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At a Glance Commentary: Scientific Knowledge on the Subject: Short-term exposure to air
pollution has been associated with exacerbation of chronic obstructive respiratory disease
(COPD) whereas the role of long-term exposures on the development of COPD is not yet
fully understood, due in part to the lack of prospective cohort data. What This Study Adds to
the Field: We found positive association between first ever hospital admission for COPD and
35 year accumulated exposure to traffic-related air pollution at home address. This study adds
to the evidence that air pollution may contribute to the development of COPD, utilizing
several novel approaches: use of 35 years accumulated exposure of modelled levels of NO»;
use of objective measure of COPD incidence in terms of the first ever hospital admission for
COPD:; assessment of the role of co-morbid conditions (asthma and diabetes) in modifying

the effect of air pollution on COPD.
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Abstract

Rationale: Short-term exposure to air pollution has been associated with exacerbation of
chronic obstructive respiratory disease (COPD) whereas the role of long-term exposures on
the development of COPD is not yet fully understood.

Objectives: We assessed the effect of exposure to traffic-related air pollution over 35 years on
the incidence of COPD in a prospective cohort study.

Measurements: We followed 57 053 participants in the Danish Diet, Cancer and Health cohort
in the Hospital Discharge Register for their first hospital admission for COPD between 1993
and 2006. We estimated the annual mean levels of nitrogen dioxide (NO,) and nitrogen oxides
(NOy) at all residential addresses of the cohort participants since 1971 to an event or 2006 and
used indicators of traffic near the residential address at recruitment. We assessed the
association between exposure to air pollution and COPD incidence by Cox regression
analyses for the full cohort, and for participants with and without co-morbid conditions
including asthma, diabetes, or cardiovascular disease.

Main results: A first hospital admission for COPD was recorded for 1 786 (3.4%) of 52 799
eligible subjects between recruitment (1993-1997) and 2006. COPD incidence was associated
with the 35-year mean NO; level (hazard ratio 1.08; 95% confidence interval 1.02-1.14, per
interquartile range of 5.8 pg/m>), with stronger associations in subjects with diabetes (1.29;
1.05-1.60) and asthma (1.19; 1.03-1.38).

Conclusions: Long-term exposure to traffic related air pollution may contribute to the
development of COPD with possibly enhanced susceptibility in people with diabetes and

asthma.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory condition of
the airways, pulmonary vessels, and lung parenchyma, which is projected to be the third
leading cause of death and the fifth leading cause of disability by 2020."” Cigarette smoking
is responsible for the vast majority of COPD, but it does not explain the increasing prevalence
worldwide, and occupational and environmental factors are increasingly thought to play
important roles.! With rapid urbanization of the world population, a better understanding of
the harmful effects of exposure to urban air pollution, mainly from traffic, on COPD is
important for urban planning, transport legislation, patient management, and prevention.
Compelling epidemiological evidence has established that exposure over several days to
elevated levels of air pollution exacerbates pre-existing COPD, resulting in increased
morbidity and mortality.* Solid evidence is, however, lacking for the role of low-level
exposure to air pollution in urban environments over years or decades in the development and
progression of COPD, due in part to the limited number of prospective cohort studies
addressing this problem.'”

The plausible biological mechanism of air pollution damage to the lungs involves a local
inflammatory response in the lung tissues with a secondary systemic inflammatory response.”’
Repetition of this inhalation injury is believed to be central to the effects of long-term
exposure to air pollution and to the chronic and progressive nature of COPD.? This
mechanism seems to be well supported by the studies linking COPD to long-term exposure to
indoor air pollution from solid fuel (wood smoke) used for cooking and heating in developing
countries.® However, the epidemiological evidence supporting the notion that chronic
exposure to traffic-related air pollution can cause COPD is still limited. Long-term exposure
to traffic-related air pollution has been associated with overall and cardiopulmonary

mortality” and COPD mortality,® which was recently confirmed in a study with multi-



pollutant models and improved control for occupational exposures.” Several studies have
reported link between high levels of air pollution and the prevalence of COPD,'*'? and none
to date studied COPD incidence. Impaired lung function, an important measure of respiratory
health and a predictor of COPD mortality and morbidity," has been associated with long-
term exposures to air pollution,'"" '*'* but two recent studies failed to replicate this

finding.15 16 Most previous studies were, however, cross-sectional, with an intrinsic inability
to separate the timing of exposure and effect, preventing inferences about causality. Two
recent longitudinal cohort studies associated improvements in air pollution levels with
attenuated lung function decline'” and reduced rates of respiratory symptoms,'® providing
more clues about the dynamics behind long-term air pollution exposures and development of
chronic respiratory disease.

We studied the effect of exposure to traffic-related air pollution over several decades on the
incidence of COPD, defined at first-ever hospital admission for COPD, in a prospective
cohort of 57 053 Danish adults with detailed residential address history and information on
co-morbidity, including asthma, cardiovascular disease, and diabetes. Exposure to air
pollution at each residential address was assessed individually for up to 35 years in a validated
dispersion model based on detailed traffic, geographical, and meteorological data, emission

factors, and registers covering the whole of Denmark.

Methods

Design and health outcome

We used the cohort of the Danish Diet, Cancer, and Health (DCH) study consisting of 57 053
people aged 50-64 years who lived in Copenhagen or Aarhus between 1993 and 1997.1 A
self-administered questionnaire at baseline (1993-1997) elicited information on smoking and

dietary habits, education, occupational history, and lifestyle. Using the unique personal
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identification numbers, we linked the cohort to: the Danish Hospital Discharge Register,
dating back to 1976, to identify hospital admissions using primary discharge diagnoses for
COPD (ICD-10: J40-44) asthma (J45-46), ischaemic heart disease (120-25), other heart
disease (142-50), stroke (160-63), and diabetes (E10-14); the Central Population Registry to
obtain date of death or emigration and detailed residential address history (1971-2006); and
the Danish Address Database to obtain geographical coordinates. The incidence (date of first
admission) of COPD between baseline and 27 June 2006 was the main outcome. Co-
morbidity (with asthma, ischaemic heart disease, other heart disease, stroke, or diabetes) was
defined as at least one hospital admission for the specified diagnosis any time between 1976

and 2006.
Exposure assessment

Exposure was assessed from the residential address history of each cohort member since
1971, which was used to model outdoor levels of nitrogen dioxide (NO,) and nitrogen oxides
(NO,) with the Danish AirGIS dispersion modeling system,?’ described in detail in an online
data supplement. Annual mean NO; and NOy levels were calculated at the available addresses
of cohort members with an 80% or more complete residential history (97.6% of the cohort).
Missing values, due to missing address or missing geographical coordinates, were substituted
by the levels calculated for the preceding address, or when the first address was missing, for
the subsequent address. We thus obtained a complete series of annual mean NO, and NOy
concentrations at the residential addresses of each cohort member since 1971. We defined
three proxies of long-term exposure to air pollution: 35-, 25-, and 15-year time-weighted
mean NO, and NOy levels, from 1971, 1981, and 1991, respectively, until the end of follow-
up (admission for COPD, death, emigration, or 27 June 2006), to assess the effect of different

lengths of exposure on COPD incidence.



We also defined two air pollution proxies based on traffic data at the residential address at
recruitment (1993-1997): the presence of a major road (density > 10 000 vehicles/day) within
a 50m radius, and traffic load, defined as the total number of kilometers driven by vehicles

within a 200m radius.

Statistical methods

We used a Cox proportional hazards model to study association between COPD incidence and
exposure to air pollution, with age as the underlying time, left truncation at age at recruitment,
and right censoring at age at admission for COPD, death, emigration, or 27 June 2006. The
effects of different air pollution proxies were evaluated in separate models, with adjustment
for a-priori defined confounders, in three steps: (1) age; (2) also including smoking status,
duration, and intensity, and environmental tobacco smoke (ETS); and (3) also including
occupational exposure, body mass index (BMI), educational level, and fruit consumption, all
defined as shown in Table 1. We also evaluated other confounders including gender, alcohol
consumption, physical activity, and vegetable consumption. Levels of NO, and NOy were log-
transformed, modeled as time-dependent variables, and the estimates are reported per
interquartile range increase. Smoking intensity was calculated by equating a cigarette to 1g, a
cheroot or a pipe 3g, and a cigar 5g of tobacco. Occupational exposure was defined as a
minimum of 1 year employment in: mining, electroplating, shoe or leather manufacture,
welding, painting, steel mill, shipyard, construction (roof, asphalt, or demolition), truck, bus,
or taxi driver, asbestos or cement manufacture, asbestos insulation, glass, china, or pottery
manufacture, butcher, auto-mechanic, waiter, or cook, and reflects occupation earlier related
to chronic lung disease, with focus on lung cancer, as this cohort was designed primarily to
study cancer. ETS is an indicator of exposure to second-hand smoke at home or work for
minimum 4 hours/day. The potential effect modifiers of an association between a traffic proxy

and COPD incidence, in terms of baseline characteristics and co-morbid conditions were
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evaluated by introducing interaction terms into the model, and tested by Wald test. The results
are presented as hazard ratios (HR) with 95% confidence intervals, estimated with Proc

PHREG, SAS 9.2.

Relevant Danish ethical committees and data protection agencies approved the study, and

written informed consent was obtained from all participants.

Results

Of the 57 053 cohort members, we excluded 571 with a cancer diagnosed before baseline, 476
admitted to hospital for COPD before baseline, 951 with missing residential address at
recruitment, 779 with missing information on covariates, and 1 477 for whom less than 80%
of residential addresses history available from 1971 until the end of follow-up. Of the 52 799
remaining subjects, 1 786 (3-4%) were admitted to hospital for COPD for the first time
between baseline and 27 June 2006, with an average follow-up of 9.9 years. The overall
incidence rate was 3.4 cases per 1000 person-years. The distribution of baseline covariates

and co-morbid conditions is shown in Table 1.

The distribution of traffic proxies is shown in Table 2. The estimated 35-year mean levels of
NO; and NOx at residential addresses varied widely (Figure 1). The Spearman rank correlation
coefficient (ry) between the 35- and 25-year mean NO,/NOy was 0.98/0.97, r, between the 35-
and the 15-year levels was 0.92/0.90, and between 25- and 15-year 0.96/0.95. The 35-year
mean NO, and NOy levels were highly correlated (0.91). Traffic load within 200m and living
within 50m of a major road at recruitment address were moderately correlated with the 35-
years mean NO; and NOy levels, with r,; of 0.49/0.45 and 0.53/0.45, respectively, and even
more weakly correlated with the estimated 1-year mean NO, and NOy levels at the baseline

(1993-1997) with r, of 0.37/0.30 and 0.36/0.39, respectively.
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We found significant positive associations between all air pollution proxies and COPD
incidence in a model adjusted for age (Table 3). The HRs were attenuated after adjustment for
smoking but were significant for 35-years’ exposure to NO, and NOy and for 25-years’
exposure to NO,, whereas HRs related for 15-years’ exposure, a major road within 50m, or
traffic load within 200m, did not retain statistical significance. After further adjustment for
occupation, educational level, BMI, and fruit intake, significant associations with COPD
incidence remained for the 35- and 25-year mean levels of NO; (1.08; 1.02-1.14 and 1.07;
1.01-1.06) and 35-years mean level of NOy (1.05; 1.01-1.10), while weak positive associations
were observed with the 25-year mean level of NOy 15-year mean levels of NO, and NOy, and
baseline residence traffic proxies. The associations with NO, were stronger than those with
NOy. Additional adjustment for gender, physical activity, alcohol consumption, and vegetable

consumption did not substantially change the risk estimates.

We found slightly stronger associations between 35-year mean NO, level and COPD
incidence among men, people eating < 240g/day of fruit, and obese patients, although no
significant modification of the effect of NO, was observed by any of the baseline

characteristics (Table 4).

We detected modifications of borderline significance of the association between NO; levels

and COPD by asthma (Wald test for interaction p = 0.10) and diabetes (p = 0.08) (Table 4). In
COPD patients with ischaemic, other heart disease, or stroke, the associations with NO, levels
were slightly stronger than in people without these co-morbid conditions, but not significantly

different.

Discussion
Our investigation resulted in two novel findings. First, we found positive associations

between 35-years’ exposure to NO, and NOy at residential addresses and the incidence of
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COPD, defined as first-ever hospital admission for COPD, in a cohort of elderly Danish
adults. Secondly, the effect of air pollution was strongest in people with diabetes and asthma.
This is the first study to relate the incidence of COPD, assessed as first hospital admission, to
long-term exposure to air pollution. Our results are in agreement with those of cross-sectional
studies that linked long-term exposure to air pollution to a self-reported diagnosis of COPD'""
12 and decreased lung function.'""'* The results of our study, with detailed assessment of long-
term exposure before hospital admission for COPD, together with the finding that reductions
in air pollution over time contribute to improving lung function and respiratory symptoms,'"'®
and studies in which chronic exposure to air pollution was identified as a risk factor in
mortality from respiratory conditions including COPD mortality,”” strengthen the conclusion
that air pollution is a causal agent in development of COPD.

The strongest association with COPD incidence was found with the longest exposure (Table
3) reinforcing the conclusion that exposure over a long period, perhaps over a whole life, is
relevant for the development of chronic lung diseases such as COPD. Our results are not
directly comparable to those of other studies, in which a variety of surrogates for air pollution
and exposure windows were used. Because of the absence of historical address data, most
studies used single-year air pollution proxies assessed at the residential address at the time of
the event, including modeled NO,'? or traffic density.'*'*!> Schikowski et al. reported a
stronger association with the prevalence of COPD with 5-year than with 1-year NO, means."'
Karakatsani et al. found an effect of 5-year but none of 20-year mean air pollution levels but
attributed this finding to possible bias in self-reported address history.10 A longitudinal study
with 9-years’ follow-up,'® and Gotschi et al. found no association between lung function and
modeled NO,."” Some of the discrepancies in the reported effects of exposure to air pollution
on COPD and lung function might be not only due to the variable, often short periods of

exposure assessment. It has recently been suggested that assessment of lung function by the
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usual forced expiratory volume in the first second or the ratio to forced vital capacity without
measurement after administration of a bronchodilator, is insufficiently sensitive to detect
COPD incidence in epidemiological studies.”!

COPD is a chronic disease of complex phenotype and recurring symptoms, and it is difficult
to define its onset, as well as its presence or absence at some point of time. Studies of air
pollution and COPD prevalence'®'? utilized self-reported symptoms or diagnose of COPD,
which are subject to recall and information bias. The use of the first-ever hospital admission
for COPD, assessed objectively from nationwide register, is thus appealing, and facilitates the
first data on COPD incidence with respect to air pollution. However, as only a fraction of
COPD patients are hospitalized, and COPD is often undiagnosed for many years, the first-
ever hospital admission for COPD is not likely an accurate marker of COPD incidence and
under represents the real COPD burden. Rather, COPD admission should be regarded as
hallmark of progression of preexisting COPD into a more severe stage. A Danish revealed
that the patients admitted acutely because of an COPD exacerbation, had a FEV; of
approximately 30-40% of the predicted value in their stable condition, corresponding to
GOLD standard stage 3 and 4.2 Thus, our study examines the onset of more severe COPD,
and likely represents patients with severe disease. Still, our study design with air pollution
exposure information available up to 35-years prior to hospital admission for COPD, even if
the real onset of COPD occurred several years prior to hospital admission, justifies the
incidence interpretation of our results and facilitates inferences about causality.

Our findings corroborate the postulated biological mechanism whereby repeated inhalation
injury of lung tissues by long-term exposure to air pollution contributes to progression and
development of COPD, implying that the longer the exposure, the higher risk for COPD.’
Similarly, a recent study of the effect of smoking on the development of COPD over 25 years

showed that the longer people smoke, the higher their risk for COPD.*
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We found that the traffic-related air pollutants NO, and NOy are relevant for COPD
development, NO; having the strongest effect. NO, is an airway irritant which even at the low
concentrations found in everyday life can cause respiratory tract infections by interacting with
the immune system and may play a role in lung inflammation,”* We cannot conclude from our
study that NO; is of pathological significance in COPD or just an indicator of other harmful
pollutants originating from traffic, especially particles. The biological effects of NO, are
uncertain and controversial, with limited experimental evidence supporting the notion that
long-term exposures can cause COPD,* whereas the role of particles seems to be better
understood. The particles deposited in the airways can trigger a local inflammatory response
in lung tissue and also a systemic inflammatory response.” As gases and particles from
motor vehicle emissions are mixed in urban air, the harmful effects after inhalation might
represent the synergistic effect of the effect of several pollutants. In any case, sufficient
data,®*>'>1*1718 including the results of this study, provide evidence that traffic-related urban
air pollution contributes to the development of COPD and that reductions in traffic emissions
would be beneficial for public health.

Smoking is the main risk factor for COPD,' as corroborated by our study (Table 1), and the
effect of air pollution could be biased by inadequate adjustment for smoking. We adjusted our
results for smoking status, intensity, and duration, and ETS, each of which is an independent
predictor of COPD and showed that smoking explains some of the association observed in the
unadjusted model (Table 3). Furthermore, we found no evidence that the association between
exposure to NO, and COPD was modified by smoking status, as exposure estimate for
nonsmokers was similar to that of the rest of the cohort (Table 4). This result refutes the
possibility that the observed effect of air pollution is due to residual confounding by smoking,
and supports idea that recurrent inflammatory processes induced by air pollution contribute to

1,3,5,24

the development of COPD, irrespective of smoking. Furthermore, the risk estimates

10
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associated with exposure to NO, were similar for people with and without occupational
exposure associated with lung disease, obviating the conclusion that the observed effect of air
pollution was due to residual confounding by occupational exposure. Given the ubiquitous
nature of air pollution, our findings support those of a recent review which found that the
burden of COPD among nonsmokers is much greater than previously believed and that
environmental factors such as air pollution probably play an important role.'

Our results suggest that the effect of NO, on COPD is modified by diabetes and asthma, as
patients with these conditions had HRs five and four times larger, respectively, than the rest of
the cohort (Table 4). COPD and co-morbid conditions are chronic diseases with probable
onset before hospital admission. We thus cannot infer which specific tissues were affected
first, and which disease was secondary complication, although the most (> 92%) hospital
admissions for co-morbid conditions occurred before the admission for COPD. Our results
suggest that people with asthma or diabetes are more vulnerable to the effects of air pollution,
leading to increased risk of COPD. Diabetes was recently linked to air pollution in a study
which showed that particles exacerbate insulin resistance by enhancing inflammation in
adipose tissue, and air pollution-induced systemic inflammatory response was considered a
possible link between diabetes and lung inflammation.?® Our finding that the strongest
association between exposure to NO, and COPD was in obese patients (Table 4) supports this
mechanism. Asthma, which is associated with both air pollution27 and an increased risk for
COPD,® has many common risk factors and features with COPD, such as hyperactivity and
inflammation.” It is plausible that airflow obstruction and hyper-responsiveness in people with
asthma, or systemic inflammation in people with diabetes, can lead to increased susceptibility
of the lung to air pollution, resulting in airway inflammation and progression of COPD.**’
The main strength of this study is the objective definition of incidence of COPD as the first

admission for this condition in the Danish Hospital Discharge Register, a nationwide register
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of routinely collected data with no loss to follow-up. Hospital admission for COPD was
evaluated to be a reliable outcome in a previous Danish cohort, as lung function and
respiratory symptoms were strong predictors.” Another strength of this study is the large
prospective cohort with address history and information on potential confounders collected
before admission for COPD. As the DCH cohort was not originally designed to study COPD
or air pollution, and COPD incidence, vital status, and the information on addresses used in
modeling air pollution were obtained from the reliable population-based registries, the
possibility of information or recall bias with respect to health outcome or differential bias
with respect to exposure, is minimal.

The weakness of our study is that our primary outcome was hospital admission for COPD as
primary diagnosis and not the COPD diagnose as confirmed by spirometry, making the
association between exposure to of air pollution and COPD indirect. However, hospitals in
Denmark hold a strong tradition of performing spirometry before discharging of COPD
patients, but spirometry records are not routinely available in the hospital register, and could
not be assessed for purpose of this study.’® Furthermore, the coding of COPD diagnoses in
Danish hospital register are not done by administrators, but by doctors, usually at specialist
level, which together with the fact that spirometry is routinely performed at hospitalization,
minimizes the diagnoses misclassification and the possibility that patients admitted to hospital
for CODP were not real COPD cases.”® Another weakness of this study is the lack of lung
function measurements in our cohort, which would be relevant to associate to long-term
accumulated air pollution. Finally, the weakness of this study is that despite sufficiently large
cohort and long follow-up, we detected effects of weak or borderline significance, calling for
caution in interpreting the strength of reported associations and replication of these results by

other studies.
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The dispersion models we used to assess NO, and NOy levels at the addresses of study

31,32 33,34
d k

participants have been validate and applied in Denmar and the United States.”
Although modeled concentrations are only surrogates of real exposures and are inevitably
associated with some exposure misclassification, this is however likely to be non-differential
with respect to development of COPD. A previous comparison of measured NO,
concentrations with those calculated from a Danish dispersion model showed that
misclassification was primarily of the Berkson type, typically associated with exposures
predicted from the model.*** This type of error is not expected to bias the estimates, although
it may decrease their precision. A further limitation of the exposure assessment method is
that we assessed only outdoor concentrations, and lacked information on work address,
commuting habits, and personal activities.

In conclusion, we report an association between long-term exposure to traffic-related air

pollution and the incidence of COPD. The effect of air pollution appears to be amplified by

co-existing diabetes or asthma but is not limited to these vulnerable subpopulations.
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Table 1. Characteristics of Diet, Cancer and Health cohort (n = 52 799) by incident COPD

status at follow-up.

Total No COPD COPD »p

n=52799 n=51013 n=1786 Value
Baseline cohort covariates
Median (IQR) Age (years) 56.1 (7.6) 56.0 (7.4) 58.8 (7.7) <0.001
Males n (%) 25066 (47.5) 24269 (47.6) 797 (44.6) <0.001
Never smoked 7 (%) 18 904 (35.8) 18 781 (36.8) 123 (6.9) <0.001
Previously smoked n (%) 14 986 (28.4) 14 672 (28.8) 314 (17.6)
Currently smoke n (%) 18 909 (35.8) 17 560 (34.4) 1349 (75.5)
Median (IQR) smoking duration (years) 32.0 (18.0) 32.0 (18.0) 39.0 (9.0) <0.001
Median (IQR) smoking intensity (g/day) 6.0 (18.0) 5.0 (18.0) 15.0 (12.0) <0.001
Environmental tobacco smoke n (%) 33754 (63.9) 32162 (63.0) 1592 (89.1) <0.001
Median (IQR) body mass index (kg/mz) 25.5(4.9) 25.5(4.9) 25.0(5.8) <0.001
< 8 years of education n (%) 17 343 (32.9) 16 471 (32.3) 872 (48.9) <0.001
8 - 10 years of education n (%) 24 422 (46.2) 23721 (46.5) 701 (39.2)
> 10 years of education n (%) 11 034 (20.9) 10 821 (21.2) 213 (11.9)
Occupational exposure n (%) 14 701 (27.8) 14 038 (27.5) 663 (37.1) <0.001
Median (IQR) fruit intake (g/day) 145.7 (165.4) 146.7 (165.8) 120.0 (144.4) <0.001
Co-morbidities (ICD-10 Code)
Asthma (J45-46) n (%) 1171 (2.2) 874 (1.7) 297 (16.6) <0.001
Ischemic heart disease (120-25) n (%) 5493 (10.4) 5151 (10.1) 342 (19.1) <0.001
Other heart disease (142-150) n (%) 5706 (10.8) 5351 (10.5) 355(19.9) <0.001
Stroke (160-163) n (%) 2706 (5.1) 2559 (5.0) 147 (8.2) <0.001
Diabetes (E10-14) n (%) 2141 (4.1) 2021 (4.0) 120 (6.7) <0.001

COPD, chronic obstructive respiratory disease; IQR, interquartile range.
" For Kruskal-Wallis test or 4 test comparing two/three groups between ‘No COPD’ and ‘COPD’ columns.
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Table 2. Description of proxies of exposure to air pollution in the Diet, Cancer and Health

cohort (n = 52 799), total and by incident COPD status at follow-up.

Page 20 of 28

Total COPD
Length of n=52799 n=1786
Exposure  Air pollution proxy Mean (SD) Median IQR  Mean (SD) Median IQR
35 years NO, (ug/m’) 17.0 (5.2) 15.3 5.8 18.1 (5.6) 16.8 6.6
(1971-) NO, (ug/m’) 28.2 (21.0) 21.6 124 31.5(23.3) 23.5 16.2
25years  NO, (ug/m’) 17.8 (6.0) 155 64  19.3(6.5) 176 12
(1981-) NO, (ug/m’) 29.4 (24.1) 21.5 12.6  33.2(27.3) 242  16.9
15 years NO, (pg/mS) 17.1 (6.3) 14.5 6.3 18.7 (6.9) 16.9 7.5
(1991-) NO, (ug/m") 27.8 (24.7) 193 11.6 31.9(28.2) 226 16.6
1 year Traffic load’ 200m
mean (10° vehicle km/day) 4.7 (5.4) 2.6 5.8 5.3(5.7) 3.5 6.5
(baseline)  Major road” 50m n (%) 4310 (8.2%) 187 (10.5%)

COPD, chronic obstructive respiratory disease; SD, standard deviation.; IQR, interquartile range; NO,, nitrogen dioxide; NOy, nitrogen

oxides;

*35, 25, and 15 years defined as weighted mean of annual NO, and NOy concentrations from 1971, 1981, and 1991, respectively until event,
censoring. or 27 June 2006; " Total number of km traveled within 200m (sum of product of street length and traffic density for each road);
*Road with annual traffic density of 10 000 vehicles or more.
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Table 3. Association between traffic-related air pollution and COPD incidence (n =1 797)
among 52 799 Diet, Cancer and Health cohort participants.
Adjusted for age,
smoking status,
duration, intensity
and environmental

Adjusted for age tobacco smoke Fully adjusted”
HR (95% CI) HR (95% CI) HR (95 % CI)

35-year mean (1971-event, censoring, or 27 June 2006)
NO,' (ug/m’) 1.22 (1.15-1.29) 1.08 (1.02-1.14) 1.08 (1.02-1.14)
NO,’ (pg/m3) 1.16 (1.11-1.22) 1.05 (1.01-1.10) 1.05 (1.01-1.10)
25-year mean (1981- event, censoring, or 27 June 2006)
NO," (pg/mS) 1.20 (1.13-1.27) 1.06 (1.01-1.13) 1.07 (1.01-1.06)
NO,’ (pg/m3) 1.14 (1.09-1.19) 1.04 (0.99-1.09) 1.04 (0.99-1.09)
15-year mean (1991- event, censoring, or 27 June 2006)
NO,' (pg/m3) 1.18 (1.11-1.24) 1.05 (0.99-1.11) 1.05 (1.00-1.11)
NO,' (pg/m3) 1.12 (1.07-1.17) 1.03 (0.99-1.08) 1.03 (0.99-1.09)
1-year mean at cohort baseline (1993-1997)
Major road” within 50m 1.25 (1.07-1.45) 1.05 (0.90-1.22) 1.04 (0.89-1.21)
Traffic load® within 200m 1.10 (1.06-1.14) 1.01 (0.98-1.05) 1.01 (0.97-1.05)

COPD, chronic obstructive respiratory disease; HR, hazard ratio; CI, confidence interval; NO,, nitrogen dioxide; NO,, nitrogen oxides;
":Adjusted for smoking status, smoking duration, smoking intensity, environmental tobacco smoke, body mass index, educational level,
occupational exposure, and fruit consumption; ' Linear trend per interquartile range; * Road with annual traffic density of 10 000 vehicles or
more; ¥ Total number of km traveled within 200m (sum of product of street length and traffic density for each road).
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Table 4. Modification of associations” between NO, (per interquartile range (5.8 ng/m’) of
35-year mean, 1971-end of follow-up) and COPD incidence (n = 1 797) by baseline
characteristics and co-morbid conditions of 52 799 Diet, Cancer, and Health cohort

participants.

Covariate

Co-morbid Inciden

condition Covariate Levels Meases trate’ HR (95% CI) I"Vahlejt
Male 797 3.2 1.07 (0.98-1.16)

Gender Female 989 3.6 1.05(0.97-1.13) 0.81
Currently smoke 1349 7.1  1.06 (1.06-1.31)

Smoking Previously smoked 314 2.1 1.14(0.87-1.42)

status Never smoked 123 0.6 1.10 (0.86-1.33) 0.78

Occupational ~ Yes 663 4.5 1.08 (0.98-1.19)

exposure No 1123 2.9 1.07 (1.00-1.15) 0.96
< 8 years 872 5.0 1.08 (1.00-1.18)

Educational 8 - 10 years 701 2.9 1.07 (0.97-1.17)

level > 10 years 213 1.9 1.08 (0.91-1.29) 0.94

Fruit < 240g 1445 3.7 1.09 (1.02-1.15)

consumption > 240g 339 2.6 1.04(091-1.19) 0.55
Underweight (<18.5 kg/mz) 48 12.8 1.01 (0.69-1.49)

Body mass Normal (18.5-24 kg/mz) 841 3.7 1.03(0.95-1.13)

index Overweight (25-29 kg/mz) 624 29 1.04 (0.95-1.15)
Obese( > 30 kg/mz) 273 3.6 1.21(1.05-1.40) 0.34
Has COPD 297 29.3  1.19(1.03-1.38)

Asthma No COPD 1489 2.9 1.05(0.98-1.12) 0.10

Ischemic heart Has COPD 342 6.4 1.10(0.96-1.26)

disease No COPD 1444 3.1 1.08 (1.01-1.15) 0.81

Other heart Has COPD 355 6.4 1.11(0.98-1.26)

disease No COPD 1431 3.1 1.07 (1.00-1.13) 0.57
Has COPD 147 5.6 1.10 (0.90-1.35)

Stroke No COPD 1639 3.3 1.08 (1.02-1.14) 0.85
Has COPD 120 11.0  1.29 (1.05-1.60)

Diabetes No COPD 1666 3.3 1.06 (1.00-1.13) 0.08

COPD, chronic obstructive respiratory disease; HR, hazard ratio; CI, confidence interval; NO,, nitrogen dioxide;
*Adjusted for smoking status, smoking duration, smoking intensity, body mass index, educational level, occupational exposure, and fruit
consumption; ' Crude incident rate per 1000 person-years; * For Wald test for interaction.
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Figure 1. Distribution of 35-year accumulated mean levels of NO, and NOy at residences of

52 799 Diet, Cancer and Health cohort members (original-left, log-transformed-right)
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Chronic obstructive pulmonary disease and long-term exposure to traffic-related air pollution:
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AirGIS Model

AirGIS model,*' based on a geographical information system (GIS), is used for estimating
traffic-related air pollution and has high temporal (an hour) and spatial (individual address)
resolution. AirGIS calculates air pollution at a location as the sum of three contributors: (1)
local air pollution from street traffic, calculated with the Operational Street Pollution Model™
(OSPM) from data on traffic (intensity and type), emission factors for each vehicle type and
EURO class, street and building geometry, and meteorology; (2) urban background,
calculated from a simplified urban background (SUB) procedure™ that takes into account
urban vehicle emission density, city dimensions (transport distance), and average building
height (initial dispersion height); and (3) regional background, estimated from trends at rural
monitoring stations and from national vehicle emissions.** Input data for the AirGIS system
come from various sources: a GIS-based national street and traffic database, including
construction year and traffic data for the period 1960-2005, and a database on emission

factors for the Danish car ﬂeet,]%’E7

with data on light- and heavy-duty vehicles dating back to
1960, built and entered into the emission module of the OSPM. A national GIS database with
building footprints supplemented with construction year and building height from the national
building and dwelling register, national survey and cadastre data-bases, and a national terrain-
evaluation model, provided the correct street geometry for a given year at a given address.
With a geocoded address and a year, the starting point is specified in place and time, and the
AirGIS system automatically generates street configuration data for the OSPM, including
street orientation, street width, building heights in wind sectors, traffic intensity and type, and
the other data required for the model. The AirGIS system has been successfully validated™"®

. . E9-El1l
and used in several studies.”
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