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Aims

The objective of this thesis was to investigate if long-term exposure to traffic-related
air pollution (traffic pollution) is a risk factor for development of chronic obstructive
respiratory disease, in a region with NO; levels below the WHO-guidelines.

The specific aims were to investigate:

1)

2)

3)

4)

Is exposure to traffic pollution associated with prevalence of asthma and
COPD (Chronic Obstructive Pulmonary Disease)/chronic bronchitis in
adults? (Paper 1).

How are subtypes of asthma and rhinitis in adults affected? Is there a
difference between how prevalence of allergic and non-allergic subtypes are
associated with exposure to traffic pollution? (Paper 2).

Is there any association between traffic pollution and prevalence of asthma
and asthma symptoms in adults in occupationally active age? We wanted to
investigate 1) separate associations with traffic pollution at residence,
workplace, and daily time in traffic, and 2) if combining the exposures, i.e.
accounting for total exposure, would strengthen the association between

traffic and asthma (Paper 3).

Is long-term exposure to traffic pollution associated with incidence of asthma
and other obstructive respiratory disease in children 0-6 years? (Paper 4).
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1 Introduction

1.1 The traffic pollution hypothesis

The prevalence of asthma and allergy increased sharply during the 20th century,
especially in the so called “westernized countries” (Western Europe, US, Australia,
New Zealand etc.) almost evolving into an “asthma epidemic” [1]. In Sweden, the
prevalence of asthma rose from 2% in the 1970s to 5% in the 1980s and 8% in the
middle of the 1990s [2, 3]. During the 2000s the asthma prevalence seems to have
reached a plateau, at least in Sweden [3]. However, allergic sensitization is still rising
in Swedish children [4] and adults [5]. The increase in allergy has given rise to a lot of
speculation on the reason behind the increase, and it has been fairly well established
that the increase is real and not only due to changed diagnostic habits [6]. One early
observation, was a tendency to more allergy in urban than in rural areas [7], why
urban air pollution has been considered as a possible cause.

During the period 1980-2000, when allergic disease increased markedly, most
monitored background air pollutants decreased substantially in the “westernized”
countries due to stricter air pollution regulations [8, 9]. This has been hold as an
argument that urban air pollution in general is unlikely to be the cause. However, at
the same time the number of cars increased substantially during this time period and
despite the decrease of background air pollution, local exposure to car exhaust has
increased [10-12]. A hypothesis is thus that this ’modern” type of air pollution from
traffic is the cause of the increase in asthma and allergy [13].

Etiologic research is complicated not only because traffic pollution is a complex
mixture of many different pollutants, not all which are measured, but also because
asthma, COPD and rhinitis are heterogeneous diseases consisting of potentially many
subtypes [14-16]. Contributing to the difficulties of investigating the relationship
between air pollution and disease, is also that air pollution strongly correlates with
urban living, making it difficult to separate the effects from traffic pollution from the
effects of other urban lifestyle factors.

Epidemiologic studies are the only way to assess long-term effects of traffic exhaust on
populations, but this is dependent on exposure assessment methods which can be
used on a wide population scale. Monitor stations are sparsely distributed
geographically and do not capture the full spatial variation of air pollution from
traffic. In recent years, Geographical Information Systems (GIS) has been used to
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assess exposure to traffic pollution, e.g. by measuring distance from residence to roads
or modeling air pollution concentrations from nearby emission sources. This
possibility of higher spatial resolution of exposure assessment has been necessary for
the ability to detect long-term effects of traffic on chronic respiratory disease.

It has been known for a long time that traffic pollution can trigger asthma attacks in
asthmatics, but there is now increasing evidence that it also contributes to the initial
development of asthma disease [17] and possibly also to COPD [18] and allergies
[19].

1.2 Traffic pollution

Air pollution is a mixture of particles (solid and liquid materials) and gases in the air.
Air pollution mixtures differ in time and space but in general, urban outdoor air
pollution has shifted from being dominated by coal-burning to being dominated by
traffic-related pollutions. Air pollution from traffic includes both traffic exhaust (CO,
PMo.1;, NO) and non-exhaust traffic pollution (such as PM from road dust and wear
from tire and breaks). The traffic pollution can also be further divided into the
primarily emitted pollutants (NO, CO, PMy.1) and secondary formed pollutants
(PM.s, Os, NO»).

1.2.1 Particles

Particles are small solid or liquid material in the air and is usually measured by mass
with consideration to size. Particle mass (PM) is measured as PM iy, PM, 5 or PMo
with an aerodynamic diameter of <10um, <2,5um and <0,1um respectively. Ultrafine
particle (PMy,1) are not routinely measured, but are considered important for health
effects. The size of the particles influence how they are deposited in the airways.
Larger particles are deposited higher in the respiratory tract, while smaller particles
can penetrate deeper down to the alveolar region [20]. Particles with the same size can
have completely different chemical composition. Particles less than 1 pm are
generated by gas-to particle and coagulation processes, while larger particles are
mainly mechanically generated [21]. Examples of PM o are wear from tires, sand dust
and sea spray. PM,s may consist of nitrates and sulphates secondary formed from
traffic exhaust, while PMy,; are primarily generated in fresh traffic exhaust [22].

The size of PM also determines the spatial distribution and dispersion in outdoor air.
PM, 5 generally has a homogenous spread over a city [23], even if levels are slightly
higher close to traffic due to the traffic accumulation mode fraction (0.1-1 pum) [24].
PM partly has a homogenous background value due to long-range transport but also
a spatially variable component generated locally in street canyons from road dust, tire
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wear etc. Ultrafine particle (PMo,1) have high local number concentrations close to
traffic, but quickly coagulates to larger particles away from traffic [24].

1.2.2 Gases

Nitrogen Oxides

Nitrogen oxides (NO, = NO, NO,) are produced during combustion in the presence
of air (since air contains N> and O,), especially during high temperatures. Road traffic
is the dominating source of outdoor NO, but other combustion processes contribute
to considerable amounts (e.g. shipping) and some amounts are also generated by
natural processes such as lightning. The primary pollutant from gasoline engines is

NO, which react with O3 to form NO,.

In the presence of sunlight, NO, is converted back to NO and O3, and usually an
equilibrium is rapidly established [25]. Diesel engines have a higher proportion of
directly emitted NO, [11]. Nitrogen Dioxide (NO) is a water non-soluble gas which
can penetrate deep into the lungs and is toxic per se in high concentrations.

The total concentration of outdoor NOy is usually measured as an indicator of the
presence of local exhaust from traffic. The concentrations of NO, are highest in street
canyons and rapidly decrease with increasing distance from the street, to obtain
background values within approximately 150m [26]. How well NO, estimates traffic
pollution depends on the presence of other NOy sources such as other outdoor
combustion sources, or indoor sources (such as gas ovens).

The correlation between NO, and different air pollutants thus depends on
measurement site. Kerbside street location, NOy usually has a high correlation with
PMo.1[24, 27], CO [28] and sometimes a good correlation with PM, [29].

Carbon monoxide, Ozone, Sulphur dioxide

Carbon monoxide (CO) is a directly emitted pollutant from incomplete combustion
of carbon-based fuels.

CO has a high local correlation with NO when measured close to a freeway [28]. A
study in Italy found indications that traffic pollution in highly polluted areas can
contribute to as high levels of CO in blood as average smoking [30].

Ozone (Os) is a highly reactive secondary pollutant, which at ground-level is formed
by precursors of NO, and Volatile Organic Compounds (VOC) in the presence of
sunlight [25]. Since ozone is consumed in the conversion of NO to NO,, ozone
concentrations are usually lower in urban areas than in surrounding sub-urban areas
[25] and often have a negative correlation with NO,. Sulphur Dioxide (SO,) is
produced from sulphate-containing fuels, which has greatly been decreased due to
regulations and removal of sulphur from fuels. In Sweden road traffic constituted
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0.5% of the total SO, emissions in 2010. The SO,-emissions today are mainly from
shipping and industries, which wuse residual oil containing sulphur. SO,
concentrations can thus not be expected to correlate with road traffic.

1.2.3 Current WHO guidelines

When assessing the Air Quality Guidelines, the World Health Organisation has done
a pure health based evaluation of the evidence for a certain limit. This can be
contrasted to EU and national regulations which often set their limits taking societal
and economic interests into account.

To estimate health effects from separate traffic pollutants can be difficult since they
occur in a mixture. The current guidelines are based on scientific evidence of a safe
limit for each pollutant per se. If NO; instead is regarded as a proxy for traffic-related
pollution there is evidence for health effects at exposure levels below the current
guidelines [25]. A recent updated review of the scientific evidence for health effects
from air pollution also recommend that several of the WHO-guidelines should be
revised toward lower values [31].

Table 1.
Current WHO Air Quality Guidelines [25].

Pollutant Concentration Averaging Period
Particulate matter 10 pg/m? 1 year
(PM.s) 25 pg/m?® 24 hour
Particulate matter 20 pg/m® 1 year
(PMo) 50 pg/m?® 24 hour
Ozone (Os) 100 pg/m® 8 hour
Nitrogen dioxide (NO2) 40 pg/m® 1 year
200 pg/m? 1 hour
Sulphur dioxide (SO2) 20 pg/m® 24 hour
500 pg/m?® 10 minute
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1.3 Different types of epidemiological air pollution studies

1.3.1 Temporal aggregation: Short-term and long-term studies

Epidemiological studies on air pollution are traditionally divided into short-term
studies, assessing the acute effects of day-to day-variations in air pollution levels, and
long-term studies, assessing the health effect of living for years in areas with high
levels of air pollution. This division is reflected in WHO’s air pollution guidelines,
which have separate short-term and long-term limits.

Short-term studies usually compare daily variations in air pollution levels. These
studies have shown that on days with high air pollution levels, there is a higher
number of hospital visits and deaths due to respiratory diseases. This type of study has
been conducted for a very long time, and acute respiratory effects have also been
known for long. One of the more famous examples is the London Fog in 1952 when
high levels of air pollution, due to coal use and a few days with inversion, caused
extremely high levels of SO, but also of particles. This is believed to have caused
4000-12 000 excess deaths during two months [32, 33]. In the aftermath, this led to
stronger air pollution legislation such as the introduction of the British Clean Air Act
in 1956 [34]. Similar findings can be seen today - although levels of PM generally are
much lower, mortality and morbidity can still be increased during days with high air
pollution levels. During the China Olympics, measures were taken to reduce the
levels of air pollution, and the number of asthma hospital visits dropped to 52% of
the usual number [35].

Long-term studies, comparing annual mean levels of pollution to assess the long-term
effects from exposure to air pollution, begun as early as the 60s [36]. However it was
not until the early 1990s, when several epidemiological studies reported long-term
effects on mortality from unexpectedly low concentrations of PM [22], that it started
to be acknowledged that air pollution also have long-term effects on health. These
early studies used monitor stations to compare cities with high levels of air pollution
with cities with lower levels of air pollution. One of the most classic long-term studies
is the Harvard Six Cities study, which showed a 26% higher mortality rate in cities
with higher air pollution levels [37]. Long-term effects are not only accumulated
short-term effects on mortality but it is also believed that air pollution gives chronic
disease development of both respiratory and cardiovascular diseases [31].

15



1.3.2 Spatial aggregation: Area level and individual level studies

Air pollution studies, especially long-term studies, are often divided into “area-level”
studies which uses monitor stations to compare the background air pollution levels
between larger areas or cities and the more recent “individual level” studies,
comparing the local gradients of air pollution exposure between smaller areas or
peoples’ residences etc.

“Area level exposure” studies

During the 90s there was still little evidence that long-term exposure to traffic
pollution could contribute to asthma incidence [38, 39]. Comparing the asthma
prevalence between cities with high levels of air pollution and cities with lower levels
of air pollution gave mixed results [25, 38]. Most early studies did not have individual
information on population characteristics (so called “ecological” studies) while other
collected detailed information from questionnaires and thus could adjust for risk
factors such as smoking on an individual level (“semi-individual studies” [40]).
However, the problem remained with both types of studies; air pollution
measurements were only made on area level, poorly reflecting the true spatial
variation of air pollutants.

For short-term studies, which rely on temporal contrasts, area level exposure
assessment has been less of a limitation since monitor stations have a high resolution
in time.

“Individual level exposure” studies

For long-term studies, it was first during 2000s that the computer development gave
possibilities to model exposure to traffic pollution on a more detailed individual level.
With the introduction of GIS, addresses could be geocoded and linked to databases of
road locations and other emissions sources. Although community-level “between
area’-studies, still show no association with asthma incidence [38], more recent
studies with detailed exposure assessment have indicated that within-city variation of
traffic pollution is associated with asthma incidence [17].

Some short-time studies have measured individual exposure by personal air pollution
monitoring, which has been in limited use due to its cost. Modeled data give short-
term studies the possibility of detailed individual assessment for larger populations.
This combination of high resolution in time with high resolution in space may
further advance the knowledge on exact which concentrations that triggers acute
health effects. While background monitor stations give daily or hourly variations in
background ambient air (where concentrations never get very high), or at few urban
hotspots, the daily variations in air pollution at “hot spots” can now be modeled for
larger populations.
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1.3.3 Air pollution exposure assessment in epidemiological studies

Exposure assessment of traffic pollution, in epidemiological studies, is usually based
on either data from monitoring stations, individual monitoring, self-reported data or
modeled exposures.

Monitoring stations. Many municipalities have monitoring stations for air pollution
assessment at city level but these are sparsely distributed and usually placed in urban
backgrounds or at roof level at a few selected “hot spots” with high traffic. At the
regional level, rural background stations may sometimes also exist. These monitor
stations have a good resolution in time, measuring hourly variations in air pollutions,
but a poor resolution in space since most cities have only a few stations. When
assessing population exposure, all individuals living within a few kilometers of a
monitor are usually assigned the same air pollution concentration. This may be a
reasonable assumption for more homogenously spread pollutants such as PM, s, but
gives a poor prediction of individual exposure of traffic pollutants such as NO,, which
vary on small spatial distances [23]. It may also be a reasonable assumption for short-
term studies, which is more dependent on time contrasts in pollution concentrations,
than for long-term studies which are more dependent on the spatial contrasts. The
main advantage is that data from monitor stations are readily available in most cities
and can thus be used for exposure assessment without further collection of exposure
data.

Individual monitoring. Facade measurements outside people’s front door or personal
samplers that people carry on their clothes during a few weeks have been employed in
a few studies and is often seen as the golden standard for individual exposure
assessment [41]. However, to conduct individual monitoring is expensive and is thus
limiting the measurements to smaller study groups during shorter time periods. There
may also be difficulties with compliance and selection bias, since only selected
populations will volunteer to carry monitors for a prolonged time period [41]. If the
purpose is to assess exposure to traffic pollution, there will also be confounding from
indoor sources of NO, and particles. Fagade or other stationary measurements can be
a good proxy for outdoor sources of NO, and PM, such as road traffic, but have the
disadvantage of not capturing personal exposure during commuting time or other
daily exposure to traffic away from home, and it does not account for the incomplete
penetration of outdoor pollution to the indoor environment [42]. An advantage with
both types of individual monitoring is that certain types of monitoring devices can
provide information on personal “peak concentrations” to traffic pollution which may
be especially valuable for studies of acute effects.

Self-reported data. Survey data has been employed in a large number of studies and is
a relatively cheap and easy way of individual exposure assessment. Simple questions
such as: “Do you live close to a major road?” have been found to be associated with
asthma [43]. However, the subjectivity in self-reported data makes it susceptible to
bias. Especially of concern is the risk of awareness bias, i.e. that people may be more
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aware of and hence over-report exposures that are known to be connected with their
disease [43-45]. Since air pollution is a well known risk factor for respiratory
symptoms, this could give a false positive relation between self-reported respiratory
disease and self-reported high traffic exposure [43]. There is also often selection bias
in response for self-reported data, i.e. that certain groups of people answer the survey
to a higher extent. In Scania it has been shown that women, individuals with high
education and individuals born in Sweden are overrepresented among responders

[46].

Modeled exposure. Modeling techniques have been increasingly used for estimating
population exposure to air pollution in epidemiological studies. Using geographically
referenced data, a spatial air pollution surface can be created by GIS or other
modeling tools. This spatial surface can then be linked to geocoded addresses for use
in epidemiological studies. The modeling methods differs widely in complexity, from
simple distance-based methods, considering only distance to monitor stations or
roads, to the use of complex dispersion models based on detailed data on emission
sources and dispersion factors [47].The advantage of modeled data is that it is the
only relatively cheap way to get objective individual exposure estimates for large
populations. However, the quality of modeled data can be expected to vary greatly
depending on quality of input data and the validity of the model employed.
Validation studies, comparing modeled and measured data are therefore of
importance. It has been pointed out that many studies use the same data for building
as for validating the model, something which is likely to give an overestimation of the
model performance [48, 49].

1.4 Current evidence from epidemiological studies

This section gives a brief summary of the current evidence of health effects of outdoor
air pollution on chronic respiratory disease and allergy. The overall evidence for
health effects from the most common air pollutants has been reviewed by WHO
2006 [25] and revised 2013[31].

Evidence of short-term effects

Time-series studies, using register data, have shown increased number of hospital
visits and deaths due to respiratory causes, during days with high air pollution levels
or after some lag period [25, 31]. The associations between NO, and respiratory
admissions are most consistent among children and older adults (= 65 years age) for
all respiratory diagnoses, and for all age groups for asthma admissions [31]. Effects
have also been seen on allergic rhinitis outpatient visits [50, 51]. Acute effects have
been seen even at current levels of air pollution in Sweden, with increased frequency
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of severe asthma, and increased number of acute hospital visits for asthma and
respiratory diseases on days with high air pollution levels [52, 53] .

Panel studies, evaluating smaller study groups by symptom diaries or other symptoms
measurements, have shown that asthma symptoms and cough can be triggered by air
pollution [31]. There is less evidence that COPD exacerbation can get triggered by
high air pollution concentration [54].

Evidence of long-term effects

Asthma. Recent reviews conclude there is an overall association between asthma in
children and traffic-related air pollution [11]. For adults, fewer studies have been
conducted and the role of traffic pollution in adult onset asthma is less conclusive
[55]. Traffic pollution has been associated with asthma incidence in both children

[56] and adults in Sweden [57, 58].

COPD/Chronic bronchitis. A recent review conclude that there is suggestive but not
conclusive evidence that traffic pollution causes COPD [59, 60]. Few cohort studies
have been conducted and most studies rely on hospital admission or doctor’s
diagnosis of COPD rather than on spirometry definitions. A study in Copenhagen
found that first ever hospitalization with COPD was associated with long-term air
pollution level [61] .

Lung function. There is strong evidence that both background levels of air pollution
and local levels of air pollution decrease lung function growth in children and
adolescents [18]. There are few studies on adults, and existing studies are mainly
cross-sectional [18]. One longitudinal study has shown that a reduction of PM
decreases the decline in lung function [62] .

Allergic sensitization, allergic rhinitis and atopic eczema.The effects of long-term
exposure to traffic on development of allergic disease such as sensitization, atopic
eczema and allergic rhinitis is overall inconclusive [11] even if many individual studies
have found traffic pollution linked to sensitization (especially to inhalation allergens)
[63-65], allergic rhinitis [63, 66], and prevalence of atopic eczema [63, 67, 68]. A
recent meta-analysis of five European birth cohorts did not find evidence of
sensitization (specific IgE) in relation to traffic [69]. A few studies in Sweden have
however found an association with sensitization in children [4, 64, 70].

Evidence in experimental human studies

Experimental studies of real-world exposures support the epidemiological data on
acute effects [11]. For asthmatics walking along Oxford street, lung function has been
shown to be impaired compared to walking in Hyde Park [71]. Chamber studies,
exposing people to specific pollutants or pollutant mixtures under controlled
circumstances, have also provided evidence of acute effects but at much higher levels,
i.e. small effects on increased airway hyperresponsiveness from NO; can be seen at
200pg/m® among mild asthmatics, and from 1900 pg/m® among healthy adults [25,
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31] It has also been shown that nasal instillation of diesel particles can enhance
allergic response to allergens [72].
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2 The current studies

2.1 Material and methods

2.1.1 Study area

The study area was the county of Scania, the southern part of Sweden, which has a
population of 1.2 million of Sweden’s total population of 9.5 million, and 115
inhabitants/km? (data from 2012 [73]) and a land area of approximately 11 350
km?). The largest city in the region is Malmé with a population of 307 207 [73]. A
large part of the population in Scania is living on the west coast, and most road traffic
from Europe to Sweden and Norway passes this area. A more detailed description of
some of the cities in the area can be found in an article by Stroh et al [74].

The air pollution levels for NO, are generally well below the WHO-guidelines, at
least when measured by monitoring stations. Although pollutant levels in the region
are low in a European context, they are higher than in the remainder of Sweden, due
to long-range transport of pollutants from the continent and extensive harbor and
ferry trafficc. Malmé has the highest level of air pollution in the area, however,
Trelleborg and Helsingborg have extensive harbor- and ferry traffic and therefore also
relatively high air pollution levels.

Previous studies have found that immigrants, and children residing in areas with low
income, has a higher exposure to NO, in Malmé [74, 75], but that the relation
between socio-economy and NO; differs between municipalities [74].

2.1.2 Study population

Paper 1 and 2 are based on a cross-sectional survey in 2000 (n=9319, age 18-77 years,
response rate=78%), within former Malmohus county, which is the western part of
Scania. The population was randomly sampled in Malmé and 10 of its surrounding
municipalities (Lund, Burlév Landskrona, Kivlinge, Lomma, Staffanstorp, Eslov,
Hoér, Horby, and Svaldv). The study population originated from two different study
populations, with 5039 subjects (response rate: 71%) from a new random selection,
and 4280 subjects (response rate: 87%) who constituted a follow-up group from a
previous survey in 1992.
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Paper 3 is based on two cross-sectional surveys, one in 2004 (n=24819, age 18-80,
response rate=59%) and the second in 2005 (n=2856, age 18-65, response
rate=86%). The first was a public health survey covering the entire Scania. The
sampling was stratified on age, sex and geographical area; the 29 municipalities were
divided into 62 geographical strata, with equal number randomly sampled in each
stratum independent of population size, in order to increase the statistical power in
some smaller administrative areas. The second survey (2005) was sent to all asthma
cases from the first survey (2004) which had agreed to participate in further studies,
and to controls randomly sampled from the first survey (1:3), frequency matched on
sex but not on geographical area.

Paper 4 is a birth cohort in Scania. The study was limited in time to children born
from July 2005, when individual level medication data was first available. All children
were followed to the end of 2011.

To identify the birth cohort, the identity number of all children born by mothers
living in Malmé, Svedala, Vellinge and Trelleborg during July 2005-2010, were
retrieved from the Perinatal Revision South (PNS)-registry. The PNS registry has
100% coverage of visits on obstetric and peri/prenatal units in the county. Out of 28
037 children identified in the PNS-registry, 875 were not found in the Scania
population registry and thus excluded, since they were not registered as living in the
region during childhood. Outcome data was available for all children found in the
Scania population registry (n= 27 162), by linkage to the Scania Health Care Registry
(SHCR) and the Swedish Prescribed Drug Register. Geographical coordinates of the
children’s registered address (during the year of birth) was available for 26 128
children. Most of the missing geocodes belonged to children born in December,
whose late birth date lead to addresses not being registered during their year of birth.
Geocodes were also retrieved for all subsequent years, until the end of 2010. Finally,
covariate information from questionnaires routinely distributed at Child Health Care
centers was available for 7898 children, which formed the main study cohort.

2.1.3 Geocoding

Traffic exposure assessment was obtained by the use of GIS to link geographical
coordinates for people’s residential address to traffic exposure data. For residential
address (paper 1-4), geocodes were obtained by linking each individual’s unique 10-
digit personal identity codes to a registry containing the geographical coordinates of
nationally registered residential address. This assigned individuals a position at their
real estate. In paper 3, occupational addresses were obtained in one of the surveys,

and geocoded by their address.
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2.1.4 Exposure measures

Exposure to traffic was assessed using three different types of proxies (Figure 1).

1. Self-reported exposures to traffic. This was obtained from surveys (Paper 1-

3).

2. Traffic intensity on the heaviest road within a certain radius. GIS-based
registers from The Swedish National Road Database provided information
about traffic intensity for all major roads in the county (Paper 1-4).

3. Modeled exposure to NO,, which is a commonly used indicator for traffic
pollution. In the present studies, we made use of a GIS-based emission
database for nitrogen oxides (NOy and NO,) which has been developed and
validated for southern Sweden. Annual mean concentrations of NO, were
modeled in a grid with a spatial resolution of 250x250m (Paper 1-3), as well
as 100x100m (Paper 4).

1. Self reported:
Do you live close to a road with heavy traffic?

2. Dlstance to road (GIS)
'

YES/NO
o o

Figure 1.
Exposure measures used in the studies.
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Emission database and dispersion modeling of NO..

Annual mean concentrations of NO, were acquired from an emission database
(EDB), originally based on the year 2001 but updated regularly, which has been
extensively described in previous studies [76, 77]. Emission sources included in the
database are: road traffic, shipping, aviation, railroad, industries and larger energy and
heat producers, small scale heating, working machines, working vehicles, and working
tools. Meteorological data were also included. A modified Gaussian dispersion model
(AERMOD) was used for dispersion calculations; a flat two-dimensional model
which did not adjust for effects of street canyons or other terrain, but which did take
the height of the emission sources into consideration. Background values of NO, were
also added to the modeled values. Concentrations of NO, were modeled as annual
means on a grid with a spatial resolution of 250 x 250 m (Paper 1-3) and 100x100m
(Paper 4). Bilinear interpolation was used to adjust individual exposure with weighted
values of neighboring area concentrations [78].

Validation of the EDB has been done by comparing modeled NO, with 100x100m-
resolution with measured facade measurements during one week (Spearman’s r=0.8,

p<0.01) [79].

2.1.5 Health measures

Questionnaires

The first three studies (Paper 1-3) relied on questionnaires for outcome data and
confounder information, and the fourth study (Paper 4) relied on questionnaires for
confounder information. Only the second questionnaire in paper 3 (sent in 2005),
was designed with the specific purpose of investigating effects from traffic exposure.
The other questionnaires were originally distributed for other purposes.

Paper 1 and 2 are based on a cross-sectional survey distributed in 2000. The
questionnaire focused on respiratory disease, and was originally distributed with the
purpose of studying prevalence of respiratory disease, symptoms, comorbidity and
determinants. An English translation of the questionnaire has been published
elsewhere [80]. The questions about upper respiratory tract disease and symptoms
were designed for the specific study, while questions about lower respiratory tract
disease and symptoms were based on a validated questionnaire used in the OLIN
(Obstructive Lung Disease in Northern Sweden) studies [81].

Paper 3 is based on two cross-sectional surveys, one in 2004 and the second in 2005.
The public health questionnaire (2004) had a broad purpose of investigating health
and risk factors for population health in Scania. The second survey (2005) was
distributed with the specific purpose to estimate effects of traffic pollution and other
environmental factors. A supplemental file published together with paper 3, contains
the original Swedish questionnaires with English translations [82]. A study of the
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representativity of responders in a previous public health-survey in the same region
found that women, individuals with high education and individuals born in Sweden
were overrepresented among participants [46].

Paper 4 used questionnaires distributed at Child Health Care-centers (CHC) to
obtain covariate information. The questionnaire was handed out to parents during
the child’s 8 month checkup. The questionnaire had been validated and translated
from Swedish into five different languages: Albanian, Arabic, English, Serbo-
Croatian, and Somali. The CHC-questionnaires were originally distributed as part of
the “Child Health and living conditions study” in Malmé, Svedala, Vellinge and
Trelleborg [83]. The CHC-center visits cover almost 100% of the children in the
country [83], however, there may be selection in which CHC-centers that
participated in the study. Moreover, questionnaires were not handed out on all visits

[84].

Registry-based data

Paper 4 used registry-based outcome data. In addition to hospital data (which is
commonly used) we also had access to primary health care data and data from the
Prescribed Drug Register. Few countries have access to primary health care or drug
registers for the entire population. The main advantage with registry-based data is
that it decreases the risk of recall and awareness bias, and if the coverage is good, also
decreases the risk of selection bias.

The Swedish Prescribed Drug Register

The Swedish Prescribed Drug Register includes all drugs dispensed at pharmacies in
Sweden, since July 2005 linked to personal identity numbers [85]. The registry is
maintained by the National Board of Health and Welfare. All dispensed prescribed
drugs at the pharmacies are registered, with a very small number of incorrect or
incomplete registrations of ID. The population coverage with correct patient
identities is 99.7%.

The registry contains data on all dispensed prescriptions in ambulatory care. Over-
the-counter (OTC) medications and drugs used at inpatient settings are not included.
Medication data are classified according to the Anatomical Therapeutic Chemical

Classification System (ATC) [86].
The Scania Health Care Registry (SHCR)

In Sweden, all healthcare consultations are recorded in county-specific databases. The
SHCR holds details for primary health care, and hospital based in- and outpatient
care for Scania. Each consultation generates data entries that are transferred to SHCR
and which constitute the basis for reimbursement to the healthcare providers. The
hospital care has a good coverage and validity for diagnostic codes [87, 88]. However,
for primary care, the number of consultations with diagnostic codes is less complete.
The diagnostic codes from public care are transferred to SHCR, but have some
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missing registration of diagnostic codes due to incomplete journal entries. For private
health care providers, consultation events, but not diagnostic codes, are transferred to
SHCR. In paper 4, diagnostic codes were available for 96.5% of the hospital visits,
and for 50.2% of the primary care visits. Among the latter, 70.2% of public primary
care visits had diagnostic codes, while codes were completely missing for private
primary care visits. The proportion of private primary care was 27.8% of total
primary care visits.

2.2 Method description for the individual papers

2.2.1 Paper 1.

Title: Traffic-related air pollution associated with prevalence of asthma and
COPD/chronic bronchitis. A cross-sectional study in Southern Sweden.

Study aim: To examine if exposure to traffic pollution is associated with prevalence of
asthma and COPD/chronic bronchitis in adults

Study population: This paper was based on a cross-sectional respiratory survey in
2000, (n=9319 age 18-77, response rate=78%) , within the western part of Scania.
The population was randomly sampled in Malmé and 10 of its surrounding
municipalities.

Outcome measures: A postal questionnaire was used to investigate the following
outcomes.

1. Diagnosis of asthma. "Have you been diagnosed by a doctor as having asthma?”

2. Diagnosis of COPD/Chronic bronchitis/Emphysema. “Have you been
diagnosed by a doctor as having chronic bronchitis, emphysema, or COPD?’.

3. Asthma symptoms during the last 12 months. "Have you had asthma
symptoms during the last 12 months, i.e. intermittent breathlessness or attacks of
breathlessness? The symptoms may exist with or without cough or wheezing.”

4. Chronic bronchitis symptoms. "Have you had periods of at least three months
where you brought up phlegm when coughing on most days?”, and if so, "Have
you had such periods during at least two successive years?”. Both questions had to
be answered with “yes”, to be classified as having chronic bronchitis
symptoms.
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Exposure data:
1. Self-reported data, “Do you live close to a road with heavy traffic? Yes/No”.

2. GIS modeled traffic intensity on the heaviest road within 100m, at
residential address.

3. Dispersion-modeled concentrations of NOx (250x250 m grid) , at residential
address.

Statistics: Multiple logistic regression was used to assess the relation between exposure
data and outcomes, OR:s were adjusted for age sex and smoking. Socio-Economic
Indices (SEI) and occupational exposure (coded as ALOHA Job Exposure Matrix
(ALOHA JEM) [89]) were also considered as confounders but did not change the
effect estimates more than 10% and were not included in the final models.

2.2.2 Paper 2.

Title: Traffic exposure associated with allergic asthma and allergic rhinitis in adults.
A cross-sectional study in southern Sweden.

Study aim: To examine if there was a difference between how subtypes of asthma and
rhinits were affected by traffic pollution.

Study population: same as for paper 1.

Outcome measures: Asthma, rhinitis and eczema were investigated using the survey
questions specified in figure 2.

Exposure data:
1. Self-reported data “Do you live close to a road with heavy traffic? Yes/No.”.

2. GIS modeled traffic intensity on the heaviest road within 100m, at
residential address.

3. Dispersion-modeled concentrations of NO, (250x250 m grid), at residential
address.

Statistics: Multiple logistic regression was used for the analyses, and OR:s were
adjusted for age, sex and smoking. SEI and occupational exposure (ALOHA JEM)
were also considered as confounders but did not change the effect estimates more
than 10% and were not included in the final models.
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ASTHMA

Have you been Have you had asthma
diagnosed by a doctor symptoms during the
as having asthma? last 12 months?

N

Do you usually have breathlessness,
wheeze or severe cough:

a) From pollen e.g. birch, grass

b) From furred animals asthma

Allergic

No

!

c) During exertion

d) In cold weather

e) Misty/foggy weather
f) Cigarette or tobacco smoke Non-allergic
g) In dusty places

h) Car exhaust fumes/in towns
i) Strong smelling scents

j) Stress

ECZEMA

—

Have you now or have you
had allergic eczema?

asthma

Have you been diagnosed
by a doctor as having hand-
eczema?

RHIN'T'S Have you had hand-

eczema during the last

12 months?

Do you have nasal symptoms provoked
or worsened by environmental
factors?

a) Tree-pollen (e.g. birch) Al!e':g_'c
b) Grass-pollen rhinitis
c) Animals

d) House-dust

e) Mould

No

!

i) Strong-smelling scents

j) Spicy food

k) Red wine/alcoholic beverage
1) Drugs E
m) Other food rhinitis
n) Stress or discomfort
o) Printer ink

p) Other factors

Non-allergic

Figure 2.
Outcome definitions for paper 2.
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2.2.3 Paper 3.

Title: Adult asthma and traffic exposure at residential address, workplace address,
and self-reported daily time outdoor in traffic: A two-stage case-control study.

Study aim: The aim was to investigate the association between traffic pollution and
prevalence of asthma and asthma symptoms in adults in occupationally active age. We
investigated 1) separate associations with traffic at residence, workplace, and daily
time in traffic, and 2) if combining the exposures, i.e. accounting for total exposure,
would strengthen the association between traffic and asthma.

Study population: This study is based on two cross-sectional surveys, one in 2004
(n=24819, age 18-80, response rate=59%, however, we restricted our analysis to age
18-65, n = 22693) and the second in 2005 (n=2856, age 18-65, response rate =
86%). The first was a public health survey covering entire Scania. The sampling was
stratified on age, sex and geographical area; with 29 municipalities divided into 62
geographical stratum, with equal number randomly sampled in each stratum
(independent on population size), in order to increase the statistical power in some
smaller administrative areas. The second survey (2005) was sent to all asthma cases
from the first survey (2004) which had agreed to participate in further studies, and to
controls randomly sampled from the first survey (1:3), frequency matched on sex but
not on geographical area.

Outcome measures: The following survey questions were used as outcome measures.

1. Asthma prevalence. "Do you have asthma?” The answers: "No”, “Yes, but not
symptoms”, "Yes, minor symptoms”, "Yes, severe symptoms” were dichotomized
into "Yes” (All three ”Yes-answers”) or "No”. This question was only present
in the first survey.

2. Asthma symptoms during the last 12 months. "Have you had asthma
symptoms during the last 12 months, i.e. intermittent breathlessness or attacks of
breathlessness?”. This question was available in the second survey.

3. Self-reported doctor’s diagnosis of asthma was also analyzed for those with
this information available in the second survey “Have you been diagnosed by a
doctor as having asthma?”.

Exposure data:

1. GIS modeled traffic intensity on the heaviest road within 50, 100, 250 m, at
residential and occupational address.

2. Dispersion-modeled concentrations of NO (250x250 m grid), at residential
and occupational address.

3. Self-reported data. “Whar is the traffic intensity on the street outside work/school
(within a distance of 50m)”,”What is the traffic intensity on heaviest road you
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can see from any window in your apartment? (within a distance of 50m)”, and
“How much time do you on average spend outdoor in traffic every day? (in cars,
buses, bike, walking on streets etc)” and “How long time does it take for you to
transport to work/school?”.

4. Total exposure. Total exposure was calculated as ((Total time - time at work -
time in traffic)*NOy at home address) + (time at work*NOj at workplace
address) + (time in traffic*C). The constant C representing the hypothesized
average NO,-dose from time in traffic was varied between 30 and 300.

Statistics: Effect estimates were obtained as Odds Ratios (OR:s), by multiple logistic
regression. Potential confounders present in both the first and the second survey were
adjusted for (sex, age, smoking, Body Mass Index (BMI), SEI-codes and self-reported
“exposure to chemicals, dust, or fumes at work”). Potential confounders from the
second survey (indoor dampness, smell of mould, condensation on inside of windows,
specific work-exposures assessed by self-reported exposure to dust, motor exhaust or
chemicals (assessed as separate questions) and by coding self-reported occupation to
ALOHA JEM) were also considered for inclusion in the model but did not change
the estimate more than 10% and were not included in the final models.

2.2.4 Paper 4.
Title: Asthma incidence in children growing up close to traffic. A birth cohort in
southern Sweden.

Study aim: Is long-term exposure to traffic pollution associated with incidence of
asthma and other obstructive respiratory disease in children 0-6 years?

Study population: We investigated a birth cohort in southern Sweden, consisting of
N=26 128 children with outcome and exposure data (born July 2005-2010). Of these
children, N=7898 had additional covariate information. The cohort was followed to
the end of 2011. Covariate information was obtained from questionnaires distributed
to parents at Child Health Care-centre visits, eight months after birth.

Outcome measures: Outcome data were obtained from registry data on dispensed
asthma medication (the Swedish Prescribed Drug Register), and hospital and primary
health care data with diagnostic codes (The Scania Health Care Register).

As primary outcomes we used (from the Swedish Prescribed Drug Register):
1. Incidence of first ever dispensed inhaled B2-agonist
2. Incidence of third year with dispensed inhaled B2-agonist
3. Incidence of first ever dispensed inhaled corticosteroid
4

Incidence of third year with dispensed inhaled corticosteroid
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The secondary outcomes were primary diagnoses of (from The Scania Health Care

Register):
1. Bronchiolitis (J210, J218, J219)
2. Obstructive bronchitis (J200-J209, J22-P)
3. Asthma (J450-J459, J45-P, J469)

The diagnostic codes are based on a Swedish version of the ICD10-system, and a
simplified primary health care version KSH97-P

Exposure data:

1. GIS modeled traffic intensity on the heaviest road within 100m, at
residential address.

2. Dispersion-modeled concentrations of NO, (100x100 m grid), at residential
address.

Statistics: Cox proportional hazards regression was used. The model was adjusted for
sex, environmental tobacco smoke (ETS), breastfeeding, parental allergy, parental
origin, parental education and year of birth. Covariates were selected by pre-screening
and stepwise selection, variables considered but not selected for inclusion were birth
weight, smoking during pregnancy, mold at home, furred pets at home, problems to

pay bills, and type of housing.

2.3 Results and comments: Paper 1-4

Paper 1. We found asthma and COPD to be associated with traffic at residential
address among adults, in southern Sweden, an area with relatively low levels of air
pollution. Overall, residential traffic was associated with a higher prevalence of both
asthma diagnosis and asthma symptoms during the last 12 months, as well as COPD
diagnosis and chronic bronchitis symptoms. Traffic intensity on the heaviest road
within 100m showed effects at a traffic intensity of 26 cars/min (8640 cars/day).
Effects of NO, were seen in the highest exposure quintile of annual average
>19pg/m?, but only in Malmé, not in the region outside. That traffic pollution does
not only increase asthma symptoms but also asthma incidence has considerable
evidence in children [11] and is observed in several recent longitudinal studies in
adults, however not consistently [11]. Long-term effects of traffic on COPD have
been less studied, but some studies have found traffic to increase the incidence of
COPD/chronic bronchitis and some has not [59]. None of these studies reported a
greater effect in smokers, which was possibly indicated in our study although not
statistically significant.
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Paper 2. We found only current asthma and rhinitis triggered by allergic factors,
not current asthma and rhinits triggered by other factors, to be associated with
traffic exposure. We also found an association between traffic exposure and eczema.
Many studies have found that traffic causes allergic disease or allergic sensitization,
but there are also many studies finding no association. The results are very interesting
since allergic sensitization is still increasing in Swedish children [4, 90] and adults [5],
but asthma prevalence and symptoms of rhinitis and eczema seems to have reached a
plateau for both children [4, 90] and adults [3]. Allergic sensitization has been
associated with traffic in some Swedish studies [4, 64]. The fact that allergic
sensitization has increased without a rise in total symptoms of asthma, rhinitis or
eczema might depend on concurrent decrease in daily smoking [4]. For example, in
southern Sweden, daily smoking has dropped from 37% to 17% in men, and 28 to
18% in women between 1980 and 2003 [91]. It has been suggested that there is an
ongoing switch to more allergic subtypes of asthma and rhinitis [90]. Finally, it
should be noted that our study only investigated trigger-related allergic and non-
allergic disease, and did not address other non-allergic chronic respiratory symptoms
from the upper respiratory tract, such as permanent nasal symptoms and yellow nasal
discharge, which have previously been related to self-reported traffic in the area [92].

Paper 3. Our results shows that asthma prevalence was associated with high traffic
exposure at the residential address but no significant associations were found with
traffic exposure at work-address or with daily time spent outdoor in traffic. A
stronger association was not seen when considering total traffic exposure compared to
only residential traffic. The fact that total traffic did not give a stronger estimate is
likely to reflect that work-address or time spent in traffic did not show single
associations with asthma (although effects were indicated in the highest exposure
categories) and that residential and occupational traffic exposure were correlated.
Another likely cause for the lesser effect from traffic at work-address may be that the
geocoding, although assigned at exact address, still may be imprecise at work-address
compared to residential address since work-place buildings may be large, and people
relocated to other addresses part of their working time. It is also possible that
migrational bias affects residential address less than work address or other daily
activities. It was however difficult to assess the independent effects of the different
exposures since residential and occupational exposures were largely associated and
there was low power for stratification. The associations between residential traffic
exposure and asthma in this study confirm the results in paper 1 and 2. However, the
effect estimates for residential traffic were slightly higher in the second survey. This
rises a question of selection bias. The overall participation rate in the first survey was
59%, while the second survey had a response rate of 86% and was only sent to
respondents from the first survey which had agreed to be contacted again. It is known
from previous public health surveys that the response rate depends on socioeconomic

and geographical strata [46].
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Paper 4. We found no association between growing up close to traffic, and asthma
incidence or incidence of other chronic obstructive respiratory disease, in children
0-6 years in southern Sweden. On the contrary, there was a lower prevalence of all
outcomes except obstructive bronchitis, in these children. Overall, the literature
clearly supports an association between asthma incidence and traffic exposure.
However, most reviews have not made any distinction on age of onset. We believe
that there is much larger support for asthma incidence in older children and much
less support for asthma incidence in young children. We therefore think that our
results may reflect this and that if this cohort is followed to older age there may be an
association between traffic and allergic asthma (which is more common in children >3
years). It is also possible that there is no effects on asthma onset in this region with its
very low levels of exposure, but that higher levels of air pollution would have shown
an association with the outcomes in this study. We believe that our objective registry
outcome data is a big advantage in this study, since almost all other studies rely on
self-reported data which may cause an awareness bias. However, the registry based
outcomes may still be susceptible to other form of biases. The higher prevalence of
asthma in those with low traffic exposure suggests that we have not adjusted for all
important population factors. The validity of dispense of asthma medication from the
Swedish Prescribed Drug Registry as a proxy for asthma and other obstructive
respiratory disease was recently investigated. For pre-schoolers (age 0-4.5 years), a
dispense of =2 inhaled corticosteroids, leukotriene receptor antagonists, or
combinations of inhaled corticosteroids and B2-agonists, with at least two weeks gap
between dispense, gave a positive predicitive value (PPV) of 75% for asthma. Of
children that did not fulfill the asthma criteria, 18% were defined as having
obstructive bronchitis and 7% as having been given asthma medication for other
reasons such as cough or upper respiratory tract infections [93]. This strengthens our
use of dispensed asthma medication as a good proxy for asthma and other obstructive
respiratory disease.

2.4 Methodological discussion

2.4.1 Is traffic a cause of allergic asthma?

Traffic pollution was associated with allergic asthma in paper 2 but not with non-
allergic asthma. The cross-sectional study design and lack of information on disease
onset was a major limitation since we could not establish if traffic pollution causes
childhood or adult disease, induces sensitization to allergens, leads to manifest disease
among already allergic individuals or only acts as a direct or adjuvant trigger, all roles
which have been suggested in the literature [94].
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Is sensitization an intermediate variable in the effects of traffic on asthma?

This question has major analytical implications since many asthma studies actually
often adjust for atopy or allergic factors despite their position in the causal chain,
which formally excludes them from being a confounder [95]. Often the problem
discussed concerns residual confounding, more seldom the problem with
overadjustment (i.e. that when adjusting for risk factors that are only intermediary
variables, studies may partly adjust away the effects) [95]. The heterogeneity in
confounder control, where some studies adjust for sensitization and some do not, may
be one factor contributing to inconclusive results in reviews of the effects between air
pollution and asthma.

Sensitization

Traffic pollution

Figure 3.
Traffic pollution has been suggested both to induce sensitization, lead to disease among already sensitized
as well as trigging existing asthma.

What elements that are independent risk factors can only be answered in longitudinal
studies (establishing temporal associations). Cross-sectional studies, especially if
containing both intermediary and end-point variables, however play an important
role in the search for hypotheses to guide decisions for both longitudinal and
experimental studies, since these studies cannot be optimally designed to account for
more than a few factors. In our studies, the lack of intermediary endpoints, such as
specific IgE is a limitation. Simple questions such as presence of atopic eczema in
childhood may also give important etiological information in cross-sectional studies.

In paper 4 we could longitudinally follow a birth cohort population, and the lack of
effect on chronic respiratory symptoms in early age (which mainly reflect non-allergic
obstructive symptoms) may be consistent with the theory that traffic pollution would
cause primarily allergic asthma. This cohort should be followed further longitudinally
— if traffic exposure turns out to be associated with persistent or later-onset childhood
asthma in these children, this could support an association with primarily allergic
asthma, even if we lack specific IgE.
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Relative risks /OR:s do not generally determine biologically susceptible groups

A problem (well known) in epidemiology is the tradition of testing interaction terms
(or effect modification) in terms of relative effects while biological interaction in
practice more often means an increase in absolute effects [96]. Since the absolute risk
of asthma is higher in many subgroups such as smokers or atopics, if the relative effect
due to traffic was the same for atopics as non-atopics, the absolute increase in number
of cases due to traffic needs to be much larger in the atopic group. A larger OR in the
atopic group means there is a larger both relative and absolute effect in that group but
a larger OR in the non-atopic group only means that there is a larger relative effect.
This is sometimes interpreted as “inconsistency” in the hypothesis that atopics are
more sensitive to traffic.

A recent review of the effects of traffic and asthma [55] compared the effects for
atopic vs non-atopics and noted that the effect of air pollution on asthma seemed
stronger in atopics in two studies [57, 97] and in non-atopics in the third [98].
However, the study with stronger effect in non-atopics (the association between 10
ug/m’ NO; and asthma incidence was OR= 1.57 for non-atopics, and OR= 1.31 for
atopics) had an overall OR of 4.21 for the risk of asthma incidence in atopics
compared to non-atopics. It is thus very likely that if absolute effects had been
estimated and tested for, there had been a larger absolute risk in all three studies for
atopics.

For the research on effects of air pollution on asthma and allergy to progress, it is
important that all studies investigating susceptibility in subgroups should report also
interactions in absolute risk estimates, to make it possible to compare literature in a
sensical way.

The problem is also illustrated in Paper 1, when stratifying the effects of traffic on
COPD for smokers vs non-smokers. By looking at the crude prevalence, there seems
to be a much higher absolute increase with increasing traffic for smokers, but what is
actually statistically tested is only interaction on an OR-scale (mulplicative scale),
which is non-significant. However, a test for interaction on an additive scale had been
more proper in this case [96, 99].

A calculation of relative excess risk due to interaction is a commonly used measure of
additive interaction [99]; in the example from our study, a calculation of relative
excess risk (RERI) without adjustment for confounders, gives a significant relative
excess risk of COPD due to additive interaction between smoking and having a road
with traffic intensity >10/cars min within 100m, RERI= 1.60 (Table 2). Similarly,
the attributable proportion (AP) due to interaction between smoking and traffic
intensity is also significant, but not the synergy index which was also calculated.
Depending on what measure had been used, interaction between smoking and traffic
thus could have turned out statistically significant in paper 1 if interaction had been
tested on an additive scale.
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Table 2.

If there is no additive interaction are RERI and AP equal to 0 and S is equal to 1.

Estimations of additive interaction: combined exposure to tobacco and traffic

Measure Estimate Lower CI Upper CI
RERI 1,604 0,227 2,981
AP 0,505 0,222 0,789
S 3,813 0,874 16,639
Relative risk with contributions from different exposure categories marked
U is the common reference category
4
35
3
25
2
1.5
1
0.5
0
-0.5
Figure 4.

Relative risk contributions from smoking, traffic and their interaction.

2.4.2 What factors prevented optimal confounder control?

In paper 4, there was a lower risk of asthma among those living close to traffic. This
raises the question of potential unmeasured residual confounding factors. The
question also remains if the positive results in Paper 1-3 could be due to confounding.
I here discuss some of the problems inherent in air pollution epidemiology,
investigating long-term effects, which were also encountered in the present studies
and which prevented optimal confounder control.
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Figure 5.
High levels of NOx (red) is mainly found in Malmé in Scania. On the lefthand side is Copenhagen
(Denmark) in red, and some ferry traffic is visible in yellow.

Traffic pollution correlates with urban living

Exposure to air pollution from traffic highly correlates with living in cities, which
means there is always a risk that effects of air pollution is confounded by other factors
related to urban living. Even if collecting and adjusting for urban risk factors such as
differences in smoking rates or occupation, unmeasured factors may remain.
Common strategies to avoid this is study restriction to selected populations, post-
stratification, that is to look separately at effects within in different areas (Paper 1), or
statistical adjustment for different baseline risks within different communities (by
dummy variables for urban versus rural, or by random effects in a multi-level

paradigm).
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However, to adjust statistically for urban-rural differences there must be comparable
exposure ranges between the areas. When not, differences in baseline risk between
cities because of different traffic exposure cannot be separated from differences in risk
due to other factors. In our studies exposure distributions were very unbalanced.
Basically, comparing high with low exposure means comparing Malmé with
remaining area in paper 1. In paper 3 there is also a resulting “Urban versus Rural”
comparison (figure 6) with potentially unmeasured confounding which can’t be
accounted for by analytical methods.

The consequences of potential unmeasured confounding, in the presence of
unbalanced data, is not only that risk factors may cause a false positive effect. It is
equally likely that risk factors may cancel each other out or even reverse the
association, a special case of confounding known as Simpson’s paradox [100].

That different baseline risks in city versus countryside may cancel out the effects of air
pollution is not at all unlikely, since almost all ecological studies on asthma have
failed to find any between-city associations with traffic pollution [101]. The inability
to geographically stratify data in Paper 3 (since most municipalities had no high levels
of traffic) to assess within-city effects, is thus a major limitation.
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Figure 6.

NOx distribution in the study population ( Paper 3), sorted by population density in the municipality.
Comparing the asthma prevalence for high NOx vs low NOx exposure basically means comparing
individuals from Malmé with a reference category consisting of subjects from sparsely populated areas
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Limited power because high levels of traffic exposure is rare

This problem is illustrated in Paper 3, which had a large total number of participants
but still low statistical power. The power is mainly determined by the number of
subjects in the group with least subjects (e.g. the number with high traffic exposure).
The lack of power due to relatively few with high traffic exposure means that data
cannot be stratified into relevant subgroups (even for factors which do have
comparable exposure range) and analyses are restricted to looking at main effects.
There is not enough power to test statistical interactions, and adjustments for more
than single confounders are not particularly meaningful since multi-way tables
quickly obtains null cells. In Paper 3, the rich data cannot entirely be utilized and the
uncertainty shows off in wide confidence intervals.

Although the problem is exaggerated in paper 3 (Table 3) due to oversampling of
small communities with low levels of air pollution in addition to generally low levels
of pollution in Sweden, this is also a problem in many large European studies (like
ECRHS [102] and SAPALDIA) which descriptively report subgroups but do not
have power enough to test differences [97]. It has been acknowledged that most
cohorts are initially started for other purposes and are not optimally designed for
traffic-related air pollution [23].

Table 3.
Exposure distribution in Paper 3. Most participants had no heavy road nearby.

Residential address 1** Survey (2004) 2™ Survey (2005)
n n
Traffic intensity on No heavy road 18878 2100
heaviest road <50 m
<2 cars/min 4514 472
2-6 cars/min 1917 216
6-10 cars/min 358 34
>10 cars/min 253 36

Unbalanced or rare exposure is only a problem when using a random study design
and can easily be solved with biased sampling. The main advantage with tools like the
emissiondatabase for NOy is that in further studies balanced design can very easily be
achieved at design stage, something which has not previously been possible with the
same detail. Future studies should consider to ensure comparable exposure ranges in
relevant subgroups such as socioeconomic groups (which can be obtained by register
data) and oversample subjects in exposure ranges where effects previously have been
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seen. It has been suggested that the efficiency can be improved in this type of studies
by using two-phase designs [103].

2.4.3 How could other types of bias have affected the studies?

Self-selection and coverage selection bias in registry-based data

The Swedish prescribed drug register, despite its name, contains only information on
dispensed drugs, and prescription date for dispensed drugs. No information is
available of prescribed drugs that never has been dispensed. There is a lot of factors
beyond the need for a certain drug that could affect the actual dispense, a conceptual
framework has been provided by Weitoft et al (figure 6) [104].

The results in Paper 4, which indicates less dispense of asthma medication among
children with parents with poor economy, raises the question if children in poor
families do not get access to asthma treatment to the same extent as children in more
well-off families.

Age

Sex

Place of residence
Family status
Country of birth
Educational level
Occupation
Income, efc.....

disease
A B
Figure 7.

A conceptual framework for investigating the relation between socioeconomic and demographic variables
and drug use (Weitoft et. al. 2008)

There has been many studies linking low socio-economic status with higher drug use,
but this is mainly because the disease burden is higher for those with low socio-
economic status [104, 105]. At the same time, factors may be working in opposite
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direction, since people with low socio-economic status may not seek health care or
peop y
purchase drugs, because of the cost.

In Sweden there is a ceiling on the total amount that a patient pays during a 12-
month period for pharmaceuticals, and health-care fees are low. A Swedish study,
controlling for health status, identified three possible main explanations for a socio-
economic gradient in drug utilization; doctor’s prescription behavior, affordability
and compliance [106]. In that study, high drug use was linked to high education
level, but not linked to economic means after controlling for health status, so they
conclude that doctor’s prescription behavior and compliance are the main factors and
that a good “patient-doctor” match in term of high socio-economic status, might be
an important factor for the tendency of doctors to prescribe medication.

It is a difficult task to fully disentangle the potential extent of a selection bias caused
by socio-economic status, since this would require access to not only dispensed and
prescribed data, but one also would need to know the true disease status to account
for different health-seeking behavior. This can only be available from outreaching
studies. In absence of this kind of data, it may be equally important (as for self-
reported data), that register studies adjusts for socio-economic status. Although the
prescribed drug register may have “self-selection” bias due to different health seeking
behavior and different drug dispense rate (in addition to”doctor’s prescription bias”),
which may differentially affect the dispense rate of different population groups, the
coverage of the register is nearly 100%, which excludes selection bias due to bad
coverage. This is a unique strength, since it actually covers principally all drugs that
have ever been dispensed since 2005, in all population groups in Sweden.

The primary health care register data may suffer from coverage selection bias, since
the number of visits with diagnostic codes on average was only 50.2% and also varied
between health care centers, with private centers reporting 0% of the diagnostic
codes. Since private visits may be related to both individual socio-economic status and
the primary care center’s neighborhood status - which may correlate with air
pollution levels - a selection bias could exist. Future studies should obtain individual
level information also on visits which did not get a diagnostic code, to better be able
to investigate possible coverage selection bias in the primary health care data.

Finally it should be mentioned that a major advantage of register data in general, but
especially of the prescribed drug register data (since it has complete coverage) is that it
excludes recall bias and reduces awareness bias. The ability to exclude recall bias is
especially important to avoid that long-term effects are confounded by current
symptoms, something which may be the case in cohort studies with long time periods
between follow-ups, when people might have forgotten symptoms if they don’t
currently have them. It has been shown in Sweden that adults with mild asthma tend
to underreport their asthma compared to those with more severe asthma [107].
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Migrational exposure misclassification and migrational selection bias

It is a major problem in cross-sectional studies (Paper 1- 3) that migrational bias can
be expected to dilute the effects of traffic pollution and bias effects towards null, or
even bias the effects away from null if there is differential misclassification. One study
in northern Sweden did not find any differential misclassification in peoples
migrational pattern [108], however this may not be generalizable to Scania.

In Paper 4, the risk of exposure misclassification due to migration is largely
eliminated, since people are censored when they moved. Since people are censored,
however, it is important to investigate that no bias instead is introduced due to this
censoring. In a Dutch study, it was shown that migrants are healthier than permanent
residents. However, when socioeconomic variables are controlled for, migrants appear
to be less healthy, with the exception of the younger age groups [109]. In Sweden, it
has also been shown that migrants across municipalities have lower mortality than
non-migrants, a difference however that is not consistent after considering
educational level. Among those with low education, non-migrants had the lowest
mortality [110, 111]. Overall it is clear that moving may reflect socio-economic
ability. There can therefore be an expected selection towards lower socio-economic
status for those non-censored in higher ages. This is also the case for data in Paper 4;
Out of children age 6 at study end that had never moved, 66.4% had a parent with
>12 years education, compared to 74.5% of the children age 6 which had moved.
This is not likely to be a major cause of bias in the study since we adjusted for
education, but the above mentioned studies indicate that some differences in health
status between migrants and non-migrants may remain after adjustment for socio-
economic status. A strength is therefore that we also had information on NO,
exposure each year even after people had moved, and could make complementary
analyses without censoring on migration.

In conclusion, the potential selection mechanisms due to migration may be important
to keep in mind especially when expecting that the effect from traffic on asthma can
be different in different age groups. Further analyses of how migration is related to air
pollution levels in Scania would be of interest to investigate if censoring on migration
could be a potential source of bias.

Other exposure misclassification bias

We used traffic intensity at the heaviest road within 100m, and dispersion-modeled
concentrations of NO,, at residential addresses, as exposure measures in all studies
and consistently found associations with adult asthma (Paper 1-3) but not with
asthma in children. Assuming that traffic is a true risk factor for asthma in adults, the
results strengthens that our exposure measures were good enough for use in studies
estimating effects of traffic pollution in low-dose areas. A validation study of out
emission database have shown good agreement between modeled outdoor levels of
NO; and fagade measurements during one week (Spearman’s r=0.8 and p<0.01),
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which further strengthens the validity of modeled NOj as exposure measure, even if it
showed poorer agreement with personal exposure [79].

In paper 3, we estimated traffic intensity and NOy not only at residential address, but
also at occupational address, and self-reported time spent in traffic was also
considered, but no association with asthma was seen except for traffic exposure at
residential address. A combined estimate did not give stronger association with
asthma. Validation studies including modeled levels of NO, at occupational address,
in addition to modeled NO, at residential address, have had mixed results. In Scania,
this did not improve the agreement with measured personal exposure [79], but in a
study conducted in Stockholm it did markedly improve the agreement [112].

Most consistent effects were seen for high traffic intensity within 50 or 100m, which
may speak in favor of this exposure proxy. However, the exposure measures were not
comparable in our studies, since they differed in many aspects. The performance of
NO, as a proxy may depend on a number of modeling choices, such as the spatial
resolution, the emission sources included in the modeling (e.g. only road traffic or
total emission sources). There are no certain answers to what are the best chocies in
this regard, since it is not known if air pollution exposure from road traffic is most
detrimental or if other combustion sources such as industries, shipping are equally
important. Optimal spatial resolution may also depend on a number of other factors,
such as the geocoding accuracy. Misclassification of exposure may in best case only
lead to reduced power, but could also lead to bias in the effect estimates [113].

It should be noted that depending on how the exposure proxies are constructed, not
only exposure but also reference categories may change. In paper 3, it is possible that
unmeasured urban-rural confounding was stronger when accounting for total
exposure since we were then comparing more pronounced rural living (not only living
but also working within low levels of air pollution) with more pronounced urban
living.

In conclusion, if we assume that the associations found in Paper 1-3 are due to a true
effect, it seems that both traffic intensity at residential address and modeled NO,
(250x250m) at residential address are good enough measures to find effect on chronic
respiratory disease in a low-dose area. However, the effects of NO, were mainly
statistically non-significant and future studies may consider to model only NO, from
traffic sources.
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3 Conclusions

Associations between traffic and prevalence of asthma, COPD and allergic rhinitis in
adults were found in an area with background levels of air pollution below the current
WHO-guidelines. This indicates that the guidelines do not provide safe levels to
protect against adverse effects on chronic respiratory disease in adults.

Traffic pollution was associated with current allergic asthma and allergic rhinitis, but
not with asthma or rhinitis triggered by non-allergic factors. An association was also
seen with prevalence of hand-eczema last 12 months. The results in this study suggest
that traffic is related to allergic disease in adults.

Asthma in adults was associated with traffic at home-address but not with traffic at
work-address, daily time spent outdoor in traffic, or a combined exposure estimate.
This is likely to partly reflect the larger uncertainties when estimating non-residential
exposure, but it may also reflect that residential exposure is the most influential
exposure determinant for adults.

Growing up close to dense traffic was not associated with increased incidence of
asthma medication, or incidence of asthma diagnosis, obstructive bronchitis
diagnosis, or bronchiolitis diagnosis, in children 0-6 years. This may reflect that early
wheeze is mainly virus-associated, and may have other causes than traffic, in contrast
to asthma in older childhood years, which has more often been associated with traffic.

3.1 What have we learned for future studies?

Traffic intensity on heaviest road within 100m, and modeled NO,, both seems to be
good enough measures to find effect on chronic respiratory disease in a low-dose area.
However, the effects of NO, were mainly statistically non-significant. Future studies
should consider to model only NO from traffic sources.

It is important to ensure at the design stage that enough contrast in traffic exposure is
obtained not only in the study as a whole, but also in different subgroups. This is
important to be able to optimally control for confounding and to be able to
investigate effect modification between subgroups. Since high traffic exposure is rare
in Scania a random study design will often give low power for testing hypotheses
regarding traffic exposure.

45



Comparisons of the effect of traffic on allergic vs non-allergic asthma and other
subgroups should not be reported/tested as relative risks (OR:s) if they do not have
the same reference group, but rather focus on differences and interactions in absolute
terms.

The main advantage with register data is the avoidance of recall bias which may
otherwise confound short-term with long-term effects, and the decrease in awareness
bias which may otherwise give false positive effects. However, adjusting for socio-
economic status to avoid bias may be equally important in register-studies as in
studies based on self-reported data. More information on socio-economic status and
other covariates should be collected from register data to be able to utilize all of the
outcome register data in Scania and not have analyses limited to groups with
questionnaire data.

Socio-economic selection may also emerge due to censoring on migration. Movers
should therefore preferably not be censored but be followed with yearly updated
exposure estimates for both NOy and road traffic.
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4 Sammanfattning pa svenska

Samband mellan exponering for trafikrelaterade lufifororeningar i Skine och forekomst av
kronisk luftvigssjukdom och allergi

Det har linge varit kint att forhojda halter av luftfdroreningar fran trafik kan forvirra
luftvigssymtom och ge upphov till 6kat antal sjukhusinliaggningar pa grund av astma
och kronisk obstruktiv lungsjukdom( KOL). Mer omtvistat har varit om trafikens
luftféroreningar ocksd dr en direkt orsak till att dessa sjukdomar uppkommer. Ett
problem nir man vill studera langtidseffekter av trafik har tidigare varit att hitta bra
exponeringsmatt pd individnivd. Det 4r numera ldttare, eftersom man med
geografiska informationssystem (GIS) har fatt verktyg for att kunna hantera stora
dataminger som varierar i tid och rum, och kan knyta dessa data till hilsodata for
stora befolkningsgrupper.

Vira studier har haft till syfte att underséka om boende nira trafik ir en riskfaktor for
ovre/nedre kronisk luftvigssjukdom och allergi bland barn och vuxna i Skane, som ir
ett omrdde med forhallandevis laga halter av luftféroreningar, sett ur ett
internationellt perspektiv.

Forekomsten av astma och andra luftvigssjukdomar bland vuxna kartlades genom
enkitstudier, Tva av avhandlingens delarbeten dr baserade pa en enkit som ar 2000
hade sint till 9319 personer, 18-77 &r gamla, som var bosatta i sydvistra Skane. I ett
tredje delarbete anvinds bade den stora skdnska folkhilsoenkit som &r 2004
besvarades av 24819 personer, 18-80 ar gamla, och ett urval av 2856 personer med
och utan astma, som 2005 besvarade en kompletterande enkit.

I det fjirde delarbetet, som handlar om obstruktiva luftvigssjukdomar bland barn 0-6
ar, studerades 26128 barn frin Malmé och tre nirliggande kommuner. Uppgifter om
luftvigssjukdom hidmtades dels fran vérdregister frin primirvird och sjukhusvard
(diagnoser), dels frin likemedelsregistret (anvindning av astmamediciner). For 7898
barn fanns dessutom uppgifter frin en barnhilsoenkit frin BVC-besok vid 8
manaders alder.

Studiedeltagarnas personnummer anvinds foér att koppla ihop enkdt- och
registerinformation med information om var bostaden var beligen. Med hjilp av GIS
kunde vi sedan koppla bostadskoordinater till den svenska vigdatabasen, som
innehaller uppgifter om koordinater och trafikintensitet for alla stérre végar, och till
en skinsk emissionsdatabas for kviveoxider (NO,, en indikator for trafikens
luftféroreningar).
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Vuxna i Skéne, som bodde nira starke trafikerad vig (>8640 bilar/dygn), hade oftare
astma och KOL jimfort med dem som inte var exponerade for trafik vid bostaden.
Effeke sigs tydligt vid halter av NO, som var > 19pg/m’. Vi studerade olika
undertyper av astma och nisbesvir, och fann att det frimst var de som hade allergisk
astma och allergiska nisbesvir som utléstes av pollen eller pilsdjur som paverkades av
trafik. Vi hittade ocksi ett samband mellan exponering for trafikens luftfororeningar
och férekomst av eksem.

Vi undersdkte dven om trafikens luftfororeningar vid arbetsplatsen och under
pendlingsresor och annan tid i trafik ocksd var associerade med astma. Vi fann dock
inga sikerstillda samband. Det kan delvis forklaras av att osikerheten var storre for
dessa exponeringsmaétt, men det kan ocksd vara sa att tiden di man vistas i bostaden
har stérst betydelse for graden av exponering for trafikavgaser.

Barn som under perioden 2005-2010 foddes och vixte upp i sydvistra Skine, och
som bodde nira starke trafikerade vigar eller i omriden med héga halter NO,, hade
inte hogre risk for att fa astma eller andra luftvigsbesvir jimfort med barn som inte
vixte upp nira trafik. Att ingen effekt av trafikens luftféroreningar sigs for barn kan
bero pa att astmatiska besvir/ besvir med tringa luftrér i tidiga barnadr oftast beror
pa virusinfektioner. Det kan vara sé att luftfororeningar fran trafik kanske inte har si
stor effekt pd denna typ av besvir vid de halter — i internationellt perspektiv ganska
laga — som finns i vart land. Andra vetenskapliga studier har dock visat pa en koppling
mellan trafik och utveckling av astmatiska besvir bland barn. Det ar darfor angeldget
att fortsitta att folja dessa barn under uppvixttiden, for att se om de mojligen fir en
okad risk for astma nir de kommer upp i skoldldern.

Sammanfattningsvis har vi i dessa studier visat att vuxna i Skine, som bor nira
trafikerade vigar och i omridden med hégre halter av luftféroreningar fran trafik oftare
har allergisk astma, allergiska nisbesvir och KOL samt eksem, jimfort med dem som
ir mindre exponerade for trafikens luftfororeningar. Diremot fann vi inte att sidana
luftféroreningar var en riskfaktor for astma eller andra besvir med tringa luftrér hos
barn 0-6 ir gamla, som bodde i Malmé med omnejd.
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Background

Traffic-related air pollution is well known to have short-
term effects on chronic respiratory disease, exacerbating
symptoms and increasing hospital admissions for respira-

Abstract

Background: There is growing evidence that air pollution from traffic has adverse long-term
effects on chronic respiratory disease in children, but there are few studies and more inconclusive
results in adults. We examined associations between residential traffic and asthma and COPD in
adults in southern Sweden. A postal questionnaire in 2000 (n = 9319, 18-77 years) provided disease
status, and self-reported exposure to traffic. A Geographical Information System (GIS) was used to
link geocoded residential addresses to a Swedish road database and an emission database for NOx.

Results: Living within 100 m of a road with >10 cars/minute (compared with having no heavy road
within this distance) was associated with prevalence of asthma diagnosis (OR = 1.40, 95% CI =
1.04—1.89), and COPD diagnosis (OR = 1.64, 95%Cl = |.11-2.4), as well as asthma and chronic
bronchitis symptoms. Self-reported traffic exposure was associated with asthma diagnosis and
COPD diagnosis, and with asthma symptoms. Annual average NOx was associated with COPD

diagnosis and symptoms of asthma and chronic bronchitis.

Conclusion: Living close to traffic was associated with prevalence of asthma diagnosis, COPD
diagnosis, and symptoms of asthma and bronchitis. This indicates that traffic-related air pollution
has both long-term and short-term effects on chronic respiratory disease in adults, even in a region
with overall low levels of air pollution.

tory causes | 1]. Strong effects on symptoms have also been  dence of bronchitic symptoms [4,10].
observed in areas with relatively low background pollu-

tion [2]. Long-term effects have been disputed, but there
is growing evidence that traffic-related air pollution is
related, at least among children, to asthma incidence [3-
7], decreased lung function development [8,9], and inci-

Page 1 of 15

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19154599
http://www.ij-healthgeographics.com/content/8/1/2
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/

International Journal of Health Geographics 2009, 8:2

In adults, studies of long-term effects from traffic-related
air pollution have been few, and recent studies have
found both positive [11-15] and negative [16-18] associa-
tions with asthma, as well as positive [16,19,20] and neg-
ative [13,14] associations with COPD. Overall, chronic
respiratory disease in adults is heterogenous and involves
major exposures, such as personal smoking and occupa-
tional exposure, which do not directly affect children. This
larger variety of risk factors may complicate research and
contribute to inconclusive results in adults.

Self-reported living close to traffic has been associated
with prevalence of asthma, but not COPD, among adults
in southern Sweden [14]. However, self-reports could be
severely biased if people are more aware of (and hence
over-report) exposures that are known to be potentially
connected to disease, and may not be trustworthy if used
as the only exposure estimate [21].

One way of obtaining objective exposure estimates is the
use of Geographical Information Systems (GIS) to com-
bine geocoded population data with external traffic expo-
sure data, such as road networks and modeled or
monitored traffic pollutants. Since the concentrations of
many traffic pollutants decline to background levels
within 30-200 m of a road, the level of spatial aggregation
may be just as important as the type of proxy when esti-
mating exposure [22,23]. Some studies have found that
adverse effects on respiratory disease are best captured
with simple variables of traffic density and proximity to
roads [24], rather than more complex models of specific
pollutants, which are difficult to model with a high reso-
lution. However, air pollutant models do have a number
of advantages; for example, they can account for total traf-
fic density, and can also be validated against real measure-
ments, providing more specific estimates of the level of
pollution at which adverse effects from traffic can be seen.

In the present study, we made use of a high quality GIS-
modeled pollutant database for nitrogen oxides (NO, and
NO,) which has been developed and validated for south-
ern Sweden [25]. The high spatial variability of NO,
(NO+NO,), with traffic as the dominating source, makes
it a better proxy for exposure to traffic at the local level,
compared with pollutants such as PM, ; which have a
more geographically homogenous spread [26]. We also
used GIS-based road data and self-reported living close to
heavy traffic as proxies for exposure.

Study aim

The aim of this study was to investigate the association
between traffic-related air pollution and asthma and
COPD in adults. The outcomes investigated were preva-
lence of; 1) asthma diagnosis 2) COPD diagnosis 3)

http://www.ij-healthgeographics.com/content/8/1/2

asthma symptoms last 12 months, and 4) chronic bron-
chitis symptoms, in relation to residential traffic exposure.

Methods

Study area

The study area was the most southwestern part of Sweden
(figure 1), the most populated part of the county of
Scania. The study area contains 840 000 of Sweden's total
population of 8.9 million, and has a population density
of 170 inhabitants per km2 (data from 2000). The major-
ity of the population live in six of the communities, the
largest of which is Malm®, the third largest city in Sweden,
with a population of 260 000. A detailed regional descrip-
tion has previously been given [27]. In the geographical
stratification of the present study, "Malmo" refers strictly
to the city boundaries of Malmg, not the larger municipal-
ity.

The climate in the region is homogenous. Although pol-
lutant levels in the region are low in an European context,
they are higher than in the remainder of Sweden [28], due
to long-range transport of pollutants from the continent
and extensive harbor and ferry traffic.

Study population & questionnaire

In 2000, a questionnaire was sent to a total of 11933 indi-
viduals aged 18-77, of whom 9319 (78%) answered. The
study population originated from two different study
populations, with 5039 (response rate: 71%) from a new
random selection, and 4280 (response rate: 87%) consti-
tuting a follow-up group from an earlier selection [29].

The questionnaire dealt with respiratory symptoms,
potential confounders such as smoking habits and occu-
pation, and exposures such as living close to a road with
heavy traffic [29]. An external exposure assessment was
also obtained by geocoding the residential addresses (as
of 2000) of both respondents and non-respondents. This
was achieved by linking each individual's unique 10-digit
personal identity codes to a registry containing the geo-
graphical coordinates of all residential addresses.

Non-respondents had a higher mean of NO, than
respondents; 14.7 pg/m3 versus 13.5 nug/m3. To a large
extent this was due to a lower response rate in the more
polluted city of Malmo (73% vs. 80% in the remaining
region).

Outcome measures
The following outcomes were investigated, as obtained by
the postal questionnaires:

® Diagnosis of asthma. "Have you been diagnosed by a doc-
tor as having asthma?"
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Figure |
Study area. Malmé is the largest city in the study region, which comprises the southwestern part of Sweden.
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e Diagnosis of COPD/CBE (Chronic Bronchitis Emphysema).
"Have you been diagnosed by a doctor as having chronic
bronchitis, emphysema, or COPD?"

o Asthma symptoms during the last 12 months. "Have you
had asthma symptoms during the last 12 months, i.e.
intermittent breathlessness or attacks of breathlessness?
The symptoms may exist with or without cough or wheez-
ing."

o Chronic bronchitis symptoms. "Have you had periods of at
least three months where you brought up phlegm when
coughing on most days?", and if so, "Have you had such
periods during at least two successive years?"

The questionnaire has been published previously [29]. No
information regarding year of disease onset was available.

Exposure assessment

Exposure to traffic-related air pollution was assessed at
each participant's residential address in 2000, using three
different proxies:

1. Self-reported exposure to traffic. This was obtained
from the survey. Exposure was defined as a positive
answer to the question "Do you live close to a road with heavy
traffic?"

2. Traffic intensity on the heaviest road within 100 m.
GIS-based registers from The Swedish National Road Data-
base [30] provided information about traffic intensity for
all major roads in the county (figure 2). To assess expo-
sure to traffic, we identified the road with the heaviest traf-
fic intensity within 100 m of the residence. Traffic
intensity was categorized as 0-1 cars/min, 2-5 cars/min,
6-10 cars/min, and >10 cars/min, based upon 24-hour
mean levels.

3. Modeled exposure to NO, (figure 3). Annual mean con-
centrations of NO, were acquired from a pollutant data-
base, based on the year 2001 [25,31]. Emission sources
included in the model were: road traffic, shipping, avia-
tion, railroad, industries and larger energy and heat pro-
ducers, small scale heating, working machines, working
vehicles, and working tools. Meteorological data were also
included. A modified Gaussian dispersion model (AER-
MOD) was used for dispersion calculations; a flat two-
dimensional model which did not adjust for effects of
street canyons or other terrain, but which did take the
height of the emission sources into consideration. Con-
centrations of NO, were modeled as annual means on a
grid with a spatial resolution of 250 x 250 m. Bilinear
interpolation was used to adjust individual exposure with
weighted values of neighboring area concentrations. Con-
centrations modeled with this spatial resolution have

http://www.ij-healthgeographics.com/content/8/1/2

been validated and found to have a high correlation with
measured values in the region [25,31].

Statistics

A categorical classification of NO, was used in order to
allow analysis of non-linear associations with outcomes.
To determine the category limits, the subjects (n = 9274)
were divided into NO,-quintiles. The five exposure groups
used were 0-8 pg/m3, 8-11 pug/m3, 11-14 pg/m3, 14-19
pg/m3, and >19 pg/m3.

For all measures of exposure, subgroup analyses were
made for Malmo and the remaining region. Relative risk
was not estimated in exposure groups with fewer than 50
individuals. As few individuals in Malmé had a low expo-
sure to NO,, the middle exposure group was used as the
reference category for NO,, in Malmé. Because of this,
NO, was also used as a continuous variable for trend anal-
ysis using logistic regression. A p-value < 0.05 was
regarded as evidence of a trend. Stratified analyses were
performed for sex, age, smoking, geographical region
(Malmé vs. remaining region), and study population
(new random selection vs. follow-up group). Sensitivity
analyses of the associations with traffic were also per-
formed by restricting the groups to those with asthma but
not COPD, and COPD but not asthma, to exclude con-
founding by comorbidity. This process was also followed
for symptoms.

Relative risk was estimated using Odds Ratios (ORs) with
95% Confidence Intervals (CI). Odds Ratios and tests of
trends were obtained by binary logistic regression, using
version 13.0 of SPSS.

Sex, age (seven categories), and smoking (smokers/ex-
smokers vs. non-smokers) are known risk factors for
asthma, and were therefore adjusted for in the model.
Socio-Economic Indices (SEI codes, based on occupa-
tional status [32]) and occupational exposure (ALOHA
JEM [33]) were tested as confounders, using the "change-
in-estimate" method [34], where a change in the OR of
10% would have motivated an inclusion in the model.

Neither occupational exposure nor Socio-Economic Indi-
ces fulfilled the predetermined confounder criteria, or had
any noticeable impact on the risk estimates, and were thus
not included in the model.

Results

A description of the study population in terms sex, age,
and smoking, along with the associations with the out-
comes, is presented in table 1.

Association with self-reported living close to traffic
Asthma diagnosis and asthma symptoms in the last 12
months were associated with self-reported traffic exposure
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Figure 2

Regional road network. Data from the Swedish National Road Network. No heavy road means that no registered road was
available in the database, but local traffic could exist. The traffic intensity categories of (0-1, 2-5, 6—10, >10) cars/min corre-
sponds to daily mean traffic counts of (0-2880, 2880-8640, 864014400, >14400) cars/day.

(table 2). These results were consistent in a geographical
stratification (tables 3, 4).

COPD diagnosis was associated with self-reported traffic
exposure, both for the whole region (table 5) and when
geographically stratified (table 6). Chronic bronchitis

symptoms were not associated with self-reported traffic
exposure (tables 5, 7).

Association with trdffic intensity on heaviest road within
100 m

Asthma diagnosis and asthma symptoms were associated
with traffic intensity (table 2), with higher prevalence of
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Modeled levels of NO, Dispersion modeled annual average of NO,, modeled with a resolution of 250 x 250 m.

asthma symptoms among those living next to a road with
at least 6 cars/minute, and higher prevalence of asthma
diagnosis among those exposed to at least 10 cars/minute,
compared with the group having no road within 100 m.
The effects seemed consistent, although statistically non-
significant, across geographical region (tables 3, 4).

COPD and chronic bronchitis symptoms were associated
with traffic intensity (table 5). However, when stratified
geographically, the effect estimates indicated that chronic
bronchitis symptoms were not associated with traffic
intensity in Malmo (table 7).

Association with NO, at residential address

Asthma symptoms, but not asthma diagnosis, were asso-
ciated with NO, in the trend tests (table 2). However,
effects were only seen in the highest quintile of >19 pg/
m3. A geographical stratification showed that it was only

in Malmo that high exposure was associated with asthma;
no association was found in the region outside (tables 3,
4).

COPD diagnosis and chronic bronchitis symptoms were
associated with NO,(table 5). After geographical stratifica-
tion, associations were seen only in Malmg, and not in the
region outside (tables 6, 7).

Stratification by smoking, sex, age, response group, and restricted
analysis

In a stratified analysis, the effects of traffic exposure were
more pronounced for smokers than for non-smokers, for
both COPD (table 8) and bronchitis symptoms (data not
shown). A test for interaction, however, showed no signif-
icance except for the interaction between smoking and
road within 100 m for chronic bronchitis symptoms (p =
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e in relation to sex, age, and smoking.

n Diagnosed asthma Asthma symptoms Diagnosed COPD Chronic b. symptoms
Sex Men 4341 258(5.9%) 429(9.9%) 172(4.0%) 308(7.1%)
Women 4975  428(8.6%) 686(13.8%) 243(4.9%) 327(6.6%)
Ever smoker No 4306  291(6.8%) 431(10.0%) 118(2.7%) 217(5.0%)
Yes 5010  395(7.9%) 684(13.7%) 297(5.9%) 418(8.3%)
Age 18-19 135 15(11.1%) 23(17%) 3(2.2%) 9(6.7%)
20-29 1062 110(10.4%) 141(13.3%) 19(1.8%) 41(3.9%)
30-39 2045 158(7.7%) 246(12.0%) 61(3.0%) 108(5.3%)
40-49 1887 112(5.9%) 217(11.5%) 69(3.7%) 101(5.4%)
50-59 2123 142(6.7%) 237(11.2%) 106(5.0%) 185(8.7%)
60-69 1586 113(7.1%) 178(11.2%) 115(7.3%) 139(8.8%)
70-77 478 36(7.5%) 73(15.3%) 42(8.8%) 52(10.9%)

0.023). Asthma showed no indications of effect modifica-
tion by smoking.

No effect modifications were seen when the data were
stratified by sex, age, or sample group (new participants
vs. follow-up group). Restriction of analysis to asthmatics
without COPD, and to those with COPD without asthma,
was performed for both diagnoses and symptoms. The
results showed similar effects in the restricted and non-
restricted groups. The overlaps between the different dis-
ease outcome definitions are presented in table 9.

Discussion

Overall, residential traffic was associated with a higher
prevalence of both asthma diagnosis and asthma symp-
toms in the last 12 months, as well as COPD diagnosis
and chronic bronchitis symptoms. Traffic intensity on the
heaviest road within 100 m showed effects at a traffic

intensity of >6 cars/min. Effects from NO, were seen in the
highest exposure quintile of >19 pg/m3, but only in
Malmo, not in the region outside.

Disc ion of exp e

The major strength of this study was the use of three dif-
ferent proxies of exposure, which may have different
intrinsic strengths and weaknesses. The strengths of the
NO, model are firstly that it reflects total traffic density in
the area, and secondly the fact that the dispersion model
has been validated, with a resolution of 250 x 250 m
showing a high correlation with measured background
concentrations [25]. Nevertheless, street-level concentra-
tions may vary on a much smaller scale. High peak con-
centrations are often found in so-called "street canyons"
in urban areas, where pollutants are trapped between high
buildings [23]. Since the dispersion model did not take
account of this kind of accumulation effect, the true expo-

Table 2: Asthma diagnosis and asthma symptoms in relation to traffic.

Asthma Diagnosis

Asthma Symptoms

n n (%) OR 2 n n (%) OR?,
Heavy traffic No 6041 400(6.6%) 1.00 6041 668(11.1%) 1.00
Yes 3275 286(8.7%) 1.28(1.09-1.50) 3275 447(13.6%) 1.22(1.07-1.39)
Heaviest road within <I00 m no heavy road 3755 269(7.2%) 1.00 3755 419(11.2%) 1.00
<2 cars/min 2235 149(6.7%) 0.92(0.75-1.13) 2235 263(11.8%) 1.05(0.89-1.24)
2-5 cars/min 1820  134(7.4%) 1.00(0.81-1.25) 1820  216(11.9%) 1.06(0.89-1.26)
6-10 cars/min 886 69(7.8%) 1.05(0.79-1.38) 886 126(14.2%) 1.25(1.01-1.55)
>10 cars/min 578 61(10.6%) 1.40(1.04-1.89) 578 85(14.7%) 1.29(1.00-1.67)
NO, (ug/m?) 0-8 1855  140(7.5%) 1.00 1855  217(11.7%) 1.00
811 1855  146(7.9%) 1.04(0.82-1.32) 1855  213(11.5%) 0.97(0.80-1.19)
11-14 1855 124(6.7%) 0.85(0.66-1.09) 1855 208(11.2%) 0.94(0.77-1.15)
14-19 1858  115(6.2%) 0.77(0.60-1.00) 1858  206(11.1%) 0.90(0.74-1.11)
>19 1851 157(8.5%) 1.05(0.83-1.34) 1851 265(14.3%) 1.21(0.99-1.46)
p-trend 0.84 p-trend 0.026
2 Adjusted for age, sex, and smoking. [OR(95%Cl)].
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Table 3: Geographical stratification. Asthma diagnosis in the city of Malmé and the area outside.

Malmo Region outside Malmo
n Asthma diagnosis ~ OR 2 n Asthma diagnosis ~ OR 2
Heavy traffic No 1767 109(6.2%) 1.00 4178  283(6.8%) 1.00
Yes 1877  161(8.6%) 1.35(1.05-1.75) 1343 119(8.9%) 1.28(1.02-1.61)
Heaviest road within <I00 m no heavy road 586  40(6.8%) 1.00 3124 224(7.2%) 1.00
<2 cars/min 1021 66(6.5%) 0.95(0.63-1.43) 1193  82(6.9%) 0.95(0.73-1.23)
2-5 cars/min 837  57(6.8%) 0.99(0.65-1.51) 96l 75(7.8%) 1.07(0.81-1.40)
610 cars/min 663  50(7.5%) 1.12(0.72-1.72) 212 19(9.0%) 1.21(0.74-1.99)
>10 cars/min 537 57(10.6%) 1.50(0.98-2.31) 31 2 -
NO, (ug/m3) 0-8 13 | - 1824 138(7.6%) 1.00
811 46 5 - 1792 138(7.7%) 1.01(0.79-1.30)
11-14 562 39(6.9%) 1.00 1268  83(6.5%) 0.81(0.61-1.08)
14-19 1325  76(5.7%) 0.79(0.53-1.18) 510  37(7.3%) 0.93(0.64-1.36)
>19 1698  149(8.8%) 1.18(0.81-1.71) 127  6(4.7%) 0.58(0.25-1.34)
p-trend 0.044 p-trend 0.079

a2 Adjusted for age, sex, and smoking. [OR(95%Cl)].

sure among people living in these surroundings might
have been underestimated. This may partly explain why
effects from NO, were seen in the urban city of Malmé but
not in the surrounding area.

The proportion of NO, that originates from traffic is also
dependent on geographical area. In urban areas of south-
ern Sweden, local traffic contributes approximately 50-
60% of total NO,, while in the countryside such traffic is
responsible for only 10-30% of total NO, (S. Gustafsson,
personal communication, 2007-10-17). This difference
was also reported by the SAPALDIA study, which found
that local traffic accounted for the majority of NO, in

urban but not rural areas [35]. This indicates that our
model of NO, is a good proxy for exposure to traffic-
related air pollution in an urban area, but may not be sen-
sitive enough to capture individual risk in the countryside,
where traffic contributes to a lower proportion of total
concentrations.

Self-reported living close to a road with heavy traffic, and
traffic intensity on the heaviest road within 100 m, are
simple proxies; they do not reflect, for example, whether
someone lives at a junction. Still, they have the advantage
that they are less limited by aggregation in space than the
NO, model. In the present study, both of these variables

Table 4: Geographical stratification. Asthma symptoms in the city of Malmé and the region outside.

Malmo Region outside Malmé
n Asthma symptoms ~ OR 2 n Asthma symptoms ~ OR 2
Heavy traffic No 1767  209(11.8%) 1.00 4178  449(10.7%) 1.00
Yes 1877  263(14.0%) 1.17(0.96-1.43) 1343 178(13.3%) 1.23(1.02-1.49)
Heaviest road within <I00 m  No heavy road 586  74(12.6%) 1.00 3124 342(10.9%) 1.00
<2 cars/min 1021 119(11.7%) 0.93(0.68-1.26) 1193  142(11.9%) 1.09(0.88-1.34)
2-5 cars/min 837  101(12.1%) 0.97(0.70-1.33) 96l 112(11.7%) 1.06(0.84-1.33)
6—10 cars/min 663 97(14.6%) 1.17(0.85-1.63) 212 29(13.7%) 1.24(0.82-1.87)
>10 cars/min 537 8I(I5.1%) 1.19(0.84-1.68) 31 2 -
NO, (ug/m3) 0-8 13 | - 1824 215(11.8%) 1.00
811 46 6 - 1792 205(11.4%) 0.96(0.79-1.18)
11-14 562 65(11.6%) 1.00 1268 142(11.2%) 0.93(0.74-1.16)
14-19 1325  146(11.0%) 0.90(0.66-1.23) 510  57(11.2%) 0.95(0.69-1.29)
>19 1698  254(15.0%) 1.28(0.95-1.72) 127  8(6.3%) 0.50(0.24-1.04)
p-trend 0.002 p-trend 0.344
2 Adjusted for age, sex, and smoking. [OR (95%Cl)].
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Table 5: COPD diagnosis and chronic bronchitis symptoms in relation to traffic.

COPD Diagnosis

n n, (%)
Heavy traffic No 6041 243(4.0%)
Yes 3275 172(5.3%)
Heaviest road within no heavy road 3755 153(4.1%)
<100 m
<2 cars/min 2235 95(4.3%)
2-5 cars/min 1820 71(3.9%)
6-10 cars/min 886 60(6.8%)
>10 cars/min 578 34(5.9%)
NO, (ug/m3) 0-8 1855 74(4.0%)
811 1855 68(3.7%)
11-14 1855 87(4.7%)
14-19 1858 83(4.5%)
>19 1851 101(5.5%)
p-trend

Chronic bronchitis

symptoms
OR: n n, (%) OR=
1.00 6041 401(6.6%) 1.00
1.36(1.10-1.67) 3275 234(7.1%) 1.11(0.94-1.31)
1.00 3755 222(5.9%) 1.00
1.04(0.80-1.35) 2235 159(7.1%) 1.21(0.98-1.50)
0.96(0.72-1.28) 1820 137(7.5%) 1.30(1.04-1.62)
1.57(1.15-2.14) 886 67(7.6%)  1.24(0.93-1.65)
1.64(1.11-2.41) 578 48(8.3%)  1.53(1.10-2.13)
1.00 1855 110(5.9%) 1.00
0.89(0.63—1.24) 1855 118(6.4%) 1.05(0.81-1.38)
1.19(0.86-1.64) 1855 121(6.5%) 1.12(0.86—1.46)
1.03(0.74-1.42) 1858 122(6.6%) 1.06(0.81-1.39)
1.43(1.04-1.95) 1851 162(8.8%) 1.55(1.21-2.00)
0010 p-trend <0.0001

2 Adjusted for age, sex, and smoking. [OR(95%Cl)].

showed fairly consistent associations, at least with
asthma, despite large differences in the level of NO, that
they corresponded to in Malmo and the region outside
(table 10); this may indicate that adverse effects from traf-
fic pollutants are mainly seen in close proximity to traffic.
High traffic intensity, however, may not only correlate
with high total number of vehicles, but also with a higher
proportion of heavy vehicles, an additional factor which
could affect the outcome, since diesel exhaust from heavy
vehicles might have more adverse respiratory effects [36].

It should be noted that the distribution of exposure is not
comparable between the proxies. While NO, was divided
into quintiles, with 20% in the highest exposure category,
only 6% of the population lay in the highest traffic inten-
sity category. Thus, the different proxies are complemen-
tary rather than comparable in this study.

One limitation of all three proxies of exposure was that
traffic-related air pollution was only estimated by residen-
tial address. Lack of individual data about work address
and time spent commuting could have biased the expo-

Table 6: Geographical stratification. COPD diagnosis in Malmé and the region outside.

Malmo Region outside Malmo
n COPD OR 2 n COPD OR 2
Heavy traffic No 1767  85(4.8%) 1.00 4178  152(3.6%) 1.00
Yes 1877 103(5.5%) 1.24(0.92-1.67) 1343 69(5.1%) 1.47(1.09-1.97)
Heaviest road within <100 m no heavy road 586 28(4.8%) 1.00 3124 124(4.0%) 1.00
<2 cars/min 1021 44(4.3%) 0.89(0.55-146) 1193 49(4.1%) 1.06(0.75-1.49)
2-5 cars/min 837 35(4.2%) 0.89(0.53-1.48) 961 35(3.6%) 0.93(0.64-1.37)
6—10 cars/min 663 50(7.5%) 1.53(0.95-2.48) 212 10(4.7%) 1.20(0.62-2.35)
>10 cars/min 537 31(5.8%) 1.34(0.79-2.28) 31 3 -
NO, (ug/m3) 0-8 13 0 - 1824 72(3.9%) 1.00
811 46 2 - 1792 66(3.7%) 0.90(0.64-1.27)
11-14 562 27(4.8%) 1.00 1268 60(4.7%) 1.26(0.89-1.80)
14-19 1325  64(4.8%) 0.94(0.59-1.49) 510 18(3.5%) 0.91(0.54-1.55)
>19 1698  95(5.6%) 1.23(0.79-1.92) 127 5(3.9%) 1.19(0.47-3.02)
p-trend 0.142 p-trend 0.421
2 Adjusted for age, sex, and smoking. [OR (95%Cl)].
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Table 7: Geographical stratification. Chronic bronchitis symptoms in the city of Malmé and the area outside.

Malmo

Region outside Malmé

n Chronic b. symptoms OR 2

Heavy traffic No 1767 150(8.5%)
Yes 1877  140(7.5%)
Heaviest road within <I00 m  no heavy road 586  43(7.3%)
<2 cars/min 1021  89(8.7%)
2-5cars/min 837  66(7.9%)
6-10 cars/min 663  47(7.1%)
>10 cars/min 537  45(8.4%)
NO, (ug/m3) 0-8 13 0
811 46 4
11-14 562 35(6.2%)
14-19 1325 96(7.2%)
>19 1698  155(9.1%)
p-trend

n Chronic b. symptoms OR 2
1.00 4178  246(5.9%) 1.00
091(0.71-1.16) 1343 92(6.9%) 1.20(0.94-1.54)
1.00 3124 179(5.7%) 1.00
1.21(0.83-1.77) 1193 68(5.7%) 1.00(0.75-1.34)
1.10(0.73-1.64) 961  69(7.2%) 1.30(0.98-1.74)
0.94(0.61-1.45) 212 19(9.0%)

1.63(0.99-2.69)
122(078-1.89) 31 3 -

- 1824 109(6.0%) 1.00

- 1792 113(6.3%) 1.04(0.79-1.37)
1.00 1268 84(6.6%) 1.17(0.87-1.57)
113(0.76-1.70) 510  26(5.1%) 0.88(0.57-1.37)

1.57(1.06-2.30) 127 6(4.7%) 0.86(0.37-2.01)

0.017 p-trend 0.541

a2 Adjusted for age, sex, and smoking. [OR(95%Cl)].

sure assessments, particularly for people living in areas
with low exposure to traffic-related air pollution, where
individual differences in daily activities outside the resi-
dential area translate to a large proportion of total expo-
sure [37]. In Los Angeles, 1 h commuting/day contributes
approximately 10-50% of people's daily exposure to
ultrafine particles from traffic [38]. While only 20% of the
working population living in Malmé commute to work
outside Malmo, the majority of the population in smaller
municipalities in the remaining region commute to work
outside their own municipality [39].

Another limitation was the cross-sectional nature of the
study; we had no information about disease onset or years
living at current address, making it hard to establish a
temporal relationship between cause and effect. However,
since asthma and COPD are known to be exacerbated by
traffic-related air pollution, subjects with disease may
have been more likely to move away from traffic, rather
than towards it, and so a migrational bias would mainly
be expected to dilute the effects.

Table 8: Stratification on smoking. COPD diagnosis in relation to traffic among smokers/ex-smokers and non-smokers.

Smokers/ex-smokers

Non-smokers

n COPD D OR2 n COPD D OR2
Heavy traffic No 3149 167(5.3%) 1.00 2892 76(2.6%) 1.00
Yes 1861 130(7.0%) 1.43(1.13-1.82) 1414 42(3.0%) 1.19(0.81-1.76)
Heaviest road within <100 m no heavy road 1951 104(5.3%) 1.00 1804  49(2.7%) 1.00
<2 cars/min 1185  67(5.7%) 1.06(0.77-1.45) 1050 28(2.7%) 0.99(0.62-1.59)
2-5 cars/min 992 52(5.2%) 0.99(0.70-1.40) 828 19(2.3%) 0.88(0.51-1.51)
610 cars/min 522 44(8.4%) 1.56(1.08-2.26) 364 16(4.4%) 1.64(0.92-2.94)
>10 cars/min 344 28(8.1%) 1.84(1.18-2.86) 234 6(2.6%) 1.15(0.48-2.75)
NO, (ug/m3) 0-8 969 47(4.9%) 1.00 886 27(3.0%) 1.00
811 971 47(4.8%) 0.96(0.63-1.46) 884 21(2.4%) 0.77(0.43-1.37)
11-14 945 63(6.7%) 1.35(0.92-2.00) 910 24(2.6%) 0.92(0.52-1.61)
14-19 1037 60(5.8%) 1.14(0.92-2.00) 821 23(2.8%) 0.85(0.48-1.50)
>19 1072 78(7.3%) 1.61(1.11-2.35) 779 23(3.0%) 1.12(0.63-1.98)
Test for Heavy trafficfeversmoker p =047
Interaction Heaviestroad 100 m*eversmoker p=0.89
NOx*eversmoker p=083

2 Adjusted for age and sex. [OR(95%Cl)].
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Table 9: Description of overlap between the different reported disease outcomes. Percentage within row. The first row shows that
70% of those with asthma diagnosis had asthma symptoms, 20% of those with asthma diagnosis had COPD diagnosis, and 21% of those

with asthma diagnosis had chronic bronchitis symptoms.

Total n  Asthma diagnosis n (%) Asthma symptoms n (%) COPD diagnosis n (%) Chronic b. Symptoms (n %)
Asthma diagnosis 686 - 483 (70%) 139 (20%) 145 (21%)
Asthma symptoms 1115 483 (43%) - 219 (20%) 277 (25%)
COPD diagnosis 415 139 (34%) 219 (53%) - 152 (37%)
Chronic bronchitis symptoms 635 145 (23%) 277 (44%) 152 (24%) -

Discussion of potential confounding

Areas with high levels of exposure to traffic-related air pol-
lution were mainly located in the city of Malmo (table 4
and figure 2), while low exposure was found in more
sparsely populated areas. It is a well recognized problem
that the different exposure levels in rural and urban envi-
ronments are also accompanied by large differences in
lifestyle factors, and even if confounders are controlled
for, unmeasured factors may remain. Since NO, was lim-
ited by its spatial resolution, it is also the measure that was
most susceptible to ecological bias. The lack of association
seen with NO,, in the region outside Malmé might thus
reflect that the individual risk from traffic is being overrid-
den by some other factor correlating with low exposure
levels. The existence of independent risk factors correlat-
ing with low exposure is given some support by a Swedish
study which found a tendency to higher adult asthma inci-
dence in rural areas, after adjustment for exposure to traf-
fic[11].

The most important risk factors from a validity stand-
point, however, are factors that could correlate with high
exposure to traffic-related air pollution, and thus cause a
false positive relationship, such as socio-economic and

occupational risk factors. However, the present study,
which used individual-level data, found no confounding
effects for either socio-economic status or occupational
exposure. A recently developed and validated JEM was
used to adjust for occupational exposure [33]. In a JEM,
people are assigned the statistically average level of expo-
sure in their occupation; this is an aggregated form of
exposure assessment that can suffer from misclassification
bias, although non-differential to disease. Since we only
had information on the participants' current occupations,
we cannot rule out the possibility of a "healthy worker
effect". Lack of information about occupational history
may be a limitation, especially in relation to the preva-
lence of COPD/chronic bronchitis.

Results discussion

Although asthma and COPD have many risk factors in
common and often coexist in clinical settings, and there is
some evidence that asthma may be a risk factor for the
development of COPD [40], they are distinct conditions,
with differing clinical course and pathological features.
Thus, inconsistencies between studies in the relation
between air pollution and asthma/COPD could depend
both on the presence of different competing risk factors,

Table 10: Relation between the exposure proxies and modeled NO, (ug/m?) as a continuous variable.

Malmé NO, Region outside Malmé NO,
n Mean SD Median n Mean SD Median
Heavy traffic No 1507 18.0 31 17.4 4502 10.2 35 96
Yes 1772 19.6 32 19.6 1495 12.1 45 1.4
Heaviest road within <|00 m no heavy road 488 17.6 34 17.2 3267 10.1 34 96
<2 cars/min 855 18.0 29 17.8 1380 9.8 4.3 8.1
2-5 cars/min 746 18.9 33 19.4 1074 12.6 38 1.5
6—10 cars/min 627 18.1 28 17.4 259 13.8 23 14.03
>10 cars/min 561 21.9 2.0 220 17 19.2 44 216
NO, (ug/m?) 0-8 13 6.8 13 68 1824 67 Il 68
811 46 10.4 08 9.6 1792 9.9 0.8 10.0
1114 562 135 0.7 13.7 1268 12.8 1.0 12.7
14-19 1325 l6.7 1.3 15.9 510 15.7 1.2 153
>19 1698 21.7 13 215 127 219 38 212
Total 3644 18.4 36 18.5 5521 10.31 36 10.04
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and on geographically different pollution mixtures acting
on different regions of the respiratory tract. It is therefore
important to consider local pollution characteristics as
thoroughly as possible (tables 11, 12). When using traffic
intensity or self-reported traffic exposure as a proxy, there
is a lack of knowledge of the exact pollution compounds
that this exposure represents. One known characteristic of
traffic-related pollution in the study region is a large
amount of wear particles from road-tire interaction. These
particles have been shown to be potent inducers of local
inflammation [41,42], and their levels are high in the
Scandinavian countries due to the use of traction sand and
studded tires.

Although levels of traffic pollution in Sweden are lower
than those found in most other countries, the results for
asthma are basically supported by some European studies
with higher exposure levels. An Italian study reported an
association between symptom exaggeration of adult
asthma and NO, exposure levels [12], and the Swiss
SAPALDIA study observed an increase of asthma-related
symptoms, although not current asthma, in relation to
NO, [43]. The European ECRHS study found a positive
association between NO, (modeled with a resolution of 1
km) and asthma incidence, but effect estimates seemed

http://www.ij-healthgeographics.com/content/8/1/2

very heterogenous among the Swedish centers (although
overall heterogeneity tested was non-significant). [15].
Most relevantly, a Swedish study found a non-significant
tendency to increased asthma incidence among adults liv-
ing close to traffic flows, and measured NO, levels compa-
rable to those found in the present study [11]. Another
study of asthma symptoms in Sweden found a significant
but weak relation to NO, [44], although a stronger rela-
tion was found with self-reported measures of traffic. The
findings in the present study, support the existence of a
relation between exposure to traffic-related air pollution
and asthma in adults at relatively low levels of traffic-
related air pollution.

For COPD, a German study restricted to women found
that COPD as defined by the GOLD criteria was 1.79
times more likely (95% CI 1.06-3.02) for those living less
than 100 m from a road with 10 000 cars/day, than for
those living farther away [19]. This is in agreement with
our results, which found effects for living less than 100 m
from a road with 6 cars/min (8 640 cars/day).

The European ECRHS study found that new onset of
chronic bronchitis, as defined by chronic phlegm, was
related among females to both self-reported traffic inten-

Table | I: Urban background. Descriptive data of regional air pollution at a monitoring station in Malmé. Annual mean concentrations
of traffic-related pollutants measured at Radhuset Malmé 1980-2006. Data source: IVL Swedish Environmental Research Institute Ltd.

http://www.ivl.se/miljo/

Year SO, (ng/m?) NO, (ng/m?) O; (ng/m’) PMyo (ng/m?) PM,s (ng/m?)
1980* 49

1981 50

1982 43

1983 33,1

1984 229 L)

1985 203 39

1986 16,7 31

1987 203 32

1988 13 305

1989 12 26.9 46

1990 9 213 39

1991 8 19.6 41

1992 7 2.4 43

1993 8 25.6 40

1994 6 21.4 43

1995 6 22 50

1996 8 24.6 50 17.4

1997 5 26.2 48 17.6

1998 4 21.8 47 15.2

1999 4 235 50 15.8 12.6
2000 2 229 49 16.5 135
2001 2 21.1 46 18.7 12
2002 2 203 52 18.1 1.5
2003 3 208 49 21.6 13.7
2004 3 19.5 54 15.9 10
2005 4 20.6 49 17.5 1.
2006 3 19.3 52 18.2 123
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Table 12: Rural background. Descriptive data of regional air pollution at a monitoring station in a rural area. Annual mean
concentrations of traffic-related pollutants measured at Vavihill 1985-2006. Data source: IVL Swedish Environmental Research

Institute Ltd. http://www.ivl.se/miljo/

Year SO, (ng/md) NO, (ug/m3) Oj: (ng/m?) PMyq (ng/m?) PM, 5 (ng/m?)
1985 5.14 236 602

1986 227 59.9

1987 5.47 211 55.1

1988 3.90 1.84 57.7

1989 3.93 266 56.5

1990 298 236 55.0

1991 264 2.08 513

1992 2.06 1.72 56.0

1993 1.70 1.98 57.4

1994 117 1.78 58.6

1995 135 1.92 59.3

1996 131 1.77 63.0

1997 0.67 2.05 58.8

1998 074 1.87 546

1999 055 1.66 59.1

2000 0.45 1.70 57.6 16.0
2001 0.42 137 602 15.4
2002 037 139 66.6 16.3
2003 052 1.54 62.9 18.6
2004 037 1.48 585 13.8
2005 0.49 1.47 61.0 15.2
2006 0.50 1.59 643 17.3

sity (constant traffic vs. none, OR = 1.86; 95% CI 1.24 to
2.77) and home outdoor NO, (OR = 50 pg/m3vs. 20 pg/
m3=2.71; 95% CI 1.03 to 7.16) [20]. The higher levels of
NO, seen in the ECRHS study may partly stem from truly
higher concentrations, but may also have been affected by
the use of home outdoor measurements, which are better
than our models at capturing locally high peak exposures.
Other studies have suggested an effect modification for
sex, with women being at higher risk, but this was not
observed in our study. Our results did indicate effect mod-
ification by smoking, but tests for interaction were mainly
non-significant. No interaction with smoking was found
in any of the abovementioned studies of the effects of air
pollution on prevalence/incidence of COPD in adults.

Overall, our results show that traffic-related air pollution
is associated with the prevalence of COPD/chronic bron-
chitis in adults, but there is still a need for further investi-
gation of the reasons behind the inconsistencies seen
when the data were stratified by region.

Conclusion

Residential traffic is associated with both current symp-
toms and prevalence of diagnosis of asthma and COPD/
chronic bronchitis, among adults in southern Sweden.
This may indicate that traffic has not only short-term but
also long-term effects on adult chronic respiratory disease,
even in a region with low overall levels of traffic pollution.
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Abstract

Background: There is conflicting evidence that traffic-related air pollution is a risk factor for
allergic conditions. Few studies have investigated this in adults. In adults, a high proportion of
asthma, rhinitis and eczema is triggered by non-allergic factors. We investigated traffic as a risk

factor for allergic versus non-allergic asthma and rhinitis, and eczema, in adults.

A questionnaire from 2000 (n = 9319, 18-77 years) provided individual data about disease outcome
and self-reported traffic exposure. Additional exposure assessments were obtained using
Geographical Informations Systems (GIS). Residential addresses were linked to the national
Swedish Road Database and to a pollutant database with modelled annual means of NO, (Nitrogen

Oxids).

Results: Living within 100 m from a road with a traffic intensity of >10 cars/min (24 hour mean)
was associated with prevalence of current asthma reported to be triggered by allergic factors (OR
= 1.83, 95% CI = 1.23-2.72) and with allergic rhinitis (OR = 1.30, 95%Cl = (1.05-1.61). No relation
was seen with asthma or rhinitis triggered by other factors. Living within 100 m of a road with >10
cars/min was also associated with hand-eczema during the last 12 months (OR = 1.63, 95% CI =
1.19-2.23), but not with allergic eczema or diagnosed hand-eczema. Consistent results were seen

using self-reported traffic, but the associations with NO, were less consistent.

Conclusion: Exposure to traffic was associated with a higher prevalence of allergic asthma and
allergic rhinitis, but not with asthma or rhinitis triggered by non-allergic factors. This difference was
suggested by the overall pattern, but only clear using GIS-measured traffic intensity as a proxy for
traffic exposure. An association was also found with hand-eczema during the last 12 months. We
suggest that asthma and rhinitis should not be treated as homogenous groups when estimating

effects from traffic in adults.
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Background

There has been a significant increase in chronic respiratory
diseases and allergy during the last decades. Air pollution
from traffic has been one proposed risk factor. There is
now evidence for long-term negative effects on lung func-
tion development [1], asthma [2], and COPD |3,4], but
effects on allergic rhinitis and atopic dermatitis have
remained unclear, even if a recent cohort study in children
supports adverse effects [5].

An increased risk of asthma, allergic rhinitis, and eczema
in individuals with a susceptibility for allergy (atopy) is
well established [6], and it has been suggested that traffic
pollution would increase or induce sensitivity for aller-
gens in atopic individuals [7]. Support for this "sensitisa-
tion theory" stems mainly from laboratory studies [7],
while epidemiologic studies estimating long-term effects
on allergic conditions have shown conflicting results [8].

Traffic pollutions may potentiate allergic reactions in dif-
ferent ways [9]:

1) By attaching to the surface of e.g. pollen grains, air pol-
lutants can change their morphology and enhance aller-
genic potential. 2) by inducing inflammation, which
increases epithelial permeability, pollutants overcome the
mucosal barrier and facilitate the allergen-induced inflam-
matory responses 3) diesel exhaust emissions increases
immunoglobulin E synthesis, the dominating immune
response in atopic subjects. Experimental studies have also
shown that exposure to traffic-related air pollution can
cause trans-epidermal water-loss [10] and decreased skin
wheal response [11], in patients with atopic dermatitis.

Allergic symptoms often arise in childhood, and a major-
ity of epidemiologic studies investigating effects from traf-
fic on asthma, rhinitis and eczema have focused on
children. In adults, a higher proportion of these diseases
is triggered by non-allergic factors, than in children. Espe-
cially asthma is a heterogeneous condition in adults, and
it has been suggested that asthma should not be used as a
homogenous disease concept [12].

The present article is motivated by a previous study where
we found asthma and COPD to be associated with traffic-
related air pollution [13]. The present study investigates if
both allergic and non-allergic subgroups of asthma are
affected by traffic, and we also investigate the effect on aller-
gic versus non-allergic rhinitis and eczema, in adults. GIS
was used to complement self-reported traffic with external
road data and a pollutant database for NO,, objective indi-
cators for traffic-related air pollution at a local level.

Materials and methods

Study area

The study area was the south western part of the county of
Scania, Sweden. The study area has a population of

http://www.ij-healthgeographics.com/content/8/1/25

840000 out of Sweden's total population of 8.9 millions,
and a population density of 170 inhabitants/km? (data
from 2000). The majority of the population is living in six
of the municipalities, the largest of which is Malmg, the
third largest city in Sweden, with a population of 260000.
A detailed description of the study area has previously
been given [14]. In the geographical stratification of the
present study, "Malmo" refers strictly to the city bounda-
ries of Malmg, not the larger municipality.

Although pollutant levels in the region are low in an Euro-
pean context, they are higher than in most other parts of
Sweden [15], due to a relatively higher population den-
sity, long-range transport of pollutants from the conti-
nent, and more extensive road- harbour- and ferry traffic.

Study population, Questionnaire and Geocoding

In 2000, a questionnaire was sent to a total of 11 933 ran-
domly selected individuals aged 18-77 and 9 319 (78%)
answered [13]. The study population originated from two
different study populations, 5039 individuals (response
rate 71%) from a new random selection, and 4280 indi-
viduals (response rate 87%) constituting a follow-up
group from an earlier selection [16]. The questionnaire
was focused on respiratory symptoms, but also contained
information about eczema, smoking habits, occupation,
and self-reported living close to traffic. The full question-
naire has been published previously [16]. Residential
addresses were geocoded by linking each individual's
unique 10-digit personal identity code to a registry con-
taining geographical coordinates of all residential
addresses. For non-responder analysis, see earlier publica-
tions [13,16].

Outcome measures
Asthma, rhinitis and eczema were investigated using the
questions specified in figure 1.

Current asthma was defined as self-reported physician
diagnosed asthma in combination with asthma-symp-
toms last 12 months. This combination of questions has
been validated in Sweden and showed a high specificity
for asthma [17].

Subgroups of allergic versus non-allergic current asthma
and rhinitis were defined by a question about what spe-
cific factors that usually triggered symptoms.

Exposure assessment
Exposure to traffic was assessed at each participant's resi-
dential address in 2000, using three different proxies:

1. Self-reported exposure to traffic. This was obtained
from the questionnaire. Exposure was defined as a posi-
tive answer to the question "Do you live close to a road with
heavy traffic?".
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Figure |
Disease outcome definitions.

2. Distance to roads with specified traffic intensity. GIS-
based registers from The Swedish National Road Database
[18] contained information about traffic intensity for all
major roads in the county. To assess exposure to traffic,
the individual was assigned the road with the heaviest
traffic intensity within a radius of 100 m from residence.
Traffic intensity was categorized as <2 cars/min, 2-5 cars/
min, 6-10 cars/min and >10 cars/min, based upon
annual 24 hour mean levels.

3. Modelled exposure to NO,. Annual mean concentrations
of NO, were obtained from a GIS-based pollutant database
for Scania based on the year 2001 [19]. Emission sources
included in the model were: road traffic, shipping, aviation,
railroad, industries and larger energy and heat producers,
small scale heating, working machines, working vehicles and
working tools. Meteorological data were also included. For
dispersion calculations, a modified Gaussian dispersion
model (AERMOD) was used, which is a flat two-dimen-
sional model not adjusting for effects of street canyons or ter-
rain, but taking the height of the emission sources into
consideration. Concentrations of NO, were modelled as
annual mean in a grid with a spatial resolution of 250 x 250

m. Bilinear interpolation was used to adjust individual expo-
sure (based upon the individuals residence) with weighted
values of neighbouring grid cells concentrations. Modelled
concentrations with this spatial resolution have been vali-
dated and found to have a high correlation with measured
values in the region [20-22].

Potential confounders

For respiratory diseases, self-reported occupations were
coded according to the European classification system
ISCO-88 (COM), and the European job exposure matrix
(JEM), ALOHA [23]. For eczema, a classification system
based on risk occupations specifically for eczema was
used [24]. Occupations were also coded according to the
socio-economic indices (SEI-codes) officially used by Sta-
tistics Sweden [25].

Statistics

Relative risk was estimated using Odds Ratios (OR:s) with
95% Confidence Intervals (CI). These were obtained by
binary logistic regression, using SPSS, version 13.0. Sex,
age and smoking (smokers and ex-smokers vs. non-smok-
ers) were adjusted for in the model.
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Occupational exposure and socio-economic status were
tested as potential confounders. A predetermined change-
in-estimate criteria of 10% would have motivated an
inclusion in the model [26], but this was not fulfilled, nei-
ther was there any minor noticeable changes in estimate,
why occupational exposure and socio-economic status
were excluded from the model.

Odds ratios were not estimated in exposure groups with
fewer than 50 individuals.

A categorical classification of NO, was used to be able to
analyse non-linear associations between exposure to NO,
and outcomes. To determine the category limits, the
observations were merged and divided into NO,-quin-
tiles. The five exposure groups used were 0-8 ug/m3, 8-11
pg/m3, 11-14 pg/m3, 14-19 ng/m3, and above 19 pug/m3.

NO, was also used as a continuous variable for trend anal-
ysis using logistic regression. A p-value < 0.05 was
regarded as evidence of a trend.

Since areas with high exposure to traffic mainly were
located in the city of Malmg, a geographical stratification
(Malmo versus region outside Malmo) was done to
exclude confounding from direct urban-rural comparison,
when comparing high and low exposure.

We also investigated potential effect modification by strat-
ified analysis on sex and smoking (current, former, never
smoker).

In addition to current asthma, physician diagnosed
asthma and asthma symptoms last 12 months were
assessed separately in allergic vs non-allergic subgroups,
to increase comparability with the previous study [13]. 72
of those with physician diagnosed asthma and 68 of those

http://www.ij-healthgeographics.com/content/8/1/25

with asthma symptoms during the last 12 months had not
reported any triggers and were therefore missing in the
analysis.

Results
Description of the relation between disease outcomes and
covariates are given in table 1.

For description of reported triggers see additional file 1:
Description of overlap between reported triggers of
asthma and rhinitis.

In a stratified analysis, we found no evidence of effect
modification by sex or smoking for any of the outcomes,
although the power was also low to test for interaction.
Asthma triggered by pollen or furred animal
Current asthma with symptoms reported to be triggered
by pollen or furred animals, here defined as allergic
asthma, was associated with self-reported traffic exposure
and GIS-measured traffic intensity on heaviest road
within 100 m, but not with modelled concentrations of
NO, (table 2).

A geographical stratification showed increased prevalence
in association with NO,, in Malmo, but not in the region
outside (table 3). The association with self-reported traffic
and GIS-measured traffic intensity seemed consistent
across study area.

Separate assessment of asthma diagnosis and asthma
symptoms during the last 12 months, triggered by allergic
factors, showed the same patterns of associations with
traffic as allergic current asthma (See additional file 2:
Allergic vs. non-allergic physician-diagnosed asthma and
asthma symptoms last 12 months).

Table I: Descriptives of study population, and disease prevalence in relation to sex, age, and smoking.

Current asthma Rhinitis
Total n  Allergic Non-allergic  Allergic
Sex Men 4341 106(2.4%) 57(1.3%) 800(18.4%)
Women 4975 218(4.4%) 91(1.8%) 1064(21.4%)
Ever smoker No 4306 143(3.3%) 53(1.2%) 941(21.9%)
Yes 5010 181(3.6%) 95(1.9%) 923(18.4%)
Age 18-19 135 5(5.2%) 7(5.2%) 31(23%)
20-29 1062 52(4.9%)  19(1.8%) 284(26.7%)
30-39 2045 92(4.5%)  21(1.0%) 520(25.4%)
40-49 1887 61(3.2%)  24(1.3%) 407(21.6%)
50-59 2123 62(2.9%)  31(1.5%) 344(16.2%)
60-69 1586 38(2.4%)  33(2.1%) 21813.7%)
70-77 478 14(2.9%)  13(2.7%) 60(12.6%)

Eczema
Allergic eczema Hand-eczema

last 12 months

Non-allergic Diagnosis of

Hand-eczema

266(6.1%)  326(7.5%) 171 (3.9%) 195 (4.5%)
339(8.0%)  813(16.3%) 430 (8.6%) 401 (8.1%)
254(5.9%)  504(11.7%) 245 (5.7%) 248 (5.8%)
351(7.0%)  635(12.7%) 356 (7.1%) 348 (6.9%)
4(3.0%) 28(20.7%) 5 (3.7%) 3 (22%)
53(5.0%) 230(21.7%) 59 (5.6%) 80 (7.5%)
106(5.2%) 306(15.0%) 141 (6.9%) 166 (8.1%)
118(6.3%)  236(12.5%) 131 (6.9%) 132 (7.0%)
166(7.8%)  207(9.8%) 151 (7.1%) 134 (6.3%)
122(7.7%)  112(7.1%) 94 (5.9%) 71 (4.5%)
36(7.5%) 20(4.2%) 20 (4.2%) 10 (2.1%)
Page 4 of 10
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Asthma triggered by other factors
Current asthma triggered by non-allergic factor, was not
associated with any of the exposure metrics (table 2).

A geographical stratification found no indications of effect
modification by study area (table 4). Separate assessment
of asthma diagnosis and asthma symptoms during the last
12 months, triggered by non- allergic factors, showed no
association with traffic (See additional file 2: Allergic vs.
non-allergic physician-diagnosed asthma and asthma
symptoms last 12 months).

Rhinitis triggered by pollen, furred animals, house dust or
mould

Rhinitis triggered by pollen, animals, house dust or
mould, was associated with all measures (table 5). A geo-
graphical stratification found no indications of effect
modification by study area.

Rhinitis triggered by other factors

Rhinitis triggered by non-allergic factors was not associ-
ated with self-reported traffic or GIS-measured traffic
intensity, but showed a relation with modelled concentra-
tions of NO, (table 5). A geographical stratification found
no indication of effect modification by study area.

Eczema

Self-reported allergic eczema was significantly associated
with self-reported living close to a road with heavy traffic,
and showed non-significant tendencies to a relation with

Table 2: Current asthma in relation to traffic.

http://www.ij-healthgeographics.com/content/8/1/25

the other measures. Self-reported physician diagnosed
hand-eczema showed weak, but statistically non-signifi-
cant, associations with traffic, while hand-eczema during
the last 12 months showed a significant relation with self-
reported living close to a road with heavy traffic and GIS-
measured traffic intensity within 100 m, but not with
modelled concentrations of NO, (table 6).

A geographical stratification found no indications of effect
modification by study area for allergic eczema, but some
inconsistencies across study area for diagnosed hand-
eczema and hand-eczema last 12 months. These incon-
sistencies were seen for all three measures but showed no
consistent pattern (data not shown).

Discussion

This study found traffic to be associated with higher prev-
alence of allergic asthma and allergic rhinitis, but not with
non-allergic asthma and only with NO, for non-allergic
rhinitis. The difference between allergic and non-allergic
outcomes was suggested by overall pattern, but only clear
using GIS-measured traffic intensity as a proxy for traffic
exposure. An increased prevalence in relation to traffic
was also seen on hand-eczema during the last 12 months.

Study strengths and limitations

An important strength of the study was the use of three
different proxies for exposure to traffic with high-quality
of road- and emission data, and detailed questions of res-
piratory symptoms, which allowed for a distinction

Current asthma

Allergic? Non-allergic®
ne n, % Adj ORd ne n, % Adj ORd
Heavy traffic No 5441 187(3.4%) 1.00 5341  87(l.6% 1.00
Yes 2881 137(4.8%)  1.32(1.05-1.66) 2805  61(22%)  1.28(0.92-1.79)
Heaviest road radie <100 m no heavy road 3371 117(3.5%) 1.00 3316 62(1.9%) 1.00
<2 cars/min 2014 79(3.9%) 1.13(0.84-1.51) 1966  31(1.6%)  0.82(0.53-1.28)
2-5 cars/min 1608  54(3.4%) 0.96(0.69-1.33) 1584 30(1.9%) 0.98(0.63-1.53)
6-10 cars/min 781 37(47%) 1.34(0.92-1.96) 759 15(Q.0%)  0.95(0.54—1.69)
>10 cars/min 511 35(6.8%) 1.83(1.23-2.72) 485 9(1.9%) 0.96(0.47-1.96)
NOx (ug/m3) 0-8 1665  68(4.1%) 1.00 1624 27(1.7%) 1.0
811 1669  70(4.2%) 1.04(0.74—1.46) 1630 31(1.9%) 1.13(0.67-1.91)
11-14 1661 52(3.1%) 0.74(0.51-1.07) 1641 3220%)  1.15(0.69-1.94)
14-19 1674 51(3.0%) 0.73(0.50-1.05) 1655  32(1.9%) 1.05(0.62—1.76)
>19 1616  81(5.0%) 1.15(0.82-1.61) 1560  25(1.6%) 0.91(0.52-1.58)
p-trend 0.669 p-trend 0.553

2 Asthma triggered by pollen or furred animals
bAsthma triggered by other factors

<Individuals with non-allergic current asthma were excluded from the analysis of allergic current asthma in relation to traffic, and vice versa.

4OR:s, 95% Cl. Adjusted for age, sex and smoking

Page 5 of 10
(page number not for citation purposes)



International Journal of Health Geographics 2009, 8:25

Table 3: Geographical stratification.
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Current asthma, allergic?

Malmo Region outside Malmo
nb n % Adj OR¢ nb n, % Adj ORe¢
Heavy traffic No 1586  55(3.5%) 1.00 3768  128(3.4%) 1.00
Yes 1641 76(4.6%) 1.22(0.85-1.75) 1189 57(4.8%) 1.38(1.00-1.91)
Heaviest road radie <100 m (cars/min) Noroad 517 16(3.1%) 1.00 2815  100(3.6%) 1.00
<2 917 32(3.5%) 1.15(0.62-2.12) 1077 46(4.3%) 1.19(0.83-1.71)
2-5 740 25(3.4%)  1.08(0.57-2.05) 847  27(32%)  0.89(0.58-1.37)
6-10 581 26(4.5%) 1.49(0.79-2.82) 189 11(5.8%) 1.66(0.87-3.18)
>10 472 32(6.8%) 1.96(1.05-3.66) 29 | -
NOx (ug/m3) 0-8 12 0 - 1635  67(4.1%) 1.00
811 43 4 - 1612 65(4.0%)  0.99(0.70-1.41)
11-14 499 13(2.6%) 1.00 1138 38(3.3%) 0.79(0.52-1.19)
14-19 1197  36(3.0%)  1.12(059-2.14) 457  14(3.1%)  0.74(0.41-1.33)
>19 1476 78(5.3%) 1.78(0.97-3.27) 15 1(0.9%) 0.20(0.03-1.43)
p-trend 0.019 p-trend 0.029

Current allergic asthma in the city of Malmé and the region outside.
2 Asthma triggered by pollen or furred animals

b Individuals with non-allergic current asthma were excluded from the analysis of allergic current asthma in relation to traffic.

<OR:s, 95% Cl, Adjusted for age, sex and smoking

between allergic and non-allergic subjects. Symptoms trig-
gered by pollen or furred animals can probably be seen as
highly specific for allergy. However, "symptoms triggered
by other factors" is a heterogenous grouping, and these
results should be interpreted with caution. It should be
noted that only trigger-dependent symptoms were ana-
lysed in this study, not non-allergic chronic respiratory
symptoms which are not dependent on triggers.

Self-report of allergic triggers has shown moderate associ-
ation with skin prick-test [27], but this association does
not necessarily reflect the validity of self-report, but also
reflects that not all which show positive prick-test have
actual symptoms of their allergy. While about 40% of the
western population have elevated levels of IgE to com-
mon environmental allergens, only about 7% express
their atopy as asthma [28]. Since air pollution might exert
effects either in sensitization or in later manifestation of
disease, biological markers should be related to reports
and tests of actual symptoms. Our study strongly indicates
that allergic asthma and allergic rhinitis are affected by
traffic in adults, but the lack of biological markers and
objective symptom testing is a limitation.

A limitation was also the cross-sectional study design, which
makes it difficult to assess if pollution is associated with the
onset of allergy or only trigger an existing allergic disease.

We had no possibility to properly assess retrospective
exposure. We therefore focused on current asthma since
symptoms last 12 months are in agreement with esti-

mated exposure, and ever doctor's diagnosis exclude asth-
matic symptoms not specific of asthma.

Even if the additional separate association with ever diag-
nosis of asthma indicates long-term effects, there is a pos-
sibility of recall-bias, where those with current symptoms
are more likely to remember being diagnosed, which
would bias these effects away from null. On the other
hand, since asthma and rhinitis could be triggered by traf-
fic pollution, those with respiratory symptoms are also
likely to be affected by migrational bias, which would
rather bias both the effects of diagnosis and current symp-
toms towards null.

The traffic exposure measures have been more thoroughly
discussed in a related article [13]. Self-reported traffic
mainly showed consistent, although less pronounced
results compared with using GIS-measured traffic inten-
sity. The GIS-based road proxy has the advantage to not be
limited by spatial aggregation, but is a simple proxy for
exposure, only considering the heaviest road within a cer-
tain radius. Modelled levels of NO, on the other hand,
takes total traffic density into account, but had the disad-
vantage to be the measure with the lowest spatial resolu-
tion, and may therefore be most sensitive for ecological
bias. The finding that associations with NO, for allergic
asthma were only seen in Malmo, may indicate unmeas-
ured confounding and/or that NO, is not a good proxy of
traffic-related air pollution outside urban areas, some-
thing we have discussed in a previous article where we
analysed asthma as a homogenous group [13].
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Table 4: Geographical stratification. Current non-allergic asthma in the city of Malmé and the region outside.

Current asthma, non-allergic?

Malmé Region outside Malmo
nb n, % Adj ORe¢ nb n, % Adj OR¢
Heavy Traffic No 1557 26(1.7%) 1.00 3700 60(1.6%) 1.00
Yes 1599 34(2.1%)  1.31(0.78-2.21) 1159 27(23%)  1.37(0.86-2.17)
Heaviest road radie <100 m (cars/min) No heavy road 512 11(2.1%)  1.00 2766  51(1.8%) 1.00
<2 cars/min 902 17(1.9%)  0.88(0.41-1.89) 1045  14(1.3%)  0.73(0.40-1.33)
2-5 cars/min 726 11(15%) 073(031-1.70) 839  192.3%)  1.17(0.68-2.00)
610 cars/min 567 12(2.1%)  0.94(0.41-2.17) 181 3(1.7%) 0.82(0.25-2.66)
>10 cars/min 449 9(2.0%) 1.00(0.41-2.46) 28 0 -
NOx (ug/m3) 0-8 12 0 - 1595  27(1.7%)  1.00
811 39 0 - 1578  31(20%)  1.15(0.68-1.95)
11-14 501 15(3.0%)  1.00 1117 17(1.5%)  0.86(0.46-1.59)
14-19 1181 20(1.7%)  051(0.26-1.02) 455  12(2.6%)  1.50(0.75-3.00)
>19 1423 25(1.8%)  0.58(0.30-1.12) 114 0(0%) -
p-trend 0.501 p-trend 0.677

2Asthma triggered by other factors

b Individuals with allergic current asthma were excluded from the analysis of non-allergic current asthma in relation to traffic.

<OR:s, 95% Cl, Adjusted for age, sex and smoking

Discussion of main results and comparison with other
studies

There was a clear relation between exposure to traffic and
asthma triggered by pollen or furred animals, but not with
asthma triggered by other factors. This result seems to be
supported by a Swedish study which found that an
increased incidence of adult asthma associated with
increase in NO,only occurred among atopics [29]. The
Swedish cities in the RHINE-study however, found no
interaction between asthma and NO, using hay-fever as a
proxy for atopy [30]. The ECRHS-study also found no
interaction with atopy for the relation between traffic and
adult asthma incidence [31], and no relation between traf-
fic and sensitization [32]. The Swiss SAPALDIA study
found traffic to be related to allergic sensitization to pol-
len in skin prick-test, but not with asthma symptoms, at
baseline [33]. In the recently published follow-up, those
with atopy at baseline seemed to have a higher incidence
of asthma in relation to traffic, although there was not
enough power for statistical confirmation [34]. A German
study found neither increase of asthma or allergic sensiti-
zation living at self-reported busy roads [35]. Comparison
with our study is complicated by the fact that atopy could
both act as effect-modifier and mediator to disease. None
of the abovementioned studies have directly related traffic
to allergic asthma.

Consistent with the results for asthma, rhinitis due to pol-
len or furred animals were affected by traffic, but not rhin-
itis triggered by other factors, which showed an
association with NO,, but no convincing overall trend

toward a relation with traffic. There is previous weak epi-
demiologic support for an effect from traffic on allergic
rhinitis in adults. The Swiss SAPALDIA study in 2000
found living close to busy roads not to be associated with
allergic rhinitis [33]. In Germany, living close to extremely
or considerably busy roads has been associated with an
marginally increased risk of allergic rhinitis (OR = 1.16
(0.94-1.42) [35]. An Italian study in adults found out-
door NO, exposure to be associated with significantly
increased prevalence of allergic rhinitis in the Mediterra-
nean region (OR = 1.38; 95% CI 1.12 to 1.69), but not in
the subcontinental region, and concluded that climate
interacts with effects of NO, outdoor exposure [36]. Our
results strengthens previous very weak evidence for associ-
ations between traffic and self-reported allergic rhinitis in
adults, but it should be noted that the specific question we
used for definition of allergic rhinitis differs from what
has been used in other studies.

There was a higher prevalence of allergic eczema and
hand-eczema in relation to heavy traffic, but this was only
significant for self-reported hand-eczema during the last
12 months. It had been desirable to make a distinction
between atopic dermatitis and contact eczema, but this
distinction has low validity in questionnaires without
clinical examination or validated differential questions,
such as debut of hand-eczema in childhood or presence of
nickel allergy [37]. Occupational exposure is a major risk
factor for hand-eczema, but was not found to be a con-
founder with the present assessment of risk occupations.
Since Sweden has a largely segregated labour market in
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Rhinitis
Allergic rhinitis®

Non-allergic rhinitis®

nc n, % Adj ORd ne n, % Adj ORd
Heavy traffic No 5641  1154(20.5%) 1.00 4887  400(8.2%) 1.00
Yes 3070 710(23.1%) 1.13(1.01-1.26) 2565 205(8.0%)  0.99(0.83-1.18)
Heaviest road radie <100 m no heavy road 3523 715(20.3%) 1.00 3040  232(7.6%) 1.00
<2 cars/min 2087 421(20.2%) 0.99(0.87—1.14) 1814  148(82%)  1.08(0.87-1.34)
2-5 cars/min 1684  373(22.1%) 1.11(0.96-1.28) 1447 136(9.4%) 1.27(1.01-1.58)
6-10 cars/min 835  201(24.1%) 127(1.06-1.53) 685  51(7.4%) 0.96(0.70-1.32)
>10 cars/min 544 143(26.3%) 1.30(1.05-1.61) 435 34(7.8%) 1.07(0.73-1.56)
NOX (ug/m3) 0-8 1759 329(18.7%) 1.00 1526 96(6.3%) 1.00
811 1729 391(22.6%) 1.30(1.10-1.53) 1464 126(8.6%) 1.39(1.05-1.83)
11-14 1731 368(21.3%) 1.16(0.98-1.38) 1487 124(8.3%) 1.37(1.04-1.80)
14-19 1721 347(20.2%) 1.14(0.96—1.35) 1511 137(9.1%) 1.47(1.12-1.93)
>19 1733 418(24.1%) 1.33(1.13-1.57) 1433 118(8.2%) 1.37(1.03-1.81)
p-trend 0.006 p-trend 0.057

2 Rhinitis triggered by pollen, furred animals, house-dust or mould
bRhinitis triggered by other factors

<Individuals with non-allergic rhinitis were excluded from the analysis of allergic rhinitis in relation to traffic, and vice versa.

40R:s, 95% Cl. Adjusted for age, sex and smoking

respect of gender [38], adjustment for sex and age may
partly adjust for risk occupation. Few epidemiological
studies have investigated the effect from traffic on atopic
dermatitis. A previous cross-sectional study in southern
Sweden in 1992, related to this study, found self-reported
traffic to be associated with allergic eczema (OR = 1.45,
95% CI 1.28-1.66), but this seems to be the only evidence
of effects of traffic on eczema in adults. In children, a few
studies have indicated long-term effects on atopic derma-
titis [5,39,40]. To our knowledge, no epidemiologic study

Table 6: Eczema in relation to traffic.

has previously studied effects from traffic on hand-
eczema.

In conclusion, the present study of a randomly selected
adult population found that allergic asthma and allergic
rhinitis are associated with traffic-related air pollution,
but not non-allergic asthma or rhinitis. This result sug-
gests that asthma and rhinitis should be divided into aller-
gic and non-allergic conditions when investigating effects
from traffic pollution in adults. However, the cross-sec-

Self-reported allergic eczema

Diagnosed hand-eczema Hand-eczema last 12 months

n n, % Adj OR2 n, % Adj OR2 n, % Adj OR2
Heavy traffic No 6041 68I(11.3%) 1.00 373(6.2%) 1.00 345(5.7%) 1.00
Yes 3275 458(14.0%) 1.16(1.02-1.32) 228(7.0%) 1.12(0.94-1.33) 251(7.7%) 1.32(1.12-1.57)
Heaviest road radie <I00 m no heavy road 3755 442(11.8%) 1.00 228(6.1%) 1.00 221(5.9%) 1.00
<2 cars/min 2235 262(11.7%) 0.99(0.84-1.17) 148(6.6%) 1.10(0.89-1.37) 135(6.0%) 1.04(0.83—1.29)
2-5cars/min 1820 226(12.4%) 1.04(0.87-1.24) 116(6.4%) 1.08(0.86—1.37) 117(6.4%) 1.11(0.88-1.40)
6-10 cars/min 886  119(13.4%) 1.15(0.92-1.43) 64(7.2%) 1.20(0.90-1.61) 65(7.3%) 1.29(0.97-1.72)
>10 cars/min 578  84(14.5%) 1.08(0.83—1.40) 45(7.8%) 1.35(0.96-1.89) 56(9.7%) 1.63(1.19-2.23)
NOx (ug/m3) 0-8 1855 209(11.3%) 1.00 108(5.8%) 1.00 111(6.0%) 1.00
811 1855 206(11.1%) 0.99(0.80-1.22) 124(6.7%) 1.15(0.88-1.50) 108(5.8%) 0.97(0.74-1.28)
11-14 1855 251(13.5%) 1.19(0.98-1.46) 124(6.7%) 1.17(0.90-1.53) 131(7.1%) 1.20(0.92-1.56)
14-19 1858 225(12.1%) 1.09(0.89-1.33) 123(6.6%) 1.15(0.88-1.50) 117(6.3%) 1.08(0.83-1.42)
>19 1851 242(13.1%) 1.06(0.87-1.30) 122(6.6%) 1.16(0.89-1.52) 127(6.9%) 1.13(0.86—1.47)
p-trend 0.44 p-trend 0.52 p-trend 0.357
20R:s, 95% Cl, Adjusted for age, sex and smoking
Page 8 of 10

(page number not for citation purposes)



International Journal of Health Geographics 2009, 8:25

tional design is a severe limitation of this study, and lon-
gitudinal studies in adults are needed to investigate if the
effects for allergic versus non-allergic chronic respiratory
disease reflects adult onset disease. Potential biological
mechanisms can also not be explained in our epidemio-
logical study, which lacked biological markers, but the
indications of effects on eczema are interesting and either
indicate that adverse effects from traffic on allergic disease
are not limited to the respiratory tract, or that exposure to
traffic have negative effects on the skin which are not
related to allergic disease.

Conclusion

This study found that exposure to traffic is associated with
a higher prevalence of allergic asthma and allergic rhinitis,
but not with asthma or rhinitis triggered by non-allergic
factors. This difference was suggested by the overall pat-
tern, but only clear using GIS-measured traffic intensity as
a proxy for traffic exposure. An association was also found
with hand-eczema. We suggest that asthma and rhinitis
should not be treated as homogenous groups when esti-
mating effects from traffic in adults.
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Abstract

Background: Most epidemiologic studies use traffic at residential address as a surrogate for total traffic exposure
when investigating effects of traffic on respiratory health. This study used GIS (Geographical Information Systems)
to estimate traffic exposure, not only on residential, but also on workplace address, in addition to survey questions
on time spent in traffic during commuting or other daily activities.

The aim was to investigate 1) if there is an association between traffic exposure and prevalence of adult asthma
and asthma symptoms, and 2) if so, does this association become stronger using more complete traffic exposure
information.

Methods: This study was conducted in two stages: A first cross-sectional survey in Southern Sweden 2004 (n =
24819, 18-80 years, response rate 59%) was followed by a case-control study in 2005 to obtain more detailed
exposure and confounder information (n = 2856, asthmatics and controls (1:3), 86% response rate). In the first
survey, only residential address was known. In the second survey, questions about workplace addresses and daily
time spent in traffic were also included. Residential and workplace addresses were geocoded and linked with GIS
to road data and dispersion modelled outdoor concentrations of NO, (annual mean, 250 x 250 m resolution).

Results: Living within 50 m of a road (measured by GIS) with traffic intensity of >10 cars/minute (compared with
no road within this distance) was associated with an increased prevalence of asthma, (OR = 1.8, 95% Cl = (1.1-2.8),
and with asthma symptoms last 12 months. No statistically significant effects were seen for traffic exposure at
workplace address, daily time spent in traffic, or commuting time to work, after adjustment for confounders.

A combined total exposure estimate did not give a stronger association with asthma prevalence or asthma
symptoms.

Conclusions: Traffic exposure at close proximity to residential address showed association with asthma prevalence
and asthma symptoms last 12 months, among adults in southern Sweden. The associations were not stronger
when accounting for total traffic exposure. This could reflect exposure misclassfication at workplace address and for
other daily time in traffic, but also that residential address remains the main determinant for traffic exposure
among adults.

Background

That air pollution can trigger asthma symptoms is well
known [1], and there is increasing evidence that traffic
also induces asthma incidence in both children [2] and

* Correspondence: anna.lindgren@med.lu.se
Department of Occupational and Environmental Medicine, Lund University,
Sweden

( BiolVied Central

adults [3-6]. This increasing evidence from epidemiolo-
gical studies has been parallel with and probably depen-
dent on the development of long-term exposure
measures of traffic with a geographically high spatial
resolution, which capture contrasts in exposure better
than data from air pollution monitor stations only [7].

© 2010 Lindgren et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
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Although the exposure models for traffic have
becomes better in recent years, most studies still esti-
mate only exposure to traffic at residential address, even
if a large proportion of traffic exposure, especially for
adults, is commuting time, and workplace exposure [8].
The misclassification from using residential exposure as
a proxy for total exposure can be expected to distort the
true risk estimates, and reduce the power to detect an
effect [9]. While personal sampling exposure studies can
estimate the relationship between traffic and respiratory
symptoms in short-term studies, this is expensive and
not feasible for longer time periods or larger popula-
tions. It can also be a disadvantage to measure concen-
trations of a specific pollutant from all sources, rather
than the effects of a specific exposure source (i.e traffic)
with its complex mixture. It has been suggested that
geographical informations systems (GIS) should be used
for dynamic, 24 h- modelling of long-term exposure
from traffic [10], and this has been done in simulation
studies [11], but empirical epidemiological studies link-
ing this to health effects have been rare [12,13].

This is to our knowledge the first study on asthma
and traffic to use GIS to estimate traffic exposure, not
only at residential address, but also on workplace
address and with self-reported information on commut-
ing time to work or other outdoor activity in traffic.
Traffic intensity and modelled outdoor NOy was used as
proxies for local traffic-related air pollution, rather than
exposure to NOy per se (which also comes from indoor
sources like gas stoves). The aim was to investigate the
association between traffic exposure and prevalence of
asthma and asthma symptoms in adults in occupation-
ally active age. We investigated 1) separate associations
with traffic at residence, workplace, and daily time in
traffic, and 2) if combining the exposures, i.e. accounting
for total exposure, would strengthen the association
between traffic and asthma.

Methods

Study area &sampling

This study was conducted in two stages (figure 1): A
first large sample study was followed by nested sampling
of a subgroup of asthma cases and controls for more
detailed exposure assessment and confounder
information.

The first study was a cross-sectional public health sur-
vey (Additional files 1, 2) conducted in Scania (southern
Sweden) in 2004 (N = 24 819; 59% participation rate,
age 18-80 years, however, we restricted our analysis to
age 18-65 (n = 22693). The sampling was stratified by
age, sex and geographical area, with equal number of
subjects randomly sampled in each strata, independent
on population size in order to increase the statistical
power in some smaller administrative areas [14]. Thus,
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Figure 1 Flow-chart of study design.

Total weighted traffic exposure

the descriptive data in the study are only representative
for the entire Scania region in a weighted analysis. The
survey had a broad public health purpose.

The sampling frame for the second survey (Additional
files 3, 4) was those in the public health survey who had
agreed to participate in additional studies (7874 persons,
31.7% of the participants in the first survey) and were in
occupationally active age (18-65). The second survey
was sent in 2005 to all eligible asthmatics and to con-
trols (1:3, frequency matched on sex). The final case-
control study included 2856 respondents (86% response
rate), 705 asthmatics and the rest controls. The ques-
tions in this survey were focused on traffic exposures,
housing conditions and occupational factors including
information on workplace address.

The study was conducted in accordance with the Hel-
sinki Declaration. No animals were used in the study
and human subjects participated only after informed
consent. Ethical permission for the study was obtained
from the Regional Ethics Review Boards, Lund, Sweden.
Reference number: dnr 387/2004.

Geocoding

In the first survey, residential addresses for all partici-
pants were geocoded. For those participating in the
second survey, workplace addresses were also geo-
coded. At residential address, geocoding was achieved
by linking each individual’s unique 10-digit personal
identity codes to a registry containing the geographical
coordinates of nationally registered residential address.
This assigned individuals a position in the centre of
their real estate.

Workplace addresses were obtained by self-report in
the survey, and individuals were manually geocoded to
this address, which is more accurate positioning than
applying the centre of the real estate.
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Exposure assessment

All geocoded addresses were linked to GIS-based regis-
ters from the Swedish National Road Database, contain-
ing information about traffic intensity on all major
roads in the county, for the year 2004. To assess expo-
sure to traffic, we identified the road with the heaviest
traffic intensity within 100 m of the residence. Traffic
intensity was categorized as 0-1 cars/min, 2-5 cars/min,
6-10 cars/min, and >10 cars/min, based upon 24-hour
mean levels.

All geocoded addresses were also linked to modelled
concentrations of NO, based on a validated emission
database based on year 2001 [15,16]. The exposure
information for NO, is thus extrapolated from 2001.
Emission sources included were: road traffic, shipping,
aviation, railroad, industries and larger energy and heat
producers, small scale heating, working machines, work-
ing vehicles and working tools. Meterological data were
also included. A dispersion model (AERMOD) was used
for dispersion calculation of annual mean concentra-
tions pg/m?, within a 250 x 250 m grid, using bilinear
interpolation. A detailed description and discussion of
exposure assessment methods has been published pre-
viously [17].

In addition to GIS-estimated exposure, questions
about traffic at residential address, traffic at workplace
address and time spent in traffic were present in the
second survey.

In total, the following exposures were investigated:

 Residential address.

GIS measured traffic intensity on the heaviest road
within 50, 100, 250 m

GIS-modelled exposure to NO,

Survey question: “What is the traffic intensity on the
heaviest road you can see from any window in your
apartment? (within a distance of 50 m)”

« Workplace address.

GIS measured traffic intensity on the heaviest road
within 50, 100, 250 m

GIS-modelled exposure to NO,

Survey question:” What is the traffic intensity on the
street outside your work/school? (within a distance of
50 m)”

* Daily activities

Survey questions: “How much time do you on average
spend outdoor in traffic every day? (in cars, buses, bike,
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walking on streets etc)?” and “How long time does it
take for you to transport to work/school?”

» Total exposure. N = 1488 people had complete
exposure information (geocoded residential and
workplace address, reported time spent in traffic and
reported percentage of full time work) and were
thus used for calculation of total exposure.

Total exposure.was calculated as ((Total time - time at
work - time in traffic)*NO, at home address) + (time at
work*NO, at workplace address) + (time in traffic*C).
The constant C representing the hypothesized average
NO,-dose from time in traffic was varied between 30
and 300, since concentrations of fresh exhaust emissions
like NO can be many times higher in curbside intense
traffic, compared with background levels [18]. NO, at
residential and workplace addresses were estimated by
the GIS-modelling. Time in traffic was estimated from
the survey question “How much time do you on average
spend outdoor in traffic every day?”. Time at work was
estimated by reported percentage of full-time (40 h/
week) occupation.

Categorisations of variables were chosen to be com-
parable with previous study in the area [17] and for the
GIS-measures to be comparable with the self-reported
questions. Information on years of living at current
address was available.

Outcome measures
The following questions were investigated, as obtained
from the postal questionnaires:

o Asthma prevalence. “Do you have asthma?” The
potential answers “No” “Yes, but no symptoms”
“Yes, minor symptoms” “Yes, severe symptoms” were
dichotomized to “No” and “Yes “ (all three “Yes"-
answers were categorized as “Yes”). This question
was used in the first survey.

» Asthma Symptoms during the last 12 months. Have
you had asthma symptoms during the last 12
months, i.e. intermittent breathlessness or attacks of
breathlessness? This question was only used in the
second survey.

Information about doctor’s diagnosis of asthma and
use of asthma medication was also available in the sec-
ond survey.

Statistical analyses
Univariate analyses of the association of asthma with the
different traffic measures were performed. Analyses were
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also made restricted to those with asthma diagnosis,
those with severe and minor symptoms, those with
asthma medication (dichotomized as “no” versus “yes”,
where yes included both “yes, when needed” and “yes,
regularly”) and those which had been living >5 years at
current address.

Associations between asthma and total exposure to
NO, were also estimated. Traffic exposure was cate-
gorised into quantiles and effect estimates from total
exposure was compared with effect estimates from
quantiles based on the single-variate exposures. It could
then be assessed if the association got stronger by
reclassification of the same individuals according to
complete exposure information. Odds Ratios (ORs) with
95% Confidence Intervals (CI) were estimated by binary
logistic regression, using version 17.0 of SPSS.

Confounders which were known risk factors and pre-
sent in both first and second survey were adjusted for
(table 1). Adjusting for Socio-Economic Index (SEI)
based on occupational status [19] and Body Mass Index
(BMI) increased the effect estimates, while additional
adjustment for the other confounders in table 1 did not
change the estimates noticeably (below 10%), but these
were still included in the model. Potential confounder
variables from the second survey (damp, smell of mould,
condensate on inside of window, more detailed work-
exposure assessment by self-reported exposure to dust,
motor exhaust or chemicals as separate entities, or by
coding self-reported occupation to the ALOHA Job-
Exposure-Matrix (JEM), showing probabilistic exposure
to dust, gases or fumes [20]), did not noticeably change
the estimate further and were not adjusted for.

Results

Description of study population, selection, and exposure
Descriptive data for the study population are given in
table 1. White-collar workers were more willing than
blue-collar workers to participate in further studies.
This was more pronounced among non-asthmatics than
asthmatics. Those with high residential traffic exposure
were also more willing to participate in additional stu-
dies than those with low residential traffic exposure.
This difference was more pronounced among asthmatics
than non-asthmatics.

In the second survey, there was an increased propor-
tion of white-collar workers and decreased proportion
of blue-collar workers answering the second survey,
compared to the first survey. In the second survey, there
was also a slightly higher response rate among those
exposed to >19 pg/m> NO, , but this was not dependent
on asthma status.

Description of overlap between the different traffic
exposures can be seen in table 2. Residential exposure
to NOx was predictive of exposure at workplace address,
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but less predictive of time spent outdoor in traffic. Pear-
son correlation between NO, (continous) at residential
and workplace address was 0.5 (p < 0.001). The mod-
elled concentrations of NO, (pg/mg) at residential
address were: (1°* -3™ quartile = 4.4-13), (min-max =
0.4-37), and at workplace address: (1% -3*¢ quartile =
7.1-18), (min-max = 0.8-42).

The distribution of NO, at residential address differed
between the different municipalities, with almost all in
the high exposure range living in the major municipality
Malmé (figure 2).

The distribution of working hours for the subjects
included in the analysis of total traffic exposure was (40
hours week was considered 100% of full time): 43 per-
sons reported working more than 100%, 984 persons
worked 100%, 270 persons worked 75 to 100%, 144 per-
sons worked 50 to 75%, and 47 persons worked less
than 50%. Of those reporting asthma symptoms, 85%
also reported that they used asthma medication regu-
larly or when needed (table 3).

Residential traffic
Living within 50 m of a road with a traffic intensity of
>10 cars/min according to GIS showed increased
asthma prevalence compared to having no road within
this distance (table 4). High traffic intensity within 50
and 100 m was associated with asthma symptoms last
12 months (table 4)

No associations were seen with traffic intensity within
250 m or with annual mean of NO,.

Traffic exposure at workplace address

No effects on asthma prevalence were seen in associa-
tion with traffic at workplace address (table 5) although
asthma symptoms last 12 months showed a tendency to
higher prevalence with high exposure to traffic.

Traffic exposure during daily activities

No effects on asthma were seen from self-reported daily
time spent in traffic or commuting time to and through
work, after adjustment for confounders (adjusted esti-
mates in table 5), although time spent in traffic showed
an unadjusted association with asthma symptoms, 1-2 h
in traffic (OR = 1.4 (1.0-1.9)) and >2 h in traffic (OR =
1.8(1.3-2.4)) compared to 0-30 min in traffic.

Accounting for total traffic exposure
Combining traffic exposure at residential address, with
workplace address and self-reported daily time spent in
traffic did not increase the association with asthma
(table 6).

Adjusting the association between asthma and traffic
intensity at residential address (within 100 m), for traffic
intensity at work-address(within 100 m), and daily time
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Table 2 Description of joint exposures
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The 2" survey

NO, at workplace address (ug/m3)

Time outdoor in traffic/day (self-

reported)
total 0-8 8-11 11-14 14-19 >19 Total 0-30 30-1 h 1-2 h >2h
min
NO at residential address (ug/ 0-8 770 412 78 132 60(7.8%) 88 770 159 306 188 17
m3) (53.5%) (101%) (17.1%) (11.4%) (20.6%) (39.7%) (24.4%) (15.2%)
811 210 30 44 59 32 45 210 34 87 55 34
(14.3%) (21.0%) (28.1%) (152%) (21.4%) (16.2%) (41.4%) (26.2%) (16.2%)
11- 210 13(6:2%) 15(7.1%) 102 26 54 210 41 88 65 16(7.6%)
14 (48.6%) (124%)  (25.7%) (19.5%) (41.9%) (31.0%)
14- 161 4(2.5%) 7(4.3%) 38 39 73 161 29 65 41 26
19 (23.6%) (24.2%)  (45.3%) (18.0%) (40.4%) (25.5%) (16.1%)
> 19 137 9(6.6%) 4(29%) 18 26 80 13720 53 37 27
(13.1%) (19.0%)  (584%) (14.6%) (38.7%) (27.0%) (19.7%)

Percentage within row total. Exposure to residential traffic was predictive of exposure at workplace address, but less predictive of time spent outdoor in traffic.
The first row shows that of those who live at a residential address with 0-8 ug NOx/m?, 53.5% also have a workplace address with 0-8 ug NOx/m® and 20.6%

spend 0-30 min outdoor in traffic/day.

spent in traffic, with and without adjustment for other
confounders, did not change the estimate at residence
noticeably (< 10%).

Similarly, associations with traffic intensity at work-
place address (within 100 m) and time spent in traffic,
were robust to adjustment for other traffic exposures.

Restricted analyses

The effects on asthma prevalence from traffic were
stronger and statistically significant when limiting to
people living on their current address >5 years (data not
shown). Restricting the analysis to asthma cases which
also had doctors diagnosis of asthma did not signifi-
cantly alter the estimates. Restricting the analyses to
subgroups of asthmatics who had answered “Yes, minor
symptoms” or “Yes, severe symptoms” (compared to
“No asthma”) did not significantly alter the estimates.
Use of asthma medication was associated with having a
road with a traffic intensity of >10 cars/min, within 50
m (adj. OR = 3.24(1.39-7.58) and within 100 m (adj. OR
= 2.07(1.01-4.27) of residence, compared to having no
road within the same distance, but use of asthma medi-
cation was not associated with the other traffic
exposures.

Discussion

Living in close proximity to traffic was associated with
increased prevalence of asthma and asthma symptoms
last 12 months. No statistically significant effects were
seen from traffic exposure at workplace address, daily
time spent in traffic, or commuting time to work, after
adjustment for potential confounders. A combined
exposure estimate did not give higher association with
asthma.

Discussion of exposure assessment

This is to our knowledge the first epidemiological study
on asthma to use GIS not only to estimate traffic at resi-
dential address but also at workplace address and with
information about commuting time to work or other
outdoor time in traffic. However, while this more com-
plete exposure information could be expected to
strengthen any association with asthma, this was not
found in this study.

A potential reason that no significant adverse effect
was seen on workplace address could be if misclassifica-
tion of exposure, due to invalid geocoding, was larger
for workplace address. Since geocoding for the work-
place address was made for the exact address, the geo-
coding technique in itself is not likely to be the reason
for no association. However, if the study subjects are
not stationary at their work location, or the company
address might refer to larger commercial areas or build-
ings there might be little association between the perso-
nal exposure and the outdoor-indoor levels for that
location. Exposure estimates at the residential addresses
might on the other hand have inaccuracies due to
imprecise geocoding since individuals are positioned at
the centre of their real estates. In urban areas there
might therefore be substantial misplacement for indivi-
duals living in large family-housing, or for large estates
with vast land areas in the rural areas. It is well known
that geocoding error generally gives conservative esti-
mates [21], as does exposure misclassification in general
if not related to disease.

It should be noted that effects of traffic on asthma
symptoms were indicated at workplace addresses, but
the effect estimates were lower than at residential
address, and not statistically significant.
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Figure 2 Exposure distribution of NO, at residence, a) among people living in the major municipality Malmé (n = 3408 persons) vs
outside (n = 19285 persons) and b) in all the 33 municipalities separately.

Table 3 Use of asthma medication

Asthma medication

No Yes, when needed Yes, regularly Total
Asthmatic symptoms NO Count 2253 81 45 2379
% 94.7% 34% 1.9% 100.0%
YES Count 68 185 200 453
% 15.0% 40.8% 44.2% 100.0%

Of those who reported asthmatic symptoms last 12 months did 85% also report using asthma medication regularly or when needed.



Lindgren et al. BMC Public Health 2010, 10:716 Page 8 of 13
http://www.biomedcentral.com/1471-2458/10/716

Table 4 Asthma and traffic at residential address

The 1% survey (2004) The 2™ survey (2005)
Residential Address n Asthma Asthma n Asthma n Asthma Asthma Asthma
n (%) (OR)' (%) (OR)' symtoms
symptoms  (OR)’
n (%)
Self-report Heaviest road <50 0-1 cars/min - - 445 105 (23.6) 10 71(16.0) 1.0
m
< 2 cars/min - - - - 1512 339 (224) 1.10 (0.81- 216(144) 0.95 (0.66-14)
1.5)
2-5 cars/min - - - 410 113 (276) 117 (080-  81(19.9) 12 (076-18)
1.7)
6-10 cars/min - - - 203 56 (27.6) 1.20 (0.74- 34(17.0) 0.79 (042-1.5)
2.0)
> 10 cars/min - - - 258 76 (29.5) 1.5 (0.94-23) 48(185) 1.2 (0.72-2.1)
GIS Heaviest road <50 m no heavy 15584 1542 10 2100 494 (23.5) 10 316 (15.1) 10
road 99)
< 2 cars/min 3691 375 1.0 (090-1.2) 472 121 (25.6) 1.2 (089-16) 79 (16.8) 1.1 (0.81-1.6)
(10.2)
2-5 cars/min 1555 159 095 (076- 216 61 (282) 12(079-17) 39(181)  1.1(071-1.8)
(10.2) 1.2)
6-10 cars/min 307 35(114) 1.0 (065-1.6) 34 10 (29.4) 1.0 (033-32) 7(206) 14 (0.39-5.1)
> 10 cars/min 223 29 (1300 18(1.1-28 36 12 (33.3) 23(099-52) 12(333) 46 (2.0-10.6)
GIS Heaviest road <100 m no heavy 10875 1062 10 1461 330 (22.6) 10 215 (14.7) 10
road (9.8)
< 2cars/min 5741 589 1.1 (092-12) 744 197 (26.5) 14 (1.1-1.7) 128 (17.4) 1.2 (092-1.7)
(10.3)
2-5 cars/min 3309 327 (99) 096 (0.81- 462 121 (26.2) 1.2 (088-1.6) 75 (16.3) 1.1 (0.80-1.7)
1.1)
6-10 cars/min 894 101 1.2(092-16) 119 29 (244) 14 (082-23) 14 (11.8) 0.81 (0.38-1.7)
(11.3)
> 10 cars/min 541 61 (113) 1309518 72 21 (292 16 (082-32) 21 (292 2.7 (1.3-55)
GIS Heaviest road <250 m no heavy 4412 42997) 10 590 136 (23.1) 10 84 (142 10
road
< 2cars/min 7079 698 (99) 1.0 (0.86-1.2) 904 225 (24.9) 1.1 (085-1.5) 147 (16.4) 1.1 (0.7-1.5)
2-5 cars/min 6297 636 0.96 (0.82- 870 220 (253) 1.1 (083-1.5) 139 (16.1) 1.0 (0.7-14)
(10.1) 1.1)
6-10 cars/min 2100 222 1.1(086-13) 298 68 (22.8) 12 (077-17) 42 (14.1) 1.0 (06-1.9)
(10.6)
> 10 cars/min 1472 155 0.98 (0.76- 196 49 (25.0) 0.8 (0.51-1.4) 41 (20.7) 1.1 (06-1.9)
(10.5) 1.3)
GIS NOx (pg/m3 ) (250 x 250 0-8 11273 1111 10 1508 376 (24.9) 1.0 240 (16.0) 1.0
m) 99)
8-11 3133 300 (96) 0.94 (0.79- 371 78 (21.0) 0.79 (0.56- 45 (123) 1.0 (0.74-1.49)
1.1) 1.1)
11-14 2496 256 1.1(093-13) 383 90(232) 1.2 (086-1.6) 57 (14.8) 0.97 (0.68-
(103) 1.39)
14-19 2319 229 (99) 084 (0.69- 298 77 (258) 1.0 (0.73-1.5) 55 (184) 0.99 (0.60-1.6)
1.0)
> 19 2139 244 1.1(093-14) 293 77 (263) 1.1 (077) 56 (19.1) 1.1 (0.60-1.9)

(11.4)

"Adjusted for age, sex, BMI, socio-economy, smoking, and occupational exposure. [OR(95%Cl)]

Since the associations between traffic-related air pollu-  on NO, of 250 x 250 m might be too low to detect any
tion and asthma generally shows distance-dependent  effects from traffic. This must be weighted against the
relationship with strongest effects on asthma from living  fact that a higher spatial resolution may not be mean-
within 50 m of roads, and with sharp decline of many ingful considering the likely location uncertainty of
air pollutants within 30-150 m, a modelled resolution  workplace address.
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Table 5 Asthma and traffic at workplace address and during daily activities

The 2™ survey

WORKPLACE ADDRESS n Asthma n Asthma (OR)' Asthma Symptoms. n Asthma Symptoms (OR)
(%) (%) !
Self-reported Heaviest road <50 0-1 cars/min 601 144 (24.0) 1.0 80 (134) 1.0
m
2-5 cars/min 571 132(23.1) 1(0.80-1.5) 79 (14.0) 0.95 (0.66-14)
6-10 cars/min 351 75 (214) 2 (0.79-1.7) 49 (14.0) 1.2 (0.76-1.8)
10 cars/min 606 147 (243) 2 (0.73-19) 96 (15.9) 0.79 (042-15)
Workplace 214 50 (234) 5(093-27) 34 (16.0) 1.2 (0.72-2.1)
varies
GIS Heaviest road <50 m no heavy road 161 36 (224) 1.0 1(13.2) 10
< 2 cars/min 267 61 (228) 1.0 (0.62-1.7) 4 (12.7) 1(0.55-2.1)
2-5 cars/min 673 149 (22.1) 091 (057-14) 94 (14.0) 1.2 (0.65-2.1)
6-10 cars/min 407 83 (204) 092 (0.56-1.5) 5(11.) 1 (0.58-2.0)
> 10 cars/min 326 78 (239) 1.0 (0.62-1.7) 1(157) 14 (0.72-2.6)
GIS Heaviest road <100 m no heavy road 527 126 (23.9) 1.0 74 (14.1) 1.0
< 2 cars/min 327 76 (23.2) 0.88 (O 61-1.3) 1(125) 0.79 (049-1.3)
2-5 cars/min 509 102 (20.0) 085 (0.61-1.2) 7 (13.2) 097 (0.65-1.5)
6-10 cars/min 277 58 (209) 0.98 (O 66-1.5) 5(127) 1.2 (0.74-19)
10 cars/min 194 45(232) 0.99 (0.63-1.5) 8 (14.5) 1.2 (0.72-2.1)
GIS Heaviest road <250 m no heavy road 161 36 (224) 10 10132 10
< 2 cars/min 267 61 (228) 1.0 (0.62-1.8) 4 (12.7) 1(0.55-2.1)
2-5 cars/min 673 149 (22.1) 091 (0.57-14) 94 (14.0) 2 (0.65-2.1)
6-10 cars/min 407 83 (204) 092 (056-1.5) 45 (11.1) 1.1 (0.58-2.0)
10 cars/min 326 78 (239) 1.0 (0.62-1.7) 1(157) 4 (0.72-2.6)
GIS NOy (ug/m? (250 x 250 m) ~ 0-8 558 129 (23.1) 10 0 (126) 10
8-11 163 34 (209) 0.88 (0.55-14) 3(14.0) 1.1 (0.65-2.0)
11-14 455 94 (20.7) 091 (0.65-1.3) 6 (12.4) 0.99 (0.64-1.5)
14-19 227 48 (21.1) 1.0 (0.68-1.5) 7 (119 1.2 (0.71-2.0)
> 19 431102 (237) 098 (0.70-1.4) 69 (16.1) 1.3 (0.88-2.0)
DAILY ACTIVITIES n Asthma n Asthma (OR)' Asthma symptoms n (%) Asthma Symptoms n
(%) (%)
Time outdoor in traffic/day 0-30 min 622 134 (215) 10 79 (128) 10
30 min-1 h 1066 248 (23.3) 1.1 (08-14) 159 (15.1) 1.2 (0.83-1.7)
1-2h 715 194 (27.1) 1.1 (08-15) 121 (17.0) 14 (091-20)
>2h 453 1(26.7) 1.0 (0.7-14) 92 (204) 1.3 (0.83-20)
Commuting time to work < 15 min 881 211 (24.0) 10 117 (134) 10
15-30 min 915 207 (22.6) 090 (0.70-1.1) 140 (154) 1.1 (0.84-1.5)
30 min-1 h 408 99 (24.3) 1.0 (0.73-14) 60 (14.8) 1.2 (0.78-1.7)
>1h 129 29 (225) 0.77 (045- 18 (14.2) 092 (047-1.8)
133)

"Adjusted for age, sex, BMI, socio-economy, smoking, and occupational exposure. [OR(95%Cl)]

An effect from daily time spent in traffic on asthma
symptoms was indicated in unadjusted estimates, but
not after adjustment for confounders. Exposure studies
and simulations studies have shown that personal NO,
dose per se is only marginally influenced by commuting
time [11], but if NOy is seen as a proxy for NO and
ultrafine particles, or other pipe-exhausts, the contribu-
tion from time in traffic outdoor at street-level i.e in
congested traffic, may be many times higher and very
influential of total exposure. In this study we regarded

NOj as a proxy for traffic pollution and treated use of
gas stove as a potential confounder rather than expo-
sure. When calculating the contribution of “time in traf-
fic” to total exposure, we let the “dosecontribution” vary
between 30 pg/m® and a more extreme scenario of 300
ug/m?, but this did not give a stronger association with
asthma, although some of the asthma cases were moved
from the lowest to a higher exposure category.

The major source of exposure misclassification may be
the cross-sectional study character, especially for asthma
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Table 6 Total traffic exposure
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The 2™ survey

COMBINED EXPOSURE n Asthma, n (%) Asthma, n (%) Asthma OR' Asthma symptoms, n (%) Asthma symptoms (OR)’
Total exposure’ C=30 1%t 208 72(24.2%) 1.00 41(13.8%) 1.00
2" 298 68(22.8%) 0.90 (0.61-1.35) 32(10.8%) 0.70(041-1.18)
39 297 59(19.9%) 0.76 (0.51-1.15)  43(14.5%) 1.09(0.67-1.77)
4 208 65(21.8%) 0.87 (0.58-1.31) 41(13.8%) 1.09(0.66-1.79)
5t 297 70(23.6%) 0.96 (0.64-1.44) 48(16.2%) 1.28(0.79-2.08)
Total e><posureZ C =300 1°t 208 67(22.5%) 1.00 35(11.8%) 1.00
2" 208 67/22.5%) 2 (068-1.53)  35(11.8%) 1.06(0.63-1.79)
39 297 69(23.2%) 0 (0.66-1.50)  48(16.2%) 1.50(0.91-2.48)
4" 298 65(21.8%) 0.88 (0.58-1 34) 45(15.2%) 1.33(0.79-2.21)
s 297 66(22.2%) 0.88 (0.58-1.33)  42(14.1%) 1.18(0.71-1.99)
Residential + workplace Address’ 1°* 298 73(24.5%) 1.00 41(13.8%) 1.00
2" 208 69(23.2%) 1(061-1.35) 36(12.1%) 0.89(0.53-147)
39 297 54(18.2%) 64 (0.42-0. 97) 36(12.2%) 0. 87(0 52-144)
4" 298 69(23.2%) 0.98 (0.66-1.46) 46(15.5%) 31(0.81-2.12)
s 297 69(23.2%) 0.94 (0.63-141) 46(15.5%) 1 27(0 78-2.07)
Workplace Address 1t 298 74(24.8%) 1.00 40(13.5%) 1.00
24 298 64(21.5%) 081 (0.54-1.22) 41(13.8%) 1.12(0.68-1.85)
3 297 66(22.2%) 0.87 (0.58-1.31) 41(13.8%) 1.11(0.67-1.85)
4 208 67/22.5%) 0.92 (062-1.37)  40(13.5%) 14(0.70-1.88)
s 297 63(21.2%) 0.77 (0.51-1.16)  43(14.6%) 19(0.72-1.96)
Residential Address 1%t 208 71(23.8%) 1.00 41(13.8%) 1.00
2 208 70(23.5%) 0.90 (0.60-1.34) 35(11.8%) 0.80(0.48-1.33)
39 297 58(19.5%) 0.78 (0.52-1. 18) 41(13.9%) 1.08(0.66-1.75)
4 208 66(22.1%) 091 (0.60-1.36)  40(13.4%) 1 09(0 66-1.80)
5t 297 69(23.2%) 0.96 (0.64-1.44) 48(16.2%) 31(0.81-2.13)

"Adjusted for age, sex, BMI, socio-economy, smoking, and occupational exposure. [OR(95%Cl)]. 2 Total exposure assessment (residential address + workplace
address + time in traffic) is explained in methods section. The estimate based on only residential + workplace address is also time-weighted. C is the exposure

dose time in traffic is hypothesized to contribute.

The association between traffic and asthma is not stronger when combining total exposure compared to using only residential exposure. Using quantiles, i.e
holding the number of individuals fixed in each category, the changes in estimates reflects individuals moving between the low/high categories depending on
what exposures (residential address, workplace address, time outdoor in traffic) that are combined to estimate high vs low traffic exposure.

prevalence, which showed an increased association with
traffic when analysis was restricted to subjects which
had been living at least 5 years at current address.
Although asthma may start in adult age, most asthma
begin in childhood [22], hence, a cross-sectional study
in adults may poorly reflect retrospective exposure. This
however should less affect the results for asthma symp-
toms last 12 months, a condition which is better related
to current exposure, but may have different etiology and
be affected differently by air pollution [23].

Since air pollution is well known to trigger symptoms
[1,23], (even if it is less certain if it contributes to the
development of asthma), asthmatics may be more likely
to move away from than towards traffic. Therefore a
migrational bias is most likely to decrease the effects on
asthma prevalence and asthma symptoms. It is also
likely that the large proportion (44%) who regularly
used asthma medication further would diminish the
association between traffic and asthma symptoms,

especially since people living closing to roads had a
higher prevalence of asthma medication. In conclusion,
cross-sectional studies need to be confirmed by prospec-
tive studies, not only to establish the casual link, but
also to measure the true burden of disease from traffic.

Since this study was conducted in an area with low
levels of air pollution in a European perspective, high
exposure to traffic was rare and the study was slightly
underpowered to estimate effects from residential traffic
at traffic levels which has previously shown to be related
to effects. This also hindered any further analysis of
effect modifications by other risk factors than traffic.
Pooling of exposure groups would not help since only
the highest exposure groups showed a relation to traffic,
thus pooling would severely dilute the effects.

Discussion of potential confounding and selection bias
A strength of the study was the large number of poten-
tial confounder information which was collected, such
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as BMI [24], occupational exposure [25], and presence
of indoor dampness and mould [26], which are known
risk factors for adult asthma and often associated with
socio-economic status of the neighbourhood. Socio-eco-
nomic status (SEI), with the classification system used in
this study, has in Sweden shown an association with
asthma incidence in recent years [27]. Confounder
adjustment slightly increased the effect estimates for
residential address, suggesting that competing risk fac-
tors sometimes dilute the effects from traffic, something
we have previously suggested [17]. A weakness was that
we did not have more detailed data on triggers for asth-
matic symptoms, since we previously have observed a
association between traffic and asthma triggered by pol-
len and furred animals, but not with asthma triggered
by other factors [28]. Degree of confounding (measured
or unmeasured) is not likely to be directly generalizable
between studies since the association between covariates
such as socio-economic status and air pollution (NO,)
has been shown to be reversed depending on area in
Scania [29]. Confounding is better controlled for with
respect to asthma symptoms than to asthma prevalence
in this study, since we had information about current
but not past exposure to risk factors.

The effect estimates for residential traffic were stron-
ger in the case-control study than in the first survey,
indicating potential selection bias. In previous public
health surveys in the region it has been shown that the
response rate is dependent on geographical strata [30].
It is thus not unlikely that selection bias can have
occurred, however the objective exposure assessments
used in this study is a true advantage. Ideally, since this
study was sampled on geographical strata, an analysis
conditional on geographical stratum might have
increased the validity. This was however not possible
since exposure ranges were not comparable between the
different stratas/communities (figure 2). This also
excluded the possibility to use a dummy variable for
urban/rural areas to adjust for potential residual urban-
rural confounding. It should be noted that accounting
for total traffic exposure could further have strength-
ened any residual urban-rural confounding by compar-
ing people who are both working and living in rural
environments, with people who are both working and
living in urban environments.

Results discussion

To our knowledge, all previous studies on adult asthma
prevalence have only estimated traffic exposure at resi-
dential address. A previous cross-sectional study in
southern Sweden found asthma triggered by allergic fac-
tors to be associated with high traffic intensity within
100 m of residence, and with modelled NO, > 19 pg/m?®
[17,28]. A cross-sectional study in northern Sweden
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found that asthmatic symptoms increased significantly
with modelled NO,-concentrations and self-reported
heavy vehicles outside the kitchen window [31]. A
Swedish case-control study found measured home out-
door NO, (min-max: 0-29 pg/ms) to be associated with
asthma incidence among atopics [5]. The Swedish cities
in the Nordic Rhine study found modelled NO, to be
associated with incident asthma (OR = 1.5, 95% CI 1.0-
2.4, per 10 pg/m?) (min-max: 3.3-46 pg/m®) [6].

A few European cohort studies have supported that
traffic pollution increases asthma incidence in adults:
The ECRHS study found an association between mod-
elled NO, and increased asthma incidence (OR 1.4; 95%
CI 1.0-2.0, per 10 pug/m®) [3], The SAPALDIA study
found that asthma incidence was associated with mod-
elled change in TPM,, hazard ratio (1.3, 95%CI: 1.1 -
1.6 per 1 pg/m® change) [4]

The results from other Swedish studies support that
asthma symptoms are affected at relatively low levels of
air pollution. Cohort studies in adults, although still few,
also supports that the association between traffic expo-
sure and asthma prevalence observed in this cross-sec-
tional study may reflect a true increase in asthma
incidence when living close to traffic.

However, if the most recent studies support the asso-
ciation between air pollution and asthma, the relation
with asthma incidence is not fully settled and there are
also a few recent negative studies in adults [32,33], and
some cohorts in children [34].

There are two studies in children which have investi-
gated the effects of traffic at both home and school, on
asthma. McConnell et al found an increased hazard
ratio when combining traffic-related pollutants at
school-and residential address, on new-onset asthma,
compared to the independent effects [12]. The other
study by Kim et al make a reservation that the study
was not designed for independent assessment of expo-
sure at school- and residential address, and the sample
size was insufficient to properly do so, but they report
that they found a slight attenuation of effects on current
asthma from residential traffic pollution when adding
both residential and school exposure in the same model
[13].

In our study, effects at workplace address in the high-
est exposure categories were statistically insignificant
partly because lack of power to confirm small effect esti-
mates. Further studies in areas where high levels of air
pollution is rare, should consider to strongly oversample
exposed subjects in relevant exposure ranges and popu-
lation groups.

However, the lack of power can not explain that the
association did not get stronger for total exposure.
Alhough our lack of statistically significant association
with traffic at workplace address and time spent in
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traffic may be due to misclassification of exposure, it
may also indicate that residence is still the most influen-
tial exposure determinant of traffic exposure among
adults.

Conclusions

Living within 50 m of a road with high traffic intensity
was associated with higher prevalence of asthma and
asthma symptoms last 12 months. No statistically signif-
icant effects were seen from traffic exposure at work-
address, daily time spent in traffic, or commuting time
to and through work. A combined total exposure esti-
mate did not give a stronger association with asthma
prevalence or asthma symptoms.

Additional material

Additional file 1: Survey1_2004_Swedish original. The Swedish
original questionnaire for the first survey (2004).

Additional file 2: Survey1_2004_English translation. English
translation of the first survey questionnaire (2004).

Additional file 3: Survey2_2005_Swedish orginal. The Swedish
original questionnaire for the second survey (2005).

Additional file 4: Survey2_2005_English translation. English
translation of the second survey questionnaire (2005).

Acknowledgements

The authors would like to thank Susanna Gustafsson for development of the
NO,-database, and Region Scania for public health survey data.

Funding: This work was supported by the Swedish National Air Pollution
and Health Effects Program (SNAP), the Swedish Emission Research
Programme (EMFO), and the Faculty of Medicine, Lund University, Sweden.

Authors’ contributions

AL wrote the main part part of the manuscript and conducted the statistical
analyses. ES provided GlIS-data and made revisions on draft. JB and KJ
designed and conducted the surveys and made revisions on drafts. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 14 June 2010 Accepted: 22 November 2010
Published: 22 November 2010

References

1. WHO: Air Quality Guidelines Global Update 2005.

2. Salam MT, I T, Gilliland FD: Recent evidence for adverse effects of
residential proximity to traffic sources on asthma. Current opinion in
pulmonary medicine 2008, 14(1):3-8.

3. Jacquemin B, S J, Forsberg B, Aguilera |, Briggs D, Garcia-Esteban R,
Gotschi T, Heinrich J, Jarvholm B, Jarvis D, Viennau D, Kiinzli N: Home
outdoor NO2 and new onset of self-reported asthma in adults.
Epidemiology 2009, 20(1):119-26.

4. Kanzli N, B P, Liu LJ, Garcia-Esteban R, Schindler C, Gerbase MW, Sunyer J,
Keidal D, Rochat T, Swiss Cohort Study on Air Pollution and Lund Disease
in Adults: Traffic-related air pollution correlates with adult-onset asthma
among never-smokers. Thorax 2009, 64(8):664-70.

5. Modig L, J B, Ronnmark E, Nystrom L, Lundback B, Andersson C, Forsberg B:
Vehicle exposure in an incident case-control study of adult asthma.
European Respiratory Journal 2006, 28(1):75-81.

22.

23.

24,

25.

26.

27

Page 12 of 13

Modig L, T K, Janson C, Jarvholm B, Forsberg B: Vehicle exhaust outside
the home and onset of asthma among adults. European Respiratory
Journal 2009, 33(6):1261-67.

Jerrett M: Does traffic-related air pollution contribute to respiratory
diesase formation in children? European Respiratory Journal 2007,
29:825-826.

Mckone TE, R P, Ozkaynak H: Exposure information in environmental
health research: Current opportunities and future directions for
particulate matter, ozone, and toxic air pollutants. Journal of Exposure
Science and Environmental Epidemiology 2009, 19:30-34.

Greenland S: The effect of misclassfication in the presence of covariates.
American Journal of Epidemiology 1980, 112(4):564-9.

Briggs D: The role of GIS: Coping with space (and time) in air pollution
exposure assessment. Journal of Toxicology and Environmental Health, Part
A 2005, 68:1243-61

Setton EM, K C, Cloutier-Fisher D, Hystad PW: Spatial variations in
estimated chronic exposure to traffic-related air pollution in working
populations: A simulation. International Journal of Health Geographics 2008,
7:39

McConnell R, | T, Shankardass K, Jerrett M, Lurmann F, Gilliland F,
Gauderman J, Avol E, Kanzli N, Yao L, Peters J, Berhane K: Childhood
incident asthma and traffic-related air pollution at home and school.
Environmental Health Perspectives 2010, 118(7):1021-26.

Kim JJ, H K, Adams S, Smorodinsky S, Hoats A, Malig B, Lipsett M, Ostro B:
Residential traffic and children’s respiratory health. Environmental health
perspectives 2008, 116(9):1274-9.

Ali SM, C B, Merlo J, Rosvall M, Wamala S, Lindstrom M: Gender differences
in daily smoking prevalence in different age strata: a population-based
study in southern Sweden. Scandinavian Journal of Public Health 2009,
37(2):146-52.

Gustafsson S, ed: Uppbyggnad och validering av emissionsdatabas
avseende luftféroreningar for Skane med basar 2001 [A geographical
and temporal high resolution emission database for dispersion
modelling of environmental NOX in Southern Sweden]. The Department
of Physical Geography and Ecosystem Analysis Lund University: Lund; 2007
Stroh E: The use of GIS in Exposure-Response Studies. The Department of
Physical Geography and Ecosystem Analysis Lund University: Lund; 2006.
Lindgren A, S E, Montnémery P, Nihlén U, Jakobsson K, Axmon A: Traffic-
related air pollution associated with prevalence of asthma and COPD/
chronic bronchitis. A cross-sectional study in Southern Sweden.
International Journal of Health Geographics 2009, 8:2

Lohndahl J, M A, Swietlicki E, Bréuner EV, Ketzel M, Pagels J, Loft S:
Experimentally determined human respiratory tract deposition of
airborne particles at a busy street. Environmental Science & Technology
2009, 1(43):13

Statistics-Sweden: The Socio-economic Classification of Occupation.
Stockholm 1982.

Matheson MC, B G, Raven J, Sim MR, Kromhaut H, Vermeulen R, Johns DP,
Walters EH, Abramson MJ: Biological dust exposure in the workplace is a
risk factor for chronic obstrucitve pulmonary disease. Thorax 2005,
60(8):645-51.

PA Z: Influence of geocoding quality on environmental exposure
assessment of children living near high traffic roads. BMC Public Health
2007, 7:37.

Bel E: Clinical phenotypes of asthma. Current opinion in pulmonary
medicine 2004, 10(1):44-50.

Peden D: The epidemiology and genetics of asthma risk associated with
air pollution. The Journal of Allergy and Clinical Immunology 2005,
115(2):213-19.

Chen Y, D R, Jiang Y: The association between obesity and asthma is
stronger in nonallergic than allergic adults. Chest 2006, 130:890-895.
Torén K, B P: Asthma caused by occupational exposures is common - A
systematic analysis of estimates of the population-attributable fraction.
BMC Pulmonary Medicine 2009, 9:7.

Jaakkola MS, N H, Piipari R, Uitti J, Laitinen J, Karjalainen A, Hahtola P,
Jaakkola JJK: Indoor Dampness and Molds and Development of Adult-
Onset Asthma: A Population-Based Incident Case-Control Study.
Environmental Health Perspective 2002, 110:543-547.

Brabdck L, H A, Rasmussen F: Social class in asthma and allergic rhinitis: a
national cohort study over three decades. European Respiratory Journal
2005, 26:1064-1068.


http://www.biomedcentral.com/content/supplementary/1471-2458-10-716-S1.PDF
http://www.biomedcentral.com/content/supplementary/1471-2458-10-716-S2.PDF
http://www.biomedcentral.com/content/supplementary/1471-2458-10-716-S3.PDF
http://www.biomedcentral.com/content/supplementary/1471-2458-10-716-S4.PDF
http://www.ncbi.nlm.nih.gov/pubmed/18043269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18043269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19359271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19359271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16540504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19251785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19251785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17470616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17470616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7424903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18638398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18638398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18638398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20371422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20371422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18795175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19141546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19141546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19141546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19154599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19154599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19154599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17367533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17367533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14749605?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15696070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15696070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16963691?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16963691?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19178702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19178702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16319336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16319336?dopt=Abstract

Lindgren et al. BMC Public Health 2010, 10:716
http://www.biomedcentral.com/1471-2458/10/716

28.

29.

30.

31

32.

33

34,

Lindgren A, S E, Nihlén U, Montnémery P, Axmon A, Jakobsson K: Traffic
exposure associated with allergic asthma and allergic rhinitis in adults. A
cross-sectional study in southern Sweden. International Journal of Health
Geographics 2009, 8:25.

Stroh E, O A, Gustafsson S, Pilesjo P, Harrie L, Stromberg U, Jakobsson K:
Are associations between socio-economic characteristics and exposure
to air pollution a question of study area size? An example from Scania,
Sweden 2005, 4:30.

Carlsson F, M J, Lindstrom M, Ostergren PO, Lithman T: Representativity of
a postal health questionnaire survey in Sweden, with special reference
to ethnic differences in participation. Scandinavian Journal of Public Health
2006, 34(2):132-9.

Modig L, F B: Perceived annoyance and asthmatic symptoms in relation
to vehicle exhaust levels outside home: a cross-sectional study.
Environmental health 2007, 6:29.

Pujades-Rodriguez M, L S, Mckeever T, Britton J, Venn A: Effect of living
close to a main road on asthma, allergy, lung function and chronic
obstructive pulmonary disease. Occupational and Environmental Medicine
2009, 66:679-684.

Mar Pujades-Rodriguez, T M, Sarah Lewis, Duncan Whyatt, John Britton,
Andrea Venn: Effect of traffic pollution on respiratory and allergic disease
in adults: cross-sectional and longitudinal analysis. BVIC Pulmonary
Medicine 2009, 9(42).

Oftedahl B, Nystad W, Brunekreef B, Nafstad P: Long-term traffic-related
exposures and asthma onset in schoolchildren in oslo, norway.
Environmental health perspectives 2009, 117(5):839-44.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/716/prepub

doi:10.1186/1471-2458-10-716

Cite this article as: Lindgren et al: Adult asthma and traffic exposure at
residential address, workplace address, and self-reported daily time
outdoor in traffic: A two-stage case-control study. BMC Public Health
2010 10:716.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:

* Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

* Immediate publication on acceptance

* Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/19419561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19419561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19419561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16581705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16581705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16581705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17903240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17903240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19770354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19770354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19770354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19478970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19478970?dopt=Abstract
http://www.biomedcentral.com/1471-2458/10/716/prepub










Environmental Health

( BioMed Central

The Open Access Publisher

This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Asthmaincidence in children growing up close to traffic: a registry-based birth
cohort

Environmental Health 2013, 12:91  doi:10.1186/1476-069X-12-91
Anna Lindgren (anna.lindgren@med.lu.se)
Emilie Stroh (emilie.stron@med.lu.se)

Jonas Bjork (jonas.bjork@med.lu.se)
Kristina Jakobsson (kristina.jakobsson@med.lu.se)

ISSN 1476-069X
Article type Research
Submission date 1 July 2013
Acceptance date 23 October 2013

Publication date 26 October 2013

Article URL  http://www.ehjournal.net/content/12/1/91

This peer-reviewed article can be downloaded, printed and distributed freely for any purposes (see
copyright notice below).

Articles in Environmental Health are listed in PubMed and archived at PubMed Central.

For information about publishing your research in Environmental Health or any BioMed Central
journal, go to

http://www.ehjournal.net/authors/instructions/

For information about other BioMed Central publications go to

http://www.biomedcentral.com/

© 2013 Lindgren et al.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



mailto:anna.lindgren@med.lu.se
mailto:emilie.stroh@med.lu.se
mailto:jonas.bjork@med.lu.se
mailto:kristina.jakobsson@med.lu.se
http://www.ehjournal.net/content/12/1/91
http://www.ehjournal.net/authors/instructions/
http://www.biomedcentral.com/
http://creativecommons.org/licenses/by/2.0

Asthma incidence in children growing up close to
traffic: a registry-based birth cohort

Anna Lindgren
Corresponding author
Email: anna.lindgren@med.lu.se

Emilie Stroh
Email: emilie.stroh@med.lu.se

Jonas Bjork
Email: jonas.bjork@med.lu.se

Kristina Jakobssdn
Email: kristina.jakobsson@med.lu.se

! Division of Occupational and Environmental Medicine, Lund University, Lund,

Sweden

Abstract

Background

Recent reviews conclude an association between traffic-rgpetition and incidence ¢
asthma in children, but not all studies agree. Studies have alxdasieely relied or

parental-reported symptoms or parental-reported diagnoses of aatldnveheeze. Our ai

was to investigate if traffic exposure is associated witthérigncidence of early onset

asthma, using registry-based outcome data.

Methods

We investigated a birth cohort in southern Sweden, consisting o268l 228 children with
outcome and exposure data (born July 2005-2010). Of these children, N = 78

additional covariate information. The cohort was followed to the end of 2011.

Traffic intensity, and dispersion-modeled concentrations ofx NOD0Ox100 m grid), 4

—+

98 had

t

residential addresses, were linked with registry data on rdisdeasthma medication (the

Swedish Prescribed Drug Register), and hospital and primary hesih diagnoses
bronchiolitis, obstructive bronchitis and asthma (The Scania Health Care Registe

Covariate information was obtained from questionnaires distributed tntpaat Child
Health Care-centre visits, eight months after birth. Cox propottiemzards regression w
used for the statistical analyses.

Df




Results

Living in close proximity to a road with8640 cars/day (compared to 0—8640 cars/day), was
not associated with higher incidence of first purchase of intgalegonist (adjusted hazard
ratio (adj.HR) = 0.9, 95% CI: 0.8-1.0); third year purchase of inh@lexbonist (adj.HR F
0.7, 95% CI: 0.6-0.9); bronchiolitis (adj.HR = 0.7, 95% CI: 0.6-0.9), obstructive brichit
(adj.HR = 1.0, 95% CI: 0.9-1.2), or asthma (adj.HR = 0.7, 95% CI: 0.6- 0.9)aGmsulty
were found for inhaled corticosteroids, and in relation tagNO

Conclusions

Traffic-related exposure was not associated with higher inc&eh asthma medication, jor
diagnoses of asthma, bronchiolitis, or obstructive bronchitis, in children O—6iyesanstherr]
Sweden. This may depend on the low levels of traffic pollution in the area, maihlyalmil/
the WHO-guideline for N@

Keywords

Air pollution, Asthma, Bronchitis, Children, Environmental, Epidemiology, GIS, Nitrogen
oxides, Roadway proximity, Traffic

Background

It is well known that traffic-related air pollution can triggesthma symptoms in children and
adults [1]. There is also increasing evidence that long-teqposeire to traffic exhaust

increases the incidence of asthma development in children. Resgésivs conclude that

living close to a major road is associated with higher asthnideimze in children, although

there is not evidence to conclude a casual relation [2,3].

Asthmatic symptoms in children, sometimes termed “wheeze”, ottriglive respiratory
symptoms”, has diverse etiology. Before the age of 3 years, d&thsyamptoms are mainly
due to respiratory virus infections, while after 3 years, asthmaodakergic sensitization is
more often the cause [4]. Early asthmatic symptoms, “whetzabme degree predict later
asthma [5]. Traffic has been connected to both early [6,7], and ldhabd asthma
incidence [8-12].

For children, asthmatic symptoms, “wheeze”, are not clinicalliindisdisease entities, but
rather clinically similar wheezing symptoms which becomessgiad according to age and
other characteristics. Bronchiolitis is a diagnosis of wheezénlynased for infants.
Obstructive bronchitis is a diagnosis used for single episodes efaiviy symptoms for
children mainly younger than 3 years, when nothing speaks for alkigiogy. Asthma is a
diagnosis often used for a third episode of wheezing symptoms, offifst episode when
the child is older, the parents are known to be allergic, or the lchichad atopic eczema
which speaks for an allergic heredity [13]. The above staterafsrsrto common diagnostic
practice in Sweden, but practice may differ between countries.

The first line of treatment for obstructive wheezing symptanishaled3,-agonists, which is
prescribed for all of the mentioned diagnoses, and give immeudibiéé by dilating the



airways. Inhaled corticosteroids, which has a more preventiverdliatinimatory effect, is
prescribed as an additional medication for treatment of repediedze or wheeze with
suspected allergic component and is considered more specifictforaassSome studies have
used inhaleg,-agonists/corticosteroids as a proxy for asthma incidence [14,15].

Studies on long-term effects of traffic on asthma, however, hadititmally relied on
parental-reports of wheeze or parental-reports on diagnosis of as@imi&al asthma
examinations cannot be performed in small children due to complitfficelties [16], and
have not been performed in cohort studies on traffic pollution and agticidance in older
children either, probably because of the cost and effort requireth wioigld result in a small
sample size. Due to the risk of awareness bias in parentateémtata [17], and the risk of
overestimation of effects in small samples [18], there iset rier registry-based studies
which can have both objective outcome data and a larger sample size.

The Swedish Prescribed Drug Register has a complete (99.7%ageve individual-level
dispensed medication for all individuals living in Sweden, and disperssietha medication
will in this study be used as a proxy variable for incidencastiima. We also used diagnosis
of bronchiolitis, obstructive bronchitis, and asthma, from the Scan#tiHEare Register
(SHCR), which covers inpatient and outpatient care in the region, Hompitals as well as
primary health care centers. However, the SHCR has less d¢enggdeerage and will
therefore be used as a secondary outcome. This is the firsttstudg dispensed medication
to estimate long-term effects from traffic-related exposur@sthma, and only one study has
used hospital and primary health care registries for this purpose before [8].

The overall study aim was to investigate if children growinglope to high traffic intensity,
or high levels of nitrogen oxides (N® are at higher risk of developing asthma, or other
obstructive respiratory disease, “wheezing”, in early childhood.

Methods

Study area

Scania is the southernmost county of Sweden, with a population of 1 243 328y R0¢6
[19]. Children born in Scania, whose mothers were registered ag livithe municipalities
Malmo, Svedala, Vellinge or Trelleborg were included, since sudatg with covariate
information were available from Child Health Care centetd@Tin this area. Malmo is the
major municipality in the county, 298 963 inhabitants, with a large sacioesnically
disadvantaged immigrant population, 30.2% foreign born. Previous studies havettfatind
immigrants,and children residing in areas with low income, hasheeh&kposure to NOn
Malmé [20,21].

Malmd has the highest level of air pollution in the area. Althouglutaoit levels in the
region are low in a European context (Additional file 1), they aghdri than in most of
Sweden, due to long-range transport of pollutants from the continergxégsive harbor
and ferry traffic.



Selection of study population

A flow-chart of the study population selection is displayed gufé 1. The study was limited
in time to children born from July 2005, since individual level medicatidm @ only
available since then. All children were followed to the end of 2011.

Figure 1 Selection of study population.

To identify a birth cohort, we retrospectively retrieved the idemumber of all children
born by mothers living in Malmg, Svedala, Vellinge and Trellelwhrgng July 2005-2010,
from the Perinatal Revision South (PNS)-registry. The PNBtrgdhas a 100% coverage of
visits on obstetric and peri/prenatal units in the county. Out of 28 03iterildentified in
the PNS-register, 875 were not found in the Scania population regisiryhus excluded,
since they were not registered as living in the region duringhdod. Outcome data was
available for all children found in the Scania population registry 27 162), by linkage to
the SHCR and the Swedish Prescribed Drug Register. Geograpbardinates (geocodes)
for registered birth year address was available for 26 128 ahiltbe which exposure was
assessed. Most of the missing geocodes belonged to children Wdesamber, whose late
birth date probably lead to addresses not being registered duringf yxdh. Geocodes were
retrieved for birth year and subsequent years for each child, atértd of 2010. Finally,
covariate information from questionnaires routinely distributedhéidGHealth Care centers
was available for 7898 children, which formed the main study cohort.

Ethical permission

This study was approved by the Lund University Ethical Comeiftegistration no.
2011/468). No formal informed consent was required, but the study wasisetven the
local newspaper and information was distributed to Child Health Ceméers, allowing
parents to request that their children not be included in it. No such request was raise

Asthma medication

The Swedish Prescribed Drug Register includes all drugs dishahpbarmacies in Sweden,
since July 2005 linked to personal identity numbers [22]. The registnaistained by the
National Board of Health and Welfare. All expedited drugs on the @w@esare registered,
with a very small number of incorrect or incomplete registratiof ID. The population
coverage with correct patient identities is 99.7% [23].

The registry contains data on all dispensed prescriptions in ambulatory earéh&counter

(OTC) medications and drugs used at in-patients settings aiachaded. Medication data
are classified according to the Anatomical Therapeutic Clan{isTC) Classification

System [24].

The Pharmaceutical Benefit Scheme, which is mainly tax fedin@overs the main costs for
drugs in ambulatory care in Sweden. There is a ceiling on theatotalnt that a patient pays
during a 12-month period for subsidized pharmaceuticals (2013: SEK @52), The drug
costs of children younger than 18 years, living in the same household, are counted.togethe



We obtained information on medications prescribed for obstructive ardisgase (ATC-
code RO03). The outcomes used were dispensed prescription of iflaedgdnist (ATC-
codes: RO3AC, R0O3AK04, RO3AK06, RO3AKQ7), and inhaled corticosteroids (ATC-codes:
RO3BA, RO3AK06, RO3AK07). Drugs with code RO3AK06 and RO3AKQ07 are combinations
of Bo-agonists and corticosteroids and therefore occur in both outcomes.

As primary outcomes we used:

1) Incidence of first ever dispensed inhgbgehgonist

2) Incidence of third year with dispensed inhgledgonist

3) Incidence of first ever dispensed inhaled corticosteroid

4) Incidence of third year with dispensed inhaled corticosteroid

First dispensed medication was seen as a proxy for incidence wfiatlve respiratory
disease, but may reflect primarily transient disease. Thiatl wé&th dispensed medication
was seen as a proxy for more persistent disease. The ybaes were not necessarily
consecutive years.

Diagnoses of bronchiolitis, obstructive bronchitisand asthma

In Sweden, all healthcare consultations are recorded in countyispitidbases. The SHCR
holds details for primary health care, and hospital based in- and eutpzdie for Scania. In

Sweden, all patients are registered to a general primarypcaréce. However, patients are
not obliged to attend primary care before seeing a specidlisgugh that is the most

common procedure [25].

Each consultation generates data entries that are transfer&4Ce and which constitute
the basis for reimbursement to the healthcare providers. The hosaitalhas a good
coverage and validity for diagnostic codes [25,26]. However, for priceng;, the number of
consultations with diagnostic codes is less complete. The diagoodgts from public care
are transferred to SHCR, but have some missing registrationaghaiitic codes due to
incomplete journal entries. For private health care providers, tatisol events, but not
diagnostic codes, are transferred to SHCR. Private care malggprgximately 30% of all

primary care in Scania [25].

The number of visits that lacked diagnostic codes was only provided onl ¢exezbfor the
children in this study, not individual level.

The hospital-based health care uses a Swedish version of the daitbst0 system, ICD-
10-SE, and the primary health care uses a simplified version, KSH#8&-Becondary
outcomes we used diagnostic codes from SHCR, including hospital-lmsed as primary
health care. Visits are often given multiple diagnostic codesweuincluded only the
primary diagnostic code.

The secondary outcomes were primary diagnoses of:
1) bronchiolitis (J210, J218, J219),

2) obstructive bronchitis (J200-J209, J22-P)
3) asthma (J450- J459, J45-P, J469)



Exposure assessment

Geocodes for the children’s officially registered residentidresses were retrieved from the
population registry, for each year from birth until the end of 2010. Indilgdara positioned
at the center coordinate of their residence.

Traffic intensity

A Geographical Information System based registry, from thed&h National Road
Database, provided data on traffic intensity in all major roadthéncounty. To assess
exposure to traffic, we identified the road with the heavieffidriatensity within 100 m of
the residence. Traffic intensity was categorized as “no rdaddd with 0—2880 cars/day”,
“2880-8640 cars/day”," 8640—14400 cars/day”, andl4400 cars/day”, based upon daily
(24-hour) mean levels.

The traffic intensity categories were merged into a dichotomartiable, “0-8640 cars/day”
(including children with “no road”) and>8640 cars/day”, to obtain enough power, since not
enough cases lived in the highest exposure category to assegardtely. The classification
was based upon results from previous studies in the same geodreggima, which found a
higher prevalence of asthma among adults living within 100 m of no#ld$-8640 cars/day
[27,28]. Separate analyses were done in relation to traffic itytefos: 1) birth address
exposure 2) birth address exposure, with children censored when/ifnthed during time

at risk.

Modeled concentrations of NQ

Concentrations of NQ (NO, + NO) at each child’s residential address, were modeled as
annual means for each calendar year 2005-2010, with a spatial resofufiéx100 m.
Concentrations were obtained from an emission database (EDB) Ggr previously
described in detail [20]. The emission sources included were: r@fid,tshipping, aviation,
railroads, industries and larger energy and heat producers, salallseating, working
machineries, working vehicles and working tools. Background levédgfdue to transport
of pollutants from the continent, were also included, based on datardiainbackground
monitor stations, and meteorological factors were incorporateddigpersion calculations,
the EDB was combined with a modified Gaussian two-dimensional dispersodel
(AERMOD). Bilinear interpolation was applied. Validation of the EEBhowed satisfying
agreement between modeled and measured concentrations (BpEarman’s r = 0.8) [29].

Separate NQ -analyses were done for: 1) birth address exposure 2) birth adoymssure,
with children censored when/if they moved during time at risk, amdezn NQ during all
years at risk (excluding 2011 for which geocodes were not availdible)mean N§ during
time at risk was only assessed for those never moving outsideutheasea during time at
risk. Since time at risk differ with outcome, the number with matirlean NQ during time
at risk, also vary depending on outcome.

We used a categorical classification of N@ince previous studies in the same geographical
region have indicated non-linear relationship betweery ld@d asthma [27,28]. We based
our categories on exposure contrastd5( 15-25 and >2fig/m°), rather than on the
distribution of NG among the population.



Covariate information

The final cohort for the main analysis included 7898 children born ineberr, whose
parents had answered a CHC center questionnaire 8 months after birth. Tlengaiestivas
handed out to parents in Malmé, Svedala, Vellinge and Trelleborg, in coojundgth their

children’s 8 month checkup at the CHC centers [30]. The questionnaire &ad/delated
and translated from Swedish into five different languages: Albanieahi@ English, Serbo-
Croatian, and Somali. The response rate varied between years apgmasimately 65% of
handed out questionnaires [30].

Variables considered for inclusion in the multivariable models weeg, birth weight,
smoking during pregnancy, environmental tobacco smoke (ETS), mold at paneatal
allergy, furred pets at home, breastfeeding, parental opgirgntal education, problems to
pay bills, and type of housing, and birth year.

Statistical analysis

All statistical analyses were performed using SAS, version Q8viv@al analysis was
performed because of different lengths of follow-up of the childwge used two different
censoring variables: 1) children were censored at year of stody(2011), or 2) children
were censored when they moved from their original birth addresa, year of study end
(2011).

Descriptive Kaplan-Meier survival curves, with numbers at riskrewdisplayed for all
outcomes. The proportional hazard assumptions for exposure and outcomehested
graphically by log(-log(survival))-curves. We then reported unaeljuslox proportional
hazards-ratios (Cox PH) between exposure and outcomes.

We used prescreening of variables in combination with a steg®agePH-procedure, to
select covariates to include in the final multivariable modele pérformed the same
selection procedure for all outcomes in relation to trafficnisitg, to find the most important
predictors. Any variable staying in any of the outcome models, im@sded in all the

models, for model consistency. Traffic intensity was forced iteane in the model in each
step. The following steps were done:

1. Univariable prescreening of all covariates in Table 1, exdgptAny variable with a
univariate p-value < 0.2 for the HR between the covariate and the oyta@neselected to
next step.



Table 1 Description of the main cohort, n = 7898

N (%) HR (95% CI)*®
1st purchase, inhaleds,-agonist

Sex Girl 3784 (49) 1.0
Boy 3996 (51) 1.3(1.2-1.5)
Missing 118

Birth weight 2500-4000 (normal) 6079 (78) 1.0
500-2499 (low) 301 (4) 1.1(0.9-1.5)
4001-6500 (high) 1396 (18) 1.1 (1.0-1.3)
Missing 122

Smoking during pregnancy No 7275 (94) 1.0
Yes 499 (6) 1.2(1.0-1.5)
Missing 124

Environmental tobacco smoke No 6591 (85) 1.0
Yes 1177 (15) 1.2(1.1-1.4)
Missing 130

Breastfeeding >8 months 3920 (56) 1.0
<8 months 2807 (40) 1.2(1.1-1.3)
Never breastfed 278 (4) 1.3 (1.0-1.6)
Missing 893

Parental allergy No 3177 (46) 1.0
Yes 3751 (54) 1.2(1.1-1.4)
Missing 970

Furred pets at home No 5790 (75) 1.0
Yes 1922 (25) 1.0 (0.9-1.1)
Missing 186

Mold at home No 7326 (95) 1.0
Yes 386 (5) 1.0 (0.8-1.3)
Missing 186

Problems to pay bills Never or seldom 7361 (96) 1.0
Yes, >6 months/year 348 (5) 0.8 (0.6-1.0)
Missing 189

Swedish Parents Yes, both Swedish 4811 (62) 1.0
One foreign 1290 (17) 0.9 (0.8-1.1)
Both foreign 1689 (22) 0.8 (0.7-1.0)
Missing 108

Highest education any parent >12 years 5612 (73) 1.0
9-12 years 1792 (23) 1.1 (1.0-1.3)
<9years 297 (4) 1.1(0.8-1.4)
Missing 197

Type of housing Owned house 2783 (36) 1.0
Tenant-owned apartme@242 (29) 0.9 (0.8-1.0)
Rented apartment 2616 (34) 0.9 (0.8-1.1)
Other 101 (1) 0.7 (0.4-1.1)
Missing 156

City Vellinge 449 (6) 1.0
Svedala 664 (8) 0.9 (0.7-1.2)
Trelleborg 611 (8) 1.1(0.8-1.4)
Malmo 6134 (78) 0.8 (0.6-1.0)
Missing 40

Birth year 2005 1066 (14) 1.0
2006 2395 (30) 1.1(0.9-1.3)
2007 1664 (21) 1.0 (0.8-1.2)
2008 2179 (28) 1.0 (0.9-1.2)
2009 594 (8) 1.2 (0.9-1.5)

@ Unadjusted.



2. All the selected variables were included into a multivarialdg @odel, together with
traffic intensity which was forced to stay in the model. Backiselection was performed,
with significance level for staying (Slstay) = 0.1.

3. Starting with an initial model including the variables seledtedh step 2. Forward
selection was performed, with significance level for entrerf®}) =0.2, to consider for
inclusion the variables initially not selected at step 1.

4, Starting with the model selected from step 3. Finetuning was ldostepwise selection-
Slentry/Sistay 0.05. The variables selected to be included in tHenfirivariable models
were: Sex, ETS, breastfeeding, parental allergy, parentahpggrental education and year
of birth.

Since all selected covariates approximately fulfilled theaBstamption, we used the Cox PH
model for the final multivariable analyses, to assess the in@denasthma medication and
diagnoses in relation to traffic-related exposures. Multivariabl@lyses presented do not
include children with missing values for any of the variables included.

We also performed sensitivity analyses: we analyzed the unatjesi¢ion between traffic-
related exposure and outcomes, for all children with complete infimmman exposure and
outcome (n = 26 128). For the main cohort (n = 7898), we separatetyated effects for
Malmo vs. the remaining study area, to see if results wamsistent across geographical
regions. We also performed an analysis excluding children born 200@ed@hevhen most
children had high traffic exposure. Finally, we performed analgstscted to children with
high socio-economic status (n = 3464), here defined as children whose pareres fllfithe
following criteria; never problems to pay bills, at least onemiangth >12 years education,
and both parents born in Sweden. The question about ability to paywb#ishere not
dichotomized as in the main analysis, but instead a finer origlaasification was used,
where “never problems to pay bills” was separated from “seldom problems to gay bill

The hazard ratios (HR) in all analyses were displayed with 95% confidencalisitel).

Results

Covariate description

Population characteristics, and incidence of inhafigeagonists in relation to these
characteristics, are displayed in Table 1. Most of the ridlofaincluded in the multivariable
analyses, were more common in proximity to roads with low itrafftensity (parental
allergy, ETS, no or little breastfeeding, short parental educatitale sex of the child was
associated with high traffic intensity. Parental origin, and ydabirth had no consistent
relation to traffic, but a large proportion of the children with Higtffic intensity and high
NOx were born in 2006.

Exposure description

The percentage of the study population liviet00 m from a traffic intensity of 0-8640
cars/day at birth address was 73.8%, compared to 26.2% with irffitsity of> 8640
cars/day at hirth address. We classified modelegl M@els into<15, 15-25 and >2pg/m°.



For exposure at birth address, the percentage of the populationitiviegpective category
was 34%, 57% and 9%. Mean N@t birth year was 1fg/m®, and the percentile distribution
was 9.2, 11.8, 17.6, 21.1, and 24@m° (10th, 25th, 50th, 75th, and 90th percentile). Min,
Max = (6.1, 45.9ug/n. The distribution of NQ by traffic intensity, is displayed in Figure
2.

Figure 2 Distribution of modeled annual mean NQ at birth address, by traffic intensity
(n = 7895).Upper and lower borders of boxplots represent the 75th and 25th gescantd
the bold line is the median. The whiskers extend to the minimum axichoma of the NQ-
concentrations.

Missing outcome data and Kaplan-Meier survival cunes

Diagnostic codes were available for 97% of the hospital visits,far 50% of the primary
care visits. Among the latter, 70% of public primary care visits diagnostic codes, while
codes were completely missing for private primary care vigite proportion of private
primary care was 28% of total primary care visits.

Kaplan Meier survival curves, and life table data, showed that make dfcidence of first
dispensed asthma medication and diagnoses, occurred in age 1-2 yeaien@die 1:
Table S5 and Additional file 2). The oldest children were followed to age 6 years.

Incidence of dispensed medication

Incidence of purchased inhalpglagonist, and inhaled corticosteroids, was lower for children
living close to a road witkr8640 cars/day (compared to 0—-8640 cars/day) at birth address
(Table 2). Both first and third year purchase was assocrgthda lower traffic intensity, in
some cases significantly so. Similar results were observeeldtion to NQ. The results
were consistent for children who never moved during time at nsknéan NQ during time

at risk, and both before and after adjustment for covariates (Table 2, and Additeaal fil
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Incidence of bronchiolitis, obstructive bronchitisand asthma

There was a significantly lower incidence of diagnoses ofdhiofitis, and asthma, but not
obstructive bronchitis, among children living close to a road w8640 cars/day (compared
to 0-8640 cars/day) at birth address (Table 2). Similar reselts vbserved in relation to
NOx. The results were consistent for children who never moved duringatimigk, and for
mean NQ during time at risk. The results were consistent before aed atjustment for
covariates, except the HR for obstructive bronchitis, which dimidishigh adjustment
(Table 2, and Additional file 1).

Sensitivity analyses

An analysis of all children for which outcome and exposure datavakable (n = 26 128),
unadjusted for any factors, showed that traffic-related exposigetagstically significantly
associated with a lower incidence of all outcomes except obg&icbnchitis, for which the
HR was not significantly different from 1 (Additional file 1).

For the main cohort (children with covariate information, n = 7898), wadifsgd our
analyses separately for Malmd vs. the remaining regiord the results were largely
consistent across the regions (data not shown). The results wgerecaisistent when
excluding children born 2006. Finally, we performed an analysis restriot children with
high socio-economic status (n = 3464) and the results for this subgroesiwelar to the
results for the main cohort (Additional file 1).

Discussion

There was no increased purchase of asthma medication or diagnobrenchiolitis,
obstructive bronchitis or asthma among children 0-6 years, growing uptol@sroad with
high traffic intensity, or high levels of NOOn the contrary, there was a lower incidence for
all outcomes except obstructive bronchitis, among these children.ntiistes that traffic-
related exposure is not a risk factor for early onset asthmeaie in children in southern
Sweden.

Strengths and limitations

A strength of the study was the register-based outcome dHtacemplete coverage of
dispensed medication, which prevents potential awareness bias dueemtalpaported
outcomes. There are still some possibilities of selection biasodygestionnaire data in this
study, since the confounder information was only available throug@-questionnaires,
which is likely to have lead to a selection towards high socio-econstiatus among those
who answered the CHC-questionnaire. A potential limitation wasttieadirug register only
includes dispensed medication. The observed lower incidence of madliaatbng children
in households with bad economy or with immigrant parents in the presely, saise a
suspicion they cannot afford to dispense prescribed medication (or dtndiagnosed in
the first place), to the same degree as the children in househitidgood economy. A
previous study in Swedish children found low socio-economic status teldied to higher
incidence of late onset wheeze, when based on self-reported deagrodsis or wheeze [31].
However, a recent Swedish study did not find income to be a predictdispense of drugs,
after controlling for health status, but there was higher ppter rate toward people with



high education [32]. However, since we had individual level data on scoimmic status

we could address this by adjustment and restriction on different-eccimmic indices,

which did not affect the result, and thus this is not a likely soofrbéas for the results in our
study. Another limitation was that a non-negligible percentagieotealth care visit data
lacked diagnostic codes, which could possibly cause a bias which we cannot aacdtris fo
is also why we treated it as a secondary outcome only, which ssigpertesults from the
medication data, but cannot be fully trusted on its own.

That the results for the larger study population were the sasnéor the cohort with
guestionnaire information strengthens that there is a highelemm of wheeze in areas with
low traffic pollution in the region. It is implausible that air pwibn would be “protecting”
against asthma, and the results therefore speaks for the presemreeasured risk factors,
or different health-seeking behavior, in areas with low traffic pollution.

Another strength was the exposure data in this study. Residadtatsses for each year
since birth were known, which exclude a migration bias which coukelwibe be expected
to dilute the effects. We also had validated high quality exparateefor NQ, modeled with

a high resolution, which further minimize the risk of other exposuselassification biases
which could be expected to dilute the effects.

The levels of modeled NQat children’s home address in this study were low compared to
other studies, despite the high resolution of the grid, which can beteagecincrease the
exposure range [33]. Since different studies use different meastirgaffic exposure,
complicating comparisons, we also provide a table with backgrouets lef/air pollution in

the region, to give a picture of the exposure situation in the area (Additiend).fil

We believe the quality of exposure data are better than moststitidés which have found a
relation between traffic and wheeze, we therefore see iinklely that poor quality of
exposure data would be the cause of the negative findings in our study.

Comparison with other studies

Recent reviews conclude that there is, overall, evidence foratiorelbetween long-term
exposure to traffic and asthma incidence in children [2,3]. However|lnotliidual studies
agree, and little differentiation has been made in reviewsdiogpto age of asthma onset.
We think there is more evidence for an association with persiatestze and later onset
asthma, than with early onset asthma/wheeze. At least inutliesin the Nordic countries
which is where the exposure situation is similar to our studyoh®drt study in Norway had
similar finding to our study, with a negative association betWw@nand early onset asthma
(RR = 0.8, 95% CI: 0.6-1.0) [34]. However, late onset asthmiayéars age), had a positive
but non-significant association with NOA Swedish cohort study also found no association
between NQ and transient early wheeze before 2 years age (OR = 0.8C23¥%%-1.4), but
a positive association with persistent wheeze [35], and a positeeiason with asthma
onset at age 12 [10].

Some studies outside the Nordic countries have found associations rbetafée-related
exposures and incidence of wheeze or early asthma [6,7], but otiersdta36,37]. In a
Dutch birth cohort, NQwas not associated with incident asthma at age 2, but wasatsdoci
with asthma incidence in older age [9].



In contrast, cohort studies in older children seems to have found musisteat results for
traffic-related exposure to be associated with asthma incidérit®]. Clark et al. 2010 used
hospital and primary care diagnosis records, and found a relatioedretQ and asthma
incidence already at ages 3—-4 years [8]. However, this studymloae restrictive case
definition of asthma compared to our study, reflecting more severe or peragtent.

It should be noted that numerous studies with positive associationsehetraéfic-related
exposure and asthma incidence are still statistically ingignif [3]. These studies have in
reviews still been interpreted as contributing evidence for éiaelaetween traffic-related
exposure and asthma. Our study on the contrary, was based on lafgersnand can thus
rule out positive effects with high statistical certainty. ld@er, confounding can never be
fully excluded. We also want to point out that the exposure lemetsii study were lower
than most other studies, something which could also explain the lack of effect.

We think that our study together with the results from previousiestuish the Nordic
countries, suggests that traffic exposure, at the levels oldseaitieer is not a risk factor for
incidence of early onset wheeze or asthma, or that the effegtbenso small that they are
easily overridden by other risk factors. However, the situatiap be different in countries
with higher exposure to traffic pollution. Also, it should be kept in miredresults from our
study does not exclude effects on late-onset asthma in childremeaze that persists into
older age. This cohort should be followed up in later age to investilgatrelation between
traffic and later-onset of childhood asthma, or persistent wheeze continuing intagede

Conclusions

We found no association between growing up close to traffic and higbetence of
dispensed asthma medication, diagnosis of bronchiolitis, obstructive biemchitsthma, in
children 0—6 years in southern Sweden. This indicates that trafitedeexposure is not a
risk factor for early onset asthma, or “wheeze”, in southern Swedemgthing which may
depend on the low levels of traffic-related air pollution in the area.
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