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ABSTRACT
Objectives: To investigate the association between
living near dense traffic and lung function in a cohort
of adults from a single urban region.
Design: Cross-sectional results from a cohort study.
Setting: The adult-onset asthma and exhaled nitric
oxide (ADONIX) cohort, sampled during 2001–2008 in
Gothenburg, Sweden. Exposure was expressed as the
distance from participants’ residential address to the
nearest road with dense traffic (>10 000 vehicles per
day) or very dense traffic (>30 000 vehicles per day).
The exposure categories were: low (>500 m;
reference), medium (75–500 m) or high (<75 m).
Participants: The source population was a
population-based cohort of adults (n=6153). The study
population included 5441 participants of European
descent with good quality spirometry and information
about all outcomes and covariates.
Outcome measures: Forced vital capacity (FVC) and
forced expiratory volume in 1 s (FEV1) were measured
at a clinical examination. The association with exposure
was examined using linear regression adjusting for
age, gender, body mass index, smoking status and
education in all participants and stratified by sex,
smoking status and respiratory health status.
Results: We identified a significant dose–response
trend between exposure category and FEV1 (p=0.03)
and borderline significant trend for FVC (p=0.06) after
adjusting for covariates. High exposure was associated
with lower FEV1 (−1.0%, 95% CI −2.5% to 0.5%) and
lower FVC (−0.9%, 95% CI −2.2% to 0.4%). The
effect appeared to be stronger in women. In highly
exposed individuals with current asthma or chronic
obstructive pulmonary disease, FVC was lower
(−4.5%, 95% CI −8.8% to −0.1%).
Conclusions: High traffic exposure at the residential
address was associated with lower than predicted FEV1
and FVC lung function compared with living further
away in a large general population cohort. There were
particular effects on women and individuals with
obstructive disease.

BACKGROUND
Vehicular traffic is a major contributor to air
pollution in urban areas, and the emissions

contain a plethora of substances, including
nitrogen oxides and fine particles, which
have acute negative effects on respiratory
health.1 2 There is less evidence for the long-
term effects of air pollution on respiratory
health, including effects on lung function.3

Some studies have shown traffic-related air
pollution associated with attenuated lung
development in children, specifically forced
expiratory volume in 1 s (FEV1) between
ages 10 and 18,4 and modelled traffic expos-
ure during the first year of life was associated
with lower FEV1 at age 8.5

In adults, there are some studies showing
that exposure to traffic pollution is related to
reductions in lung function.6–10 However,
none of the previous studies concern adults
from a random population sample living
within a single urban region.
In the earlier studies of long-term effects,

crude exposure assessment with low spatial
resolution contributed to exposure misclassi-
fication. Long-term individual exposure is
influenced by a number of factors, including
regional and nearby pollution sources,11 and
is modified by individual factors, for example,
occupational and lifestyle exposures.4

Geographic metrics are straightforward
methods for classifying exposure as they
increase the spatial resolution and reduce
exposure misclassification compared to emis-
sion models or ground level measurements.

Strengths and limitations of this study

▪ All participants underwent clinical examination
and spirometry in a single clinical setting using
standardised methods.

▪ The study population was sampled from the
general population with a wide age range in a
single urban region.

▪ Exposure categories were based on residence
and traffic data.

▪ Participation rates were not high; women and
higher educated may be overrepresented.
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The levels of pollutants from vehicle exhaust decay to
near-background level as the distance to a road increases
beyond some hundreds of metres from the site of gener-
ation.12 When studying a mixture of substances such as
vehicle emissions, a general exposure indicator such as
the distance to a large road may be more useful than
models of specific pollutants, as this approach has been
used in a number of studies.13–16

The aim of this study was to investigate the association
between residential proximity to dense and very dense
traffic and lung function in adults within a single coher-
ent urban region, using cross-sectional data from a large
population-based cohort.

MATERIALS AND METHODS
The study population was based on the adult-onset
asthma and exhaled nitric oxide (ADONIX) cohort,
which consists of a random sample of adults (25–
75 years old) in Gothenburg. In total, 14 554 partici-
pants were invited to a clinical examination with spirom-
etry, anthropometric measurements and a clinical
examination. Information about age, respiratory health,
residence, asthma status, smoking history and level of
education was collected as described by Olin et al.17

Spirometry was performed with a dry wedge spirometer
(Vitalograph; Buckingham, UK) except in 164 partici-
pants who were measured using EasyOne, and percen-
tages of predicted values of lung function variables
(FEV1, FVC and FEV1/FVC ratio) were calculated.18

Variable definitions
Age was reported in whole years, and body mass index
(BMI) as kg/m2. Smoking was coded into three categor-
ies: never, former and current smokers, where former
smokers were those who had stopped smoking at least a
year ago. Obstructive lung disease was defined as report-
ing asthma in the previous 12 months, or fulfilling cri-
teria for chronic obstructive pulmonary disease (COPD)
as assessed from spirometry without a reversibility test
according to the Global Initiative for Chronic
Obstructive Lung Disease criteria19 in a regular spirom-
etry test without reversibility testing. Education level was
reported in one of six categories (primary, upper
primary, vocational, high school, university equivalent or
other) and used as an indicator of socioeconomic status.

Residential traffic exposure
Modelled values of NO2 and NOx were only available for
some of the study participants (60% and 77%); instead,
the distance from the participants’ home address to the
nearest densely trafficked road was used as a measure of
exposure to traffic pollution (the distance to road with
10 000 cars and modelled 2006 values of NO2 and NOx

have a correlation coefficient of −0.57 and −0.53
respectively). All participants’ residential addresses at
the time of examination were geocoded, and the dis-
tance from each address to the nearest road with more

than 10 000 vehicles per day (‘dense traffic’) and more
than 30 000 vehicles per day (‘very dense traffic’) as an
annual average for the year 2004 was calculated by the
Gothenburg municipality office.
The distances to the nearest road were coded into

three categories: closer than 75 m (high exposure),
between 75 and 500 m (medium exposure), and 500 m
or more (low exposure). The cut-offs were chosen based
on prior data regarding the dispersion of air pollutants
after they are emitted from the source,12 that is, an
almost exponential increase in the proximity of a road,
as well as the distribution of the data and available litera-
ture.20–23 The study population was then classified into
these three exposure categories in combination with the
density of road traffic (either 10 000 or 30 000 vehicles
per day). Analyses were performed separately for the
two levels of traffic density.
Stratified analyses were performed for subgroups

based on gender, smoking status and respiratory health
status (healthy vs self-reported current asthma or COPD
assessed from spirometry).

Statistical methods
After excluding participants with missing data, we
explored the association between categories of exposure
and FVC and FEV1, with linear regression using the low
exposure category as reference. Initially, the outcomes
were regressed on exposure and each potential confound-
ing variable individually. Variables which were statistically
significantly associated with at least one of the outcomes
and also changed the estimated effect by 10% were
included in the final models. For the main analysis, both
unadjusted results and results adjusted for age, gender,
BMI, education and smoking status are presented. The
data were analysed stratified by gender, smoking status and
respiratory health status. The percentage of lorry traffic
was added to the model in a sensitivity analysis.
The results are reported as change in percent pre-

dicted FEV1 or FVC, with a 95% CI. We report p for
trend, which was obtained through transforming the
exposure categories to linear variables with values 0, 1
and 2 for each category, and including them in the same
models instead of the category indicator variables.
Results were considered statistically significant at the 0.05
level. R V.2.14.1 and STATA were used for all analyses.

RESULTS
In total, 6686 participants were clinically examined once
during 2001–2003 or 2005–2008, as previously
described.18 The participation rate for the whole cohort
was 46%. Of the total 6686 individuals in the cohort,
5441 participants (81%) lived within the greater
Gothenburg area, had data available on all covariates,
were of European descent and could be included in the
analysis. The skewness of the distribution of % predicted
FVC was −0.123, rather symmetric. The skewness of %
predicted FEV1 was −0.483, within the range of being
approximately symmetric.
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In all, 363 participants were highly exposed to dense
traffic (<75 m), 2668 had medium exposure (75–500 m)
and 2410 had low exposure (>500 m). Demographic
characteristics were similar among the participants
regardless of exposure category, except for university
education which was more common in the high expos-
ure group (table 1).
The crude effect estimate suggested a 1% reduction in

predicted FEV1 and FVC among people living within
75 m of a densely trafficked road in comparison to those
living more than 500 m away from a similar traffic flow
(table 2). The associations followed a dose–response
relationship with a near-significant trend for FEV1. In
the adjusted analysis, the associations were strengthened
with the medium exposure category estimate for FEV1

becoming statistically significant, and the dose–response
trend significant for FEV1 and near-significant for FVC
(table 2).
Among the covariates, current smoking, BMI, age and

male gender were significantly associated with a lower
percentage of predicted values for FEV1 and FVC.
Former smoking was significantly associated with a lower
FEV1. University education, however, was associated with
a higher FEV1.
The estimated reduction in FEV1 associated with living

close to a road with >30 000 vehicles per day was some-
what greater than for those living close to a road with
>10 000 vehicles per day, and the dose–response trend
was slightly stronger (table 3).

Adding the percentage of lorry (heavy) traffic to the
model did not improve the fit, and neither was it a sig-
nificant predictor (results not shown).
Stratifying the analysis by gender, we found that associa-

tions between exposure and predicted FEV1 and FVC were
stronger in women, although this analysis had less statis-
tical power. For FVC, there was a significant negative associ-
ation for the medium exposure category and a significant
dose–response trend; for FEV1, the dose–response trend
did not reach statistical significance (table 4).
Stratifying the data by respiratory health status, we

found that high exposure in individuals with obstructive
lung disease was associated with significantly lower FVC
(−4.5%, 95% CI −8.8% to −0.1%). FEV1 was also lower,
but did not reach statistical significance (−2.2% (95% CI
−7.6% to 3.2%) (figure 1 and online supplementary
table S1). In current smokers with high exposure, FEV1

was lower (−2.8%, 95% CI −6.2% to 0.6%), but the result
was not significant (figure 1 and online supplementary
table S2).
In the sensitivity analysis, including the percentage of

traffic larger than cars (highest percentage was 8) into
the model did not improve the fit, and nor was it a sig-
nificant predictor of lung function.

DISCUSSION
In this study of adults from a single metropolitan area,
we found an association between living close to densely

Table 1 Characteristics of the study participants by dense traffic exposure category (distance to the nearest road with more

than 10 000 vehicles per day).

Dense traffic exposure

Low (>500 m) Medium (75–500 m) High (<75 m)

All participants (n=5441) n=2410 n=2668 n=363

Mean (SD) Mean (SD) Mean (SD)

Age, years 51.8 (11.0) 51.5 (11.6) 50.1 (12.4)

Body mass index (BMI) 26.2 (4.0) 26.0 (4.1) 26.2 (4.5)

Lung function

FEV1 (% predicted) 96.9 (13.8) 96.2 (13.5) 96.0 (13.6)

FVC (% predicted) 98.5 (12.5) 98.2 (12.2) 97.7 (12.9)

Per cent Per cent Per cent

Sex (% women) 52.2 54.4 54.5

Smoking history

Never smoked (n=2509) 47.2 45.6 43.0

Former smoker (n=2023) 37.0 37.5 36.4

Current smoker (n=909) 15.9 16.9 20.7

Highest formal education

Primary education (n=664) 13.1 11.7 9.9

Upper primary education (n=184) 3.7 3.4 1.4

Vocational school (n=404) 7.6 7.5 5.5

High school (n=1254) 24.3 22.3 19.8

University (n=2048) 34.1 39.5 50.4

Other education (n=887) 17.1 15.5 15.7

Obstructive pulmonary disease* (n=533) 9.0 10.3 10.7

*Reported current asthma or fulfils criteria for chronic obstructive pulmonary disease (COPD) in regular spirometry test without reversibility
testing.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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trafficked roads and having a lower than predicted FEV1

and FVC. The associations were stronger after adjusting
for covariates, and they followed a dose–response trend,
indicating that high exposure to traffic was more detri-
mental than medium exposure. The estimated effects of
living close to a road with very dense traffic flows (more
than 30 000 vehicles per day) were generally higher, but
less consistent, indicating that a dose response could be
present, but that the relatively few people exposed to
high levels of very dense traffic compromised the statis-
tical power. Though we cannot exclude bias due to
unmeasured factors, or the role of chance, the observed
association was most likely due to traffic exposure from
large roads near the residence. There were more
current smokers in the high and medium exposure
areas, but there were also more people with a university
education. The adjusted analyses had more significant
associations and yielded higher estimates and a higher
explanatory power (R2 was <0.001 in the unadjusted
models, and 0.064 in the adjusted models).
The effect sizes found in the current study are on par

with those found in other studies. For example, Kan
et al14 found that women living closer than 150 m from a
road with 10 000 vehicles had, on average, a 15.7 mL
lower FEV1 and 24.2 mL lower FVC than those living
further away. Converting our results from percentage
predicted to mL, women in our study with medium or

high exposure had, on average, a 29.7 and 43.8 mL
lower FEV1, and a 35.1 and 63.7 mL lower FVC, respect-
ively. Forbes et al24 reported that a 10 µg/m3 increase in
NO2 in the area was associated with a 22 mL reduction
in mean FEV1 (0.7% of the population mean). In our
study, 10 µg/m3 corresponds roughly to the difference
between high and low exposure in our data, making the
result similar to ours (table 2). In a cross-sectional study
of the nationwide National Health and Nutrition
Examination Survey (NHANES, data collected between
1971 and 1975), decreases in FEV1 and FVC were found
with increasing levels of modelled total suspended parti-
culates at the participants’ residence.7 In a cross-
sectional analysis of the Swiss Study on Air Pollution and
Lung Diseases in Adults (SAPALDIA), community-level
concentration of all pollution types was inversely asso-
ciated with FVC, whereas a decrease in FEV1 was only
associated with traffic pollutants.8 In a follow-up of the
same cohort, declining particulate matter (PM10) expos-
ure over 12 years was associated with less attenuated
age-related deterioration in mean FEV1 compared to
having more constant exposure.9 Other studies have
found indications of susceptible groups when looking at
modelled levels of ozone, and exposure to high levels of
PM10 in relation to FEV1, showing only significant asso-
ciations among men with a family history of respiratory
disease.10 The association between exposure and

Table 2 Lung function change in those exposed to dense traffic (>10 000 vehicles per day) versus reference (>500 m)

Outcome

n

Unadjusted models

p for trend

Adjusted* models

p for trendTraffic exposure % (95% CI) % (95% CI)

FEV1

>500 m 2441 – –

75–500 m 2688 −0.66 (−1.41 to 0.09) −0.80 (−1.53 to −0.07)
<75 m 367 −0.93 (−2.44 to 0.57) 0.065 −1.01 (−2.47 to 0.45) 0.027

FVC

>500 m 2441 – –

75–500 m 2688 −0.37 (−1.05 to 0.32) −0.57 (−1.23 to 0.10)

<75 m 367 −0.80 (−2.16 to 0.58) 0.167 −0.91 (−2.24 to 0.42) 0.058

*Adjusted for age, gender, body mass index, education and smoking status.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

Table 3 Lung function change in those exposed to dense traffic (>30 000 vehicles per day) versus reference (>500 m)

Outcome

n

Unadjusted model

p for trend

Adjusted* model

p for trendTraffic exposure % (95% CI) % (95% CI)

FEV1

>500 m 4382 – –

75–500 m 1020 −0.87 (−1.80 to 0.06) −1.06 (−1.97 to −0.16)
<75 m 39 −1.31 (−5.61 to 2.99) 0.057 −2.23 (−6.40 to 1.94) 0.012

FVC

>500 m 4382 – –

75–500 m 1020 −0.86 (−1.705 to −0.01) −1.11 (−1.94 to −0.39)
<75 m 39 1.23 (−2.69 to 5.14) 0.111 0.33 (−3.47 to 4.12) 0.018

*Adjusted for age, gender, BMI, education and smoking status.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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decreases in FEV1 and FVC averages were stronger in
women than in men. A possible explanation for this
observation is that the exposure assessment based on
residential address could be more accurate in women, as
women tend to have lower labour market participation
and are therefore more often at home.25 It could also
be due to unmeasured confounders related to differ-
ences in occupational exposures and lifestyle factors.

However, several studies suggest women to be more sus-
ceptible to adverse respiratory health effects (mortality,
symptoms, lower FEV1 or FVC) from exposure to air pol-
lution,3 or other exposures,26 although other studies
found that men were more susceptible.10 24

Other studies have shown associations between traffic
proximity and respiratory health. Living near a large
road was associated with increased risk of developing

Table 4 Lung function change in women and men exposed to dense traffic (>10 000 vehicles per day) versus reference

(>500 m)

Outcome

n

Women

p for trend n

Men

p for trendTraffic exposure % (95% CI) % (95% CI)

FEV1

>500 m 1257 – 1153 –

75–500 m 1451 −0.82 (−1.83 to 0.19) 1217 −0.74 (−1.79 to −0.31)
<75 m 198 −1.21 (−3.23 to 0.80) 0.083 165 −0.85 (−2.98 to 1.28) 0.169

FVC

>500 m 1257 – 1153 –

75–500 m 1451 −0.97 (−1.90 to −0.04) 1217 −0.09 (−1.03 to 0.86)

<75 m 198 −1.76 (−3.61 to 0.09) 0.014 165 0.07 (−1.84 to 1.99) 0.950

Estimates are adjusted for age, BMI, education and smoking status.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

Figure 1 Lung function outcomes and exposure to dense traffic in healthy individuals and in individuals with obstructive

pulmonary disease adjusted for age, gender, BMI and education (asthma and COPD) (top) and in never, former and current

smokers (bottom). BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s;

FVC, forced vital capacity.
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asthma in a prospective cohort study.13 In a multicentre
study, living near dense traffic was associated with a
lower FEV1 and FVC in women, while in men only
age-adjusted means of FEV1 were lowered to near signifi-
cance.14 In a multicity study, women living near dense
traffic had a lower mean FEV1 and FVC and increased
risk of COPD.15 However, other studies found no associa-
tions between living near a road with dense traffic and
FEV1 or other measures of respiratory morbidity.16 In
individuals with obstructive lung disease, high exposure
to dense traffic was associated with airway restriction,
with a significantly lower FVC than for the low-exposed
individuals in the same group. Interestingly, the effect
estimate for medium exposure was very near the refer-
ence (figure 1). However, these results barely reached
statistical significance, possibly due to the low number of
participants in the highest exposed groups. The lower
than predicted FVC indicates a restrictive effect on pul-
monary function, which is more associated with obesity,
systemic and metabolic morbidities and mortality,27

which is generally increased in COPD. In our analyses,
we found that age was a negative predictor of lung func-
tion, although using a predicted value should have
accounted for this. Other studies have found air pollu-
tion effects in elderly participants,24 and in the sub-
group analysis we found that the association between
age and lung function was only significant in those with
obstructive lung disease. This finding supports that the
observed association between age and age-adjusted lung
function could be explained by age-related accumulation
of comorbidities, which could also be associated with
exposure to traffic pollution. A general deterioration in
health could also increase susceptibility to exposure to
air pollution, which could contribute to accelerated
lung function decline. The composition of vehicles has
been found to influence the impact of air pollution on
respiratory health in children,28 and lorry traffic within
50 m has been shown to predict indoor air pollution,29

but estimates for this variable were near the null.
Our study has some limitations; we used distance to the

nearest road to estimate traffic exposure at the current
address, as modelled values of NO2 and NOx were only
available for 73% of the study population. However, dis-
tance to road also has advantages as an exposure indica-
tor for the complex traffic-related air pollution mix, and
there is good correlation (Pearson) between the mod-
elled values and the absolute distance to the nearest road
with (correlation coefficient −0.51 for NO2, and −0.47
for NOx; p values >0.001). The cut-offs at 75 and 500 m
from roads were selected based on previous studies about
distribution of pollutants near large roads, but the litera-
ture holds a large span of options for cut-offs.7 14–16 The
crude measure of distance to road is significantly asso-
ciated with lung function in the adjusted models (not
shown), but the resulting coefficients are very small.
We had no information about how long the participants
had lived at their current address. Older people tend to
have lived longer in the same place,30 and exposure

assessment based on the residence may also improve as
people age and leave the workforce, as people spend
more time in their homes. However, misclassifications of
exposure are most likely to bias the results towards the
null. The most relevant traffic data available (from 2004)
predate the index date of some participants by as much
as 3 years. However, comparing 2004 traffic data with
1997 traffic data, only 2.3% of participants changed
exposure category. From 2004 to 2010, 3.1% of partici-
pants changed exposure category, a precision we con-
sider acceptable and which is unlikely to bias our results
appreciably. Education was used as a measure of socio-
economic status, but unfortunately no information about
income or occupation was available, which could have
improved the measure. Education is usually a better
marker of socioeconomic status in men than in women.31

It is a strength of the study that data were collected at
one centre, and the fact that the population came from
a large cohort sampled from the same area increases the
likelihood that the observed effects were due to the
traffic exposure rather than regional confounding.
However, the low participation rate is a concern. A non-
participation analysis of the data gathered in 2001–2003
showed that women, the elderly and the university edu-
cated were more likely to participate.32 If non-
participation was selective in such a way that those who
live close to the main traffic areas and also suffer from a
respiratory illness were more likely to participate, our
effect estimates could be exaggerated. However, the
social stratification of the cohort is expected and is par-
ticular to this area, where the high exposed study group
had the highest proportion of highly educated people,
opposite to many other urban areas. Most results adhere
to a dose–response pattern showing increasing effects
with increasing exposure which further indicates that dif-
ferences were related by the exposure rather than bias
from exposure to other unmeasured confounders.
In conclusion, in this study of a large cohort in a

single metropolitan area, high residential exposure to
dense traffic was associated with reductions in percent-
age of the predicted FEV1 and FVC. In those with
obstructive lung diseases, the association of FVC with
high exposure was particularly strong. This is potentially
an important finding, but it should be verified in other
studies before being incorporated into official advice for
this patient group.
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