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ABSTRACT

objectives: To investigate the long-term effects of source-specific particle matter (PM) on lung
function, effects of genetic variants of Surfactant Protein A (SP-A) and glutathione S-transferase
(GST) genes GSTP1 and GSTT1, and effect modification by single nucleotide polymorphism (SNP)

genotype.

design: Cohort study with address-based annual PM exposure assigned from annual estimates of
size (PM4o, PM, 5 and PMg¢) and source-specific (traffic, industry, marine traffic and wood burning)

dispersion modelling.

setting: Gothenburg, Sweden.

participants: The ADONIX study had 6685 participants recruited from the general population, of

which 5216 (78%) were eligible for inclusion in the current study with European ancestry and

information on all variables of interest. Mean age was 51.4 years (range 24-76) and 2427 (46.5%)

were males.

primary and secondary outcome measures: The primary outcome was forced vital capacity
(FVC) and forced expiratory flow in 1 second (FEV,). The secondary outcome measure was effects

and gene-environment interactions of SP-A and GSTT1 and GSTP1 genotypes.

results: Exposure to traffic-related PM,, and PM,, was associated with decreases in percent-
predicted FEV, by -0.48% (95%CI -0.89% to -0.07%) and -0.47% (95%CI -0.88% to -0.07%) per
interquartile range (IQR), respectively, and with decreases in percent-predicted FVC by -0.46%
(95%CI -0.83% to -0.08%) and —0.47% (95%CI -0.83% to -0.10%). Total and traffic-related PM,.
was strongly associated with both FEV, and FVC by -0.53 (95%CI -0.94 to -0.13%) and -0.43%
(95%CI -0.77 to -0.09%), respectively, for FVC, and similarly for FEV,. Minor allele carrier status
for two GSTP1 SNPs and the GSTT1 null genotype were associated with decreases in percent-
predicted lung function. Three SP-A SNPs showed effect modification with exposure to PM,, from

industry and marine traffic.
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conclusions: PM exposure, specifically traffic-related, was associated with FVC and FEV,
reductions and not modified by genotype. Genetic effect modification was suggested for industry

and marine traffic PM,..

Article summary: Strength and limitations of this study

e An extensive dispersion model of source-specific PM was assigned to a large, general
population cohort of adults in a single urban region

e The cohort was designed with focus on respiratory health and many covariates were collected
as well as genotyping for genes with known associations with respiratory health

e Data collection was performed according to a standardized maneuver by trained personnel
although spirometry was not performed with reversibility test

e Residential history was not available, so exposure is only assigned for the time of inclusion

into the study, which also does not take indoor or occupational air pollution into account.
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INTRODUCTION

Exposure to air pollution, especially traffic-related air pollution, is associated with reduced lung
function! 2 and accelerated lung function decline.> However, evidence on specific importance of
different particle sizes and sources is still limited,* and are to date addressed in only few
epidemiological studies of respiratory health effects with non-conclusive results.?> ¢ In panel studies,
high levels of traffic PM had stronger association than total PM with short term increases in Club Cell
protein CC16 (a marker of increased lung permeability) concentration in urine’, and in controlled
experiments, in vitro exposure of human BEAS-2B lung cells to PM from different sources triggered
very different pulmonary cell and DNA damage outcomes.® A deepened knowledge about effects of
specific particle pollution sources is thus of particular interest to prioritize public health measures to

reduce health effects of ambient air pollution, and this field of research is expanding rapidly.®

It is only in rare cases that pollution sources be definitely identified by specific chemicals, as individual
chemicals may be present in more than one source. Rather, profiles are built from particle size
distributions and the relative concentrations of specific chemicals. Traffic pollution is for example
characterized by NOx and ultrafine particles, whereas particles from petrochemical industries are
characterized by trace elements such as nickel, cobalt, caesium and lanthanum.® Particles from other
industry is characterized by high levels of trace metals vanadium and nickel,® 1! but are of course
sector-dependent. Similarly, PM from marine traffic is subject to large uncertainties as fuel types and

fleet types vary across the world, rendering study results ungeneralizable.'?

Beyond the importance of exposure composition and source, individual susceptibility to air pollution
is modified by many factors, including genotype. Susceptibility related to genetic variability may
improve our understanding of the physiological mechanisms underlying health effects of air
pollution.'? 1 Glutathione S-transferase (GST) enzymes are involved in metabolizing reactive oxygen
species to reduce oxidative stress.’> GSTP1 SNPs have been reported to modify the risk of
cardiovascular disease associated with exposure to NO,® and modify the association between NO, and

4
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lung function decline in adults,’” but findings are inconsistent and no meta-analysis has been
performed.'® 1° Surfactant protein A (SP-A) is found in the surfactant fluid which lines the lung alveoli
and has important functions in the innate immune system of the lungs, especially for opsonizing
inhaled material.?® SNPs in SP-A coding regions have been associated with multiple respiratory
diseases,’®> 2! and suggested gene-environment interactions for smoking and chronic obstructive

pulmonary disease.??

Many questions remain as to what components of air pollution are harmful in a general population, in
particular at relatively low pollution exposures, and if such associations are modified by genetic factors.
Thus, the aim of the current study was to investigate the effects of different PM sources on lung
function in a general population cohort using epidemiological methods and to investigate lung function

effects of genotype and gene-environment interaction with source-specific particle exposures.

METHODS

Study population

The study population originates from the ADONIX (ADult-Onset asthma and Nltric oXide) cohort, a
random sample of subjects aged 24-76 years who were invited to participate in a clinical examination
between 2001-2008 as previously described.®23-26 |n brief, the overall participation rate was 46%, all
participants provided data on residential address, lifestyle factors and education, presence of allergic
airway inflammation and respiratory health, as well as clinical measurements of lung function, such as
spirometry (single manoeuver) and nitric oxide in exhaled air (FENO). Blood samples were collected
for DNA extraction and subsequently genotyped for selected SNPs from the SP-A, GSTP1, and GSTT1

genes.

Exposure assessment

As a part of the involvement in the Swedish Clean Air and Climate project (SCAC), the Swedish

Meteorological and Hydrological Institute (SMHI) modelled source-specific, annual particulate matter

5
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(PM) concentrations for different size fractions for each calendar year in the period 1990 to 2011 using
dispersion modelling described in detail in Segersson and colleagues.?’” PM,, and PM, s represent
particles smaller than 10 and 2.5 micrometers (um) respectively, whereas black carbon particles, PMgc,
are soot particles from combustion, notably vehicle exhaust. The specific sources were traffic (exhaust
and road wear for PM,y and PM, 5, exhaust only for PMg(), residential heating (predominantly house
heating using wood assessed as area sources), marine traffic (averaged description from a bottom-up
calculation using actual positions of ships in port, manoeuvring and cruising), and industrial sources
(point sources, in Gothenburg dominated by refineries, energy plants, and other industry).?
Background concentration (long-range transport particles), was also provided, but was estimated
indirectly as the difference between total modelled local contribution and monitoring data from a
central urban background station. Consequently, it showed no spatial variation and was not used for
analyses. To refine the estimated contribution of traffic, an increment due to reduced ventilation in
the street canyons was added for the busiest streets. The increment was estimated as the difference
between simulations with and without buildings using the OSPM model.? For each study participant’s
residential address at the date of clinical examination, annual mean values of pollutants were
calculated separately for five source categories and modelled exposure grid values of all PM fractions

were matched to the year of the participant’s clinical examination.

Outcome definitions

Dynamic spirometry including FEV; and FVC was performed with the subject in a sitting position using
a nose clip without bronchodilation. In all measurements, a Jaeger Master Screen PFT (Vyaire,
Mettawa, IL, US) was used. All procedures were performed according to ATS/ERS standards.3° A local
reference material was used for calculation of percent predicted (% predicted) of FEV; and FVC and
lower limit of normal, (LLN, the lower 5t percentile in healthy individuals) for FEV, and FVC.3! 32

Asthma was defined as reporting having had at least one asthma attack in the previous 12 months,

6
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and atopy was defined as having a positive phadiatop test. We used FEV;, FVC and FEV,/FVC below

LLN as an indicator of clinically significant lung function reductions or air flow limitation.

Based on questionnaire replies, smoking status was categorised into current, former (no smoking
during the last year) and never smoking. Upon inspection of the distribution of total and traffic particles
within residential regions, postcodes were categorised into four regions: Inner city, non-central city,
suburban, and outer suburb or rural. Education was categorised in six categories: elementary school,
lower secondary school, training or girls’ school, grammar school, university, and “other” or not
reported. Individuals who did not have information on the variables of interest were excluded, except
for genotype, where analyses were run separately for each SNP. For this study we used genotype data
on four GSTP1 SNPs, a SNP marker for the GSTT1 null genotype, four SP-A1 SNPs and three SP-A2 SNPs.
All SNPs were coded using a dominant model for the minor (least common) allele. Individuals with self-

reported non-European background were excluded from the analysis (n=315).

Statistical methods

First, descriptive statistics were calculated for the cohort and exposure data, and correlations between

the total and source-specific exposure estimates for all PM size fractions were determined.

We estimated the association between each PM size fraction for each PM source, with FEV; and FVC,
in linear models. First, lung function effects associated with PM size fractions and sources were
analysed with exposure as a continuous variable, and estimated for an interquartile increase in
exposure. Second, we investigated the effects of the highest exposure values by setting high exposure
cutoff for PM above the 90t percentile of population exposure, medium exposure at 50-90t
percentile, with exposure at or below 50t percentile as the reference, and tested these for linear
trends. To investigate clinically significant effects, we modelled increased risk of low lung function in
logistic models with LLN as a cut-off. To assess confounding, covariates were added to regression
models and were retained if the estimate of the main effect was altered by more than 10% by their
inclusion. The covariates included in the final models were age, sex, weight, education, residential

7
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postcode region, smoking status, and exposure to passive smoking in the last 12 months. For genetic
markers, we assessed Hardy-Weinberg equilibrium, then analysed the association between genotypes
and lung function for all available SNPs in single-SNP linear models. To evaluate effect modification,
we tested for interaction of the effects of exposure to different PM size fractions and sources on lung
function by genotype, using a likelihood ratio tests comparing the model with interaction term to the
model without this term. Similarly, the analyses of PM effects were also stratified by sex and
respiratory health status as well as smoking status, asthma status, atopic status, BMI, age categories

to evaluate possible confounding from any of these characteristics.

All regression results for change in lung function were reported as increment or decrement in %
predicted. Odds ratios were obtained from the logistic model analyses. All results are presented as
point estimates with 95% confidence intervals, and with p-values as appropriate. Analyses were

performed in R studio3? using the package “phia” (post-hoc interaction analysis).3*

RESULTS

The ADONIX cohort includes 6685 individuals, of which 5216 were included with information on the
variables related to exposure and health outcomes used in this study and self-reported European
ancestry. The mean age of the study population was 51.6 +11.4 years and 46.5% were males, 46.1%
had never smoked, 16.5% were current smokers and 10.2% were exposed to passive smoking. A total
of 9.5% of individuals had FEV; below lower limit of normal and 9.5% had FVC below LLN. The most
common highest education level was university education (37.1%), followed by grammar school

(23.0%) (Table 1).

TABLE 1 CHARACTERISTICS OF THE STUDY POPULATION

N=5216

Age, mean (SD) 51.6 (11.4)
Males, n (%) 2427 (46.5%)
Females 2789 (53.5%)

Respiratory health

8
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FEV, (% of predicted*), mean (SD) 96.6 (13.7)
FVC (% of predicted*), mean (SD) 97.9 (12.4)
Below LLN of predicted FEV,, n (%) 656 (12.6%)
Below LLN of predicted FVC, n (%) 494 (9.5%)
Below LLN of FEV,/FVC, n (%) 548 (10.5%)
Smoking
Current smokers, n (%) 860 (16.5%)
Former smokers, n (%) 1951 (37.4%)
Never smokers, n (%) 2405 (46.1%)
Passive smoking (last 12 months) 534 (10.2%)
Education
Elementary school, n (%) 639 (12.2%)
Lower secondary School, n (%) 175 (3.3%)
Training/girls school, n (%) 389 (7.5%)
Grammar school, n (%) 1205 (23.1%)
University, n (%) 1954 (37.5%)
Other or not reported, n (%) 853 (16.4%)

Residential area

Inner city, n (%) 945 (18.1%)
Non-central urban, n (%) 922 (17.7)

Suburban, n (%) 2178 (41.7%)
Outer suburb or rural, n (%) 1171 (22.4%)

*Lung function predicted from age, height and sex (Brisman et al., 2017) FEV,, forced
expiratory volume in 1 second.

FVC, forced vital capacity.

LLN, lower limit of normal, the fifth percentile of a healthy population, according to

formula from Brisman et al., 2017.

The mean annual air pollution levels at the residential addresses in the study population at study entry
were moderate, at 15.7 pg/m?3 PMyg, 9.3 pg/m3 PM,5, and 0.76 pg/m3 PMgc (Table 2). Background long-

range transport constituted the main source of exposure, contributing to 75% and 76% of PMy, and

9
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1

2

z PM, s levels respectively. The local emission source that contributed most to total PM;, was traffic,
Z whereas residential heating contributed most to PM, 5 (Table 2).

7

2 TABLE 2 DESCRIPTIVE STATISTICS OF EXPOSURE PARAMETERS IN THE STUDY
10 POPULATION

1; PM species and Mean (standard 50t 90 percentile IQR
12 sources deviation) percentile

15 PMj, total 15.7 (2.49) 15.47 18.80 3.05
1? Traffic (ug/m3) 2.32(1.75) 1.78 441 1.64
o Residential 1.22 (0.48) 117 1.88 0.62
3(1) heating (ug/m3)

22 Marine traffic 0.03 (0.05) 0.02 0.08 0.03
" (ug/m?)

25 Industry 0.11 (0.09) 0.09 0.23 0.10
ig (ng/m3)

;g PM, 5 total 9.33 (1.75) 9.36 11.80 2.47
g? (ng/m?)

32 Traffic (ug/m3) 0.74 (0.56) 0.57 1.41 0.52
3431 Residential 1.22 (0.48) 1.17 1.88 0.62
;2 heating (ug/m3)

37 Marine traffic 0.03 (0.05) 0.05 0.08 0.03
§§ (ug/m?)

2‘1) Industry 0.07 (0.05) 0.06 0.12 0.06
42 (ng/m?3)

Zi PMpgc total 0.76 (0.32) 0.71 1.13 0.33
o (ng/m?)

47 Traffic (ug/m3) 0.36 (0.29) 0.27 0.69 0.25
22 Residential 0.14 (0.06) 0.13 0.23 0.06
g? heating(ug/m?3)

52 Marine traffic 0.01 (0.01) 0.00 0.02 0.01
?i (ng/m?)

gg Industry 0.01 (0.01) 0.01 0.01 0.01
7 (ug/m3)

58

59 IQR, interquartile range.

60
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For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Traffic was the largest contributor to PMg¢, and for PMg. the contribution from long-range sources was
considerably lower than for PMy, and PM, 5, 26%. Traffic sources were originally divided into exhaust
and road wear, but as these were highly correlated (r>0.98), we refrained from separating the two in
the analyses, using instead a single variable for traffic exposure. The correlation between total and
traffic-related exposure was very high for PMgc (r=.99), whereas it was high for PM,, (r=.75) and

moderate for PM, 5 (r=.40) (Table S3).

Effects of PM exposure

Most PM sources were negatively associated with percent predicted lung function, and estimates for
PMgc overall and from traffic, and for PM, s and PM,, from traffic, reached statistical significance for
reductions in FEV,; and FVC. The effect estimates for particles from residential heating, marine traffic
or industry indicated no strong or consistent adverse effects in the linear models (Table 3).

TABLE 3 CHANGE IN FEV, AND FVC PER IQR CHANGE IN PM FROM DIFFERENT
SOURCES

Delta % predicted FEV, Delta % predicted FVC
B 95% Cl B 95% Cl
Lower Upper p- Lower Upper p-value
value

PMioTotal 016 -0.64 033 053 037 -081 007  0.10
Traffic -048 -0.89 -0.07 0.02 -0.46 -0.83 -0.08 0.02
Residential

heating -0.30 -0.80 0.20 0.23 -0.03 -0.48 0.43 0.91
Marine traffic 0.00 -0.24  0.24 1.00 -0.05 -0.27 0.17 0.66
Industry -0.33 -0.78 0.11 0.14 -0.40 -0.80 0.01 0.05
PM2sTotal 000 -053 053 1.00 047 095 001 005
Traffic -047 -0.88 -0.07 0.02 -0.47 -0.83 -0.10 0.01
Residential -0.30 -0.80 0.20 0.23 -0.03 -0.48 0.43 0.91
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heating
Marine traffic 0.00 -0.89  0.89 1.00 -0.05 -0.85 0.75 0.66
Industry -0.34 -0.86 0.18 0.21 -0.32 -0.80 0.15 0.18
PMpgc Total -0.56 -1.01 -0.12 0.01 -0.53 -0.94 -0.13 0.01
Traffic -0.41 -0.78 -0.03 0.03 -0.43 -0.77 -0.09 0.01
Residential

heating -0.38 -0.89 0.12 0.14 0.00 -0.46 0.45 0.99
Marine traffic ~ -0.01  -0.25 0.23 0.94 -0.05 -0.27 0.16 0.62
Industry -0.40 -092 0.12 0.13 -0.38 -0.85 0.09 0.11

Parameter coefficients from in separate, single-pollutant models adjusted for age, weight,
education, area of residence, smoking status, and exposure to environmental tobacco smoke in the
last 12 months.

IQR, interquartile range.

In models with exposure categorized (low, medium, and high exposure), there was a consistent trend
across categories for traffic-related exposure to all particulate measures for both FVC and FEV, (p for
trend<0.05; for FEV,; and PMg. traffic p=0.09; the trend was slightly less strong and consistent for total
exposure. There were no significant negative associations between exposure to particles of any size
from residential heating, marine traffic or industrial sources and lung function (Figure 1), nor were
there consistent trends (Table S4). For the odds of having FEV, and FVC below LLN, we observed a very
similar pattern, with high exposure to all particle measures from traffic showing an increased risk of
having reduced FEV; and FVC (p<0.05; except p=0.08 for FEV; and PMgc) (Table S5). FEV,/FVC below

LLN was not associated with any exposure (data not shown).

Genetic main effects

The frequency of the dominant minor allele carrier genotype varied from 12.6% to 68.0%. (Table S1).
In a main effect genetic analysis without considering environmental exposure, minor allele carrier
status of three GST SNPs was associated with lung function outcomes. The two GSTP1 SNPs rs762803

and rs1695 were significantly associated with FEV,; reductions by -0.80% (p=0.044) and -0.90%

12
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(p=0.017), respectively, and FVC reductions were seen in minor allele carriers of the same GSTP1 SNP
rs762803 (-0.74%, p=0.042) and the GSTT1 null genotype assessed with SNP rs2266637 (-1.434%,

p=0.001). No main effect associations were found with SP-A SNPs (Table S1).

Effect modification of PM effects

PM,s, which had marginally more consistent effects for traffic-related exposure, was used for
interaction analyses. The effect of genotype and exposure to PM, s from all sources was analysed in
interaction models, and SNPs with exposure-interaction p-values lower than 0.1 are shown in Table
S2. The number of significant interactions was higher than expected by chance. The most plausible
statistically significant patterns of interaction were seen for industry-related exposure (Figure 2). Two
SNPs from SP-A1, rs1136451 and rs1059057 had significant interaction effects on both FEV, and FVC,
and on FVC only, respectively, suggesting variable susceptibility at high exposures. This result should,
however, be seen as highly exploratory. Stratifying data by smoking status, atopy, asthma status, and
BMI category showed no effect modification on the estimates for air pollution effects in both linear

and logistic analysis (data not shown).
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DISCUSSION

In a general population cohort exposed to moderate levels of PM air pollution in a global perspective,
modelled exposure to PM,, and PM, 5 from traffic, as well as PMg: were associated with reductions in
FVC and FEV; in linear models, a pattern also consistently shown for high exposure in analyses with
categorized exposure, and for risk of reduced FEV; or FVC (below LLN) in logistic regression. We
observed no associations for airflow limitation (FEV,/FVC below LLN). In this study, efforts were made
to create source-specific exposure estimates, but it should be recognized that these are associated
with different levels of uncertainty. Observing consistent associations between traffic-related
exposure, and similar effect estimates for total exposure, but not for other sources of PM we speculate
involvement of source-specific effects. However, these observations could be due to the more
accurate spatial estimation of traffic, whereas the exposure estimates for both marine traffic, industry

and residential heating may be less accurate.?’

In the current study, we found the most consistent associations between both FEV; and FVC and traffic
related particles, which is not surprising as the traffic-related pollutants with the street canyon have a
higher degree of accuracy than the other pollutant sources. No obvious associations were seen
between any fraction of PM from residential heating, marine traffic or industry on lung function, but

their relative contribution to total PM was modest.

Although there were no associations between PM, s from residential heating, marine traffic or industry
on FEV; and FVC, we saw some exploratory but potentially interesting interaction patterns for some
genotypes with industrial PM exposure, indicating that effects from industrial exposure may be less
general than that of traffic particles, being concentrated within individuals with genetic
susceptibilities.’® Industrial exposure in Gothenburg is concentrated along the Goétaalv river and is

dominated by a power plant and oil refineries.

In spite moderate to high correlations between the three traffic related PM fractions (Table S3), total
PM;, and PM, s were not significantly associated with FVC and FEV,, although the direction of effect
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was consistent with that from traffic PM,q and PM,s. Residential heating is the second largest local
contribution to total PM, and we observed negative correlations between PM from residential heating
and total PM as well as PM from other sources. PM from residential heating might thus be interpreted
as an indicator of low exposure to other sources of air pollution which might contribute to explaining
the few suggested inverse (positive) associations seen in some categorical analyses between PM from

residential heating and FEV, and FVC (e.g. Figure 1).

In a previous study of the same cohort material, short distance to the nearest road was found to be
associated with decreases in FEV; and FVC.3> The pollution levels found in the current study were
moderate compared to those presented in the study from Adam and colleagues.® In a meta-analysis of
the ESCAPE data, that study found significant associations for both FEV; and FVC in adults related to
long-term exposure to NO,, NOx and PM,,, but not PM, 5 or coarse PM. In our data, modelled annual
averages of NOx and NO, were available for parts of the cohort for some years, and both were highly

correlated with traffic PM;, PM, s and PMgc (all correlations r>0.79).

Effects specifically of exposure to industrial emissions has not been widely studied, and industry
emissions are often pooled with other sources,?” or considered negligible as high stacks disperse the
emissions.3® Studies of respiratory health with source specific results generally find associations mainly
with traffic: In the study of Jacquemin and colleagues,” only traffic, and not industry-specific particles
were associated with the lung damage marker CC16. Krall and colleagues® observed only effects from
tailpipe exhaust on lung function and eNO. Billet and colleagues® exposed cells in-vitro to particles from
a highly industrialized environment and found that ultrafine particles with higher concentrations of
polyaromatic hydrocarbons induced more oxidative DNA damage adducts and DNA damage response.
Peng and colleagues® observed that PM from vehicle emissions, diesel engines and wood burning were
associated with the largest increases in emergency hospital admissions for CVD and respiratory

disease.” In a multi-city European study3’ there were negative associations between FEV; and PM from
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nickel and sulphur, however results were not consistent between cities, perhaps reflecting the

heterogeneity in particle compositions in different cities in the study.3?

For the two SP-A1 SNPs that had potential interactions of interest with industry PM in our study, other
studies have found rs1059057 to be associated with lung injury®® and cystic fibrosis,*® and rs1136451
with susceptibility to COPD,*? but only gene-environment effects from tobacco smoking were
addressed in these studies. GSTP1 SNP rs1695 was previously associated with possible increased
asthma risk of air pollution exposure,’® and we found a main effect associated with lower FEV; in the
current study of adults. These genetic results should be seen as exploratory and be interpreted with

caution.

The cohort data used in this study were collected to study respiratory health, and provides a rich
dataset containing a large number of variables of interest. In the model selection, adding additional
covariates as potential confounders did not affect the regression estimates substantially.
Nonparticipation analysis was previously reported for the earliest collected cohort data (gathered
2001-2003) and showed that women, the elderly, and individuals with university educated were more
likely to participate.?® As we adjusted for these covariates and as exposure was unknown to

participants, this is not very likely to bias the current results.

The number of individuals who fell below the lower limit of normal for both FEV; and FVC was rather
high, as this value is defined as the 5t percentile in a healthy, non-smoking population. It is possible
that individuals with respiratory issues are more likely to take part in a study such as ADONIX. On the
other hand, with clinical outcome measures and an exposure which was not known to the participants,

this is an unlikely source of important bias.

In this study, complete residential histories, including duration of residence, were not available.
Instead, we used a single modelled value for residential exposure that was matched by year of

participation for each individual, rather than a complete longitudinal exposure history over multiple
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years. We consider this a reasonable approach, as the between-year correlation in air pollution

concentrations and emissions in a certain location is very high.

As people spend a sizable proportion of their time outside the home, our results are based on modelled
air pollution data, and thus represents an approximation of the real exposure although this is an
established method. The resulting misclassification of exposure would, however, then to reduce risk
estimates. The model was developed using new emissions inventories, updated information on vehicle
composition, and had been further verified by measurements.?” However, for residential heating, the
source assignment is based on proxies such as building type, as no actual source inventory was

available.

The very high correlations between traffic-related PM,,, PM, 5 and PMgc (Table S3) mean that it is
difficult to assign the observed effect to a certain size fraction with any certainty. The moderate to
high correlations between the various PM source measures also meant we had to refrain from using
multi-pollutant models, meaning that interpretation of estimates associated with each exposure type
must be interpreted cautiously. Nevertheless, traffic-related PM exposure showed clear and consistent

associations with FEV; and FVC, whereas the other source-specific exposures did not.

CONCLUSION

In this large study of clinically measured outcomes in a general population sample we found that
exposure to traffic particles of all three studied size fractions was associated with reductions in FEV;
and FVC and increased risk of low FEV; and FVC (below LLN), supporting the need for measures to
reduce urban pollution from traffic to protect urban populations. Furthermore, we found intriguing
suggestions that the SP-A1l gene may play a part in susceptibility to air pollution from industrial

sources, possibly due to its very different composition.
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Figure 1 Change in FEV1and FVC (% predicted) associated with exposure to medium (50w to

90t) and high (above 90t percentile) concentration of source-specific PM

Figure 2 a-e Gene-environment interactions of selected SNPs and FEV1 and FVC in exposure

categories to select PM sources. Dotted lines represent effects on minor allele carriers
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Figure 1 Change in FEVi<sub/> and FVC (% predicted) associated with exposure to medium (50th to 90th) and high (above

90th percentile) concentration of source-specific PM
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ABSTRACT

objectives: To investigate the long-term effects of source-specific particle matter (PM) on lung
function, effects of genetic variants of Surfactant Protein A (SP-A) and glutathione S-transferase

(GST) genes GSTP1 and GSTT1, and effect modification by single nucleotide polymorphism (SNP)

genotype.

design: Cohort study with address-based annual PM exposure assigned from annual estimates of
size (PM1o, PM25s and PMgc) and source-specific (traffic, industry, marine traffic and wood burning)

dispersion modelling.

setting: Gothenburg, Sweden.

participants: The ADONIX study had 6685 participants recruited from the general population, of
which 5216 (78%) were eligible for inclusion in the current study with European ancestry and
information on all variables of interest. Mean age was 51.4 years (range 24-76) and 2427 (46.5%)

were males.

primary and secondary outcome measures: The primary outcome was forced vital capacity
(FVC) and forced expiratory flow in 1 second (FEV1). The secondary outcome measure was effects

and gene-environment interactions of SP-A and GSTT1 and GSTP1 genotypes.

results: Exposure to traffic-related PM,, and PM., was associated with decreases in percent-
predicted FEV. by -0.48% (95%CI -0.89% to -0.07%) and -0.47% (95%CI -0.88% to -0.07%) per
interquartile range (IQR), respectively, and with decreases in percent-predicted FVC by -0.46%
(95%CI -0.83% to -0.08%) and —0.47% (95%CI -0.83% to -0.10%). Total and traffic-related PM..
was strongly associated with both FEV. and FVC by -0.53 (95%CI -0.94 to -0.13%) and -0.43%
(95%CI -0.77 to -0.09%), respectively, for FVC, and similarly for FEV.. Minor allele carrier status
for two GSTP1 SNPs and the GSTT1 null genotype were associated with decreases in percent-
predicted lung function. Three SP-A SNPs showed effect modification with exposure to PM.. from

industry and marine traffic.
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conclusions: PM exposure, specifically traffic-related, was associated with FVC and FEV.
reductions and not modified by genotype. Genetic effect modification was suggested for industry

and marine traffic PM.s.

Article summary: Strength and limitations of this study

e An extensive dispersion model of source-specific PM was assigned to a large, general
population cohort of adults in a single urban region

e The cohort was designed with focus on respiratory health and many covariates were collected
as well as genotyping for genes with known associations with respiratory health

e Data collection was performed according to a standardized maneuver by trained personnel
although spirometry was not performed with reversibility test

e Residential history was not available, so exposure is only assigned for the time of inclusion

into the study, which also does not take indoor or occupational air pollution into account.
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1 ©
2 2
3 INTRODUCTION B
4 o
5 S
? Exposure to air pollution, especially traffic-related air pollution, is associated with reduced lung function'? and accelég‘?ated lung function decline.® However,
Q
o
S evidence on specific importance of different particle sizes and sources is still limited,* and are to date addressed 3n only few epidemiological studies of
10 S
11 respiratory health effects with non-conclusive results.?*® In panel studies, high levels of traffic PM had stronger ass8ciation than total PM with short term
12 Y
13 increases in Club Cell protein CC16 (a marker of increased lung permeability) concentration in urine’, and in contrélled experiments, in vitro exposure of
14 o
[oX
15 human BEAS-2B lung cells to PM from different sources triggered very different pulmonary cell and DNA damage ouomes.® A deepened knowledge about
16 =
o
1; effects of specific particle pollution sources is thus of particular interest to prioritize public health measures to reducei‘nealth effects of ambient air pollution,
19 g
20 and this field of research is expanding rapidly.® %\r
21 g
22 @
23 It is only in rare cases that pollution sources be definitely identified by specific chemicals, as individual chemicals mig be present in more than one source.
24 'TS'
25 Rather, profiles are built from particle size distributions and the relative concentrations of specific chemicals. Traffic pgllution is for example characterized by
26 o
=]
27 NOx and ultrafine particles, whereas particles from petrochemical industries are characterized by trace elemen£ such as nickel, cobalt, caesium and
28 =
N
;g lanthanum.® Particles from other industry is characterized by high levels of trace metals vanadium and nickel,° ﬁ but are of course sector-dependent.
o
31 - . o - N .
32 Similarly, PM from marine traffic is subject to large uncertainties as fuel types and fleet types vary across the world, re\gdermg study results ungeneralizable.!?
33 Q
34 3
35 Beyond the importance of exposure composition and source, individual susceptibility to air pollution is modified‘%by many factors, including genotype.
36 3
37 Susceptibility related to genetic variability may improve our understanding of the physiological mechanisms under%ing health effects of air pollution.?
38 Q
(=3
23 Glutathione S-transferase (GST) enzymes are involved in metabolizing reactive oxygen species to reduce oxidative stgess.’> GSTP1 SNPs have been reported
o
©
41 =
42 4 E;
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to modify the risk of cardiovascular disease associated with exposure to NO,® and modify the association between Ngz and lung function decline in adults,’
(o2}

o
but findings are inconsistent and no meta-analysis has been performed.'® *° Surfactant protein A (SP-A) is found in tRe surfactant fluid which lines the lung
©

|20

@]
alveoli and has important functions in the innate immune system of the lungs, especially for opsonizing inhaled mategial.?> SNPs in SP-A coding regions have
o

13 21

been associated with multiple respiratory diseases, and suggested gene-environment interactions for smoki@ and chronic obstructive pulmonary

disease.??

eojUMOQ "0

o
Many questions remain as to what components of air pollution are harmful in a general population, in particular at r8atively low pollution exposures, and if

o
such associations are modified by genetic factors. Thus, the aim of the current study was to investigate the effects of (ﬁﬁerent PM sources on lung function in

di

/

a general population cohort using epidemiological methods and to investigate lung function effects of genotype @d gene-environment interaction with

source-specific particle exposures.
METHODS

Study population

0Z ‘0z udy uo ywod fwguadoll

The study population originates from the ADONIX (ADult-Onset asthma and Nltric oXide) cohort, a random sample &f subjects aged 24-76 years who were

Aq g7

invited to participate in a clinical examination between 2001-2008 as previously described.®23-2¢ |n brief, the overall pa@gicipation rate was 46%, all participants

1S

provided data on residential address, lifestyle factors and education, presence of allergic airway inflammation ang respiratory health, as well as clinical

‘1ybuAdoo Ag paroa
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1 ©
2 g
3 measurements of lung function, such as spirometry (single manoeuver) and nitric oxide in exhaled air (FENO). Blood sarﬁples were collected for DNA extraction
4 o
o
Z and subsequently genotyped for selected SNPs from the SP-A, GSTP1, and GSTT1 genes. 2
©
7 S
8 o
9 Exposure assessment 3
10 S
11 S
12 As a part of the involvement in the Swedish Clean Air and Climate project (SCAC), the Swedish Meteorological and Hydrological Institute (SMHI) modelled
o
13 3
14 source-specific, annual particulate matter (PM) concentrations for different size fractions for each calendar year in thg period 1990 to 2011 using dispersion
15 ]
16 modelling described in detail in Segersson and colleagues.”” PMi, and PMys represent particles smaller than 10 aond 2.5 micrometers (um) respectively,
17 3
18 whereas black carbon particles, PMgc, are soot particles from combustion, notably vehicle exhaust. The specific sourés were traffic (exhaust and road wear
19 =<
20 N , . . . s . ,
21 for PM1g and PM, s, exhaust only for PMgc), residential heating (predominantly house heating using wood assessed asgarea sources), marine traffic (averaged
©
22 g
23 description from a bottom-up calculation using actual positions of ships in port, manoeuvring and cruising), angindustrial sources (point sources, in
24 \.‘_8.
25 Gothenburg dominated by refineries, energy plants, and other industry).2® Background concentration (long-range tramsport particles), was also provided, but
26 o
=]
27 was estimated indirectly as the difference between total modelled local contribution and monitoring data fronga central urban background station.
28 =
N
;g Consequently, it showed no spatial variation and was not used for analyses. To refine the estimated contribution &f traffic, an increment due to reduced
31 S
32 ventilation in the street canyons was added for the busiest streets. The increment was estimated as the differencegetween simulations with and without
33 Q
34 buildings using the OSPM model.? For each study participant’s residential address at the date of clinical examination,gannual mean values of pollutants were
35 g
36 calculated separately for five source categories and modelled exposure grid values of all PM fractions were matcheo%co the year of the participant’s clinical
37 ol
(9]
38 o o]
examination.
39 <
40 S
41 =
42 6 E;
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Dynamic spirometry including FEV; and FVC was performed with the subject in a sitting position using a nose clip withoug bronchodilation. In all measurements,

o
a Jaeger Master Screen PFT (Vyaire, Mettawa, IL, US) was used. All procedures were performed according to ATS/ERSStandards.>® A local reference material

N
o
was used for calculation of percent predicted (% predicted) of FEV;1 and FVC and lower limit of normal, (LLN, the lovér 5™ percentile in healthy individuals)

a

@]
for FEV;1 and FVC.3! 32 Asthma was defined as reporting having had at least one asthma attack in the previous 12 morghs, and atopy was defined as having a
o

15

o
positive phadiatop test. We used FEV;, FVC and FEV1/FVC below LLN as an indicator of clinically significant lung functi@n reductions or air flow limitation.

Y wou

Based on questionnaire replies, smoking status was categorised into current, former (no smoking during the last year)@nd never smoking. Upon inspection of

a/

the distribution of total and traffic particles within residential regions, postcodes were categorised into four regions%-lnner city, non-central city, suburban,

©
@

o}
and outer suburb or rural. Education was categorised in six categories: elementary school, lower secondary school, tr'gining or girls’ school, grammar school,

(@]
university, and “other” or not reported. Individuals who did not have information on the variables of interest were%excluded, except for genotype, where

0]

=]
analyses were run separately for each SNP. For this study we used genotype data on four GSTP1 SNPs, a SNP marker for the GSTT1 null genotype, four SP-Al

[4< Al

SNPs and three SP-A2 SNPs. All SNPs were coded using a dominant model for the minor (least common) allele. Individuals with self-reported non-European

background were excluded from the analysis (n=315).

Statistical methods

"1ybuAdoo Ag parosiold 1senb Ag 1720
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N

First, descriptive statistics were calculated for the cohort and exposure data, and correlations between the total and=source-specific exposure estimates for

all PM size fractions were determined.

100 6T U0 9ELVED

o
We estimated the association between each PM size fraction for each PM source, with FEV: and FVC, in linear model§ First, lung function effects associated

[

o
with PM size fractions and sources were analysed with exposure as a continuous variable, and estimated for an interq@rtile increase in exposure. Second, we
)

@]
investigated the effects of the highest exposure values by setting high exposure cutoff for PM above the 90" perc§1ti|e of population exposure, medium
o

QD
[oX

exposure at 50-90" percentile, with exposure at or below 50" percentile as the reference, and tested these for linear tr@nds. To investigate clinically significant
o

effects, we modelled increased risk of low lung function in logistic models with LLN as a cut-off. To assess confoundi@, covariates were added to regression
°

models and were retained if the estimate of the main effect was altered by more than 10% by their inclusion. The cov@ates included in the final models were
2

©
age, sex, weight, education, residential postcode region, smoking status, and exposure to passive smoking in the laSt 12 months. For genetic markers, we
o

3
assessed Hardy-Weinberg equilibrium, then analysed the association between genotypes and lung function for all avaijable SNPs in single-SNP linear models.
3
To evaluate effect modification, we tested for interaction of the effects of exposure to different PM size fractions an(ﬁsources on lung function by genotype,
using a likelihood ratio tests comparing the model with interaction term to the model without this term. Similarlygthe analyses of PM effects were also

N
stratified by sex and respiratory health status as well as smoking status, asthma status, atopic status, BMI, age cate@ries to evaluate possible confounding

from any of these characteristics.

"1ybuAdoo Ag parosiold 1senb Ag
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All regression results for change in lung function were reported as increment or decrement in % predicted. Odds ratiogwere obtained from the logistic model

09

analyses. All results are presented as point estimates with 95% confidence intervals, and with p-values as appropriate2Analyses were performed in R studio®
©

using the package “phia” (post-hoc interaction analysis).3*

RESULTS

MOQ '020¢ 4290120

The ADONIX cohort includes 6685 individuals, of which 5216 were included with information on the variables related§o exposure and health outcomes used
o

9

o
in this study and self-reported European ancestry. The mean age of the study population was 51.6 +11.4 years ang‘ 46.5% were males, 46.1% had never
3

smoked, 16.5% were current smokers and 10.2% were exposed to passive smoking. A total of 9.5% of individuals ha.g FEV: below lower limit of normal and

=~

S
9.5% had FVC below LLN. The most common highest education level was university education (37.1%), followed by gr%mmar school (23.0%) (Table 1).
©

TABLE 1 CHARACTERISTICS OF THE STUDY POPULATION

N=5216

Age, mean (SD) 51.6 (11.4)
Males, n (%) 2427 (46.5%)
Females 2789 (53.5%)

Respiratory health

FEV:1 (% of predicted*), mean (SD) 96.6 (13.7)
FVC (% of predicted*), mean (SD) 97.9 (12.4)
Below LLN of predicted FEV1, n (%) 656 (12.6%)
Below LLN of predicted FVC, n (%) 494 (9.5%)

"1ybuAdoo Ag paroaiold 1senb Ag 2oz ‘0z |1idy uo jwod fwgua
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Below LLN of FEV1/FVC, n (%)
Smoking
Current smokers, n (%)
Former smokers, n (%)
Never smokers, n (%)
Passive smoking (last 12 months)
Education
Elementary school, n (%)
Lower secondary School, n (%)
Training/girls school, n (%)
Grammar school, n (%)
University, n (%)
Other or not reported, n (%)
Residential area
Inner city, n (%)
Non-central urban, n (%)
Suburban, n (%)

Outer suburb or rural, n (%)

BMJ Open

548 (10.5%)

860 (16.5%)
1951 (37.4%)
2405 (46.1%)
534 (10.2%)

639 (12.2%)
175 (3.3%)
389 (7.5%)
1205 (23.1%)
1954 (37.5%)
853 (16.4%)

945 (18.1%)
922 (17.7)
2178 (41.7%)
1171 (22.4%)

*Lung function predicted from age, height and sex (Brisman et al., 2017) FEV;, forced

expiratory volume in 1 second.

FVC, forced vital capacity.

10
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LLN, lower limit of normal, the fifth percentile of a healthy population, according to

formula from Brisman et al., 2017.

The mean annual air pollution levels at the residential addresses in the study population at study entry were moderaté, at 15.7 pug/m3 PMyo, 9.3 pug/m3 PM,s,
N

and 0.76 pg/m3® PMec (Table 2). Background long-range transport constituted the main source of exposure, contribufghg to 75% and 76% of PM1o and PM_s
=

>
levels respectively. The local emission source that contributed most to total PMio was traffic, whereas residential heatﬁ‘ng contributed most to PM; s (Table 2).

TABLE 2 DESCRIPTIVE STATISTICS OF EXPOSURE PARAMETERS IN THE STUDY POPULATION

900190 6T U0 9ET¥E0-6T0Z-uadolq

g
3
3
=
PM species and sources Mean (standard deviation) 50t percentile 90 percentile 2 IGR
o
PMyototal 15.7 (2.49) 15.47 18.80 2 3.05
©
Traffic (ug/m?) 2.32 (1.75) 1.78 4.41 S 164
3
Residential heating 1.22 (0.48) 1.17 1.88 -TS' 0.62
3
(ug/m’) 2
>
Marine traffic (ug/m?3) 0.03 (0.05) 0.02 0.08 £ 0.03
Industry (ug/m?) 0.11 (0.09) 0.09 0.23 B 0.10
N
PM, s total (ug/m?3) 9.33(1.75) 9.36 11.80 E 2.47
Traffic (ug/m?3) 0.74 (0.56) 0.57 1.41 E 0.52
c
Residential heating 1.22(0.48) 1.17 1.88 3 0.62
T
(ng/m?) S
(9]
Marine traffic (ug/m3) 0.03 (0.05) 0.05 0.08 é 0.03
Industry (ug/m?3) 0.07 (0.05) 0.06 0.12 ‘g 0.06
S
=
=
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R
o
1 ©
2 2
3 PMac total (ug/md) 0.76 (0.32) 0.71 1.13 E 0.33
4 o
5 Traffic (ug/m3) 0.36 (0.29) 0.27 0.69 8 0.25
(=Y
? Residential 0.14 (0.06) 0.13 0.23 8 0.06
Q
8 heating(ug/m?3) >
9 2
10 Marine traffic (ug/m3) 0.01 (0.01) 0.00 0.02 § 0.01
1 R ©
12 Industry (ug/m?3) 0.01 (0.01) 0.01 0.01 o 0.01
13 IQR, interquartile range. s
14 S
15 ]
o
16 3
17 3
18 i . W= . =
19 Traffic was the largest contributor to PMgc, and for PMgc the contribution from long-range sources was conaderab‘@ lower than for PM1o and PM.s, 26%.
20 ]
21 Traffic sources were originally divided into exhaust and road wear, but as these were highly correlated (r>0.98), we refrained from separating the two in the
22 g
23 analyses, using instead a single variable for traffic exposure. The correlation between total and traffic-related exposure_%vas very high for PMgc (r=.99), whereas
24 o
o
;2 it was high for PMyo (r=.75) and moderate for PM, s (r=.40) (Table S3). §
27 ;
28 s
Effects of PM exposure N
29 o
30 S
31

N
Most PM sources were negatively associated with percent predicted lung function, and estimates for PMsc overall afid from traffic, and for PM,.s and PMyo

w
N
B A

33
34 from traffic, reached statistical significance for reductions in FEV; and FVC. The effect estimates for particles from residéntial heating, marine traffic or industry
35 g
36 indicated no strong or consistent adverse effects in the linear models (Table 3). %
37 o)
38 3
39 <
(@]
40 o
41 <
42 12 E;
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TABLE 3 CHANGE IN FEV1 AND FVC PER IQR CHANGE IN PM FROM DIFFERENT SOURCES
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Delta % predicted FEV;

Delt&% predicted FVC

B 95% Cl B #5% Cl
Q
Lower Upper p-value Lower% Upper p-value
PMao Total -0.16 -0.64  0.33 0.53 -0.37 -0.813 0.07 0.10
o
Traffic -0.48 -0.89  -0.07 0.02 -0.46 -0.839 -0.08 0.02
s
Residential heating -0.30 -0.80  0.20 0.23 -0.03 -0.483 0.43 0.91
Q
Marine traffic 0.00 024 024 1.00 -0.05 0278 0.17 0.66
Industry -0.33 078  0.11 0.14 -0.40 -0.808 0.01 0.05
=
B
>
PMz2.s5 Total 0.00 -0.53  0.53 1.00 -0.47 -0.953 0.01 0.05
°
Traffic -0.47 -0.88  -0.07 0.02 -0.47 -0.833 -0.10 0.01
O
Residential heating -0.30 -0.80  0.20 0.23 -0.03 -0.482 0.43 0.91
o
Marine traffic 0.00 -0.89  0.89 1.00 -0.05 -0.85§ 0.75 0.66
>
Industry -0.34 -0.86  0.18 0.21 -0.32 -0.802 0.15 0.18
o
o
N
PMszc Total -0.56 -1.01  -0.12 0.01 -0.53 0943 -0.13 0.01
Traffic -0.41 -0.78  -0.03 0.03 -0.43 -0.772 -0.09 0.01
Residential heating -0.38 -0.89  0.12 0.14 0.00 -0.46 3 0.45 0.99
Marine traffic -0.01 025 023 094 -0.05 0273 0.16 0.62
(9]
Industry -0.40 092  0.12 0.13 -0.38 -0.85§ 0.09 0.11
3
8
2
E
13 g
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Parameter coefficients from in separate, single-pollutant models adjusted for age, weight, education, area of residence, smoking status, and exposure to
environmental tobacco smoke in the last 12 months.

IQR, interquartile range.

800190 6T U0 93 1£0-6T0Z-Uadolwq

In models with exposure categorized (low, medium, and high exposure), there was a consistent trend across cate%ries for traffic-related exposure to all
o

particulate measures for both FVC and FEV; (p for trend<0.05; for FEV1 and PMgc traffic p=0.09; the trend was sligfgly less strong and consistent for total
>

o
exposure. There were no significant negative associations between exposure to particles of any size from resident®al heating, marine traffic or industrial
[}

p

sources and lung function (Figure 1), nor were there consistent trends (Table S4). For the odds of having FEV; and Fvgbelow LLN, we observed a very similar

Yy

pattern, with high exposure to all particle measures from traffic showing an increased risk of having reduced FEV; aﬁd FVC (p<0.05; except p=0.08 for FEV;
o

and PMgc) (Table S5). FEV1/FVC below LLN was not associated with any exposure (data not shown).

Genetic main effects

|u<8{ uo /wo9 fwqg uadolw

The frequency of the dominant minor allele carrier genotype varied from 12.6% to 68.0%. (Table S1). In a main effeEt genetic analysis without considering

N

environmental exposure, minor allele carrier status of three GST SNPs was associated with lung function outcomes. Thg two GSTP1 SNPs rs762803 and rs1695
o
N

were significantly associated with FEV; reductions by -0.80% (p=0.044) and -0.90% (p=0.017), respectively, and FV§ reductions were seen in minor allele
«Q
c

carriers of the same GSTP1 SNP rs762803 (-0.74%, p=0.042) and the GSTT1 null genotype assessed with SNP r52266§37 (-1.434%, p=0.001). No main effect

associations were found with SP-A SNPs (Table S1).

Effect modification of PM effects

"1ybuAdoo Ag paroalold
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PM2s, which had marginally more consistent effects for traffic-related exposure, was used for interaction analyses. '%e effect of genotype and exposure to
(o2}

o
PM,s from all sources was analysed in interaction models, and SNPs with exposure-interaction p-values lower than 0.L.are shown in Table $2. The number of
©

@]

significant interactions was higher than expected by chance. The most plausible statistically significant patterns of intgraction were seen for industry-related
o
[}

exposure (Figure 2). Two SNPs from SP-A1, rs1136451 and rs1059057 had significant interaction effects on both FEV; §nd FVC, and on FVC only, respectively,

0

suggesting variable susceptibility at high exposures. This result should, however, be seen as highly exploratory. Stré&ifying data by smoking status, atopy,

u.

<)
asthma status, and BMI category showed no effect modification on the estimates for air pollution effects in both linea® and logistic analysis (data not shown).
[}

"1ybuAdoo Ag parosiold 1senb Ag 2oz ‘0z |1idy uo jwod [wgruadolwg//:dny woly p

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 38 of 56


http://bmjopen.bmj.com/

Page 39 of 56

oNOYTULT D WN =

BMJ Open

DISCUSSION

T U0 9ET#E0-6T0Z-uadolwq

In a general population cohort exposed to moderate levels of PM air pollution in a global perspective, modelled exp&ure to PMi and PM; s from traffic, as

190

o
well as PMgc were associated with reductions in FVC and FEV; in linear models, a pattern also consistently shown for high exposure in analyses with categorized

[

o
exposure, and for risk of reduced FEV: or FVC (below LLN) in logistic regression. We observed no associations for airf®w limitation (FEV1/FVC below LLN). In
)

o
this study, efforts were made to create source-specific exposure estimates, but it should be recognized that theseSare associated with different levels of
o
QD
[oX
uncertainty. Observing consistent associations between traffic-related exposure, and similar effect estimates for totaBexposure, but not for other sources of

=

o
PM we speculate involvement of source-specific effects. However, these observations could be due to the more accuraie spatial estimation of traffic, whereas

the exposure estimates for both marine traffic, industry and residential heating may be less accurate.?”

adolwq//:d

>
In the current study, we found the most consistent associations between both FEV; and FVC and traffic related particl'gs, which is not surprising as the traffic-

(@]
related pollutants with the street canyon have a higher degree of accuracy than the other pollutant sources. No obvio%s associations were seen between any

uo

fraction of PM from residential heating, marine traffic or industry on lung function, but their relative contribution to t§tal PM was modest.

ocl

Although there were no associations between PM,s from residential heating, marine traffic or industry on FEV; aﬁd FVC, we saw some exploratory but

14

o
potentially interesting interaction patterns for some genotypes with industrial PM exposure, indicating that effect$from industrial exposure may be less

osure in Gothenburg is concentrated

%ISGH

general than that of traffic particles, being concentrated within individuals with genetic susceptibilities.®® Industrial €

along the Gotaalv river and is dominated by a power plant and oil refineries.

"1ybuAdoo Ag paroalol
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In spite moderate to high correlations between the three traffic related PM fractions (Table S3), total PMy and PMz,gwere not significantly associated with
(o2}

o
FVC and FEV,, although the direction of effect was consistent with that from traffic PMi and PM,s. Residential heatingis the second largest local contribution
©

@]

to total PM, and we observed negative correlations between PM from residential heating and total PM as well as PM fdom other sources. PM from residential
o
[}

heating might thus be interpreted as an indicator of low exposure to other sources of air pollution which might con%ibute to explaining the few suggested

0

inverse (positive) associations seen in some categorical analyses between PM from residential heating and FEV; and F§C (e.g. Figure 1).

peoju

In a previous study of the same cohort material, short distance to the nearest road was found to be associated with dereases in FEV; and FVC.?® The pollution

ol)

levels found in the current study were moderate compared to those presented in the study from Adam and coIIeaguesiln a meta-analysis of the ESCAPE data,

di

that study found significant associations for both FEV; and FVC in adults related to long-term exposure to NO2, NOx agd PM1o, but not PM; 5 or coarse PM. In

—.

/

o
©
our data, modelled annual averages of NOx and NO, were available for parts of the cohort for some years, and both Were highly correlated with traffic PMyo,

PM2s and PMgc (all correlations r>0.79).

Effects specifically of exposure to industrial emissions has not been widely studied, and industry emissions are often pogled with other sources,? or considered

|uc& uo /wo9 fwg

N
negligible as high stacks disperse the emissions.3® Studies of respiratory health with source specific results generallyﬁ:lnd associations mainly with traffic: In

0

N
the study of Jacquemin and colleagues,’ only traffic, and not industry-specific particles were associated with theglung damage marker CC16. Krall and

§)

c
colleagues® observed only effects from tailpipe exhaust on lung function and eNO. Billet and colleagues® exposed Rells in-vitro to particles from a highly

d

industrialized environment and found that ultrafine particles with higher concentrations of polyaromatic hydrocarbor% induced more oxidative DNA damage
Q

adducts and DNA damage response. Peng and colleagues® observed that PM from vehicle emissions, diesel engines and wood burning were associated with

yBuAdos A8 pay
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the largest increases in emergency hospital admissions for CVD and respiratory disease.® In a multi-city European sllgdy37 there were negative associations

9

o
between FEV; and PM from nickel and sulphur, however results were not consistent between cities, perhaps rgflecting the heterogeneity in particle
©

compositions in different cities in the study.3®

Z 1890190

o
For the two SP-A1 SNPs that had potential interactions of interest with industry PM in our study, other studies have &und rs1059057 to be associated with

a

@]
lung injury®® and cystic fibrosis,*® and rs1136451 with susceptibility to COPD,?? but only gene-environment effects fré;m tobacco smoking were addressed in
o

Q
o
these studies. GSTP1 SNP rs1695 was previously associated with possible increased asthma risk of air pollution exosure,'® and we found a main effect

=

o
associated with lower FEV; in the current study of adults. These genetic results should be seen as exploratory and be 'c_:r;lterpreted with caution.

/)20y

o

The cohort data used in this study were collected to study respiratory health, and provides a rich dataset containing%- large number of variables of interest.
©
]

>
In the model selection, adding additional covariates as potential confounders did not affect the regression estimates'gubstantially. Nonparticipation analysis

(@]
was previously reported for the earliest collected cohort data (gathered 2001-2003) and showed that women, the%lderly, and individuals with university

0]

=]
educated were more likely to participate.?® As we adjusted for these covariates and as exposure was unknown to partigipants, this is not very likely to bias the

current results.

SR A Al

The number of individuals who fell below the lower limit of normal for both FEV; and FVC was rather high, as this vglue is defined as the 5" percentile in a
c

1S9

healthy, non-smoking population. It is possible that individuals with respiratory issues are more likely to take part ina study such as ADONIX. On the other

9]0

hand, with clinical outcome measures and an exposure which was not known to the participants, this is an unlikely so@rce of important bias.

o
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In this study, complete residential histories, including duration of residence, were not available. Instead, we used § single modelled value for residential
(o))

0]

exposure that was matched by year of participation for each individual, rather than a complete longitudinal exposure history over multiple years. We consider
©

o

this a reasonable approach, as the between-year correlation in air pollution concentrations and emissions in a certaingocation is very high.
o

rAC)

o
As people spend a sizable proportion of their time outside the home, our results are based on modelled air pgllution data, and thus represents an
O

@]
approximation of the real exposure although this is an established method. The resulting misclassification of exposuie would, however, then to reduce risk
o

Q
o
estimates. The model was developed using new emissions inventories, updated information on vehicle compositn, and had been further verified by

}

o
measurements.?” However, for residential heating, the source assignment is based on proxies such as building tyﬁe, as no actual source inventory was

available.

adolwq//:dy

>
The very high correlations between traffic-related PM1q, PM. s and PMgc (Table S3) mean that it is difficult to assign the gbserved effect to a certain size fraction

(@]
with any certainty. The moderate to high correlations between the various PM source measures also meant we ha%i to refrain from using multi-pollutant

0]

=]
models, meaning that interpretation of estimates associated with each exposure type must be interpreted cautigusly. Nevertheless, traffic-related PM

N
exposure showed clear and consistent associations with FEV; and FVC, whereas the other source-specific exposures d@ not.

CONCLUSION

‘1senb Aq 20

In this large study of clinically measured outcomes in a general population sample we found that exposure to traffic pgticles of all three studied size fractions

was associated with reductions in FEV; and FVC and increased risk of low FEV; and FVC (below LLN), supporting tiee need for measures to reduce urban

—
[
Q
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o
<
Q
o
©
<
=
«Q
>
—
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o
1 ©
2 2
2 pollution from traffic to protect urban populations. Furthermore, we found intriguing suggestions that the SP-Al geng may play a part in susceptibility to air
(o2}
o
Z pollution from industrial sources, possibly due to its very different composition. %
7 g
o
X s
10 S
N
11 ©
12 Y
13 3
14 9
15 ]
o
16 3
17 3
18 =
19 2
20 g
21 g
22 g
23 ]
24 B
25 s
26 S
27 >
28 E
29 3
30 N
31 N
32 g
33 Q
34 3
35 T
36 g
37 %
38 o
39 <
40 S
41 =
42 20 S
ji For peer review only - http://bmjopen.bm