While some studies reported positive association between allergic
sensitization and exposure to nitrogen dioxide,17,19,22 particulate matter,21,25,26 ozone,20 others
did not.12,18 Because average concentrations of ambient air pollutants are highly correlated in
many studies, it is difficult to disentangle the relative impact of single pollutant. Most studies
showed increased odds ratios for sensitization to inhalant allergens, especially to pollen in
relation to outdoor levels of air pollution from traffic,17,25 traffic counts,18 distance to the
main road,19 as well as indoor allergens related to NO2 and PM2.5.19,26 Some researchers provided evidence of sensitization to food allergens in those exposed to NO2.17,22
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Daily PM10, BS, SO2,
NO2 (24h)

Daily PM10 (24h; 9.009.00)

Daily PM13, BS, SO2,
NO2

206 children (6-13 yrs),
Vancouver, Canada, 1990-2

84 asthmatic children (7-15
yrs), Paris, 1992-1993

Exposure
assessment

PEACE project
28 panels (2010 children
with chronic RS, 6-12 yrs),
14 European centres, 1993-4

a) Panel studies

Methods

1

Dairy cards (25 weeks):
asthma attacks, upper and lower RI
with fever, use of inhaled β2-agonists;
severety of wheeze, nocturnal cough,
shortness of breath (0-2 scale)

Dairy cards (2 months):
cough, phlegm, runny/stuffed nose,
woken up with breathing problems,
shortness of breath, wheeze, attack(s)
of shortness of breath with wheeze,
fever, eye irritation and sore throat
Dairy cards (18 months):
cough, phlegm, runny/stuffed nose,
sore throat, wheeze, chest tightness,
shortness of breath, itchy/red eyes;
medication use

Outcomes

10 (µg/m3)

Incident episodes in mild asthmatics:
Asthma:
lag 0
2.86 (1.31-6.27)
2.33 (1.18-4.64)
Nocturnal cough: lag 3 1.73 (1.17-2.57)
lag 4 2.12 (1.43-3.13)
1.86 (1.26-2.75)
2.09 (1.28-3.42)
Prevalent episodes in mild asthmatics:
Asthma:
lag 0
1.71 (1.15-2.53)
Shortness of breath: lag3 1.52 (1.03-2.3)
RI:
lag 4
2.05 (1.14-3.68)
1.55 (1.04-2.29)
2.02 (1.02-4.01)
β2-agonists: lag 4
Prev episodes in moderate asthmatics:
Asthma:
lag 3
1.64 (1.11-2.43)
4.74 (1.96-11.5)
β2-agonists: lag 3
lag 1
2.76 (1.69-4.51)
5.29 (2.42-11.6)

50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)
50 (µg/m3)

SO2
NO2
PM13
SO2
BS
NO2
SO2
SO2
SO2
NO2
SO2
NO2
SO2
NO2
PM13

Segala C
et al.,
1998

Vedal S et
al., 1998

1.07 (1.02-1.11)
1.06 (1.01-1.11)
1.06 (1.02-1.1)

4D mean:
Cough:
Sore throat:
Cough/phlegm:

Study

Roemer
W et al.,
1998

PM10

Corresponding air
pollution change

Non-significant associations:
ORs range from 0.79-0.98 for 7D mean
0.86-0.99 for lag 2

Results (Adjusted ORs (95% CI)

Table 1 Characteristics of the studies on development of symptoms and disease following short-term exposure to air pollution,
1998–2008*

Daily PM10, PM2.5 (24h;
13.00-to-13.00)

Daily PM10, PM1, CO,
SO2, 1993-95
-----------------------------------+PM2.5

CAMP
133 asthmatic children (513 yrs), Seattle, Washington

Daily PM10, BS, SO2,
NO2, sulphate (24h;
15.00-to-15.00)

Daily PM10 (1h & 8h
max, 24h mean), O3 (1h
& 8h max)

49 children with chronic RS
(8-13 yrs), Kuopio, Finland;
1995

3 surveys:
1992-3: 182 children (7-11
yrs), with & without
symptoms
1993-4: 259 children
1994-5: 192 children
the Netherlands
---------------------------------459 children (BHR & total
IgE)

25 asthmatics (9-17 yrs),
California, 1995

2

Dairy cards (28-112 days):
asthma symptoms (wheeze, cough,
chest tightness, shortness of breath)
-----------------------------------------------asthma severity (3 points), number of
rescue inhaler puffs used

Dairy cards (6 weeks):
cough, phlegm, wheeze, runny/stuffed
nose, shortness of breath, awakened
with breathing problems, fever, sore
throat, eye irritation (0-2 scale)

-----------------------------------------------Lower RS (wheeze, attacks of
wheezing, shortness of breath), upper
RS (sore throat, runny/blocked nose)

Use of bronchodilator

Dairy cards (3 months):
cough, phlegm, runny/stuffed nose,
shortness of breath, wheeze, woken up
with breathing problems; sore throat
and eye irritation (1993-5)

Dairy cards (42-91 days):
asthma symptoms (wheeze, cough,
sputum production, shortness of breath,
chest tightness; 0-5 scale)
Less symptomatic asthmatics (<20%
days with asthma symptoms)

4 day mean:

lag 2:

1.15 (1.03-1.28)
1.13 (1.01-1.26)
1.48 (1.02-2.13)

Lag 1:
1.3 (1.11-1.52)
Lag 0:
1.09 (1.01-1.18)
Lag 1:
1.11 (1.03-1.2)
-------------------------------------------------Asthma attack:
lag 1 1.2 (1.05-1.37)
1.12 (1.04-1.22)
Medication use: lag 1 1.08 (1.01-1.15)
1.09 (1.03-1.16)

Cough:

5 day mean
4.84 (1.21-19.42)
lag 0
2.15 (1.04-4.44)
MS: 5 day mean
2.25 (1.16-4.38)
lag 0
2.24 (1.46-3.46)
Without anti-inflammatory medications:
5 day mean
9.66 (2.8-33.21)
lag 0
4.14 (1.71-10.0)
Children with symptoms (urban):
LRS: 5 Day mean
1.52 (1.07-2.18)
1.64 (1.14-2.36)
lag 0:
1.35 (1.01-1.79)
Medication: 5D mean 2.1 (1.35.-3.28)
1.82 (1.19-2.8)
lag 1
1.24 (1.06-1.44)
(Non-urban):
LRS: 5 Day mean
1.61 (1.09-2.36)
1.55 (1.09-2.21)
-------------------------------------------------Lower RS in children with BHR & ↑IgE:
5-day mean:
2.39 (1.71-3.35)
2.31 (1.66-3.23)
2.25 (1.42-3.55)
1.79 (1.39-2.3)

LS:

31 (µg/m3)
14 (µg/m3)
31 (µg/m3)

100 (µg/m3)
40 (µg/m3)
40 (µg/m3)
40 (µg/m3)

CO
1 (ppm)
10 (µg/m3)
PM10
10 (µg/m3)
PM10
------------------------------------10 (µg/m3)
PM2.5
10 (µg/m3)
PM10
10 (µg/m3)
PM2.5
CO
1 (ppm)

PM10
PM2.5
PM2.5

PM10
BS
SO2
NO2

100 (µg/m3)
PM10
BS
40 (µg/m3)
-------------------------------------

100 (µg/m3)
40 (µg/m3)
40 (µg/m3)
100 (µg/m3)
40 (µg/m3)
40 (µg/m3)

36 (µg/m3)
58 (ppb)

PM10 (8h max)
O3 (1h max)
PM10
BS
SO2
PM10
BS
NO2

36 (µg/m3)
58 (ppb)
36 (µg/m3)
47 (µg/m3)

PM10 (8h max)
O3 (1h max)
PM10 (8h max)
PM10 (1h max)

Yu O et
al., 2000
-----------Slaughter
JC et al.,
2003

Tiittanen
P et al.,
1999

-----------Boezen
HM et al.,
1999

van der
Zee S et
al., 1999

Delfino
RJ et al.,
1998

Daily PM10, PM2.5,
NO2, O3 (hourly and
24h average), 1993

Daily PM10, PM2.5

Daily PM10, O3, NO2

Daily PM (<13 µm),
BS, SO2, NO2 (hourly
and 24h average), O3
(8h mean)

Daily PM10, O3, NO2,
CO, SO2; 2000

138 African-American
children with DD asthma (813 yrs), Los Angeles,
Pasadena, the USA, 1993

79 children (8-12 yrs),
Bangkok, Thailand, 1996

22 asthmatics (9-19 yrs),
California, 1996

82 asthmatics (7-15 yrs),
Paris, France, 04-06.1996

22 Hispanic asthmatics (1016 yrs), Los Angeles,
California, 1999-2000

3

Dairy cards (3 months):
asthma symptoms (wheeze, cough,
sputum production, shortness of breath,
chest tightness; 0-5 scale)
number of β-agonist inhaler puffs used

Dairy cards (69 days):
a) any respiratory symptom (RS)
b) upper RS (nasal congestion, sore
throat or cold)
c) lower RS (cough, phlegm, wheeze,
chest tightness or shortness of breath)
Dairy cards (2 months):
asthma symptoms (wheeze, cough,
sputum production, shortness of breath,
chest tightness; 0-5 scale)
Anti-inflammatory medication
Dairy cards (3 months):
asthma attacks, upper or lower
respiratory infections (RI) with fever
(defined as T 38C), the number of
inhaled b2-agonist puffs; severity of
nocturnal cough, wheeze, symptoms of
irritation (3-point scale)

Dairy cards (13 weeks):
Shortness of breath, cough, wheeze

1.92 (1.22-3.02)
1.91 (1.07-3.39)
1.75 (1.15-2.68)

1.29 (1.16-1.43)
1.32 (1.18-1.46)

Incident episodes:
Nocturnal cough: lag 0 1.22 (1.05-1.42)
RI:
lag 0-2 2.08 (1.03-4.21)
Prevalent episodes:
Nocturnal cough: lag 0-2 1.33 (1.03-2.1)
RI:
lag 0-2 4.68 (1.45-15.1)
lag 0 1.39 (1.04-1.86)
Symptoms scores>1:
lag 0:
1.27 (1.05-1.54)
1.31 (1.1-1.55)
1.23 (1.06-1.41)
Symptoms scores>2:
lag 0:
1.99 (1.06-3.72)
1.4 (1.02-1.92)

3 day mean:

Not on medication:
lag 0:

4-day moving average:
Lower RS:
Upper RS:

Probability of a day with symptom (lag 3)
Shortness of breath:
1.14 (1.04-1.24)
Cough:
1.1 (1.04-1.16)
Wheeze:
1.06 (1.01-1.11)
1.08 (1.02-1.15)
Onset of symptom (lag 3):
Shortness of breath:
1.2 (1.06-1.37)
Wheeze:
1.12 (1.01-1.23)
1.08 (1.01-1.14)
Cough:
1.25 (1.12-1.39)
1.1 (1.03-1.18)

1.4 (ppb)
4 (ppb)
2.5 (ppb)
14 (ppb)
1.4 (ppb)

O3 (1h max)
NO2 (8h max)

10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
BS
BS
NO2
NO2 (8h max)
SO2 (1h max)
SO2 (8h max)

10 (µg/m3)
10 (µg/m3)
NO2
BS

51 (µg/m3)
PM10 (1h max)
20 (ppb)
NO2 (8h max)
PM10 (24h mean) 25 (µg/m3)

45 (µg/m3)

17 (µg/m3)
17 (µg/m3)
30 (µg/m3)
17 (µg/m3)
30 (µg/m3)

PM10 (24h)
PM10 (24h)
PM2.5 (12h)
PM10 (24h)
PM2.5 (12h)
PM10

17 (µg/m3)
17 (µg/m3)
30 (µg/m3)
5 pphm

PM10 (24h, IQR)
PM10
PM2.5 (12h)
NO2 (1h max)

Delfino
RJ et al.,
2003

Just J et
al., 2002

Delfino
RJ et al.,
2002

VichitVadakan
N, 2001

Ostro B et
al., 2001

9 asthmatic children (7-12
yrs), Spokane, the USA,
1997-99

3 surveys:
1st yr: 41 asthmatics (6-12
yrs), 11.1999-03.2000;
2nd: 63 children, 11.200003.2001;
3rd: 43 children, 11.0103.02; Denver, Colorado

205 children (0-3 yrs) from
COPSAC birth cohort,
Copenhagen, Denmark,
1998-2004

Dairy cards:
trouble breathing, cough, sputum
production, wheezing, runny,
stuffy, itchy nose and itching, burning
eyes (ranked by severity, 0-6 points)

Daily PM10, PM2.5,
PM1, coarse fraction
(PM10 - PM2.5)

4

Dairy cards:
Asthma symptoms (wheeze/cough)
5-point score for severity of symptoms
Use of bronchodilator

Dairy cards:
Wheeze (yes/no)

Daily PM10, PM2.5,
NO2, CO, SO2 (24h,
midnight-to-midnight)
O3 (1h max)

Daily PM10, UFP, NO2,
NOx, CO, O3 (24h,
midnight-to-midnight)

1.07 (1.0-1.13)

1.23 (1.02-1.48)
1.5 (0.89-2.54)
1.33 (1.06-1.68)
1.26 (1.03-1.54)
1.21(0.99-1.48)
1.45 (1.08-1.95)
1.3 (1.03-1.65)

1.09 (1.03-1.15)
1.1 (1.03-1.17)
1.24 (1.08-1.43)
1.23 (1.07-1.42)
Cough:
lag 1
1.08 (1.02-1.14)
lag2
1.1 (1.02-1.18)
1.21 (1.02-1.43)
Runny nose: lag2
1.08 (1.02-1.14)
Lower symptoms: lag1 1.25 (1.01-1.55)

Any symptom: lag 1
lag 2

Medication use:

3-day Mean:

Age 0-1:
Lag 4:

PM10
PM10
PM1
PM2.5
PM10
PM10
PM1
PM10
PM1

CO

10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)
10 (µg/m3)

0.4 (ppm)

14.5 (µg/m3)
PM10 (IQR)
UFP
4119 (particles/cm3)
6.5 (ppb)
NO2
8.9 (ppb)
NOx
14.5 (µg/m3)
PM10
6.5 (ppb)
NO2
8.9 (ppb)
NOx

Mar TF et
al., 2004

Rabinovit
ch N et
al., 2004

Andersen
ZJ et al.,
2008

lag 0:
lag 2:

Respiratory admissions: (ICD-9: 460519)

Hospital admissions for asthma (ICD10: J45+J46)
Emergency department visits for
asthma

Daily PM10, O3, SO2,
NO2, CO

Daily PM10, O3, SO2,
NO2, CO

Daily PM10, O3, NO2,

Children (0-19 yrs), Sao
Paulo, Brazil, 1993-97

Children (<15 yrs), Seoul,
Korea, 1997-99

Children (1-15 yrs),
Melbourne, Australia,
2000-1

5

3 day mean:

Total respiratory conditions, asthma

Hourly SO2, NO2,
CO, O3

Children (0-14 yrs), Rome,
Italy, 1995-97

Lag 1:

All ages:

14-19 yrs:

≤ 2 yrs:

% increase:
Resp.conditions:
Asthma:

lag 0
4.0 (0.6-7.5)
lag 1 10.7 (3.0-19.0)
lag 1 8.2 (1.1-15.7)
9.4 (7.9-10.9)
9.4 (6.2-12.6)
5.1 (0.3-9.8)
11.3 (5.9-16.8)
7.0 (5.7-8.2)
6.5 (3.3-9.7)
1.07 (1.04-1.11)
1.12 (1.07-1.16)
1.11 (1.06-1.17)
1.16 (1.1-1.22)
1.15 (1.1-1.2)
1.17 (1.05-1.31)
1.15 (1.03-1.27)

1.12 (1.03-1.2)

Asthma hospitalization

Daily PM10, SO2,
NO2, NOx,NO, CO,
O3, benzene

Children Belfast, Nothern
Ireland, 1993-95

4Dmean:

1.2 (0.2-2.3)

% increase:

Asthma hospitalization (ICD-9: 493)

APHEA 2 Project
Children (0-14 yrs), 8
European cities, 1998

1.04 (1.03-1.05)
1.02 (1.01-1.03)
1.04 (1.02-1.06)
1.03 (1.01-1.05)
1.14 (1.05-1.23)
1.1 (1.02-1.19)

Daily PM10, SO2,
NO2, CO, O3

Daily PM10, NOx, O3

Children (0-16 yrs),
Atlanta, Georgia, 1993-1995

Emergency department visits for
asthma (ICD-9: 493)

Lower RI:
Wheezing:
Lag 1:

5 day mean:
Respiratory illness:

1.042 (1.008-1.077)

Daily PM10, SO2,
NO2, CO, O3

Children (<18 yrs), Seattle,
the USA, 1995-96

Respiratory emergency visits: upper RI,
lower RI, wheezing

Asthma hospitalization (ICD-9: 493;
786.09; 519.1)

Daily PM10, O3, SO2,
NO2, CO

Children (<13 yrs), Sao
Paulo, Brazil, 1991-93

b) Time-series studies on hospital admissions, emergency room visits

NO2 (IQR)
NO2
CO
PM10 (IQR)
NO2
PM10
CO
PM10
NO2
PM10 (IQR)
O3
SO2
CO
NO2
PM10
NO2

NO2

PM10

PM10

PM10
O3
PM10
PM10
PM10
CO

22.3 μg/m3
22.3 μg/m3
1.5 mg/m3
35 μg/m3
80 μg/m3
35 μg/m3
3 ppm
35 μg/m3
80 μg/m3
40.4 μg/m3
21.7 ppb
4.4 ppb
1.0 ppm
14.6 ppb
44 (10-6 g/m3)
29 ppb

10 ppb

10 μg/m3

15 μg/m3

10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
11.6 μg/m3
0.6 ppm

Erbas B et
al., 2005

Lee JT et
al., 2002

Braga AL
et al.,
2001

Fusco D
et al.,
2001

Norris G
et al.,
1999
Tolbert
PE et al.,
2000
Atkinson
RW et al.,
2001
Thompson
AJ et al.,
2001

Lin CA et
al., 1999

* Only positive statistically significant results are shown

Children (<15 yrs),
Helsinki, Finland, 19982004

6

Respiratory admissions for: asthma,
allergic rhinitis, allergic rhinitis with
asthma, upper & lower respiratory
diseases

Daily PM2.5, PM10,
PM10-2.5

Emergency department visits for
asthma (ICD-10: J45+J46)

Emergency department visits for
asthma (ICD-9: 493)

Daily PM2.5, PM10,
O3, SO2, NO2

Daily PM2.5, PM10-.,
O3, CO, NO2

Asthma hospitalization (ICD-9: 493)

Hourly PM2.5, PM10,
O3, SO2, NO2

Retrospective ecological
Children (0-14 yrs)
Hong Kong, 2000-5
Case-crossover
children (<15 yrs),
Edmonton, Canada, 19922002

Case-crossover
children (<15 yrs),
Zonguldak, Turkey, 20042005

Asthma hospitalization (ICD-9: 493)

Daily PM2.5, PM10,
O3, SO2, NO2

Children (≤ 18 yrs), Hong
Kong, 1997-2002

Emergency room visits due to lower
tract RD (ICD-9: 466; 480-519);
Hospital admissions due to
asthma/bronchiolitis

Daily PM10, O3, SO2,
NO2, CO

Children (<13 yrs),
Sao Paulo, Brazil, 1996-97
3.67 (1.52-5.86)
3.24 (0.93-5.6)
lag 3
5.64 (3.21-8.14)
lag 2
3.76 (0.47-6.26)
Lag 0-4:
1.04 (1.03-1.05)
1.024 (1.10-1.03)
Lag 0-5:
1.04 (1.03-1.05)
1.02 (1.10-1.03)
5-14 yrs: 5 day mean: 1.09 (1.03-1.15)
1.05 (1.01-1.09)
1.1 (1.03-1.17)
1.09 (1.03-1.15)
Asthma:
lag 4
1.25 (1.05-1.5)
1.17 (1.05-1.31)
1.16 (1.06-1.26)
Allergic rhinitis: lag 4 1.15 (1.06-1.25)
1.09 (1.03-1.16)
AR+Asthma: lag 4
1.1 (1.03-1.18)
1.08 (1.02-1.14)
Lower RD:
lag 3 1.26 (1.08-1.47)
1.23 (1.07-1.41)
lag 5
4.3 (1.38-7.31)
% increase:
lag 4 10.9 (6.38-15.5)
7.8 (3.5-12.3)
% increase:

lag 4

% increase:
ER visits:
4 day mean 18.4 (3.4-33.5)
Hosp.admission: 2D mean:31.4 (7.2-55.7)
PM10 (IQR)
PM2.5
NO2
O3
NO2
PM10
O3
PM2.5
NO2 (IQR)
CO
O3
PM10
PM2.5
PM10-2.5
PM10
PM10-2.5
PM10
PM10-2.5
PM10
PM10-2.5
PM10
CO (IQR)
NO2
PM2.5

NO2 (IQR)
NO2
33.4 μg/m3
20.6 μg/m3
27.1 μg/m3
23 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
13.5 ppb
0.5 mg/m3
18 ppb
16 g/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
10 μg/m3
0.3 mg/m3
14.2 μg/m3
6.2 μg/m3

65 μg/m3
65 μg/m3

Halonen
JI et al.,
2008

Tecer LH
et al.,
2008

Villeneuv
e PJ et al.,
2007

Ko FW et
al., 2007

Lee SL et
al., 2006

Farhat
SCL et
al., 2005

PM2.5

NOx
SO2

NO2

Mean

21.7
1h/8h max: 7.0/4.6 (ppb)
9.8
12h: 40.82 (pphm)
10.8
11.0-8.1 (1997-99)
51-56 (2 sites)

56.9
1h/8h max: 24/15 (ppb)
1h/8h max: 7.2/5.9 (ppb)
15.2 (ppb)
2.4 (ppb)
11.6
7.26 (ppb)
24-152 (urban, 24h max)
17-43 (non-urban, 24h max)

11.8 (ppb)
1h max: 6.81-7.95 (pphm)
24.9 (ppb)
53.8
76-94 (urban, 24h max)
54-83 (non-urban, 24h max)

a) Panel studies

Daily concentrations

Pollutant
(µg/m3)

3

12-19

1.8

0
4.4
2/1

0.0
3.0
1

5
23.8
8/6
3/3

0.0
23.0

Minimum

5.0-11.3
9-23

4/2.5
4.9
30 (pphm)
6.3-13.2

0.1-2.6

2.0/1.4
8.9 (ppb)
0.6-3.6

10-23

6.5 (ppb)
5 (pphm)
15.0-35.0

25th - 75th
percentile

7

55

122-118

53.5

5.2
83.8
26/20

15.7
30.0
21

46
121.9
53/34
14/11

54.3
111.0

Maximum

Median: 7.3

Median: 6-23 (urban)
8.9-3.6 (non-urban)

Median: 47-51 (urban)
22-33 (non-urban)

Other

Tiittanen P et al., 1999
Segala C et al., 1998
Delfino RJ et al., 2003
Andersen ZJ et al., 2008
Ostro B et al., 2001
Rabinovitch N et al., 2004
Mar TF et al., 2004
Vichit-Vadakan N et al., 2001
Slaughter JC et al., 2003
Tiittanen P et al., 1999

Tiittanen P et al., 1999
Segala C et al., 1998
Delfino RJ et al., 2002
Delfino RJ et al., 2003
Andersen ZJ et al., 2008
Rabinovitch N et al., 2004
Just J et al., 2002
Yu O et al., 2000
van der Zee S et al., 1999

Andersen ZJ et al., 2008
Ostro B et al., 2001
Rabinovitch N et al., 2004
Just J et al.,2002
van der Zee S et al., 1999

Study

(Table 2) Summary of the air pollution exposure data in studies on short-term development of symptoms and disease

PM13
UFP

PM1.0

PM10

O3

Black
carbon
CO

Black smoke

1h/8h max/24h mean: 57/43/31
1h/8h max/24h mean: 38/28/20
59.9
9.8-6.9 (1997-99)
10.4
34.2
8092 (particles/cm3)

24.7
146-90 (urban, 24h max)
242-97 (non-urban, 24h max)

1h/8h max: 90/73 (ppb)
1h/8h max: 69/60 (ppb)
1h/8h max: 25.4/17.1 (ppb)
25.1
1h max: 79.3-102 (2 areas)
24h: 42.7-51.8 (2 areas)
28.1
24.5- 16.8 (1997-99)
83-104 (2 sites)

1h/8h max: 7.7/5.0 (ppb)
25.0 (ppb)
1h max: 5.95-9.6 pphm (2 areas)
8h: 3.9-6.2 pphm (2 areas)
28.2 (ppb)
58.9

1.6 (ppm)

0.29 (ppm)
1.0 (ppm)

16.8
28-65 (urban, 24h max)
38-58 (non-urban, 24h max)
31.7

2.03
8.8

8

4119 (partic/cm3)

37

61.7
95.0

122
66.5-159
108/73/54
69/57/42
126

5
0.2-0.5 (2area)
30/23/16
12/8/7
20

213-242

102.0

70.0
121.0
50
135/110
108/97
52/37

4.18
1.0 (mg/m3)
17/10

3.5

86.3
12-43

15.7-29.3

14.0/10.8
14.5
31 (pphm)
17 (pphm)
18.0-34.0

28-38

20.0-36.0

0.3-0.5 (mg/m3)
5.0/3.0
13.6 (ppb)
4 (pphm)

0.12 (ppm)
0.7-1.2
1.2-1.87 (ppm)

7.67

40-56

6.0

0.0
10.0
0
52/44
45/39
4/3

0.65
0.1 (mg/m3)
2/1

0.3

104.6
2120

6.6
291 (ng/m3)
576-1120

60.0

5.0

Median: 16.1-22.1

Median: 48-29 (urban)
35-24 (non-urban)

Median: 21.0

Median:1.47 ppm

Median: 6.9-15 (urban)
5.8-10 (non-urban)

Tiittanen P et al., 1999
Vedal S et al., 1998
Delfino RJ et al., 1998
Delfino RJ et al., 2002
Delfino RJ et al., 2003
Mar TF et al., 2004
Yu O et al., 2000
Segala C et al., 1998
Andersen ZJ et al., 2008

Rabinovitch N et al., 2004
Mar TF et al., 2004
Vichit-Vadakan N et al., 2001
Slaughter JC et al., 2003
Yu O et al., 2000
van der Zee S et al., 1999

Rabinovitch N et al., 2004
Just J et al., 2002
Tiittanen P et al., 1999
Delfino RJ et al., 1998
Delfino RJ et al., 2002
Delfino RJ et al., 2003
Andersen ZJ et al., 2008
Ostro B et al., 2001

Andersen ZJ et al., 2008
Rabinovitch N et al., 2004
Slaughter JC et al., 2003
Yu O et al., 2000
Tiittanen P et al., 1999
Delfino RJ et al., 2003
Andersen ZJ et al., 2008
Ostro B et al., 2001

Segala C et al., 1998
Tiittanen P et al., 1999

Just J et al., 2002
van der Zee S et al., 1999

PM10-2.5

PM10

PM2.5

NO2

62.6
1h: 30.07 (10-6 g/m3)
64.0
21.7
38.9
24.9
24.3

53.3
66.5
52.5
56.1

31.5 (ppb)
20.2 (ppb)
19.2 (ppb)
29,1
36.4
45.3

125.3
1h: 16.8 (ppb)

86.7
141.4
53.2
64.7

4
0.0

8.0
9

25.5
10.55

1.1
12
16.0
13.4

4.55
6.0

5.0

42.5
2.43
3.4

25.0
13.3

16.0-29.0
13.61-27.27
4.9-12.1

40.4
11.6

20.1-34.4
14.6
9.0
13-23 (ppb)
20.83-34.78
20.0-47.7
20.6
4.5-11 (g/m3)
5.5-11.7
35.8-62.5
35.0
30.9-68.8
33.4
15-32.5 (g/m3)
30.0

22.3
80.5
40.0-63.6
27.1
14.0-22.(ppb)
65.0

b) Time-series studies on hospital admissions, emergency room visits
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195.8
101.4

69.3
105

186.3
112.3

69.5
237.5
230.5
198.9

95.65
163.0

47.0

369.5
63.0
96.4

652.1
149.5

Median: 20.83

Median: 22.0

Median: 45.8

Median: 7.0

Median: 26.08

Median: 17.5

Fusco D et al., 2001
Braga AL et al., 2001
Ko FW et al., 2007
Lee SL et al., 2006
Villeneuve PJ et al., 2007
Farhat SCL et al., 2005
Erbas B et al., 2005
Halonen JI et al., 2008
Lee JT et al., 2002
Norris G et al., 1999
Thompson AJ et al., 2001
Tecer LH et al., 2008
Ko FW et al., 2007
Lee SL et al., 2006
Villeneuve PJ et al., 2007
Halonen JI et al., 2008
Tecer LH et al., 2008
Braga AL et al., 2001
Ko FW et al., 2007
Lee SL et al., 2006
Villeneuve PJ et al., 2007
Farhat SCL et al., 2005
Erbas B et al., 2005
Lee JT et al., 2002
Norris G et al., 1999
Tolbert PE et al., 2000
Thompson AJ et al., 2001
Tecer LH et al., 2008
Halonen JI et al., 2008

O3

CO

SO2

36.0 (ppb)
8h max: 30.4 (ppb)

72.1
1h: 22.3 (ppb)

1.8 (ppm)
1.6 (ppm)
27.0
65.0
43.3
28.6

3.8 (ppm)

23.7
7.7 (ppb)
6.0 (ppb)
3.6 (mg/m3)
4.8 (ppm)

9.1
21.4
18.8
64.7

2.5

11.7
8.0
1.6

3.9
3.9

0.6

1.1
0.1 (mg/m3)

0.6

1.0

3.4

1.6
2.9

49.3-76.6
21.7
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6.9
14.4
10.3-22.6
11.1
1.0-3.0 (ppb)
12.5
4.4
3.0
1.5
2.9
0.5-0.7 (ppm)
1.8
0.3-0.6
1.0
0.6
23.9
45.8
24.6-57.8
23
24h max: 29.546 (ppb)
49.3
83.1

240.4

268.5
154.6

4.1

11.4
2.4

19.1

21.0

75.2

76.1
119.6

69.6
159.1

Median: 38.0

Median: 0.6

Median: 2.0

Fusco D et al., 2001
Braga AL et al., 2001
Ko FW et al., 2007
Lee SL et al., 2006
Villeneuve PJ et al., 2007
Farhat SCL et al., 2005
Lee JT et al., 2002
Norris G et al., 1999
Fusco D et al., 2001
Braga AL et al., 2001
Villeneuve PJ et al., 2007
Farhat SCL et al., 2005
Halonen JI et al., 2008
Lee JT et al., 2002
Norris G et al., 1999
Fusco D et al., 2001
Braga AL et al., 2001
Ko FW et al., 2007
Lee SL et al., 2006
Villeneuve PJ et al., 2007
Farhat SCL et al., 2005
Erbas B et al., 2005
Halonen JI et al., 2008
Lee JT et al., 2002
Norris G et al., 1999

Annual means at 3 areas
NO2 (21-23 µg/m3), SO2
(50-84 µg/m3), TSP (44-65
µg/m3)

24 h means SO2 in 7 towns
(17.3-57.4 µg/m3), NO2
(20.3-51.3 µg/m3), 8 h O3
(30.2-52.1 µg/m3), 1993
NO2 measurements outdoors
150×200m resolution (mean
urban=61.7 µg/m3, suburban
- 44.4µg/m3), 1996-1997,
personal (NO2 mean urban =
26.7 µg/m3, suburban – 22.0
µg/m3), microenvironmental, traffic density

Cross-sectional
2470 children (5-14
yrs), 3 German
counties, 1992-93

Cross-sectional
2445 children (13-14
yrs), French
communities, 1993

Cross-sectional
317 children (9 yrs)
living along major
roads, 1996-1997
Dusseldorf, Germany

NO2 (annual mean – 33.8
µg/m3), CO (0.69), SO2
(48.3), O3 (46.0) at home
and school areas (1 km2
grid), 1994-1995

Exposure assessment

Cross-sectional
5421 children, (5-7
and 9-11 yrs), 19951996, Dresden,
Germany

Methods
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Bronchial asthma (DD ever)
Rhinitis (sneezing/running ,stuffy, itchy
nose & itchy/watery eyes)
+Symptoms – if present for ≥ 1 week

Questionnaire & symptom diary:

ISAAC questionnaire

Questionnaire:
Lifetime symptoms

ISAAC questionnaire:
Wheeze
Morning cough
Doctor’s diagnosis of
asthma/asthmatic, spastic or obstructive
bronchitis >1
Bronchitis (DD >1)

Outcomes

9.08 (2.06-40.11)
1.81 (1.02-3.21)
14.95 (2.59-86.35)

Rhinitis:
Wheezing:

Non-significant associations
(numerical data not reported)

1.16 (1.02-1.31)
1.3 (1.06-1.59)
1.22 (1.04-1.44)
1.12 (1.01-1.23)
1.15 (1.04-1.27)
1.21 (1.04-1.4)
DD Asthma:
1.21 (1.01-1.45)
Bronchitis:
1.23 (1.11-1.38)
1.27 (1.09-1.49)
1.19 (1.11-1.27)
1.24 (1.12-1.38)
1.11 (1.03-1.19)
1.16 (1.04-1.29)
DD Asthma/wheezy bronchitis:
4.4 (1.84-10.5)
DD Bronchitis:
1.52 (1.2-1.92)
Wheezing:
1.79 (1.37-2.34)
Shortness of breath: 2.36 (1.65-3.4)
Cough without cold: 1.72 (1.05-2.8)

Morning cough :

Results (Adjusted ORs (95%
CI)
+10 µg×m3 (home)
+10 µg×m3 (home+sch.)
+10 µg×m3 (home)
+0.2 µg×m3 (home)
+1 µg×m3 (home)
+1 µg×m3 (home+sch)
+1 µg×m3 (home+sch)
+10 µg×m3 (home)
+10 µg×m3 (home+sch)
+0.2 µg×m3 (home)
+0.2 µg×m3 (home+sch)
+1 µg×m3 (home)
+1 µg×m3 (home+sch)

-Urban

10 µg/m3:
Outdoor NO2 -Urban
-Urban & suburban

Bitterfeld vs Zerbst
Hettstedt vs Zerbst
Hettstedt vs Zerbst
Hettstedt vs Zerbst
Hettstedt vs Zerbst

SO2
SO2
NO2
CO
Benzene
Benzene
Benzene
NO2
NO2
CO
CO
Benzene
Benzene

Corresponding air pollution
change

Study

Krämer U
et al.,
2000

Ramadour
M et al.,
2000

Heinrich J
et al.,
1999

Hirsch T
et al.,
1999

Table 3 Characteristics of the studies on development of symptoms and disease following long-term exposure to air pollution, 1999-2008

Cross-sectional
7509 children (5-7, 9
-11 yrs), Munich,
Germany, 1995-1996

Cohort
842 children (9-10
yrs),
follow-up (1992-94),
7 communities in
Japan
Combined crosssectional (22803
children, 4–11 yrs;
27612 - 11–16 yrs,
1995-96); nested
case-control (5764 –
4-11 yrs, 5589 – 1116 yrs) and cohort
study (833 children,
who reported wheeze
at 4-11 yrs, 1988),
Nottingham, UK
Cross-sectional
2509 children from
24 schools within
400m from
motorways, (7-12
yrs), the Netherlands,
1997-1998

Traffic counts at residential
address: low-2600-15000
v/d, medium-15001-30000
v/d, high->30000 v/d (1995)
and annual concentrations
of soot, benzene and NO2
(1996-1998)

Traffic counts for cars and
trucks, GIS, annual PM2,5
(20.5±2.2), NO2 (34.8±5.2)
and soot (10.3±2.1),
distance from home &
school to motorway, 19971998

---------------------------------Residential proximity to
nearest main road using GIS
based data

TAI near schools – total
number of m travelled by
vehicles in 1km2 area per
day, 1996

3-year average NO2 (urban:
28.3ppb, suburban: 19.3ppb,
rural: 8.8ppb), 1991-1993
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ISAAC questionnaire:
Asthma ever (DD of asthma/asthmatic,
spastic or obstructive bronchitis >1)
Current asthma, morning cough,
Current bronchitis
Current wheeze
Current conjunctivitis
(Current - during last year)

ISAAC questionnaire:
Asthma ever
Current bronchitis
Current wheeze
Current conjunctivitis
(Current - during last year)

Questionnaire:
Past year: wheeze (severe >10 attacks),
cough, DD asthma (wheeze+treatment
by doctor for chest trouble);
Cases – reported with in the past year
Controls – without recent wheeze

Questionnaire:
DD bronchitis ever; Past year: wheeze
Asthma- ≥2episodes of wheeze+
dyspnoea with DD & asthma
attacks/need for medication in past 2
yrs
1.76 (1.04-3.23)
2.1 (1.1-4.75)

1.76 (1.02-3.04)
2.05 (1.23-3.4)
1.64 (1.06-2.6)
1.48 (1.06-2.1)
1.6 (1.14-2.23)

Current asthma:
Current wheeze:
Morning cough:

1.79 (1.05-3.05)
1.66 (1.07-2.58)
1.62 (1.16-2.27)

Current asthma:
Current wheeze:
Morning cough:

Current conjunctivitis:
2.54 (1.15-5.6)
2.6 (1.38-4.9)
2.08 (1.17-3.71)

Primary schoolchildren (prevalence
sample):
Wheeze
1.11 (1.02-1.22)
1.13 (1.03-1.24)
Cough
1.22 (1.02-1.45)
--------------------------------------------Primary schoolchildren (CC sample):
Wheeze (girls)
1.17 (1.05-1.31)
Secondary schoolchildren
(prev.sample):
Wheeze
1.16 (1.02-1.32)

Incidence of asthma:

Incidence of wheeze:
10ppb
10ppb

>30000 at ≤50m
from home, v/day

9.3 µg/m3
17.6
7.1

High vs low exposure:
Soot
> 10.73 µg/m3
Benzene
> 7.27 µg/m3
Benzene
> 7.27 µg/m3
Soot
>10.73 µg/m3
> 57.44 µg/m3
NO2

Traffic counts

Soot (max-min) –
NO2
PM2.5

per 30-m increment

per 30-m increment

Medium TAI
22-45 mln
High TAI
≥ 46 mln
High TAI
≥ 46 mln
------------------------------------------

Outdoor NO2
Outdoor NO2

Nicolai T
et al.,
2003

Janssen
NA et al.,
2003

Venn AJ
et al.,
2001

------------

Venn AJ
et al.,
2000

Shima M
et al.,
2000

Cross-sectional
7058 children (5-16
yrs), 4 Chinese cities,
1993-96

Cross-sectional
1109 children (3-5
grades), 2001, San
Francisco Bay Area

Case-control (Vesta)
217 matched pairs
aged 4–14 years,
1998–2000,
5 French areas

Cross-sectional
331 686 non-smoking
students, (12–16
years),
1995–1996, Taiwan

---------------------------------4 clusters

PM2.5, PM10-2.5, TSP, SO2,
NOx, 1993-96

Average PM10 (30 µg/m3),
PM2.5 (12 µg/m3), BC (0.8
µg/m3), NOx (49 ppb), NO2
(23 ppb), NO (25 ppb) at
schools
NO=NOx – NO2

Schools in a 2 km buffer of
a
monitoring station. Mean
annual SO2 (7.57ppb), NOx
(35.1ppb), O3 (21.3ppb), CO
(853ppb), PM10 (69.2
µg/m3), 55 sites, 1994
Traffic density - time
weighted average of the
traffic density to road
distance ratio (v/day/m) in a
radius of 300m
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DD Bronchitis:

Questionnaire:
Cough ≥1 month/year
Wheeze – whistling in the chest
with/apart cold
DD asthma ever, DD bronchitis ever

2.2 (1.14-4.26)
2.22 (1.47-3.34)
Cough:
1.46 (1.12-1.9)
1.35 (1.02-1.79)
--------------------------------------------Cough:
1.23 (1.22-1.92)
1.9 (1.34-2.68)
Bronchitis:
2.81 (2.22-3.54)
Wheeze:
1.72 (1.39-2.14)
1.84 (1.4-2.41)
2.33 (1.71-3.18)
Asthma:
2.3 (1.26-4.18)

1.05 (1.01-1.08)
1.05 (1.02-1.09)
Long-term resident (≥1 yr):
Bronchitis:
1.06 (1.03-1.09)
1.03 (1.01-1.05)
1.05 (1.01-1.08)

Bronchitis:

Positive non-significant associations
--------------------------------------------Allergic rhinitis:
boys
1.09 (1.01-1.17)
girls
1.12 (1.04-1.2)
DD rhinitis: boys 1.17 (1.07-1.29)
girls 1.16 (1.05-1.29)
Asthma (before age of 3):
2.28 (1.14-4.56)

Questionnaire:
Past year: bronchitis, DD asthma

Case – DD asthma in past 2 yrs
Control – without asthma/other
chronic respiratory symptoms
Matched for city, age, sex

ISAAC questionnaire:
Lifetime: DD asthma, asthma
(dyspnea+wheezing)
-----------------------------------------------Lifetime: allergic rhinitis
(sneezing/runny/blocked nose),
DD allergic rhinitis

14.9 ppb
0.7 µg/m3
0.15 µg/m3

14.9 ppb
11.6 ppb

≥ 30

42 µg/m3
PM10-2.5 (IQR)
TSP
263 µg/m3
42 µg/m3
PM10-2.5 (IQR)
TSP
263 µg/m3
----------------------------------------Cluster 2
Cluster 4
Cluster 4
Cluster 2
Cluster 3
Cluster 4
Cluster 4

NOx
PM2.5
BC

NOx (IQR)
NO

Tertile
veh/day/m

Traffic air pollution (1sd change)
Traffic air pollution (1sd change)
Traffic air pollution (1sd change)
Traffic air pollution (1sd change)

------------------------------------------

Qian Z et
al., 2004

------------

Zhang J et
al., 2002

Kim J et
al., 2004

Zmirou D
et al.,
2004

Lee YL et
al., 2003

----------

Guo YL et
al., 1999

Annual mean: SO2
(3.53ppb), NOx (27.64ppb),
O3 (23.14ppb), CO
(664ppb), PM10 (55.58
µg/m3); 22 sites, 2000

Annual means PM10, 1993,
1997-2000
Average decline across
communities = 9.8 µg/m3
(1993-00)

Cross-sectional
32 672 children (6-15
yrs), Taiwan, 2001

4 Cross-sectional
surveys (SCARPOL)
9591 children (6-15
yrs), 9 Swiss
communities, 19922001
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ISAAC questionnaire:
Past year: chronic cough (>4weeks),
bronchitis, dry cough at night, wheeze,
sneezing, conjunctivitis symptoms
(itchy/irritated eyes)
Lifetime: asthma, hay fever

-----------------------------------------------DD allergic rhinitis ever

ISAAC questionnaire:
DD asthma ever

Chronic cough
0.65 (0.54-0.79)
Bronchitis
0.66 (0.55-0.8)
Nocturnal dry cough 0.7 (0.6-0.83)
Conjunctivitis
0.81 (0.7-0.95)

1.045 (1.017-1.074)
1.066 (1.034-1.099)
1.063 (1.1-1.474)
1.079 (1.047-1.12)
1.119 (1.084-1.155)
1.065 (1.009-1.123)
1.113 (1.038-1.194)
1.152 (1.082-1.227)
1.138 (1.001-1.293)
1.208 (1.037-1.408)
1.274 (1.1-1.474)
1.166 (1.022-1.331)
1.253 (1.089-1.442)
1.36 (1.152-1.604)
1.501 (1.274-1.768)
1.587 (1.351-1.865)
--------------------------------------------1.11 (1.08-1.15)
1.13 (1.09-1.17)
1.14 (1.1-1.18)
1.05 (1.04-1.07)
1.07 (1.05-1.09)
1.05 (1.03-1.07)
1.43 (1.25-1.64)
1.26 (1.09-1.45)
1.43 (1.24-1.65)
1.2 (1.1-1.32)
PM10

decline in 10 µg/m3

CO -per 100ppb
(single model)
CO -per 100ppb
(CO+SO2)
CO -per 100ppb
(CO+O3)
CO -per 100ppb
(CO+PM10)
CO -per 100ppb (NOx+PM10+O3)
(NOx+PM10)
NOx – per 10ppb
NOx – per 10ppb (NOx+SO2+O3)
NOx – per 10ppb (NOx+PM10+O3)
(single model)
O3 – per 10ppb
(NOx+O3)
O3 – per 10ppb
(CO+O3)
O3 – per 10ppb
(SO2+O3)
O3 – per 10ppb
(PM10+O3)
O3 – per 10ppb
(NOx+SO2+O3)
O3 – per 10ppb
(CO+SO2+O3)
O3 – per 10ppb
O3 – per 10ppb (CO+PM10+O3)
-----------------------------------------NOx – per 10ppb (single model)
(NOx+PM10)
NOx – per 10ppb
(NOx+O3)
NOx – per 10ppb
CO -per 100ppb
(single model)
CO -per 100ppb
(CO+O3)
CO -per 100ppb
(CO+PM10)
(single model)
SO2 – per 10ppb
(CO+SO2)
SO2 – per 10ppb
(SO2+O3)
SO2 – per 10ppb
(NOx+O3)
O3 – per 10ppb

BayerOglesby L
et
al.,
2005

Hwang BF et al.,
2006

------------

Hwang BF et al.,
2005

3-year-averaged mean low
and high concentrations
(1998-2000) of PM10 (18
µg/m3; 23.8 µg/m3), NO2
(26.9; 40.6), SO2 (4.6; 9.6),
O3 (34.1; 51) at schools,
background monitoring
stations + GIS
----------------------------------------Week mean low and high
concentrations of PM2,5 (8.7
µg/m3; 20.7), NO2 (19; 46.4)
in schoolyards (proximity
level) and fixed-site
monitoring stations (9.6; 23
for PM2,5 and 28.3; 50.2 NO2) (city level), 19992000

Distance to the major road
(<75m, 75-150m, >150300m and >300m)

Cohort
5341 children (5-7
yrs) 13 southern
California cities,
2003

Cross-sectional,
9615 children (9-11
yrs), 108 randomly
chosen schools in 6
French cities, 19992000

NO2 (2000), model-based
estimates; residential
distance to the nearest
freeway, traffic volumes
within 150m

229 children (~10
yrs) from Children’s
Health Study cohort,
10 southern
California cities,
2000

ISAAC questionnaire:
Past year: wheeze, asthma,
rhinoconjunctivitis
Lifetime: asthma, allergic rhinitis
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ISAAC questionnaire:
Lifetime: DD asthma
Past year: wheeze
Prevalent asthma – reported use of
medications/lifetime asthma with any
wheeze in the past year
Severe wheeze ≥4 attacks of wheeze, ≥1
nights per week of wheeze

Questionnaire:
Past year: wheeze, wheeze during
exercise; current use of medication to
control asthma
Lifetime: DD asthma

1.16 (1.01-1.32)
1.32 (1.04-1.68)
1.23 (1.04-1.44)*
1.27 (1.1-1.47)*

1.29 (1.01-1.66)
1.5 (1.16-1.95)
1.64 (1.1-2.44)
1.4 (1.09-1.78)
1.67 (1.14-2.43)

Past year:
Rhinoconjunctivit: 1.24 (1.01-1.52)*
Wheeze:
1.45 (1.09-1.93)*
--------------------------------------------Lifetime:
Atopic asthma:
1.43 (1.07-1.91)
1.61 (1.18-2.18)
Past year: asthma: 1.31 (1.04-1.66)
Atopic asthma:
1.58 (1.17-2.14)
1.87 (1.11-3.14)

Lifetime:
allergic rhinitis:

Current wheeze:

Lifetime asthma:
Prevalent asthma:

1.72 (1.07-2.77)
1.59 (1.06-2.36)
1.7 (1.12-2.58)
Wheeze+exercise 2.01 (1.08-3.72)
2.57 (1.5-4.38)
2.56 (1.5-4.38)
Lifetime asthma
1.83 (1.04-3.21)
1.89 (1.19-3.02)
2.22 (1.36-3.63)
Current medication: 2.19 (1.2-4.01)
2.04 (1.25-3.31)
1.92 (1.18-3.12)

Wheeze

5 µg/m3
10 µg/m3
10 µg/m3
10 µg/m3

<75m
<75m
<75m
<75m
<75m

10 µg/m3
NO2
SO2
5 µg/m3
-----------------------------------------PM2,5 (proximity level) – high vs
low (µg/m3)
NO2 (proximity level)
PM2,5 (city level)
PM2,5 (city level)
PM2,5 (city, long-term residents)

SO2
PM10
NO2
O3

Road distance
Road distance
Long-term residents
Road distance
Long-term residents

5.7 ppb
Measured NO2 (IQR)
Distance to freeway (25th/75th)
0.64 ppb
Model-based NO2
5.7 ppb
Measured NO2 (IQR)
Distance to freeway (25th/75th)
0.64 ppb
Model-based NO2
5.7 ppb
Measured NO2 (IQR)
Distance to freeway (25th/75th)
0.64 ppb
Model-based NO2
5.7 ppb
Measured NO2 (IQR)
Distance to freeway (25th/75th)
0.64 ppb
Model-based NO2

-----------AnnesiMaesano I
et
al.,
2007

PénardMorand C
et al.,
2005

McConnel
l R et al.,
2006

Gauderma
n WJ et
al., 2005

BAMSE birth cohort
(4 yrs)

Nested case-control
BAMSE birth cohort
(2 yrs), 4089
children, recruited
1994-1996,
Stockholm, Sweden
--------------------------

Cross-sectional
5917 children (6-7;
13-14 yrs), 2003,
Lima, Peru

-------------------------4 years

PIAMA birth cohort
(4,146, 2 yrs),
recruited 1996-1997.
follow-up – up to
2001,
the Netherlands

---------------------------------5th-95th difference for NOx
(44 µg/m3), SO2 (3 µg/m3),
PM10 (6 µg/m3); (GIS +
dispersion modelling from
emission inventory), linear
interpolation between 19902000

Mean outdoor NO2:
urban (31.5 µg/m3), semiurban (21.6 µg/m3),
suburban (13.7 µg/m3).

PM2,5, NO2 and soot, model
combining air pollution
measurements with GIS
(1999-00)
IQR of annual
concentrations: 3.2 µg/m3
for PM2,5, 0.54×10-5/m for
soot, 10.3 µg/m3 for NO2
---------------------------------IQR: 3.3µg/m3 for PM2,5,
0.58×10-5/m for soot, 10.6
µg/m3 for NO2 (1999-00)
Exposure to traffic density
at school: low (<1800 v/h),
medium (1800-3000 v/h),
high (>3000 v/h); PM2.5
At home (self-reported
proximity): low (>50m),
medium (<50m, low &
medium traffic), high
(<50m)
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Reccurent wheeze ≥3 episodes of
wheezing after 3 month + symptoms of
bronchial hyperreactivity or inhaled
steroid treatment (321)
Controls were matched on birthdate
(359)
-----------------------------------------------Wheezing: transient (≥3 episodes 3 m-2
yrs), late onset (≥1 last 12m at 4 yrs),
persistent ((≥1 3m -4 yrs), up to 4 yrs
(sum)

ISAAC questionnaire:
DD asthma, current wheezing,
cumulative wheezing (ever), asthma
attacks or difficulty breathing

ISAAC questionnaire:
Past year: wheeze, DD asthma, DD
bronchitis, dry cough at night
with/without cold
Life-time: wheeze (early, late,
persistent), DD asthma

non-significant

1.32 (1.04-1.69)
1.26 (1.02-1.56)
1.28 (1.04-1.56)

3.3 µg/m3
0.58×10-5/ m
10.6 µg/m3

44 µg/m3

NOx (5th–95th)
Persistent wheeze:
1.6 (1.09 2.36)
Non-atopic wheeze:1.46 (1.00 –2.13)

> 28.4 µg/m3
------------------------------------------

NO2

high stratum (school)
high stratum (home+school)
high stratum (school)
high stratum (home+school)
high stratum (home+school)
high stratum (school)
high stratum (home+school)
high stratum (home+school)

PM2,5
Soot
NO2

PM2,5 (IQR increase) - 3.3 µg/m3
10.6 µg/m3
NO2
3.3 µg/m3
PM2,5
-----------------------------------------3.3 µg/m3
PM2,5
Soot
0.58×10-5/ m
10.6 µg/m3
NO2

---------------------------------------------

Reccurent wheezing in exposed to
upper quartile of NO2:
1.86 (1.0-3.34)

2.0 (1.4-2.8)
2.0 (1.3-3.1)
Cumulative wheezing: 1.4 (1.1-1.7)
1.5 (1.2-2.0)
Current wheezing:
1.8 (1.3-2.6)
Asthma attacks:
1.5 (1.1-2.0)
2.0 (1.4-2.9)
13-14 yrs: DD asthma 1.5 (1.1-2.2)

6-7 yrs: DD asthma:

DD asthma ever:

--------------------------------------------Wheeze ever:
1.22 (1.06-1.41)
1.18 (1.04-1.34)
1.19 (1.05-1.34)

2 yrs: positive
associations

-----------Nordling
E et al.,
2008

Emenius
G et al.,
2003

CarbajalArroyo L
et al.,
2007

Brauer M
et
al.,
2007

Brauer M,
et al.,
2002
------------

----------------------------------------TRAPCA II
Annual means: PM2.5
(12.8µg/m3), PM2.5 abs
(1.7×10-5/ m), NO2 (35.3
µg/m3), 1999-2000;
Distance to the nearest main
road

-------------------------+ Munich
metropolitan area (↑
study population)

---------------------------------3 time points (birth, 2-3, 6
yrs)
Annual concentration
means:
at 2/3 yrs: PM2.5 (11.1
µg/m3), PM2.5 abs (1.7×10-5/
m), NO2 (34.7 µg/m3);
At 6 yrs: NO2 (34.6 µg/m3)
* Adjusted for the highest correlated air pollution

-------------------------up to 6 years

TRAPCA I
Annual means: PM2.5 (13.4
µg/m3), PM2.5 abs (1.77×105
/ m), NO2 (27.8 µg/m3); 40
sites

Annual PM10 (IQR: 1.47
µg/m3 in 1998; 1.33 µg/m3
in 2001)

GINI (5991 children,
2 yrs, recruited 199598) and LISA (3097
children, recruited
1997-99) birth
cohorts, Munich,
Germany

Cohort
4400 children (1-5
yrs), recruited 1998,
follow-up 1998, 2001
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-----------------------------------------------ISAAC questionnaire:
Past year: Asthmatic/spastic/obstructive
bronchitis/asthma (parental reports &
DD)

Questionnaire:
Wheeze, cough with infection, dry
cough at night, obstr./spast./asthmoid
bronchitis, sneezing, runny/stuffed nose

Questionnaire:
Past year: cough without a cold, night
time cough, current wheeze

Cough without cold: 1.62 (1.31-2.0)
1998:
1.21 (1.07-1.38)
2001:
1.56 (1.32-1.84)
Wheeze:
1.42 (1.02-1.97)
2001:
1.28 (1.04-1.58)
1 yr: Cough without infection:
1.34 (1.11-1.61)
1.32 (1.1-1.59)
1.4 (1.12-1.75)
Dry cough at night: 1.31 (1.07-1.6)
1.27 (1.04-1.55)
1.36 (1.07-1.74)
2 yrs:
Dry cough at night: 1.2 (1.02-1.42)
1.24 (1.02-1.51)
--------------------------------------------1 yr:
Bronchitis:
1.3 (1.03-1.66)
Sneezing nose:
1.16 (1.01-1.34)
1.3 (1.03-1.65)
2 yrs:
Sneezing nose:
1.19 (1.04-1.36)
1.27 (1.04-1.56)
1.24 (1.01-1.51)
--------------------------------------------DD
Asthmatic/spastic/obstructive
bronchitis/asthma: 1.56 (1.03-2.37)
1.66 (1.01-2.59)
Asthmatic/spastic/obstructive
bronchitis/asthma: 1.24 (1.01-1.52)
1.5 µg/m3
0.4×10-5/m
8.5 µg/m3
1.5 µg/m3
0.4×10-5/m
8.5 µg/m3

1 µg/m3

5.7 µg/m3
1.04 µg/m3
0.22×10-5/m

Distance to nearest road <50m

0.2×10-5/ m
PM2,5 absorbance –
Distance to nearest road <50m

1.04 µg/m3
PM2.5
0.22×10-5/m
PM2,5 absorbance
Distance to road <50m (yes vs no)
------------------------------------------

NO2
PM2.5
PM2,5 absorbance

PM2.5
1.5 µg/m3
8.5 µg/m3
NO2
------------------------------------------

PM2.5 (IQR)
PM2,5 absorbance
NO2
PM2.5
PM2,5 absorbance
NO2

PM10

-----------Morgenste
rn V et al.,
2008

-----------Morgenste
rn V et al.,
2007

Gehring U
et al.,
2002

Pierse N
et
al.,
2006

Mean

Minimum

10th
percentile

90
49 (pbb)
27.6 (ppb)
23.1
48.3
50-84(3 areas)
7.57 (ppb)
107
low: 4.6; high: 9.8
3.5 (ppb)

NOx

SO2

33.8
21-23 (3 areas)
35.1 (ppb)
61.7/44.4 (urban/suburban)
7.0-25.3 ppb (7 areas)
25.6
27.8
31.5/13.7 (urban/suburban)
34.8
23 (pbb)
low: 26.9; high: 40.6

NO2

18.9-29.2
23.0-31.5

12.6
19.5

5.01-8.77
91
1.96-4.84

0.88
0.35

18

42.7 – 54.3

21.5-29.6

29.0

10.9

64

31.1-39.1

25.6-42.9

10.2
57.5/43.0

26.8

29.3 – 37.8

25th - 75th
percentile

17.1

14.8
21.6

Annual average air pollution concentrations at residential/school addresses

Pollutant (µg/m3)

35.3
35.2

90th
percentile

10.1

21.2

69.3

44

44.4

58.4
66.9

72.4
67.5/46.5

56.0

Maximum

5th-95th: 44

Other

Hirsch T et al., 1999
Heinrich J et al., 1999
Guo YL,99/Lee YL, 2003
Kramer U et al., 2000
Shima M et al., 2000
Brauer M et al., 2002
Gehring U et al., 2002
Emenius G et al., 2003
Janssen NA et al., 2003
Kim J et al., 2004
Penard-Morand C et al.,
2005
Zhang J et al., 2002
Kim J et al., 2004
Hwang B-F et al., 2005
Nordling E et al., 2008
Hirsch T et al., 1999
Heinrich J et al., 1999
Guo YL,99/Lee YL, 2003
Zhang J et al., 2002
Penard-Morand C et al.,
2005
Hwang B-F et al., 2005

Study

(Table 4) Summary of the air pollution exposure data in studies development of symptoms and disease following long-term exposure

1.71
1.77
10.3
0.69
853 (ppb)
664 (ppb)

46.0
21.3 (ppb)
23.1 (ppb)
low: 34.1; high: 50.9

33-40 (3 areas)
69.2
151
30
low: 18.0; high: 23.8
55.6

44-65 (3 areas)
4.0

Soot (10-5/m)

O3

PM10

TSP
Benzene

CO

16.9
13.4
92
20.5
10
low: 8.7; high: 20.7
62.9
11.1

PM2.5

1.9

19

3.3 - 4.4

43.0-70.4

29.4

43.1 - 49.1
22.3-23.6
20.3-22.7

1.33 – 1.91
1.54-1.88
9.0-11.2
0.55 – 0.76
675-1001
540-752

10.5 – 11.5

14.8 – 18.1
12.5-14.0
39
18.6-22.1

54.0-81.7
87

1.15
1.47

10.2

14.0
12.2

40.1

30.3
12.4
18.7

0.77
1.38
6.2
0.32
381
416

9.2

17.3

13.5
11.9

2.16
2.13

12.0

19.0
14.9

8.7

99.6

116.2

64.0
34.1
31.2

3.68
4.39
15.5
1.54
1610
964

13.0

24.4

25.2
21.9

Heinrich J et al., 1999
Hirsch T et al., 1999

Hirsch T et al., 1999
Guo YL,99/Lee YL, 2003
Hwang B-F et al., 2006
Penard-Morand C et al.,
2005
Heinrich J et al., 1999
Guo YL,99/Lee YL, 2003
Zhang J et al., 2002
Kim J et al., 2004
Penard-Morand C et al.,
2005
Hwang B-F et al., 2006

Carbajal-Arroyo L et al.,
2007
Morgenstern V et al., 2008
Brauer M et al., 2007
Gehring U et al., 2002
Janssen NA et al., 2003
Hirsch T et al., 1999
Guo YL,99/Lee YL, 2003
Hwang B-F et al., 2005

Brauer M et al., 2002
Gehring U et al., 2002
Zhang J et al., 2002
Janssen NA et al., 2003
Kim J et al., 2004
Annesi-Maesano I et al.,
2007

220

407
418
2046

Home-road (m)

89544

13146

22.0/26.7 (urban/suburban)

20.3-51.3 (7 areas)
17.3-57.4 (7 areas)
) 30.2-52.1 (7 areas, 8h)

School-road (m)

Distance

Cars (v/day)

Trucks

Traf. counts (v/day)

Traffic density

NO2

Personal exposure

NO2 (µg/m3)
SO2 (µg/m3)
O3 (µg/m3)

Daily mean concentrations

57
60
1
0.02
56.5

< 70
5190
< 2000
30 399

10.0/14.0

20

228-556

118 – 330

61013-114780

9571-16817

389
360
999
7516
24893.5

<70/2183
22326
<2000/5091
4
155656

36.0/70.0

low:2600-15000
med:15001-30000
high:>30000
low:<1800 (v/h)
med:1800-3000 (v/h)
high: >3000 (v/h)

Janssen NA et al., 2003
Kim J et al., 2004
Janssen NA et al., 2003
McConnell R et al., 2006
Morgenstern V et al.,
2007

Kramer U et al., 2000
Janssen NA et al., 2003
Kramer U et al., 2000
Janssen NA et al., 2003

Carbajal-Arroyo L et
al., 2007

Nicolai T et al., 2003

Kramer U et al., 2000

Ramadour M et al., 2000
Ramadour M et al., 2000
Ramadour M et al., 2000

Nocturnal dry cough

Morning cough

Wheeze

Prevalence (%)

6.9 (5-7 yrs); 8.1 (9-11 yrs)
10.2
11.8-21.0 (7 areas)
15.1 (4-11 yrs) -19 (11-16 yrs)
19
15 (1 yr) – 25.6 (2 yrs)
9.4
8.8
8.2-6.1 (2 surveys)
8.0
15
25-14 (2 surveys)
19.6 (6-7 yrs)- 20 (13-14 yrs)
12.2
15.5 (1 yr) – 25.9 (2 yrs)
10.2 (5-7 yrs); 12.0 (9-11 yrs)
18.8
25
23.8-33.3 (7 areas)
16
7.1 (1 yr) – 14.1 (2 yrs)
18.7-13.3 (2 surveys)
30
22.1
6.8 (1 yr) – 13.5 (2 yrs)

Symptoms in the past 12 months

Outcome
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Hirsch T et al., 1999
Krämer U et al., 2000
Ramadour M et al., 2000
Venn A et al., 2000
Brauer M et al., 2002
Gehring U et al., 2002
Janssen N et al., 2003
Nicolai T et al., 2003
Bayer-Oglesby L et al., 2005
Pénard-Morand C et al., 2005
McConnell R et al., 2006
Pierse N et al., 2006
Carbayal-Arroyo L et al., 2007
Brauer M et al., 2007
Morgenstern V et al., 2007
Hirsch T et al., 1999
Nicolai T et al., 2003
Pierse N et al., 2006
Ramadour M et al., 2000
Brauer M et al., 2002
Gehring U et al., 2002
Bayer-Oglesby L et al., 2005
Pierse N et al., 2006
Brauer M et al., 2007
Morgenstern V et al., 2007

Study

(Table 5) Prevalence rates of respiratory symptoms in studies development of symptoms and disease following long-term exposure to air
pollution

Asthma

Persistent wheezing

Wheeze

Lifetime (ever)

Doctor’s diagnosis
bronchitis/asthma

Doctor’s diagnosis
bronchitis

Doctor’s diagnosis asthma

Allergic rhinoconjunctivitis

Rhinitis with
itchy/reddened eyes

Sneezing, running/stuffed
nose w/o a cold

13.5-16.8 (7 areas)
8.0
8.2-7.5 (2 surveys)

20.9-30.9 (3 areas)
20.3-28.6 (7 areas)
6.6-18.8 (4 areas)
7.7-20.2 (4 clusters)
35.1 (6-7 yrs)-39.4 (13-14 yrs)
22
9.3

10.9 (4 yrs)- 6.6 (6 yrs)

5.6 (5-7 yrs); 12.7 (9-11 yrs)
12.6-21.5 (7 areas)
12.1
5
0.4 (1 yr) – 1.0 (2 yrs)
5.1
14.0
13
11.9 (6-7 yrs)- 14.2 (13-14 yrs)
4.1
11
11.3 (1 yr) – 18.8 (2 yrs)
12.1
6.1
11.6 (1 yr) – 19.4 (2 yrs)

13.7
19.7-15.2 (2 surveys)

14.6 (1 yr) – 21.6 (2 yrs)
13.2 (1 yr) – 21.0 (2 yrs)

22

Ramadour M et al., 2000
Janssen N et al., 2003
Bayer-Oglesby L et al., 2005

Heinrich J et al., 1999
Ramadour M et al., 2000
Zhang J et al., 2002
Qian Z et al., 2004
Carbayal-Arroyo L et al., 2007
Nordling E et al., 2008
Nordling E et al., 2008

Morgenstern V et al., 2008

Hirsch T et al., 1999
Ramadour M et al., 2000
Pénard-Morand C et al., 2005
Brauer M et al., 2002
Gehring U et al., 2002
Nicolai T et al., 2003
Kim J et al., 2004
McConnell R et al., 2006
Carbayal-Arroyo L et al., 2007
Brauer M et al., 2002
Brauer M et al., 2002
Gehring U et al., 2002
Kim J et al., 2004
Brauer M et al., 2002
Morgenstern V et al., 2007

Krämer U et al., 2000
Bayer-Oglesby L et al., 2005

Gehring U et al., 2002
Morgenstern V et al., 2007

5.9 (5-7 yrs); 7.9 (9-11 yrs)
1.6-4.4 (3 areas)
5.1
8.2
8.8
2.2-4.2 (4 areas)
1.9-5.2 (4 clusters)
5-23 (10 areas)
6.86
14
23.7
20.1
25.5
32.9 (5-7 yrs); 37.1 (9-11 yrs) 49.861.7 (3 areas)
15.6-52.2 (4 areas)
22.4-51.1 (4 clusters)

Doctor’s diagnosis asthma

Doctor’s diagnosis
bronchitis

Doctor’s diagnosis allergic
rhinitis

38.0

4.7-8.3 (3 areas)
7.2-14.2

Sneezing, running/stuffed
nose w/o a cold

Cough without cold

9.8
16

23

Hirsch T et al., 1999
Heinrich J et al., 1999
Guo YL et al., 1999
Krämer U et al., 2000
Venn A et al., 2000
Zhang J et al., 2002
Qian Z et al., 2004
Gauderman W et al., 2005
Hwang BF et al., 2005
McConnell R et al., 2006
Lee YL et al., 2003
Pénard-Morand C et al., 2005
Hwang BF et al., 2006
Hirsch T et al., 1999
Heinrich J et al., 1999
Zhang J et al., 2002
Qian Z et al., 2004

Lee YL et al., 2003

Heinrich J et al., 1999
Qian Z et al., 2004

Pénard-Morand C et al., 2005
McConnell R et al., 2006

Exposure assessment

Cross-sectional
317 children (9
yrs) living along
major roads, 19967, Dusseldorf,
Germany

Cross-sectional
2604 children (1011 yrs), 7 French
communities, 1993

Cross-sectional
2470 children (514 yrs), 3 German
counties, 1992-93

Cross-sectional
5421 children, (5-7
and 9-11 yrs),
1995-1996,
Dresden, Germany

Daily means NO2 (20.3-51.3
µg/m3), SO2 (17.3-57.4 µg/m3),
O3 (20.1-42.1 µg/m3),
(photochemical), 1993
NO2 measurements outdoors
(mean urban=61.7 µg/m3,
suburban - 44.4µg/m3), 19961997, personal (NO2 mean
urban=26.7 µg/m3, suburban –
22.0µg/m3),
microenvironmental, traffic
density by traffic counts

Annual means at 3 areas NO2
(21-23 µg/m3), SO2 (50-84
µg/m3), TSP (44-65 µg/m3)

-------------------------------------------Self-reported traffic exposure at
home; GIS-based distance to
busy roads (>5000 cars/day),
benzene (annual mean: 6.5
µg/m3), 1994-5

NO2 (annual mean – 33.8
µg/m3), CO (0.69), SO2 (48.3),
O3 (46.0), benzene at home and
school areas (1 km2 grid),
1994-1995

a) Cross-sectional studies

Methods

Table 6 Studies of sensitization

Symptom diary (filled in by
parents)

+ SPT - a wheal ≥2 mm than
that of the negative control
15 min after the prick
+Specific IgE >0.34 kU/L

+ SPT- a wheal ≥3 mm than
that of the negative control
15 min after the prick

+Specific IgE >0.35 kU/L

+ SPT - a wheal ≥3 mm than
that of the negative control
15 min after the prick

----------------------------------+Specific IgE >0.35 kU/L
(against latex and other
allergens)

+Specific IgE >0.7 kU/L

+SPT – a wheal ≥3 mm than
that of the negative control
15 min after the prick
(ISAAC II protocol)

Allergic sensitization
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birch pollen, grass pollen,
mugwort pollen, cat, HDM,
moulds, egg and milk
--------------------------------------birch pollen, grass pollen,
mugwort pollen, cat, HDM, egg
and milk

HDM, cat, grass pollen, cypress
pollen, moulds

HDM, moulds, cat, mixed
grasses, mugwort, hazel, birch,
plantain, milk, egg
--------------------------------------HDM, moulds, cat, mixed
grasses, and birch

--------------------------------------timothy grass, rye, birch, hazel,
C.herbarum, HDM, cat and dog
--------------------------------------timothy grass, rye, birch,
mugwort, Cladosporium
herbarum, HDM, cat, dog

mixed grasspollen, mixed tree
pollen, A.tenuis, , cat

Tested allergens

non-significant results

Positive non-significant

1.38 (1.02-1.86)
1.75 (1.31-2.33)

4.96 (1.56 - 15.74)

Milk or egg

4.2 (1.12 – 15.72)

House dust mite
or cat
3.51 (1.03 - 11.96)

Pollen

Non of the pollutants was linked
to the prevalence of atopy (data
not shown)

≥1 + SPT
+≥1 IgE

--------------------------------------------Latex
1.7 (0.4-6.5)
0.8 (0.3-2.1)
0.7 (0.4-1.3)
0.8 (0.7-1.05)

+IgE:

+SPT:
results

Results (Adjusted ORs
(95% CI)

Outdoor NO2 -

Hettstedt vs Zerbst
Hettstedt vs Zerbst

10 µg/m3

SO2
10 µg/m3
NO2
10
µg/m3
CO
0.2
µg/m3
Benzene
1 µg/m3
SO2
10
µg/m3
NO2
10
µg/m3
CO
0.2
µg/m3
Benzene
1 µg/m3
-------------------------------------------Constant traffic jam (1st yr of life)
(at present)
Traffic counts
>5000 cars/day
Benzene
1 µg/m3

Corresponding air
pollution change

Krämer U.
et al., 2000

Charpin D.
et al., 1999

Heinrich J.
et al., 1999

--------------Hirsch T. et
al., 2000

Hirsch T. et
al., 1999

Study

Cross-sectional,
9615 children (911 yrs), 108
randomly chosen
schools in 6
French cities,
1999-2000

Cross-sectional
7509 children (5-7,
9 -11 yrs), Munich,
Germany, 19951996

Cross-sectional
2509 children from
24 schools within
400m from
motorways, (7-12
yrs), the
Netherlands, 19971998

+ SPT – a wheal ≥3 mm than
that of the negative control 15
min after the pricks (ISAAC
protocol) Specific IgE >0.7
kU/L

Traffic counts at
residential address: low2600-15000 v/d, medium15001-30000 v/d, high>30000 v/d (1995) and
annual concentrations of
soot, benzene and NO2
(1996-1998)
3-year-averaged mean low
and high concentrations
(1998-2000) of PM10 (18
µg/m3; 23.8 µg/m3), NO2
(26.9; 40.6), SO2 (4.6;
9.6), O3 (34.1; 51), at
schools, background
monitoring stations + GIS
-----------------Week mean low and high
concentrations of PM2,5
(8.7 µg/m3; 20.7), NO2
(19; 46.4) in schoolyards
(proximity level) and
fixed-site monitoring
stations (9.6; 23 for PM2,5
and 28.3; 50.2 - NO2) (city
level), 1999-2000

+SPT – a wheal≥3 mm than
that of the negative control 15
min after the pricks (ISAAC
protocol)

Total IgE – titer of 100
+Specific IgE >0.35 kU/L
-----------------------------------+SPT – a wheal ≥3 mm than
that of the negative control 15
min after the prick (ISAAC II
protocol)

Traffic counts for cars and
trucks, GIS, annual PM2,5
(20.5±2.2), NO2
(34.8±5.2) and soot
(10.3±2.1), distance from
home & school to
motorway, 1997-1998
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mixed grass pollen, mixed tree
pollen (birch), moulds, Blatta
germanica, HDM

HDM, tree pollen, grass pollen,
A. tenuis and cat

HDM, cat, moulds, mixed trees,
mixed grasses , dog
--------------------------------------HDM, cat, moulds, mixed tree
pollen, mixed grass pollen, dog

Indoor

1.32 (1.15 – 1.51)
1.42 (1.15 – 1.76)
1.29 (1.11 – 1.5)
1.51 (1.29 – 1.76)
1.45 (1.15 – 1.84)
1.21 (1.04 – 1.41)

1.34 (1.24 – 1.46)
1.4 (1.25 – 1.56)
1.54 (1.28-1.84)*
Indoor
1.3 (1.19 – 1.4)
Moulds
1.64 (1.28 – 2.1)
----------------------All allergens 1.19 (1.04 – 1.36)

3.26 (1.58 – 6.7)

Pollen

+SPT ≥ 1
Pollen

2.67 (1.35 – 5.27)

1.7 (1.03 - 2.81)
1.94 (1.13 – 3.33)
1.9 (1.06 – 3.4)
2.83 (1.18 – 6.82)

Any allergen
Indoor
Outdoor

+SPT

2.67 (1.16 – 6.62)
3.12 (1.81 – 5.38)

↑ total IgE

9.3 µg/m3
17.6

10 µg/m3

-----------------------PM2,5 (proximity level) – high vs
low (µg/m3)
PM2,5 (city level)
PM2,5 (city, long-term residents)
PM2,5 (proximity level)
PM2,5 (city level)
PM2,5 (city, long-term residents)
NO2 (proximity level)

O3

Traffic counts
>30000 at ≤50m
(+ETS exposure)
from home,
vehicles/day

NO2
17.6
NO2
17.6
PM2.5
7.1
Truck traffic (max-min) – 17136
vehicles/weekday

Soot (max-min) –
NO2

AnnesiMaesano I.,
et al., 2007

PénardMorand C
et al., 2005

Nicolai T.
et al., 2003

Janssen
NA,
Brunekreef
B. et al.,
2003

+Specific IgE ≥ 0.35 kU/L

IQR PM2.5 (1.5 µg/m3), PM2,5
abs
(0.2×10-5/ m), NO2 (8.5
3
µg/m );
40 sites, 1999-2000

GINI (5991
children, 6 yrs
recruited 19951998) and LISA
(3097 children,
recruited 19971999) birth
cohorts, Germany

* Adjusted for the highest correlated air pollution

+Specific IgE > 0.35 kUA/L

5th-95th difference for NOx (44
µg/m3), SO2 (3 µg/m3), PM10 (6
µg/m3); (GIS + dispersion
modelling from emission
inventory), linear interpolation
between 1990-2000

BAMSE birth
cohort, 4089
children (4 yrs),
recruited 19941996,
Stockholm,
Sweden

Total IgE >100 IU/mL
Specific IgE > 0.35 kU/L

+SPT – a wheal≥3 mm than
that of the negative control 15
min after the pricks (ISAAC
protocol)
+ SPT - ≥ half of diameter
caused by histamine

PM2,5, NO2 and soot, model
combining air pollution
measurements with GIS (19992000)
IQR of annual average
consentrations: 3.3µg/m3 for
PM2,5, 0.58×10-5/m for soot,
10.6 µg/m3 for NO2

NO2, PM2,5, PM10 (EPISODE
model, individual receptor
points, monitoring stations),
1992-2002
IQR – 19.5µg/m3 for NO2,
5.8µg/m3 for PM10, 3.6µg/m3 for PM2,5

Oslo Birth Cohort,
3754 children (910 yrs), recruited
1992-1993, followup in 2001-2002
and cross-sectional
study of children
born in 1992 in
Oslo, Norway

PIAMA birth
cohort (4,146, 4
yrs), recruited
1996-1997. followup – up to 2001
the Netherlands

b) Cohort studies
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pollen allergens (outdoor):
timothy grass, rye, birch and
mugwort, indoor allergens:
HDM, cat, dog and moulds

cat, dog, horse, birch, timothy,
mugwort, HDM, moulds; cow’s
milk, egg white, soy bean,
peanut, fish, and wheat

cat, dog, birch, grass, HDM,
moulds, codfish and horse

HDM, cat, dog moulds, birch
polen, egg and milk

1.45 (1.21 – 1.74)
1.4 (1.2 – 1.64)
1.3 (1.02 – 1.66)
1.52 (1.23 – 1.87)
1.36 (1.14 – 1.63)
1.33 (1.0 – 1.78)

Outdoor

2.3 (1.23 – 4.29)
1.67 (1.1 – 2.53)

Any inhalant

Pollen

1.88 (1.02 – 3.47)

1.75 (1.23 – 2.47)
1.64 (1.21 – 2.23)
1.49 (1.13 – 1.97)

Any food

D. farinae

1.55 (1.13 – 2.11)
1.45 (1.11 – 1.91)
1.32 (1.03 – 1.7)

Any allergen

1.5 µg/m3
0.4×10-5/ m
main road

1.5 µg/m3
0.4×10-5/ m
main road

6 µg/m3
44 µg/m3

19.5 µg/m3

3.3 µg/m3
0.58×10-5/ m
10.6 µg/m3

PM2,5 (IQR increase) –
PM2,5 absorbance –
Distance to nearest
<50m – yes vs. no
PM2,5 (IQR) –
PM2,5 absorbance –
Distance to nearest
<50m – yes vs. no

PM10 (5th – 95th) NOx

NO2 (IQR increase) -

PM2,5
Soot
NO2

PM2,5 (IQR increase) - 3.3µg/m3
Soot
0.58×10-5/ m
10.6 µg/m3
NO2

Morgenste
rn V, et
al., 2008

Nordling
E, et al.,
2008

Oftedal B,
Brunekree
f B. et al.,
2007

Brauer M,
Hoek G.
et al.,
2007

Mean

Minimum

10th
percentile

TSP (µg/m )
Benzene

3

Soot (10-5/m)
CO (µg/m3)
O3 (µg/m3)
PM10 (µg/m3)

PM2.5 (µg/m )

3

NOx
SO2 (µg/m3)

NO2 (µg/m3)

33.8
21-23 (3 areas)
61.7 /44.4 (urban/suburban)
25.2
39.1
34.6
23.1
48.3
50-84(3 areas)
2.5
16.9
12.7
11.1
1.71
0.69
46.0
33-40 (3 areas)
16.4
3-9
44-65 (3 areas)
4.0
6.5
29.3

16.0

10.2
1.15

9.2
0.77
0.32
30.3

1.9

14.0

13.5

29.0

14.7

57.5/43.0
12.6

17.1

Annual average pollution concentrations for the home addresses

Pollutant
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3.3 - 4.4

5.8

14.8 – 18.1
3.6
10.5 – 11.5
1.33 – 1.91
0.55 – 0.76
43.1 - 49.1

42.7 – 54.3

18.2 – 28.8
19.5
32.2 – 37.7

29.3 – 37.8

25th - 75th
percentile

(Table 7) Summary of the air pollution exposure data in studies on sensitization

12.0
2.16

19.0

40.5

34.4

90th
percentile

8.7

13.0
3.68
1.54
64.0

25.2

69.3

73.7

67.5/46.5
58.4

56.0

Maximum

5th-95th: 6

5th-95th: 3

5th-95th: 44

Other

Hirsch T et al., 1999
Heinrich J et al., 1999
Kramer U et al., 2000
Brauer M et al., 2007
Oftedal B et al., 2007
Morgenstern V et al., 2008
Nordling E et al., 2008
Hirsch T et al., 1999
Heinrich J et al., 1999
Nordling E et al., 2008
Brauer M et al., 2007
Oftedal B et al., 2007
Morgenstern V et al., 2008
Brauer M et al., 2007
Hirsch T et al., 1999
Hirsch T et al., 1999
Heinrich J et al., 1999
Oftedal B et al., 2007
Nordling E et al., 2008
Heinrich J et al., 1999
Hirsch T et al., 1999
Hirsch T et al., 2000

Study

20.5
10.3

SO2 (µg/m3)
PM10 (µg/m3)
O3 (µg/m3)
PM2.5 (µg/m3)

Soot (µg/m3)

School-road (m)
Home-road (m)

Distance

Cars (v/day)

Trucks

Traf. counts (v/day)

Traffic density

NO2

Personal exposure

NO2 (µg/m3)
SO2 (µg/m3)
O3 (µg/m3)

220
407

89544

13146

22.0/26.7 (urban/suburban)

20.3-51.3 (7 communities)
17.3-57.4 (7 communities)
20.1-42.1 (7 communities)

Daily mean concentrations

34.8
low: 26.9; high: 40.6
low: 4.6; high: 9.8
low: 18.0; high: 23.8
low: 34.1; high: 50.9
low: 8.7; high: 20.7

NO2 (µg/m3)

Annual average concentrations at schools

57
1

< 70
5190
< 2000
30 399

10.0/14.0

17.3
6.2

26.8
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118 – 330
228-556

61013-114780

9571-16817

18.6 – 22.1
9.0 – 11.2

31.1 – 39.1

389
999

<70/2183
22326
<2000/50914
155656

36.0/70.0

24.4
15.5

44.4

low:260015000
med:1500130000
high:>30000

Janssen NA et al., 2003
Janssen NA et al., 2003

Kramer U et al. ,2000
Janssen NA et al., 2003
Kramer U et al., 2000
Janssen NA et al., 2003

Nicolai T et al., 2003

Kramer U et al., 2000

Charpin D et al., 1999
Charpin D et al., 1999
Charpin D et al., 1999

Janssen NA et al., 2003
Janssen NA et al., 2003

Annesi-Maesano I et al.,
2007

Janssen NA et al., 2003
Penard-Morand

Milk or egg

Food

Pollen

Inhalant

Indoor

Outdoor

Any

Allergen

27.9¶
38.8*
23
14.9
12.3
8.2
21.2
21.9
11.5
20.9
20.9
16.5
14.2
13.8
21.8 (5-7 yrs); 32.1 (9-11 yrs)
26.5 (5-7 yrs); 37.6 (9-11 yrs)
35.8
14.8
31.5
12.2-15.6 (3 areas)
22.3-27.4 (3 areas)
30.6
14.3
12.3
18.6
11.0
26.7
28.1
15.2
18.1
8

Prevalence (%)

Study
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Krämer U. et al., 2000
Nicolai T. et al., 2003
Pénard-Morand C et al., 2005
Oftedal B, Brunekreef B. et al., 2007
Nordling E, et al., 2008
Nicolai T. et al., 2003
Brauer M, Hoek G et al., 2007
Nordling E. et al., 2008
Krämer U. et al., 2000
Nordling E. et al., 2008

Janssen NA, et al., 2003
Brauer M, Hoek G et al., 2007
Nordling E, et al., 2008
Janssen NA, et al., 2003
Annesi-Maesano I., et al., 2007
Brauer M, Hoek G et al., 2007
Morgenstern V, et al., 2008 (in press)
Janssen NA, et al., 2003
Nicolai T. et al., 2003
Pénard-Morand C et al., 2005
Annesi-Maesano I., et al., 2007
Brauer M, Hoek G et al., 2007
Oftedal B, Brunekreef B. et al., 2007
Morgenstern V, et al., 2008 (in press)
Hirsch T. et al., 1999
Hirsch T. et al., 2000
Nicolai T. et al., 2003
Nordling E. et al., 2008
Morgenstern V, et al., 2008 (in press)
Heinrich J. et al., 1999

(Table 8) Prevalence rates of sensitization to various allergens

¶
Determined by SPT
*Determined by IgE value

+SPT

Moulds
D. farinae
Latex
↑ total IgE

House dust mite or
cat

7.0 – 8.3 (3 areas)
20.1-25.9 (3 areas)
26.3
18.4
2.4
2.0
4.6 (5-7 yrs); 6.7 (9-11 yrs)
39.8
26.1
12.8 (5-7 yrs); 26 (9-11 yrs)
18.2-23.1 (3 areas)
24.0-28.1 (7 communities)
19.5
28.0
24.0
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Krämer U. et al., 2000
Brauer M, Hoek G et al., 2007
Pénard-Morand C et al., 2005
Oftedal B, Brunekreef B. et al., 2007
Hirsch T. et al., 2000
Janssen NA, et al., 2003
Brauer M, Hoek G et al., 2007
Hirsch T. et al., 1999
Heinrich J. et al., 1999
Charpin D. et al., 1999
Nicolai T. et al., 2003
Annesi-Maesano I. et al., 2007
Oftedal B, Brunekreef B. et al., 2007

Heinrich J. et al., 1999

FEV1, %, (95%
CI)
+2,2 (-1,9 :
+6,5)
+3,0 (-0,7 :
+6,9)

0,08 (0,02 : 0,33)

0,28 (0,12 : 0,68)

In medium/high districts 31% of air quality samples > max allowable conc. NO2 (daily mean >40 µg/m3).

FVC, %, (95%
CI)
-6,0 (-10,3 : 1,6)
-9,7 (-14,2 : 5,0)
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Medium and high polluted: Close to a large oil refinery, continually burnt petrochemical waste. High frequence of trucks driving in the streets.

Low polluted: West of
Moscow, far ahead from
oil refinery etc.

High

Polluted
area
Medium

Conclusions

Study

Children from high polluted Eroshina
areas had a lower FVC, but K et al.,
a lower risk of an
2004
obstructive pattern in lung
function tests (higher
FEV1), and a lower
frequency of reported
allergy, compared to
children from low polluted
areas.
*Adjustment: The largest
effects of adjustment were
age, gender and height.
Adjustment for household
income and exposure to
household smoking had
little effect.
Odds Ratio FEV%<75% (95% CI)

The Public Health in Russia had
Difference in lungfunction. Polluted area compared with clean area.
designed the low-, medium- and high
polluted districts based on earlier
measurements of ambient air pollution.

1 479 children, (6-12
yrs), lifelong
exposition - outcome
in 2002, three
districts in Moscow,
Russia. Lungfunction
measured on one
occasion.

Lungfunction

Exposure assessment
(µg/m3)

N Methods
o

CROSS-SECTIONAL STUDIES

Table 9 Lung function studies

Heavy traffic + coal
heating:
Low traffic + coal
heating:
Heavy traffic + district
heating: (70 + 10).
Low traffic + district
heating: (70 + 10).
All children
78,9 (73,5 : 83,9)
87,0 (82,5 : 91,1)

(130 + 40).
(70 + 10).
(70 + 10).
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82,7 (77,7 : 87,3)

90,5 (86,5 : 94,0)

(130 + 40).

Average SO2 concentration:

FEV1, % pred,
(95% CI)
88,5 (84,2 :
92,4)
91,8 (88,1 :
95,1)
82,4 (77,3 :
87,1)
97,9 (95,9 :
99,5)
90,2 (86,2 :
93,8)

106,5 (102,9 : 109,7)

115,8 (110,1 : 121,1)

109,0 (104,8 : 112,8)

102,8 (100,4 : 104,8)

98,4 (96,6 : 99,8)

Vmax75, % pred, (95% CI)

Lungfunction, compared to predicted values, in relation to exposure

FVC, % pred,
(95% CI)
85,5 (80,8 : 89,9)

2 235 children (3-7 yrs), exposure in the the last 2 years,
outcome in September 1994 - April 1995, sixteen daycare
centers, Leipzig, Germany. Lungfunction measured on one
occasion.
Variations in lung function
were observed across the
exposure groups with a
significant number of
children showing signs of a
restrictive ventilatory
function. Gender (boys >
girls) is by far the most
striking predictor of an
adversely affected lung
function in the
studypopulation. NO2, CO
and PM did not differ
significantly between the
areas.

Fritz G J
et al.,
2001

Lungfunction, compared to predicted values, in relation to exposure

Jang AAll children had normal
pulmonary function. 38,3 % S et al.,
2003
had airway
hyperresponsiveness (AHR)
when tested for methacoline
causing 20% decrease in
FEV1. There was a
significant increase in AHR
in children living in the
industrial area compared to
coastal and rural areas.
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FVC, %
FEV1 , %
Industrial area
Area
NO2: 46,6
102,3 + 0,13
103,4 + 0,48
Industrial
SO2: 66,2
102,5 + 0,59
103,6 + 0,61
Coastal
O3: 46,0
101,9 + 0,32
104,1 + 0,64
Rural
Hydrogene flouride: 766,4 ppb
Independently associated with airway hyperresponsiveness (AHR) was living near the industrial area and having a positive
Coastal area
allergy skin test.
NO2: 16,2
SO2: 37,4
OR (95% CI):
2,49 (1,65 : 3,74)
Location:
O3: 21,0
Allergy skin test
1,58 (1,11 : 2,24)
Hydrogene flouride: 214,5 ppb

3 670 children, (10-13 30-day mean:
yrs), lifelong
exposition, before
2003, industrial (with
chemical factory)-,
coastal- (10 km from
chemical factory) and
rural communities in
southeast Korea.

4 368 children, (1st - 3
rd
grade), lifelong
exposition, two areas
in Incheon
Metropolitan city,
2000, Korea

March / December
NO2: 53,5 / 82,1
PM10: 64,0 / 54,0
SO2: 32,0 / 34,7
O3: 36,0 / 32,0
Suburb
March / December
NO2: 11,5 / 28,6
PM10: 64,0 / 53,0
SO2: 13,4 / 16,0
O3: 96,0 / 70,0

City

Grade

FEV1 , L
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No quantitative comparison possible

FVC, L

Changes in lungfunction December vs March

Kim J
PM10, especially the PM
generatade from yellow dust H, et al.,
storms may have significant 2005
negative effects on the FVC
and FEV1 in normal
children.

5 114 children (8-15
yrs), had lived at least
one year in the same
house, (Children who
had spent > 5 days
outside the city in the
previous 3 months
were excluded),
measured on one
occasion, November
2002 - December
2003, Leicestershire,
United Kingdom.

Carbon

PM10

PM10

Variable

No baseline value for air-pollutants
were given, but the annual mean levels
of PM10 are within U.K air-quality
recommendations.

vs (PM10 +

carbon)

+0,1 (-4,4 :
+4,6)
-13,0 (-25,6 :
0,4)

FVC

-30,4 (-54,6 : -6,1)

-14,7 (-26,3 : 3,2)

35

-5,5 (-14,2 : +3,1)

FEF25-75 vs PM10 + carbon)

FEF25-75 vs PM10
-8,6 (-17,3 : +0,1)

-2,9 (-6,9 : +1,2)

FEV1 vs (PM10 +
carbon)

Model, Coefficient (95% CI)
FVC vs PM10
FEV1 vs PM10
-1,2 (-5,6 : +3,2) -4,3 (-8,5 : -0,2)

Association between lung function, PM10 and carbon in airway
macrophages in healthy children:

Carbon content (CC) of
airway macrophages (µm2)
is used as a marker of
individual exposure to
PM10. Each increse in PM10
of 1,0 µg/m3 was associated
with an increase of CC with
0,1 µm2. Each increase in
CC with 1,0 µm2, was
associated with a reduction
in lung function. The CC
was lower in children with
asthma, unclear why. CC ca
be a better exposure
indicator than modelled
PM10.

Kulkarni
N et al.,
2006

PM10 / [Vehicles/hr]
Highly polluted
roadside:
65,0 / [4973]
Highly polluted
general:
67,5 / [3498]
Moderatly polluted
roadside:
52,2 / [1364]
Less polluted / Control:
47,0 / [938]

6 722 children, (10-12 Different areas
and 13-15 yrs),
lifelong exposition,
measurements on one
occasion, May August 2004, four
areas in Bangkok
with different air
quality, Thailand.

The prevalence of impaired Langkul
lung function (and
sen U et
respiratory symptoms) were al., 2006
higher among children
living in areas with high
pollution compared to those
who lived in areas with low
pollution. In children, 13 15 yrs, living in the high
polluted area, the
lungfunction was impaired
56,1 % compared to 34 % of
the children in the control
area (p<0,01).
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* Lungfunction included values for FVC, FEV1 and FEF25-75 % (values not presented). The criterias for normal lungfunction
were FVC and FEV1 > 80% .

0,99 (0,63 : 1,57)

1,08 (0,71 : 1,64)

1,41 (0,89 : 2,22)

Odds Ratio (95% CI) for impaired lung function* in school children in relation to
exposure compared to control area

7 531 children, (11-13
yrs), lifelong
exposition, from
Milan 1988 - 1990,
from the mountains
(Domodossola) 1992
- 1994, Italy.

FVC, mL (pvalue)
120 (<0,001)
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Amount of persons (%)
where provocative tests
reduced FEV1 with 20%, (pvalue)

(<0,001)
(<0,001)
(<0,001)

240
225

(NS)
(NS)
City:
28,9 (<0,001)
Mountain: 15,5 (<0,001)

City:
47,7
Mountain: 37,7

City:
34,6 (<0,01)
Mountain: 22,5 (<0,01)

Dose < 2000 µg metacholine

FEV1, mL (p-value)
250

difference between measured and
predicted values

Δ (Mountain - City) based on the

All
children
SO2: around 47 (decreasing)
O3:
Frequently > 200 Pos skin
100 (<0,001)
tests
Mountain:
NO2: < 20
130 (0,002)
Neg skin
tests +
PM10: < 60
IgE < 100 IU/ml
SO2: < 20
O3: around 80

PM10: around 100

NO2: < 100 (increasing)

City

Annual average:

The children from the city
Longhin
area had significantly lower i E et
FVC and FEV1. Children
al., 2003
without signs of atopy
showed a higher percentage
of positive respons in the
challenge to methacholine in
the city area. The mountain
group had a higher
prevalence of positive skin
tests, mainly linked to
pollen sensitisation.

8 1294 children, (8-12
yrs), 1989/90 - 1991,
two areas, HongKong.

E: Age, BMI, occupation
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C: Age, BMI, Height, Furniture
F: Age, BMI, height, place of birth
D: Age, BMI, Height, place of birth, occupation

A, B: Age, BMI, Height

Comparison of annual lung function parameters between the high and low polluted There was no difference in
districts by sex (HPD - LPD):
the prevalence of active
smoking between the two
districts. No incident of
unusually high air pollution
was recorded in either
district during or in the year
before the survey. Children
of both sexes in the more
polluted district had
significant poorer lung
function.
FVC, L (95% CI)
FEV1 , L (95%
FEF25-75, L/s (95% CI)
Sex
CI)
-0,054 (-0,097:-0,156 (-0,253 : -0,059)C
-0,029(Boys
A
B
0,011)
0,075:+0,018)
-0,083(-0,122:-0,156 (-0,249 : -0,064)F
-0,050 (-0,092 : Girls
D
E
0,045)
0,009)

SO2: 22,8
Low polluted district (LPD):
NO2: 42,9
Adjusted
covariates:
PM10: 44,9
SO2: 11,8

PM10: 57,6

High polluted district
(HPD):
NO2: 58,5

Annual mean

Yu TS,
et al.,
2001

1993-94: 14,2 / 13,5
1994-95: 8,8 / 8,7

1992-93: 54,2 / 37,5
1993-94: 46,0 / 26,6
1994-95: 46,7 / 23,7
PM10:
1992-93: 54,8 / 44,7
1993-94: 41,5 / 44,1
1994-95: 31,1 / 26,6
SO2:
1992-93: 22,5 / 9,8
1993-94: 11,8 / 8,2
1994-95: 8,3 / 4,3
Black smoke (BS):
1992-93: 17,8 / 13,4

NO2:

Mean air pollutants
area / rural area

Lag 0
5-day mean

Lag 0
5-day mean

Lag 0
5-day mean

IgE<60 no
BHR
Lag 0
5-day mean

Lag 0
5-day mean

Lag 0
5-day mean

Lag 0
5-day mean

IgE>60 +
BHR
Lag 0
5-day mean

urban
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2,32 (<0,05)

(p-value)
2,16 (<0,05)

(p-value)
2,51 (<0,05)

2,56 (<0,05)

Baseline FEV1, L

Baseline FVC, L

9 459 children, (7-11 yrs), divided into four groups with and without broncho hyper-responsiveness
(BHR) and with and without ocurrence of IgE, winters 1992-1995, two urban and three rural areas,
Netherlands. PEF was measured every day in three months.

PANEL STUDIES

1,16 (1,05 : 1,28)
0,97 (0,81 : 1,17)
PM10 (increase of 100 µg/m3)
1,13 (0,98 : 1,30)
0,94 (0,75 : 1,17)
SO2 (increase of 40 µg/m3)
1,10 (0,97 : 1,25)
0,88 (0,69 : 1,12)
BS (increase of 40 µg/m3)
1,19 (1,01 : 1,39)
0,95 (0,76 : 1,20)

NO2 (increase of 40 µg/m3)

0,99 (0,88 : 1,12)
1,01 (0,83 : 1,22)
PM10 (increase of 100 µg/m3)
1,37 (1,16 : 1,63)
1,35 (1,04 : 1,77)
SO2 (increase of 40 µg/m3)
1,06 (0,86 : 1,30)
0,94 (0,67 : 1,33)
BS (increase of 40 µg/m3)
1,20 (0,99 : 1,45)
1,45 (1,11 : 1,90)

NO2 (increase of 40 µg/m3)

Odds Ratio for prevalence of
> 10 % decrease in evening
PEF, with increase in air
pollutants. (95% CI)

Boezen
Children with IgE>60 and
HM et
BHR are susceptible to air
pollutions. Decrease in PEF al., 1999
of > 10 % in this group was
more common with increase
in PM10 and BS.

NO2: 46,8
PM10: 33,2
SO2: 16,3

FEV1

-6,6 (-2,4 : -10,8)
-6,1 (-1,7 : -10,4)

-7,6 (-2,6 : -12,7)
-6,8 (-1,5 : -12,0)

Single pollutant model

FVC

Estimated change in lung function for air pollutant levels
Declines in FVC and FEV1
were significantly
associated with the PM10
concentration 37-60 hr
preceding the lung function
tests. The associations were
consistent in the twopollutant models.

Min J-Y
et al.,
2008
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Two-pollutant model
PM10 + SO2
Lag 37 - 48 -9,1 (-2,8 : -15,4) -7,4 (-2,2 : -12,6)
hr
Lag 49 - 60 -2,0 (+6,8 : -10,9) -0,8 (+6,5 : -8,2)
hr
PM10 +
NO2
Lag 37 - 48 -7,6 (-2,6 : -12,6) -6,6 (-2,4 : -10,8)
hr
Lag 49 - 60 -7,1 (-1,7 : -12,4) -5,9 (-1,4 : -10,3)
hr
Units for air pollutants and lung function values are not accessible in the article. E-mail with question about that has been
sent to the author of the article, but answer has not yet come.

PM10:
Lag 37 - 48
hr
Lag 49 - 60
hr

Average levels during the period for
lung function tests.
Lag
10 181 children, (9-19 yrs), december 2003 January 2004 to see when (lag effect) air
pollutants had impact on lung function tests,
Korea.

11 163 children, (7-10
yrs), september 2000
- august 2001, Linz,
Austria.
FEV1, % (pvalue)

-0,08 (0,383)
Multiple pollutant model
-0,85 (<0,001)
-1,01 (<0,001)
+0,21 (0,064)

PM2,5
NO2
PM2,5

PM2,5: 19,06
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+0,10 (0,401)

-0,23 (0,019)

-0,11 (0,049)

PM10

PM10: 30,28
'-0,03 (0,577)

NO2

Single pollutant model
-0,59 (0,001)
-0,89 (<0,001)

FVC, % (p-value)

18,07

NO2:

Annual average:

-1,99 (<0,001) / -0,44
(0,328)
+0,04 (0,868) / -0,18
(0,434)

-1,96 (<0,001) / -0,67
(0,062)
-0,36 (0,004) / -0,22
(0,038)
-0,58 (0,007) / -0,41
(0,027)

MEF50% / PEF, % (p-value)

Changes in lung function for air pollutant increase of 10 µg/m3
All acute effects of urban air Mosham
pollution found on the lung mer et
function of healthy children al., 2006
were evident at level below
current European limit
values for NO2. Thus,
planned reduction of NO2 emission of 20% in 2010
would seem to be
insufficient.

53,4
1012

O3:
CO:

O3:

53,4

PM2,5: 13,2

NO2: 39,0

33,1

SO2:

PM2,5: 13,2

Average for 5-day air pollutants
Difference between 90th and 10th
percentile
NO2: 39,0

12 861 children with asthma and atopy, (5-12 yrs), ICASE,
exposure and outcome twice-daily for 2 weeks every 6 months
for 2 years, 1998-2001, Seven inner-citys in USA,
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-1,66 (-2,24 : -1,08)

-1,36 (-1,92 : 0,80)
-1,47 (-2,00 : 0,94)
-1,60 (-2,54 : 0,67)
-0,55 (-1,38 :
+0,27)
-0,56 (-1,31 :
+0,20)
Three-pollutant models
-1,09 (-1,77 : 0,41)
-0,73 (-1,33 : 0,12)
-0,72 (-1,70 :
+0,26)

(-3,08 : -1,19)

-1,48 (-2,50 : -0,45)

-0,25 (-0,88 : +0,38)

-1,61 (-2,32 : -0,90)

-0,49 (-1,24 : +0,27)

-0,29 (-1,15 : +0,57)

-2,14

-1,10 (-1,65 : -0,56)

PEF, % predicted, (95% CI)

FEV1, % predicted, (95% CI)
Single-pollutant models

Change in lungfunction related to the difference between the 90th
and 10th percentile

The daily pollutant
O'Conn
concentrations were almost or GT et
all below the current
al., 2008
standards. Higher
concentration of NO2,
PM2,5 and SO2 were
associated with decrements
in lung function. In the
study they also observed 5day average pollutant conc
and lung function
decrements that were not
seen for single-day conc. A
suggestion was that some of
the effects of inhaled
pollutants on the lower
airway require exposure
longer than a single day.

COHORT STUDIES

NO2: 79,1 / 8,8
PM10: 67,6 / 16,1
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FVC, L (% pred)

3,549 (96,0) / 2,284 (95,0)

3,145 (97,1)

/ 2,403

3,511 (95,0) / 2,257 (93,9)

3,695

3,238

/ 1,479

L/s (% Predicted lungfunction was Gauder
obtained by applying the
man J et
estimated adjusted annual
al., 2000
growth rates in the least and
most polluted communities
to the 1993 values. The
estimated deficits were
generally larger for children
spending more time
outdoors.

3,127 (96,6)

2,366

2,048

FEV1, L (% pred) MMEF / FEF75
pred)

Predicted lungfunction after four years for a child in fourth grade

2,365
Mean, 1993
Predicted, 1997
Lowest
3,713
pollution
Highest
3,622 (97,5)
PM10
Highest
3,637 (97,9)
NO2

13 1498 children, (10-15 Air pollutants
yrs), CHSA, annual
measure-ments of
lungfunction,
exposure 1993 1997, 12
communities in
Southern California,
USA.
Highest value / Lowest value

NO2:
70,3
PM10:
51,5
PM10-2,5:
25,6
PM2,5:
25,9
O3:
77,2
Acid: 4,3
ppb

NO2:
70,3
PM10:
51,5
PM10-2,5:
25,6
PM2,5:
25,9
O3:
77,2
Acid: 4,3
ppb

Differences in annual pollution
average at school between least and
most polluted community
FEV1, % (95%
CI)
-0,77 (-1,41 : 0,13)
-0,85 (-1,59 : 0,10)
-0,90 (-1,71 : 0,09)
-0,64 (-1,28 :
+0,01)
-0,19 (-0,99 :
+0,62)
-0,73 (-1,42 : 0,03)
-1,03(-2,09:+0,05)/-1,47(-2,87:-0,05)

-0,24(-1,41:+0,95)/-0,85(-2,38:+0,70)

-1,03(-1,95:-0,09)/-1,31(-2,57:-0,03)

-1,37(-2,57:-0,15)/ -1,62(-3,24:+0,04)

-1,32(-2,43:-0,20)/ -1,63(-3,14:-0,11)

-1,08(-2,07:-0,08)/ -1,37(-2,71:-0,01)

MMEF / FEF75 % (95% CI)
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-0,43 (-0,93 :
+0,07)
-0,45 (-1,03 :
+0,13)
-0,35 (-1,02 :
+0,31)
-0,42 (-0,89 :
+0,05)
-0,10 (-0,68 :
+0.47)
-0,39 (-0,93 :
+0,15)

-0,41 (-1,00 :
+0,17)
-0,44 (-1,10 :
+0,23)
-0,49 (-1,21 :
+0,24)
-0,32 (-0,88 :
+0,24)
+0,20 (-0,41 :
+0,81)
-0,18 (-0,81 :
+0,44)

-0,30(-2,14:+1,57)/-0,35(-1,99:+1,32)

-0,37(-2,20:+1,50)/-0,31(-1,95:+1,35)

-0,29(-1,99:+1,44)/-0,26(-1,75:+1,25)

-0,64(-2,83:+1,60)/-0,74(-2,65:+1,20)

-0,48(-2,51:+1,59)/-0,50(-2,26:+1,29)

-0,30(-2,07:+1,49)/-0,32(-1,88:+1,26)

Differences in annual growth rate (%) for children in seventh grade between least and most polluted
community for four years

-0,53 (-1,01 : 0,05)
-0,58 (-1,14 : 0,02)
-0,57 (-1,20 :
+0,06)
-0,47 (-0,94 :
+0,01)
-0,22 (-0,79 :
+0.36)
-0,57 (-1,06 : 0,07)

FVC, % (95% CI)

Differences in annual growth rate (%) for children in fourth grade between least and most polluted
community for four years

NO2:
70,3
PM10:
51,5
PM10-2,5:
25,6
PM2,5:
25,9
O3:
77,2
Acid: 4,3
ppb
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-0,23 (-1,13 :
+0,68)
+0,07 (-0,99 :
+1,13)
-0,17 (-1,32 :
+0,99)
+0,19 (-0,68 :
+1,07)
+0,11 (-0,84 :
+1,07)
-0,23 (-1,15 :
+0,70)

-0,75 (-1,89 :
+0,41)
-0,46 (-1,84 :
+0,94)
-0,68 (-2,15 :
+0,81)
-0,25 (-1,41 :
+0,93)
+0,24 (-1,03 :
+1,54)
-0,65 (-1,84 :
+0,56)
-1,31(-4,93:+2,44)/-1,11(-4,80:+2,71)

+0,29(-3,50:+4,23)/+0,49(-3,36:+4,49)

-0,17(-3,66:+3,46)/-0,79(-4,27:+2,82)

-1,41(-5,85:+3,25)/-2,32(-6,60:+2,17)

-0,71(-4,87:+3,63)/-1,54(-5,61:+2,71)

-1,13(-4,68:+2,56)/-1,28(-4,87:+2,44)

Differences in annual growth rate (%) for children in tenth grade between least and most polluted
community for four years

1,1

Element. Carb.

NO2:
62,5
PM10:
51,5
PM2,5:
22,2
O3:
73,2
Acid:
9,5 ppb

14 1678 children, (10-14 Differences in annual pollution
yrs), CHSA, annual
average at school between least and
measure-ments of
most polluted community
lungfunction,
exposure 1996 2000, 12
communities in
Southern California,
USA.
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-0,23 (-0,76 :
+0,29)
-0,03 (-0,68 :
+0,62)
-0,14 (-0,67 :
+0,40)
-0,33 (-0,90 :
+0,24)
-0,33 (-0,82 :
+0,17)
-0,17 (-0,67 :
+0,03)

FVC, % (95% CI)

FEV1, % (95%
CI)
-0,48 (-1,12 :
+0,17)
-0,21 (-1,04 :
+0,64)
-0,39 (-1,06 :
+0,28)
-0,55 (-1,27 :
+0,16)
-0,63 (-1,21 : 0,05)
-0,40 (-1,02 :
+0,23)

Significant deficits in lung
Gauder
function growth rate were
man J et
associated with exposure to al., 2002
acid vapor, NO2, PM2,5 and
elemental carbon, especially
in children who reported
spending more time
outdoors.

-0,92(-1,78:-0,05)/-0,20(-1,15:+0,76)

-1,28(-2,16:-0,40)/-0,74(-1,62:+0,14)

-0,80(-1,94:+0,36)/-1,21(-2,06:-0,36)

-0,94(-1,87: 0,00)/-0,44(-1,41:+0,55)

-0,67(-1,92:+0,59)/-0,42(-1,60:+0,77)

MMEF / PEF
% (95%
CI)
-1,10(-2,00:-0,20)/-0,17(-1,18:+0,84)

Differences in annual growth rate (%) for children in fourth grade
between least and most polluted community for four years. The
cohort from 1996 - 2000

1,1

Element. Carb.

NO2:
62,5
PM10:
51,5
PM2,5:
22,2
O3:
73,2
Acid:
9,5 ppb
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-0,46 (-0,92 :
0,00)
-0,60 (-1,18 : 0,01)
-0,42 (-0,86 :
+0,03)
-0,22 (-0,77 :
+0,33)
-0,55 (-0,97 : 0,11)
-0,49 (-0,88 : 0,09)

FVC, % (95% CI)

FEV1, % (95%
CI)
-0,66 (-1,34 :
+0,02)
-0,94 (-1,78 : 0,10)
-0,63 (-1,28 :
+0,02)
-0,32 (-1,14 :
+0,50)
-0,82 (-1,44 : 0,19)
-0,71 (-1,30 : 0,12)
-1,07(-1,94:0,19)/-0,89(-1,57:-0,20)

-1,16(-2,12:-0,19)/-1,00(-1,75:-0,25)

-0,43(-1,64:+0,80)/-0,36(-1,34:+0,63)

-0,94(-1,88: +0,01)/-0,82(-1,55:-0,09)

-1,41(-2,61:-0,21)/-1,27(-2,15:-0,37)

MMEF / PEF
% (95%
CI)
-0,92(-1,95:+0,12)/-0,82(-1,62:-0,02)

Differences in annual growth rate (%) for children in fourth grade between least and most polluted
community for four years. The cohort from 1993 - 1997 (see table above)

15 1759 children were
recruited - 747
persons were
followed up for the
whole period, (10-18
yrs), CHSA, annual
measurements of
lungfunction,
exposure 1993 2000, 12
communities in
Southern California,
USA.

75,0

10,5

Org. carb.

1,2

Element. Carb.

Acid: 9,6
ppb

O3:

PM2,5: 22,8

PM10: 51,4

NO2: 66,1

Differences in annual pollution
average at home between least and
most polluted community
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FVC, mL (95%
CI)
-70,4 (-139,8 : 1,1)
-57,8 (-150,4 :
+34,9)
-51,0 (-127,1 :
+25,2)
-36,4 (-124,5 :
+51,6)
-81,0 (-148,5 : 13,6)
-65,4 (-127,1 : 3,8)
-57,3 (-155,4 :
+40,8)

FEV1, mL (95%
CI)
-89,1 (-154,0 : 24,2)
-85,6 (-168,7 : 2,6)
-78,3 (-145,6 : 11,0)
-17,8 (-101,7 :
+66,0)
-95,7 (-159,7 : 31,6)
-83,5 (-141,2 : 25,9)
-91,7 (-178,3 : 5,1)

-175,9 (-428,2 : +76,5)

-185,2 (-353,5 : -16,9)

-191,8 (-382,1 : -1,5)

+ 0,79 (-155,5 : +314,8)

-191,8 (-379,8 : +3,7)

-175,9 (-413,9 : +62,0)

-232,7 (-410,4 : -54,9)

MMEF, mL/s (95% CI)

Gauder
Differences in annual growth rate (mL) for children between least
Current levels of air
and most polluted community for eight years. The cohort from 1993 pollution (NO2, acid vapor, man J et
PM2,5 and elemental carbon) al., 2004
- 1997. Outcome in 2000
have chronic, adverse
effects on lung development
in children from the age of
10 - 18 years, leading to
clinically significant deficits
in attained FEV1 as children
reach adulthood.

.
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-173 (-327 : -19)
-12 (-152 : +128)
-106 (-250 : +38)

MMEF, mL/s (95% CI)

Difference in eight-year lung function growth relative to children
living at least 1500 m from a freeway.

FVC, mL (95%
FEV1, mL (95%
CI)
CI)
< 500
-69 (-160 : +22) -98 (-182 : -15)
500 - 1000
-42 (-125 : +41) -61 (-137 : +15)
1000 - 1500 -52 (-137 : +33) -44 (-122 : +34)

Distance to freeway, m

16 3677 children, where a subset of 1445 children were observed
over 8 yrs (10-18 yrs), CHSA, annual measurements of
lungfunction, exposure 1993 - 2000, 12 communities in
Southern California, USA.

Local exposure to traffic has Gauder
adverse effects on children´s man J et
lung development.
al., 2007
Socioeconomic status was
significantly associated with
increased traffic exposure
but socioeconomic status
was not associated with
FEV1 growth. Significant
distance effects were seen in
the subset of children who
reported never having
asthma and in those who
reported no active tobacco
smoking.

1,2

ppb

O3:
75,0

Element. Carb.

Acid: 9,6

PM2,5: 22,8

PM10: 51,4

Estimated regional
pollutant
NO2: 66,1
-109
(0,003)
-111
(0,013)
-100
(0,009)
-111
(0,002)
-101
(0,001)
-13
(0,821)
-81

-80

-80

-80

-81

-80

(0,012)

(0,012)

(0,013)

(0,012)

(0,012)

(0,012)
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-41

-42

-41

-41

-42

-41

(0,165)

(0,156)

(0,164)

(0,160)

(0,158)

(0,166)

-33

-33

-33

-33

-32

-33

(0,275)

(0,282)

(0,285)

(0,285)

(0,287)

(0,279)

Effects on FEV1 growth rate over eight years from different factors mL (p-value)
Regional
Local freeway distance
pollutant
< 500 m
500 - 1000 m
1000 - 1500 m

67,4 / 34,0
37,5 / 28,4
92,8 / 76,2

66,2 / 15,0
141,6 / 60,8

O3

NO2: 82,5 / 8,8

PM10:
O3:
1998
NO2:
PM10:
O3:

PM10

NO2

Highest value / Lowest
value
1994

17 110 children, (10-15 Annual pollution average at school:
yrs), CHSA,
compairment for
children who had
moved at least one
year before outcome,
exposure 1993 1998, outcome in
January - June, 1998,
12 communities in
Southern California,
USA.

-1,4 (-10,8 :
+8,0)
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FVC, mL (95%
CI)
-2,7 (-12,9 :
+7,5)
-1,8 (-9,1 : +5,5)

FEV1, mL (95%
CI)
-8,2 (-17,8 :
+1,4)
-6,6 (-13,5 :
+0,3)
+0,1 (-8,7 :
+8,9)

mL/s (95% CI)

Increasing exposure to
PM10 was associated with
decreased rates of annual
growth in MMEF and PEF
and with marginally
decreased FEV1.

-8,9 (-41,6:23,8) / -3,4 (+23,6:+16,8)

-34,9 (-59,8:-10,0) / -16,6 (-32,1:-1,1)

-23,6 (-59,5:12,3) / -10,7 (-3,8:+11,4)

PEF / MMEF

Annual changes per 10 units increase of pollutant respectively.

Avol EL
et al.,
2001
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+0,15; [+27,4]; (0,483)
-0,13; [-23,7]; (0,217)

-0,21; [-38,3];
(0,000)

-0,9; [-164,2]; (0,000)

-0,41; [-74,8]; (0,008)

-0,32; [-58,4]; (0,012)

+0,03; [+5,5]; (0,637)

+0,05; [+9,1];
(0,576)

-0,10; [-18,2];
(0,114)
-0,23; [-42,0];
(0,003)

-0,25; [-45,6]; (0,090)

-0,26; [-47,4];
(0,000)
+0,01;
[+1,8];(0,885)
+0,05; [+9,1];
(0,013)
-0,20; [-36,5];
(0,000)

- 0,08; [-14,6]; (0,395)

MEF25-75, mL/s/day ; [mL/season]; (p-value)

Long term exposure to
particulate PM10 had a
significant negative effect
on lung function proxy for
the development of FEV1
and MMEF. Long term
exposure for NO2 and O3
had a negative effect of
FVC and FEV1.

FEV1 , mL/day;
[mL/season]; (pvalue)

When SO2 and PM10 increase with 10 µg/m3 and O3 and NO2
increase with 10 ppb, the presumed lungfunction change is:

Mean air pollutants at school per season
FVC, mL/day;
[mL/season]; (pvalue)
Winter:
Winter
NO2: 21,96
NO2
-0,22; [-40,2];
(0,001)
PM10: 21,03
PM10
-0,08; [-14,6];
(0,042)
SO2: 16,8
SO2
+0,06;
[+11,0];(0,009)
O3: 39,6
O3
-0,14; [-25,6];
(0,007)
Summer:
Summer
NO2: 12,80
NO2
+0,00;
[+0,0];(0,992)
PM10: 17,36
PM10
+0,01;[+1,82];(0,
938)
SO2: 6,9
SO2
+0,09;[+16,4];(0,
336)
O3: 63,6
O3
-0,15; [-27,4];
(0,001)

18 860 children, (7-9 yrs), 1994-1997, compareness between
summer and winter, eight communities with different height
over the sea (161-738 m o s), Austria.

Horak Jr
F et al.,
2002

19 2057 children, (9-18
yrs), CHSA, annual
measurements of
lungfunction,
exposure 1993 2004, 12
communities in
Southern California,
USA.

Low PM2,5: 5,7 - 8,5

High PM2,5: 13,7 - 29,5

Low PM2,5

High PM2,5

> 110
Low PM2,5
< 90
90 - 110
> 110
High PM2,5
80 - 100
100 - 120
> 120
Low PM2,5
80 - 100
100 - 120
> 120

High PM2,5
< 90
90 - 110

21,1 (8,8 : 50,5)
11,9 (4,7 : 30,0)
6,4 (2,3 : 18,2)

23,8 (10,2 : 55,6)
23,9 (9,9 : 57,7)
15,9 (6,3 : 40,5)

FEF25-75
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Hazard ratio of new onset asthma by lung function, PM2,5. (95% CI)
1,41 (0,87 :
1,08 (0,66 :
0,76 (0,45 : 1,26)
2,26)
1,76)
0,65 (0,41 :
0,46 (0,30 :
0,34 (0,21 : 0,56)
1,03)
0,71)

19,4 (7,5 : 50,5) 23,7 (9,4 : 59,4)
16,8 (7,0 : 40,1) 15,6 (6,5 : 37,4)
7,9 (2,9 : 21,9) 6,5 (2,3 : 18,7)

FVC
FEV1
14,2 (5,1 : 39,6) 20,8 (8,0 : 54,0)
25,6 (11,1 :
23,1 (10,0 :
59,2)
53,7)
16,7 (6,5 : 42,9) 18,8 (7,5 : 47,3)

Islam T
Lungfunction results, % predicted . Incidence rate of new onset asthma stratified by annual average PM2,5 Exposure to high PM2,5
(95% CI)
(>13,7 µg/m3) attenuates the et al.,
protective effect of better
2007
lung function against new
onset asthma.

43,9 / 31,8

Boys
Girls

Girls

Boys

SLFG(FVC)girls < 0,23 L
SLFG(FEV1)boys < 0,18 L
SLFG(FEV1)girls < 0,19 L

SLFG(FVC)boys < 0,24 L

Jedrych
ow-ski
W et al.,
1999

Multiple regression of log (ΔFEV1) related to air pollution in city and control area
B-coefficient
Standard Error
-0,307
0,132
-0,284
0,119

Boys
Girls

Boys
Girls
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Multiple regression of log (ΔFVC) related to air pollution in city and control area
B-coefficient
Standard Error
-0,354
0,122
-0,250
0,108

2,15 (1,25 : 3,69) / 1,90 (1,12 : 3,25)
1,50 (0,84 : 2,68) / 1,39 (0,78 : 2,44)

Odds ratio for slow lung function growth in a subset of 917 children without asthma symptoms or diagnose
(95% CI)

Odds ratio for all children for slow lung function growth** over two The proportion of children
years (95% CI)
with slower lung function
growth (lowest quintile) was
higher in the city, especially
in boys. When asthma
diagnoses and symptoms
were excluded (subsample
of 917 children) OR for
slow lung rised in boys, but
was still insignificant in
girls.
FVC in 100 mL
FEV1 in 100 mL Air pollution FVC / FEV1
1995
1995
1,41 (1,29 :
1,53 (1,37 :
2,10 (1,27 : 3,46) / 2,10 (1,27 : 3,48)
1,55)
1,71)
1,62 (1,44 :
1,60 (1,43 :
1,54 (0,89 : 2,64) / 1,51 (0,90 : 2,53)
1,81)
1,79)

** The 20 % with slightest lung function growth = SLFG

*Suspended Particulate Matter

SO2:

SPM*: 52,6 / 33,2

Annual pollutants City / control
20 1001 children, (8-9
yrs), exposure 1995 1997, 2 areas in
Krakow, Poland.
(1129 children in the
baseline survey)

21 86 children, (7-11
yrs), CAAAB,
exposure February
2001 - May 2002,
East [E] and
Southwest [SW]
Detroit, USA.
PM10: 19,1
PM2,5: 12,5
O3: 14,5

East Detroit
PM10: 15,7
PM2,5: 23,0
O3:
55,2

Lag 3-5
Lag 1

PM10: 17,5

PM2,5: 28,2
O3:
53,0

Lag 3-5

Lag 2

Lag 2

Southwest Detroit

Lag 1

IQR

Daily mean
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Single-pollutant models
PM2,5
O3
PM10
Diurnal variability of FEV1, % (95%
CI)
+1,53 (-0,85 :
+1,61 (-0,50 :
-0,41 (-3,02 : +2,19)
+3,90)
+3,72)
+5,32 (+0,32 :
+2,96 (-1,74 :
-0,73 (-3,21 : +1,75)
+10,33)
+7,66)
+1,46 (-2,21 :
+1,37 (-1,49 :
-1,86 (-4,86 : +1,14)
+5,13)
+4,22)
Lowest daily value of FEV1, % (95% CI)
-0,28 (-2,34 :
-2,23 (-6,99 :
-0,28 (-4,94 : +4,39)
+1,77)
+2,53)
-2,21 (-3,97 : -0,21 (-4,09 :
+0,21 (-3,06 : +3,48)
0,46)
+3,68)
-2,58 (-7,65 :
-0,76 (-5,00 :
-1,05 (-7,68 : +5,58)
+2,49)
+3,49)

Effects of concurrent exposure on children using inhalation with
corticosteroids - percentage change in lung function associated with
an increase of IQR of pollutants.

Air pollutants adversely
Lewis
affect lung function of
TC et
susceptible asthmatic
al., 2005
children. Study also incuded
children with upper
respiratory infection, but
these measurements are here
excluded.

PM10 + O3

PM2,5 + O3

PM10 + O3

PM2,5 + O3
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Two-pollutant models
PM2,5
O3
Diurnal variability of FEV1, % (95%
CI)
Lag 1
+0,99 (-5,64 :
+1,27 (-3,58 : +6,11)
+7,62)
Lag 2
+4,62 (-4,31 :
+3,51 (-3,79 : +10,81)
+13,54)
Lag 3-5
+2,70 (+1,00 :
+3,76 (+0,27 : +7,26)
+4,40)
Lag 1
+2,94 (-1,07 :
+5,32 (+1,82 : +8,82)
+6,96)
Lag 2
+13,73
+5,55 (+1,93 : +9,17)
(+8,23:+19,23)
Lag 3-5
+3,30 (+0,58 :
-1,63 (-6,97 : +3,72)
+6,02)
Lowest daily value of FEV1, % (95% CI)
Lag 1
+3,36 (-3,92 :
-2,53 (-9,78 : +4,71)
+10,63)
Lag 2
+0,88 (-8,69 :
-0,13 (-8,09 : +7,83)
+10,46)
Lag 3-5
-2,78 (-4,87 : -2,81 (-9,02 : +3,41)
0,70)
Lag 1
-6,25 (-11,15 : -2,33 (-4,85 : +0,02)
1,36)
Lag 2
-5,97 (-11,06 : -9,92 (-13,28 : -6,56)
0,87)
Lag 3-5
+1,98 (-0,38 :
-4,56 (-7,92 : -1,2)
+4,33)

Traffic pollutants
Annual mean
NOx: 23,1
PM10: 3,9
SO2: 2,5
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PEF, mL/min (95% CI)
-5,36 (-10,67 : -0.053)
-3,08 (-6,84 : +0,68)
-2,07 (-7,28 : +3,14)

Effects of exposure during 1st year of life on PEF at age 4 years,
corresponding to difference in pollutants

Air pollutants
Difference
NOx: 44
PM10: 6
SO2: 3

22 2565 children, (4 yrs), BAMSED, exposure 1994-1996,
outcome 1998-2000, four urban and rural regions, Sweden

Exposure to moderate levels Nordlin
of locally emitted air
g E et
pollution from traffic early al., 2008
in life appears to influence
the development of airway
disease. Lower PEF at age 4
was significantly associated
with exposure to trafficPM10 during the first year
of life and a similar
tendence was seen for traffic
NOx.

+1,23 (0,14 :
2,32)
no difference

FVC % (95% CI)

FEV1 % (95%
CI)
+0,84 % (-0,19
: 1,86)
no difference

-1,82 (-3,60 : -0,04)

-1,59 (-3,09 : -0,80)

FEF50 % (95% CI)

Diffence in percentage predicted mean values of lungfunction
between urban and rural areas

Long term exposure to
Priftis
urban environments is
KN et
associated with sub-clinical al., 2007
airway narrowing and
slower rate of FVC growth.
Children from the rural
environment had lower
levels of percent-predicted
FVC in 1996 and higher
levels of percent predicted
FEV50 in both 1996 and
1999. High levels of percent
predicted FVC seemed to be
associated with outdoor
athletic activities. The
prevalence of diagnosed
asthma and asthma
symptoms was similar in the
two cohorts. FEF50 values
throughout the whole study
period and initial FVC
values were independently
related to the residential
area.
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Urban area phase1 / phase2
Difference in percentage predicted mean values of lungfunction between 1999 and 1996 in different areas
NO2: 33,4 / 34,4
SO2: 16,8 / 16,0
+0,9
+0,3
-0,7
urban area
O3: 33,5 / 36,5
+2,5
+0,5
+1,5
rural area

1999

1996

23 820 children, (8-18
Air pollutants during phase 1+2
yrs), lungfunction
measured in two
phases; 1995-1996
and 1999-2000, urban
and rural areas in
Greece.

O3: 32,0 / 24,5

Rural area phase1 / phase2
NO2: 3,4 / 3,6
SO2: 6,0 / 2,1
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+0,74 (-1,36 : 0,11)

+0,16

(-0,99 :
1,3)

-0,64 (-2,56 : 1,28)

Diffence in percentage predicted mean values of lungfunction growth between urban and rural areas

A
B
C
D
E
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-8 (-19 : +4)
-18 (-34 : -2)
+3 (-12 : +19)

-8 (-9 : +21)
-17 (-36 : +1)
-20 (-32 : -8)

FEF25-75 mL (95% CI)

Change in lung function growth in mL per IQR increase in 6-month
mean pollutant concentration

Pollutants IQR
FVC mL (95%
FEV1 mL (95%
CI)
CI)
Single-pollutant models
Girls
NO2: 22,9
-48 (-55 : -41)
-32 (-39 : -26)
PM10: 36,4 -39 (-47 : -31)
-29 (-36 : -21)
O3: 22,6
-35 (-41 : -29)
-24 (-30 : -19)
Boys
NO2: 22,9
-45 (-53 : -37)
-26 (-33 : -19)
PM10: 36,4 -33 (-41 : -25)
-27 (-34 : -19)
O3: 22,6
-25 (-31 : -19)
-16 (-21 : -11)

CHS = The Childrens Health Study
CAAA = Community Action Against Asthma
FACES = Fresno Asthmatic Children's Environment Study
BAMSE = Barn, Allergi, Miljö, Stockholm, Epidemiologi
ICAS = Inner-City Asthma Study

PM10: 75,6
O3: 139,6

NO2: 64,6

24 3170 children (8-11
Mean air pollutants over the study
yrs), 1996-1999, five period
areas in Mexico City,
Mexico.

The study shows that longterm exposure to ambient air
pollutants is associated with
deficits in lung growth in
children.

RojasMartine
z R et
al., 2007

479 6-15

235 1-6

670 6-15

368 6-15

114 6-15

722 6-15

531 6-15

1294 6-15

Pop

Pop

Pop

Pop

Pop

Pop

Pop

Pop

Eroshina
K et al.,
2004
Fritz GJ
et al.,
2001
Jang AS et al.,
2003
Kim J
H, et al.,
2005
Kulkarni
N et al.,
2006
Langkuls
en U et
al., 2006
Longhini
E et al.,
2003
Yu TS,
et al.,
2001

Spatial
model

2 NO2, PM10,
SO2

2 NO2, PM10,
SO2, O3

4 PM10, traffic

Traffic-PM10

2 City

2 Industry

4 SO2

3 Oil ref, traffic

Age
Exposure Agent/source
group levels
(0-1,
1-6, 615, 1518)

Popula- n
tion/
sensitive
subgroup

No

No

No

?

No

No

No
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-250

-4,3

-0,054 ?

No

No

No

No

No

-8,5

Expo- unit Point
Lower
sure
estimate 95% CI
value

SocioNo
economy

Design
issues

Table 10 Quantitative summary of lung function studies

Study

?

L/year

ml

-0,2 ?

Upper unit
95%
CI

Area

Area

?

Per
exposure
value

?

unit

Comment

163 6-15

861 6-15

Mosham Pop
mer et
al., 2006

O'Conno Asthma
r GT et
, atopy
al., 2008

Time

Time

Panels, multiple occasions with exposure and
outcome
Boezen BHR,
Total 6-15
Time
HM et
IgE
459
al., 1999
Boezen BHR,
?
6-15
Time
HM et
IgE
al., 1999
Boezen -BHR, - ?
6-15
Time
HM et
IgE
al., 1999
Boezen -BHR, - ?
6-15
Time
HM et
IgE
al., 1999
Min J-Y Pop
181 6-15;
Time
et al.,
15-19
2008
?
?
?

NO2, PM10,
SO2, BS
NO2, PM10,
SO2, BS
PM10, SO2,
NO2

NO2, PM2.5, SO2, O3,
CO

?

?

?

NO2, PM10,
SO2, BS

NO2, PM10,
PM2.5

?

NO2, PM10,
SO2, BS
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-1,36

-0,89 ?

-6,6

0,95

1,13

1,45

1,37

-1,92

-10,8

0,76

0,98

1,11

1,16

?

-0,8 FEV1, % pred

FEV1, %

1,63 OR >10%
decrease in
evening PEF
1,9 OR >10%
decrease in
evening PEF
1,3 OR >10%
decrease in
evening PEF
1,2 OR >10%
decrease in
evening PEF
-2,4 FEV1, unit?
?

Lag 37-48 h most
imporant time
window of
exposure
10 µg/m³
MEF50% most
NO2,
sensitive outcome.
same
No effect of
day?
PM2.5 in model
with NO2
39 µg/m³ NO2, 5-day mean

µg/m³
PM10

100 µg/m³ BS, 5-day mean

100 µg/m³ PM10, same day

100 µg/m³ BS, 5-day mean

100 µg/m³ PM10, same day

1759 6-15,
15-18

1445 6-15,
15-18

110 6-15

860 6-15

2057 6-15,
15-18

Gauderm Pop
an J et
al., 2004

Gauderm Pop
an J et
al., 2007

Avol EL Pop
et al.,
2001

Horak Jr Pop
F et al.,
2002

Islam T
et al.,
2007

Pop

1678 6-15

Gauderm Pop
an J et
al., 2002

Distance to
freeway

NO2, PM10,
PM2,5, O3,
acid, EC, OC

12
PM2.5
communit
ies

8
NO2, PM10,
communit SO2, O3
ies,summ
er &
winter

-0,023 n/a

-6,6

-98

-89,1

-0,48

-0,77

63

Astma incidence in combinations of lung
function and PM2.5 levels

Communities at
different altitude

Study on
movers

Loss to
followup

Loss to
followup

NO2, PM10, PM2,5, O3,
acid, EC

NO2, PM10, PM10-2.5,
PM2,5, O3, acid

12
NO2, PM10,
communit O3
ies, home

12
communit
ies, home
levels
12
communit
ies, home

12
schools

Cohort, long-term exposure, multiple
outcome readings
Gauderm Pop
1498 6-15
12
an J et
schools
al., 2000

-13,5

-182

-154

-1,12

-1,41

n/a

Change during
summer,
mL/day

0,3 Annual
change,mL

-15 Annual growth
rate of FEV1,
mL, eight years

0,17 Annual growth
rate of FEV1,
%, four years,
fourth grade
-24,2 Annual growth
rate of FEV1,
mL, eight years

-0,13 Annual growth
rate of FEV1,
%, four years,
fourth grade

70,3 µg/m³
Similar effects for
NO2 in
PM10, PM10-2.5,
four years PM2.5, acid.
Stronger effects
for MMEF &
FEF75%. Weaker
effects in seventh
and tenth grade
62,5 µg/m³
Similar effects for
NO2 in
PM10, PM2.5,
four years acid, EC. Stronger
effects for MMEF.
66,1 µg/m³
Similar effects for
NO2 in
PM10, PM2.5,
eight
acid, EC, OC
years?
<500 m from
Effects also of
freeway, estimated regional
compared pollutants
to >1500
m
10 ug/m3
Similar effect for
PM10
NO2. Stronger
effects for PEF&
MMEF
10 ug/m3
Stronger effect on
PM10
MEF. Similar
effect for NO2
during winter,
interpretation
difficult.

Nordling
E et al.,
2008
Priftis
KN et
al., 2007
Priftis
KN et
al., 2007
RojasMartinez
R et al.,
2007

Pop

Pop
Followup

Crosssectional at
baseline

Traffic-NOx, trafficPM10, Heating SO2

PM10, PM2.5,
O3

2
NO2, SO2, O3
communit
ies
2
NO2, SO2, O3
communit
ies
5 areas
NO2, PM10,
O3

820 615,1518
820 615,1518
3170 6-15

Pop

Time
variation
in 2 areas

2
SPM, SO2
communit
ies

2565 0-1, 1- Spatial
6
model

86 6-15

1001 6-15

Pop

Lewis
Asthma
TC et al., tics
2005

Jedrycho Pop
w-ski W
et al.,
1999

64

-32

0,16

0,84

-5,36

-2,21

1,6

-39

-0,99

-0,19

-10,67

-3,97

1,43

-26 FEV1 growth,
mL per year

1,3 FEV1 growth,
%, 7 years

1,86 FEV1, %

-0,05 PEF, mL/min

1,79 OR of being in
lower quintile
for lung
function growth
over two years
-0,46 Lowest daily
value of FEV1
(%), lag 2

64,6 ug/m3
NO2

Area

44 ug/m3
trafficNOx
Area

15,7 ug/m3
PM10

Area

Girls, similar
effects in boys.
Similar effects by
NO2 in
multipollutant
models. Weaker
but significant
effects by PM10.
Stronger effects on
FVC.

Negative effect in
FVC

Negative effect in
FEF50

Weaker effect
from PM2.5.
Stonger effects by
both PM10 and O3
in 2-pollutant
models
Similar effect for
traffic-PM10

Air pollution
and children’s
respiratory health
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Luftföroreningar och barns luftvägshälsa

Frisk luft – ett av de miljökvalitetsmål som Sveriges riksdag
har antagit. Där anges att luften ska vara så ren att bland annat
människors hälsa inte skadas. För att möta de krav som ur ett
barnperspektiv ställs på vår utomhusmiljö har Naturvårdsverket gett Institutet för Miljömedicin, Karolinska Institutet i uppdrag att sammanställa föreliggande rapport “Luftföroreningar
och barns luftvägshälsa”. Utifrån en litteraturgenomgång av
den vetenskap som för närvarande finns på området har en
kunskapsöversikt gjorts som utmynnat i sammanvägda riskbedömningar i syfte att ge beslutsunderlag för hur utomhusmiljön
ska utformas med hänsyn till våra barns hälsa.
Symtom från luftvägarna är särskilt vanligt hos yngre
barn och ökad risk för sjuklighet på grund av exponering för
trafikrelaterade luftföroreningar har betydande konsekvenser för folkhälsan. Luftföroreningar har satts i samband med
symtom från nedre luftvägarna hos astmatiska barn, samt med
sjukhusinläggningar för astma, ofta under samma eller nästföljande dag. Barn som tidigt i livet utsätts för luftföroreningar
får lättare sjukdomar i luftvägarna såsom astma, snuva och
nästäppa, särskilt gäller detta barn som bor inom korta avstånd
från större vägar. Det finns starka bevis för att exponering
för luftföroreningar i barndomen har en negativ påverkan på
lungfunktionen och lungtillväxten hos barn. Den renaste miljö
i vilken luftföroreningar har kunnat kopplas till påverkan på
lungfunktionen var i Österrike och i Sverige. En sammanvägd
bedömning visar på en ökad risk för sensibilisering för utomhus
allergen för barn boende i områden med högre halter kvävedioxid. Emellertid behöver sambandet mellan luftföroreningar
och sensibilisering studeras närmare innan det kan användas
som en grund för förebyggande åtgärder.

Naturvårdsverket 106 48 Stockholm. Besöksadress: Stockholm - Valhallavägen 195, Östersund - Forskarens väg 5 hus Ub, Kiruna - Kaserngatan 14.
Tel: +46 8-698 10 00, fax: +46 8-20 29 25, e-post: registrator@naturvardsverket.se Internet: www.naturvardsverket.se Beställningar Ordertel: +46 8-505 933 40,
orderfax: +46 8-505 933 99, e-post: natur@cm.se Postadress: CM-Gruppen, Box 110 93, 161 11 Bromma. Internet: www.naturvardsverket.se/bokhandeln

