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Abstract

Background: Traffic-related air pollution (TRAP) exposure issasiated with allergic airway
diseases and reduced lung function in children, dwidence concerning adults, especially in low

pollution settings, is scarce and inconsistent.

Objectives: To determine if exposure to TRAP in middle agesisogiated with allergic sensitization,
current asthma and reduced lung function in adalts, whether these associations are modified by

variants inGlutathione S-Transferaggenes.

Methods: The study sample comprised thB 8ecade follow-up of the Tasmanian Longitudinal
Health Study. Mean annual residential nitrogen idiexNG,) exposure was estimated for current
residential addresses using a validated land-ugeeggion model. Associations between TRAP
exposure and allergic sensitization, lung functionfrent wheeze and asthma (n = 1,405) were

investigated using regression models.

Results: Increased mean annual NEéxposure was associated with increased risk pyg@OR 1.14;
95% CI 1.02, 1.28 per one IQR increase i N&©2 ppb]) and current wheeze (aOR 1.14; 1.08)1.2
Similarly, living <200 m from a major road was asigited with current wheeze (1.38; 1.06, 1.80)
and atopy (1.26; 0.99, 1.62), and was also assuCiaith having significantly lower pre- and post-
BD FEV, and pre BD FE.75, We found evidence of interactions between livitBDOm from a
major road andsSTT1polymorphism for atopy, asthma and atopic asthheerall, carriers of the

GSTT1null genotype had an increased risk of asthmaatiadhic outcomes if exposed to TRAP.

Conclusion: Even relatively low TRAP exposures confer an inseebrisk of adverse respiratory and

allergic outcomes in genetically susceptible indils.

Capsule summary: This study provides evidence that even very lovelewf ambient air pollution
exposure is associated with allergic sensitizatimthma and lower levels of lung function in middle

age adults. These elevated risks are pronounceatirers oflGSTT1null.

Key Messages. Relatively low levels of traffic-related air pollah exposure is associated with
increased risk of allergic sensitization, asthmd &wer levels of lung function, and carriers of

GSTT1null may be at a greater risk for these outcomes.

Key words: Air pollution; allergic sensitization; asthm&lutathione S-Transferasgenes; and

respiratory function

Abbreviations: DAG, Directed Acyclic Graph; DEP, Diesel Exhausttizles GSTs Glutahione S-
Transferaesegenes;GSTT1 Glutahione S-Transferaese thetd@STM1 Glutahione S-Transferaese
mul GSTP1 Glutahione S-Transferaese piiDM, House Dust Mite; LUR, Land-Use Regression;



33  PAH, Polycyclic Aromatic Hydrocarbons; ROS, Reaet@xygen Species; SPT, Skin Prick Test;
34  TAHS, Tasmanian Longitudinal Health Study; TRAPaffic-Related Air Pollution
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I ntroduction

While numerous studies have demonstrated assawatietween Traffic-Related Air Pollution
(TRAP) exposure and childhood allergic respiratdigeases (1, 2), few have investigated this
association in adults. Most adult studies invesiiga associations between TRAP and allergic
respiratory outcomes have been based on time senglyses assessing the effect of short-term
exposure to higher levels of air pollution on acasacerbations of asthma asthma ED/hospital
admissions (3). Further, little is known about o with low levels of TRAP exposure (below the
National Air Quality standards) and risk of aduleayic respiratory diseases. Recent reviews, based
on a limited number of population studies investigh TRAP exposure and adult allergic respiratory
diseases (4) and lung function have highlightednststent results (3, 4). These inconsistencies may
be due to a range of factors, including differirggnetic susceptibility to the effects of TRAP betwee

study populations.

Air pollution-induced asthma has recently been tified as an important phenotype, although the
mechanisms behind air pollution induced asthmatomse exacerbations remain unclear (8). TRAP
exposure has been suggested to cause oxidativegdaimahe airways, leading to inflammation,
remodelling and increased risk of allergic senaiton (4). Previous findings from both animal and
vitro experiments have shown that TRAP can enhancegialleeactions (4, 5). Although allergic
sensitization is known to be a strong risk factordsthma, there is no consistent evidence thatfrRA

exposure is associated with allergic asthma.

The constituents of TRAP, including nitrogen diaxidNG,) and particulate matter, are strong
oxidants (6, 7). They cause oxidative stress inosgg individuals by producing reactive oxygen
species (ROS) (8). Under ideal circumstances R@Sbaffered by the endogenous antioxidant
system (9), which includes enzymes producedshytathione S-Transferasgenes GST). Variants

of the Glutathione S-Transferasgil, mul andthetal (GSTP1 GSTMland GSTT1 respectively)
genes are of considerable interest, given thaetigeses code for phase Il detoxification enzymes,
which play an important role in modulating inflamioy responses and are triggered by ROS (10).
Previous studies, conducted predominantly in caiidhave demonstrated that carriers ofGIEa M1
null variant and/oiIGSTP1variant are at increased risk of allergic diseasleen exposed to TRAP
(11). Very few adult studies have reported on thteraction between polymorphisms in t6&T

genes and TRAP exposure on the risk of asthmagceedung function and allergic sensitization (11).

We sought to quantify the association between otrfd®RAP exposure and allergic sensitization,
asthma and lung function in adults using data ficaemanian Longitudinal Health Study (TAHS).
We also aimed to determine whether these assatsatoe modified by variants in tH@STT1
GSTM1landGSTP1genes.
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Methods
Study population

The study sample consisted of participants in TARBe design of this study has been previously
described (12). Subjects included in this analy&se adults who participated in the TAHS decade
laboratory study. Briefly, TAHS started in 1968 f®cruiting 8,583 Tasmanian children aged seven
years. Participants of the baseline survey weravknas ‘probands’. At the baseline survey, parents
of the children completed a respiratory health taesaire and probands underwent clinical
examination and lung function measurements. Sulesgdallow-up surveys were completed in 1974,
1981 and 1992 at the ages of 13, 20 and 31 yesmgectively. In 2004, when the probands were 44
years old, 7,562 (88.1%) participants of the oajitP68 cohort were invited to participate in atpbs
survey and responses were obtained for 5,729 (78xéticipants (12). On the basis of participation
in previous follow-ups and history of asthma, agobp of participants (n = 2,387) was invited to
undergo a detailed laboratory study, which was ttalen between 2005 and 2008" (Becade
laboratory study). At the laboratory visit, pantiants underwent lung function tests, Skin Prickies
(SPTs) for allergens and provided blood samplesaddition to laboratory tests, participants
completed a detailed interviewer-administered domesaire. Of the 2,387 probands invited, 1,405
(59.2%) participated in the laboratory study, wHil896 (58.9%) had valid SPTs (Figure 1). THe 5
decade follow-up study was approved by the Humase&eh Ethics Committee at the University of
Melbourne (HREC No. 040375). Written informed camseas provided by all participants when
they attended the laboratory.

EXxposur e assessment

Address information was collected from all partaips who attended the laboratory study (n = 1,405)
and were successfully geocoded for 1,367 (97.3%#. distance from participants’ residences to the
nearest major road was calculated in ArcGIS 10.ic@S 10.1, Redlands, CA: Environmental
Systems Research Institute). Major roads were eéfas Public Sector Mapping Agencies (PSMA)
Australia transport hierarchy code 301 and 30Zfates of Victoria, Tasmania, Queensland and New
South Wales. Major roads included roads carryin@ssive traffic’, categorised as freeways,
highways, arterial roads and sub-arterial roadg. (Rarticipants were classified as living in close
proximity to a major road if their residential adds was < 200m in straight-line distance from a
major road. This cut-point was chosen based orkitlogvn rate of decay observed in levels of major
traffic pollutants downwind (14). A satellite-baskdnd-Use Regression (LUR) model was used to
assign mean annual exposure to,N@5). Briefly, this LUR model used satellite obs#ions of
tropospheric N@ columns in combination with land use, roads anukofpredictors to estimate
ground-level N@ across Australia. The model captured 81% of thaiapvariation in annual NO

levels between 2006 and 2011 with a cross-validatediction error of 19% (15). Mean annual
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residential exposures to outdoor N@ere estimated based on the participants’ geocadddesses.
The selection of proximity roads and N&s TRAP markers were based on previous findingsisiy

a strong relationship of decaying Bl@ith increasing distance from major roads (16).
Outcome Definitions
Skin Prick Tests(SPTs)

SPTs were performed for eight aeroallergens innlydDermatophagoides pteronyssinusat,
Cladosporium cladosporioideglternaria tenuis Penicillium mix, Aspergillus fumigatus perennial
ryegrass and mixed grasses (which included Kemgtidkegrass, orchard, redtop, Timothy, sweet
vernal grass and meadow fescue) (Hollister-Stipok&ne, WA, USA) using histamine as a positive
control and employing a standard technique (17jheal size o> 3 mm more than the negative
control was regarded as an indication of sensitimatSensitization was categorized into: atopy
(sensitized to any of the aeroallergens tested, ébgrmatophagoides pteronyssinugat,
Cladosporium cladosporioided\ternaria tenuis Penicillium mix, Aspergillus fumigatysperennial
ryegrass and mixed grasses); and sensitizatiomyonauld allergens tested (e.gladosporium

cladosporioidesAlternaria tenuis Penicilliummix andAspergillus fumigatys
Lung Function Tests

Spirometry was performed using the Easy®nbltrasonic Spirometer (Ndd, Medizintechnik, AG,
Switzerland). Detailed methods have been publisbisgwhere (18). Briefly, spirometry was
conducted according to the joint American Thor&ociety (ATS) and European Respiratory Society
(ERS) guidelines (19). Spirometry was repeated liutes after 200y of salbutamol was
administered via spacer. Reference values fronGlbbeal Lung Initiative 2012 were used derive z-
scores (20). Z-scores describe the deviation frbenrhean predicted value and are expressed as

standard deviations.
Asthma Definition

Current asthmawas defined as having asthma or wheezy breathitigjnwthe last yearCurrent
atopic asthmavas defined as asthma or wheezy breathing wittérast year and sensitization to any
allergen testedCurrent non-atopic asthmaas defined as asthnoa wheezy breathing within the last
year and not sensitized to any allergen tesEedrent wheezavas defined as wheezing or whistling in

the chest without having a cold, in the last 12 then
Genetic data

Blood samples for genetic analysis were collecteaba 44 years. Genotyping @5TM1andGSTT1

was performed using a multiplex PCR technique (ahy for all experiments positive primers for
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beta-globin were included as a positive PCR contnalividuals were classified as eitt@6TT 1null
(homozygous for thé&sSTTX0 allele) or GSTT1non-null (homozygous or heterozygous for the
GSTTEX1 allele) and as eithgeSTM1null (homozygous for th&STMZX0 allele) orGSTM1non-null
(possessing at least one functio@®BTM1allele). A customised lllumina GoldenGate Genatgpi
Assay (www.illumina.com) was used to genotype tBSTP1 (rs1695 A-G: llel05Va)
polymorphism. Individuals were categorized as hgWBSTP1AA, GSTP1AG or GSTR-GG
genotype.

Statistical analysis

The associations of both N@xposure and proximity to major roads with thecoates of allergic
sensitization, asthma and wheeze were assessagl logistic regression models. The association
between the exposure variables and lung functidbV(F FVC, FEV/FVC and FEVs.s5 wWas
analyzed using linear regression models. The lumgtion test results are normally distributed.
Hence, regression with no transformation of theglfumction tests has been performed. Covariates
were selected for the models after consideringratése causal models using a Directed Acyclic
Graph (DAG) in DAGItty software (22). Socio-econanstatus (defined using education), smoking
status, gas cooking, gas heating, keeping windg@es oore than 1 hour per week and rural or urban
status (using Accessibility/Remoteness Index oftralis 2006) were included in the regression
models. In all models, NCexposure was entered as a continuous variablég Viking < 200 m from

a major road was treated as a dichotomous exposure.

Initially, associations were examined between tkposure variables and allergic sensitization,
asthma, wheeze and lung function. To investigatepibtential effect modification role by genetic
polymorphisms, categorical variables@$Tgenotypes were then added as an interaction tethret
regression models. For all three genes an autosdoralnant genetic model was assumed, with
genotypes entered as binary variables. For inieragtp < 0.10 was considered as significant and
stratified analyses were subsequently performeldagdociations were assessed by including the same
confounders that were identified in the initial DASGTATA version 13.1 (Stata corporation, College
Station, Texas, USA) was used to perform all tldistical analyses. Results for Bl@xposure were

scaled to an interquartile range increase (IQR)@an annual NOwhich in this sample waks2 ppb.
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Results

The mean (xSD) age of the cohort at participati@s W4.8+1 years and 49% were male (Table 1).
Over half (55.8%) of the cohort was sensitizedttieast one of the aeroallergens tested. Sengitizat
to house dust mite (HDM) was the most prevalent tgpallergic sensitization (41.3%), followed by
perennial rye grass (32.0%) and mixed grasses ¥30.The prevalences of current asthma and
wheeze were 23.6% and 28.5%, respectively. Studyackeristics of the participants without a
geocoded residential address (2.7%) were similathtse of participants who had geocoded

residential address, other than slight differemcgender (male gender = 63%) (data not shown).

Of all participants, 27.4% lived < 200 m from a orajoad (Table 1). The mean annual NRposure
(xSD) of the cohort was 5.1 ppb (£2.6). The cotietabetween distance to major roads and mean
annual NQ at the home address was modest (r = -0.40). Mhame hhalf of the participants had at least
oneval allele inGSTP1(60.10%), while 16.15% had a null alleleGSTT1(Table 1).

Main environmental effects

Each IQR increase in mean annual N&posure (2.2 ppb) was associated with increais&dof
atopy (adjusted Odds Ratio [aOR]) = 1.14, 95% @211.28), cat (aOR = 1.31, 95% CI: 1.15, 1.49)
and HDM sensitization (aOR = 1.20, 95% CI: 1.0834). Similarly, there was a significant
association between living < 200 m from a majodraad HDM sensitization (aOR = 1.33, 95% CI:
1.04, 1.70), and trend towards a significant assgmei between living < 200 m from a major road and
atopy (aOR = 1.26, 95% CI: 0.99, 1.62) (Tables 3)&Mean annual NOQexposure was associated
with atopic asthma (aOR = 1.14, 95% CI: 1.00, 1.80Q} not with non-atopic asthma. Both measures
of exposure variables were associated with an ase risk of wheeze (N@GOR = 1.14, 95% CI:
1.02, 1.28; <200 m aOR = 1.38, 95% CI: 1.06, 1(8@ples 2 & 3).

Living < 200 m from a major road was associatedhwignificant reduction in both pre- and post-BD
FEV, and pre-BD FEfs .75 (B: -0.14, 95% CI: -0.28, -0.08: -0.13, 95% CI: -0.26, 0.00, ang; -
0.14, 95% CI: -0.27, -0.01, respectively). Simibaut non-significant trends were observed between
NO, exposure and the same lung function outcomes €é¥abl& 3). The ratio FE¥YFVC was not

associated with either TRAP exposure.
Main genetic effects

Gene variants inGSTT1 GSTM1 or GSTP1were not associated with sensitization, respiyator
outcomes or lung function except for one isolatedlihg (Online Supplement-Table 1), where
carriers ofGSTM1null had a reduced risk of cat allergen sensitizaaOR 0.70 95%CI 0.51, 0.97).

Interactionswith GSTT1, GSTM1 and GSTP1
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We examined if there was any interaction betwdes GST polymorphisms and air pollution
exposure assessed using either living <200m fromapor road or N@ levels, and the results are
shown in Table 4. There were significant interawidoetweenGSTT1 polymorphism and living
<200m from a major road for several outcomes iriolydtopy, HDM sensitization, current wheeze,
current asthma and current atopic asthma. Forutdlomnes there was a greater risk for carriers ®f th
GSTT1null. There was also trend towards significan¢iattions betwee@STT1polymorphism and
NO, levels for atopy, cat sensitization and HDM seraiion. For these outcomes there were
significantly increased risks in both t@&STT1null and non-null groups with increasing expostare
NO,. However, the odds ratios were higher in thosé WieGSTT1null.

No significant interaction between eith@STM1or GSTPland either of the air pollution exposure
measures was observed for any allergic sensitizatio respiratory outcomedNo significant
interaction between any of ti&@STpolymorphismsand either of the air pollution exposure measure

was observed for any of the lung function outcomes.
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Discussion

Our study provides evidence that current TRAP ewposs associated with an increased risk of
allergic sensitization, asthma and wheeze, and soeasures of lung function in adults. The majority
of our findings are consistent for both the measuedated to TRAP exposure we assessed: annual
mean NQ estimated by a satellite-based LUR model anddiwir200 m from a major road. The mean
annual NQ exposure in our study is very low compared witheotTRAP exposure studies, which
have been conducted only in Europe and North Arae(R). Nevertheless, even at very low
concentrations of TRAP exposure we observed adgmtsa with allergic airway disease.
Polymorphisms inGSTT1modified the associations between TRAP exposuceaopy, and these
polymorphisms also modified the associations betwaistance to major roads and allergic airway

disease.

Only four previous studies have investigated assiocis between TRAP exposure and adult allergic
sensitization, all of which were conducted in Ew@md North America (23-26). Only two of these
reported an increased risk of allergic sensitizatissociated with exposure to high traffic coug (

and/or living < 50 m from a major road (26). Exp@swmisclassification may have attenuated effects
and contributed to the null findings in the remagitwo studies, as one used self-reported traffic
intensity (24) and the other used data derived feonentral monitoring station (23). None of these

studies looked at interactions wiB5Ts

Australia is a country with low levels of air pdilon (3) and in our study the mean annual resident
NO, level was 5.1+ 2.6 ppb, which was substantiallwdp than the national air quality standard
(mean annual N©= 30 ppb). Nevertheless, we were able to demdssthat even low levels of

TRAP are associated with allergic respiratory dissa

The evidence from human and animal studies suppartéindings of an association between current
air pollution exposure and current allergic sematton. Both animal and human challenge studies
have found that the immune responses to new amtigethe presence of Diesel Exhaust Particles
(DEP) are altered towards an IgE response ratlaerdh 1gG response (27). In addition, in mice, co-
exposures to HDM and DEP promote a mixe@/Ty17 response resulting in increased severity of
allergic asthma (5). As with mice models, when hosnaensitized to ragweed are exposed to DEP
and ragweed, a higher ragweed-specific IgE levets @ skewed J2 response has been observed
(28). Furthermore, when humans are exposed to coemi® of TRAP such as Polycyclic Aromatic
Hydrocarbons (PAHSs) and DEP, there is a suppresdidnregulatory cell (Treg) function leading to
exacerbation of asthma (29, 30). Additionally, imfan subjects PAHs have been shown to produce
epigenetic changes resulting in suppression of Tuagtion and a shifting towards,Z responses (4,
29).
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Variants of theGSTsthat are linked with decreased oxidative capac#tye been reported by both
epidemiological and controlled human exposure stith modify the association with TRAP-induced
allergic diseases (11, 31). VariantlG8TM1andGSTTlare characterized by presence or absence of
a homozygous allele deletion, known as null geret@STT]1 GSTM1and GSTP1act through a
common mechanism involved in managing oxidativessty where conjugating ROS with glutathione
enables detoxification and ultimately protectsuess against oxidative damage (32). Past literature
has shown effect modification ySTsof the effect of TRAP exposure on allergic diseagtEomes
(33, 34). However, very few studies have inveséidathe effect modification bysSTson the
association between TRAP exposure and allergicitssi®n (35, 36). All of these studies have
focused on children and have investigated only&ut@ons withGSTP1variants (35, 36). Our study

is the first to demonstrate effect modification G Tson the association between TRAP exposure

and allergic sensitization in adults.

There is evidence of interaction betwedB8TT1land some environmental pollutants on asthma and
airway obstruction. A study of children aged betw8eand 11 years, reported environmental tobacco
smoke exposure to be associated with prevalencercént asthma and wheeze, but only for children
with GSTT1null deletion (37). The few studies that examim@e@ractions betwee@STT lvariants
and TRAP exposure on asthma/lung function founéwidence (11, 38). We found thaSTT 1null
carriers had a higher risk of atopy compared walriers of GSTT1non-null when living <200m
from a major road and that they had increased cuwheeze, asthma and atopic asthma, but not with
NO, exposure. Similar to our results, a study investng interaction of5STT1with the association

of NO, exposure and asthma in adults found no signifiedfieict (38). Another study investigating
interaction ofGSTT1with the association of particulate matter expesamd peak expiratory flow in
children found no significant interaction (39) listlimited sample size (n = 43) may have precluded
its ability to detect such associations. In suppafitour findings, a recent controlled human
experimental study reported augmented allergeneiediuallergic airway inflammation and IL-5
response when exposed to DEP for a short peritichef These effects were enhanced in individuals
carryingGSTT1null genotype (40), supporting the hypothesis TTRAP exposure may exacerbate

inflammation in genetically susceptible individualgh existing allergic conditions.

Our study has strengths and limitations. It is assfsectional analysis nested within a well-
characterized cohort. The cohort has been wellagharized with objective measures of allergy and
lung function. Although frequently followed up, TRAexposure from prior follow-ups could not be
evaluated due to lack of exposure and address statage were unable to assess longitudinal effects
on respiratory and allergic outcomes. This manpsdrnivestigated only whether current TRAP
exposure was related to current allergic sensitimatasthma, wheeze and lung function, but not
whether TRAP exposure has initiated these conditidherefore, we cannot draw any conclusions on

the role of TRAP in allergic aetiology of these @arhes. However, our results demonstrate that
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current TRAP exposures may well exacerbate exiglisgase conditions. We used modelled,NO
exposure from a national LUR model that allowedtaisuse a single model for all participants
regardless of location and which has been fourgtddict annual N@exposure with relatively low
error of 19% (15). We cannot ascribe our findingND, specifically, as it is only a single proxy for
the complex pollutant mixtures that characterizeAPRLimitations of the proximity variable used in
our study have been previously discussed, sucbtasonsidering wind directions, traffic volume and
composition (41). The predictive ability of the N@odel in urban areas may be better than in rural
or remote areas where the resolution and variglilipredictor variables are greater (15). Thisldou
introduce exposure misclassification. On the otfeerd, the consistency between the results foy NO
and living < 200 m from a major road suggest tlahlare good surrogates for TRAP exposure (16).
In the current study, we did not correct for muétipomparisons and it is possible that at leastesom
of the observed associations are due to type t.édmwever, we have examined only pre-suggested
and biologically plausible hypotheses, and ourcdigle of genes was based on previously reported
strong associations. It is possible that we havedatected some gene and TRAP interactions due to
limited power given the sample size of our studyerefore, we highlight the overall pattern of résul
related to interactions, rather than individuahgfigant associations, as evidence for modificatién

the association between TRAP exposure and theari@utcomes by theSTgene polymorphisms.

In conclusion, TRAP exposure during middle age,nea¢ relatively low levels of exposure, is
associated with increased risk of allergic sersiton, asthma and lower levels of lung function.
Carriers of GSTT1null may be at greater risk for these outcomesséhfindings have important
public health implications, particularly for inddials who are genetically susceptible. Current air
guality standards in Australia may not fully prdatdee population. In addition, further studies ddou
be carried out to help elucidate the biological haisms underpinning the relationship betwe&T

polymorphisms, TRAP exposure and allergic sensitina
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Figure Legends:

Figure 1: Overview of the Tasmanian Longitudinabie Study (TAHS) follow-ups
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457  Table 1. Study characteristics for participants who hag@acgded residential address (N=1367)
Variable N
Male sex 669 (49.0%)
Grade 1 to 9 90 (6.6%)
Socio Economic Status Grade 19 or 1‘ 525 (38.5%)
Trade/ apprenticeship489 (35.8%)
University degree or higher261 (19.1%)
Never smoked 574 (42.1%)
Smoking status Past but not current410 (30.1%)
Current| 378 (27.8%)
Keep windows open more than 1 hour per week 103.6%0)
Gas cooking 234 (17.1%)
Gas home heating 113 (8.3%)
Lived in rural areas 245 (17.9%)
Atopy | 759 (55.8%)
cat| 227 (16.7%)
House dust mite 568 (41.3%)
Cladosporium cladosporioides63 (4.6%)
Allergen sensitization Alternaria tenuis| 118 (8.7%)
Penicilliummix | 41 (3.0%)
Aspergillus fumigatus 57 (4.2%)
Any mould | 173 (12.7%)
Mixed grass & rye grass473 (34.8%)
GSTT1null | 188 (16.15%)
Gene frequencies GSTM1null | 635 (54.41%)
GSTP1 val/vatvall/ile | 701 (60.10%)
Current asthma 323 (23.6%)
Respiratory outcomes Atopic asthma*| 229 (16.8%)
Non-atopic asthma 94 (6.9%)
Current wheeze 390 (28.5%)
Residential address <200m for a major road at tiflaboratory testing 374 (27.4%)
NO, quartile| ppb
st
NO, exposure 21,“1 22
39/5.8
458
459  * Atopic asthma was defined as asthma or wheezyhingatvithin the last year and sensitization to
460 any allergen tested
461
462
463
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464 Table 2: The association between mean annual Bxposure at residential address and middle-age
465  allergic sensitization, wheeze, asthma and lungtfon. Estimates expressed as ORs@pdr 1 IQR

466  increase in mean annual bléxposure (2.2 ppb)

Type of Unadjusted Adjusted t
allergen/respiratory [ oR [ 95% CI P n/N OR | 95%Cl p n/N
outcomes
Atopy 117 | 1.06,1.29 | <0.01 | 759/1361 | 1.14 | 1.02,1.28 | 0.02 | 748/1348
Cat allergen 1.35 | 1.21,151 | <0.01 | 227/1360 | 1.31 | 1.15,1.49 | 0.00 | 221/1347
sensitization
HDM sensitization 121 | 1.10,1.34 | <0.01 | 568/1361 | 1.20 | 1.08,1.34 | <0.01 | 559/1348
Any mould
sensitization 115 | 1.01,1.30 | 0.03 | 173/1361 | 1.11 | 0.96,1.28| 0.16 169/1348
Mix grass and rye
censitization 114 | 103,125 | 001 | 473/1361 | 1.05 | 0.94,1.17| 0.37 463/1348
Current wheeze 1.04 | 0.94,1.15| 0.40 390/13671.14 | 1.02,1.28 | 0.02 | 387/1349
Current asthma 1.09 | 0.99,1.21| 0.09 323/1367 1.10 0.97,1.p4  0.1%0/1349

Current nonaoPY 0.95 | 077,116 061 941367 096 076,122  0753/1B9
Current atopic asthmar 114 | 1.02,1.28 | 0.02 | 229/1367 | 1.14 | 1.00,1.30 | 0.05 | 227/1349

Lung function Unadjusted Adjusted t
B 95% CI p n B 95% ClI p n

ZFEV, preBD 0.00 | -0.05,0.05 0.96 1359 -0.05 -0.11,0.p1 0/09 3411
ZFEV; postBD 0.00 | -0.05,0.05 0.88 1338 -0.05 -0.10,0.p1 0[09 3201
ZFVC preBD 0.02 | -0.03,0.07 0.37 1359 -0.02 -0.07,0.p3 047 3411
ZFVC postBD 0.00 | -0.04,0.04 0.99 1338 -0.04 -0.09,0.01 0/14 3201
ZFEV)/FVC preBD | -0.01 | -0.06,0.03 0.57 1358 -0.04 -0.09,0.p2 0[19 1340
ZFEV,/FVC postBD 0.01 | -0.04,0.060 0.67 1337 0.1 -0.06,0.p4 0[69 3191
ZFEFs5.750, preBD’ -0.01 | -0.06,0.04 0.62 1359 -0.05 -0.10,0.p1 0/08 1341
ZFEF5.755 pOStBD 0.01 | -0.04,0.060 0.74 1337 -0.03 -0.09,0.p2 0[22 3191

467

468  Adjusted t: adjusted for socio economic status kengostatus, rural/urban location, gas cooking, gas
469  heating and open windows more than 1 hr per wee&ference group for non-atopic and atopic

470 asthma is never asthma.

471  *values are expressed as the mean (standard deyiatitess otherwise specified (A z-score is the
472  deviation from the mean predicted value, where @%ormally distributed data lies betweeh96
473  SD and +1.96 SD)

474

19



475
476

477

478
479
480

481
482
483

484

485

Table 3: The association between proximity to major rodigi¢ < 200 m from a major road) and

middle-age allergic sensitization, wheeze, asthnablang function.

Type of Unadjusted Adjusted T
allergen/respiratory OR | 95%CI | p /N OR 95% Cl | p /N
outcomes
Atopy 1.23 | 0.96,1.56| 0.10 759/1361 1.26 | 0.99,61.62 | 0.06 | 748/1348
Cat allergen sensitization | 1.23 | 0.90,1.68| 0.19 227/1360 1.28 0.93,1.76  0.231/1347
HDM sensitization 1.31 | 1.03,1.66 | 0.03 | 568/1361 | 1.33 | 1.04,1.70 | 0.02 | 559/1348
Any mould sensitization | 0.93 | 0.64,1.33| 0.68 173/1361 0.98 0.64,1.34  (.689/1348
gﬂéﬁsﬁ{l"’z‘zc‘?‘;‘d rve 1.10| 0.86,1.41| 04] 473/1361 112  0.87,1.45 0.383/1348
Current wheeze 1.38 | 1.07,1.78 | 0.01 | 390/1367 | 1.38 | 1.06,1.80 | 0.02 | 387/1349
Current asthma 1.24 | 0.94,1.62| 018 323/1367 1.21 0.91,1.59  0.390/1349
g;‘tgﬁ]rz‘;*”on'amp'c 119 | 075,188 047 94/1367 121 076,194 0.4B/1B9
Current atopic asthma* | 1.26 | 0.92,1.72| 0.15 229/1367 1.21 0.88,1.66  0.287/1349
Unadjusted Adjusted T
Lung function B 95% ClI p n B 95% ClI p n
ZFEV, preBD -0.13| -0.26,0.01] 0.06 1359 | -0.14 | -0.28,-0.01 | 0.03 | 1341
ZFEV, postBD -0.12| -0.24,0.01 0.08 1338 | -0.13 | -0.26,0.00 | 0.05| 1320
ZFVC preBD -0.10| -0.22,0.02 0.11 1359 -0.1p  -0.22,0.01 Q.091341
ZFVC postBD -0.10| -0.21,0.02] 0.10 1338 -0.1p  -0.21,0.02 Q.101320
ZFEVY/FVC preBD -0.07| -0.19,0.05 0.26 1358 -0.06 -0.18,0.07 Q.371319
ZFEVY/FVC postBD -0.04| -0.16,0.08 0.538 1337 -0.08  -0.21,0.04 (Q.181340
ZFERs.75% preBDY -0.12| -0.25,0.00, 0.06 1359 | -0.14 | -0.27,-0.01 | 0.03 | 1341
ZFERs.75% postBDY -0.10| -0.22,0.03 0.15 1337 -0.11  -0.24,0.01 Q.071319

Adjusted t: adjusted for socio economic status kamgostatus, rural/urban location, gas cooking, gas

heating and open windows more than 1 hr per weR&feérence group for non-atopic and atopic

asthma is never asthma.

*Values are expressed as the mean (standard deyiatitess otherwise specified (A z-score is the

deviation from the mean predicted value, where @%ormally distributed data lies betweeh 96

SD and +1.96 SD)
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486 Table4: Stratified analysis dBSTT linteractions for outcomes with an interactppmalue< 0.10 (for the associations between exposure tmrapaual
487  NO, and living <200m from a major road and outcomesliefrgic sensitization and respiratory outcomesults of interactiong value > 0.10 not shown).
488  Estimates for N@exposure expressed as ORs IQR increase in meaaldw@,; exposure (2.2 ppb)
489
490 Outcomes GSTT1 n/N NO, <200m
491 Variant OR 95% ClI p Pt | OR 95% ClI p Pint
Atopy non-null | 535/965 | 1.10 0.97,1.28 0.1 1.18 | 0.88,1.58/ 0.27
0.08 0.04
492 null 102/188 151 | 1.04,2.20 0.03 2.66 1.30,5.43 0.01
Catallergen sensitization non-null | 156/965 | 1.25 | 1.08,1.45 | <0.01 006 L - -
493 null | 28187 | 1.95 | 1.27,299 | <0.01 | - - -
494 HDM sensitization non-null | 413/965 | 1.14 | 1.01,1.29 | <0.04 010 1.22 | 0.92,1.63 0.17 008
null | 73/188 | 1.58 | 1.12,2.24 | <0.01 259 | 132,505 | 0.01
495 Current wheeze non-null | 273/963 5 - - 1.18 | 0.85,1.62] 0.32 0.0
null | 56/190 > - - 3.00 | 1.48,6.10 | <0.01 '
496 Current asthma non-null | 219/963 - - - 1.05 | 0.75, 1.48  0.77 001
497 null | 47/190 - - - 292 | 143,595 | <0.01 '
Current atopic asthma non-null | 156/963 - - - | 111 0.76,1.64] 0.60 001
498 null | 33/190 ) ) ) 353 | 1.56,7.98 | <0.01 '

499  Adjusted for socio economic status, smoking status)/urban, gas cooking, gas heating and opedaws more than 1 hr per week. ORs given per IQR
500 increase in mean annual NEéxposure (i.e. 2.2 ppb). N = participant who halli or normal genotype; and n = participant who hatl or normal genotype

501 and had the condition (allergic sensitization @preatory out comes)

502
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Figure 1: Overview of the Tasmania Longitudinal Health Study (TAHS) follow-ups

N = 8,583
Baseline probands born in 1961 and attending school in 1968

N=7312

Traced to an address and sent questionnaires in 2004 for the 5™ decade follow-up

—> N = 1,583 withdrawn or survey not returned
v

N = 15,729 Completed questionnaires

|

N = 2,387 Invited for laboratory-based clinical study (selected on basis of participation in
previous follow-ups and history of asthma)

——> N =636 withdrew
ﬁ N = 346 telephone questionnaire only

N\
Address data
N =1,405 >N = 1.405
Attended laboratory stud - =5
&4 Y Address data > N=38
Unable to geocode
> | N=1,367
Geocoded addresses
Vv \ 4
N=1372 N=1396 || N=1361
Lung function SPT* results | Geocoded addresses & SPT*
N=191no <—I l
genetic data v
N=1.214 || N=1,168
Genetic data for GSTs® “|l Geocoded addresses & genetic data
N=1,167 S| N=1,167
SPT*, genetic data & NO, exposure “1| Geocoded addresses, SPT* & genetic data

*Skin Prick Test and *Glutathione S-Transferase genes



S-Table 1: Associations of GSTT1, GSTM1 and GSTP1 on allergic sensitization, wheeze, asthma and lung function

Type of GSTT1(reference group GSTT1 non-null) GSTM1(reference group GSTM1 non-null) GSTP1(reference group GSTP1 ilefile)
allergen/respiratory OR 95% Cl P N OR 95% Cl P /N OR 95% Cl P N
outcomes
Atopy 0.94 069,129 | 0.72| 641/1159 | 0.90 071,114 | 038 6431162 1.00 079,127 | 099| 644/1162
Cat 0.90 058,140 | 065| 1851158 | 0.70 051,097 | 003 | 1851161| 0.89 0.65 1.23 | 048] 185/1161
House dust mites 0.86 062,118 | 035| 490/1159 | 0.99 078,125 | 091 | 4911162 1.02 0.80,1.29 | 0.89| 49271162
Any mould 1.14 0.73,1.80 | 056 | 148/1159| 0.88 0.63,1.25| 050| 148/1162 1.05 074,150 | 0.79| 148/1162
Mix grassand rye 0.87 062,122 | 043| 387/1159| 0.79 062,1.02| 007 | 388/1162| 0.9 075,124 | 0.76 | 389/1162
Wheeze 1.09 0.77,155| 061| 330/1159| 0.80 062,1.04| 010| 3311162 094 0.72,1.22 | 062| 3351162
Asthma 1.14 0.80,1.64 | 047 | 267/1159| 0.86 0.66,1.14 | 0.30| 268/1162| 0.88 067,117 | 039]| 2721162
Non-atopic asthma | 1.20 065221 | 056 771159 1.25 077,202 | 036| 77/1159| 065 041,104 | 008]| 78/1159
Atopicasthma | 1.10 0.72,1.67 | 066| 1891159 | 0.76 0.55,1.04 | 008 | 190/1159 1.01 0.73,1.39 | 0095| 193/1159
GSTT1(reference group GSTT1 non-null) GSTML1 (reference group GSTM1 non-null) GSTP1(reference group GSTP1 ilefile)
Lung function B 95% Cl P n B 95% Cl P n B 95% ClI P n
ZFEV, preBD | g5 -0.22,012 | 055 1153 | 0.09 -0.04,022 | 017 1156 |  0.03 -0.10,0.16 | 0.65 1156
ZFEV, postBD | g6 022,011 | 050 1137 | 0.07 -0.05,0.19 | 0.28 1140 0.04 -0.08,0.16 | 0.51 1140
ZFVC preBD | o7 -0.23,0.08 | 0.36 1153 | 0.08 -0.04,019 | 0.18 1156 |  0.05 -0.07,0.16 | 044 1156
ZFVC postBD | 011 -0.26,0.04 | 0.14 1137 | 0.03 -0.08,0.14 | 0.61 1140 0.06 -0.05,0.17 | 0.30 1140
ZFEV,/FVC preBD 0.04 -0.12,0.20 | 0.60 1152 | 0.03 -0.09,0.15 | 0.62 1155 | -0.04 -0.16,0.08 | 0.53 1155
ZFEV,/FVC postBD 0.07 -0.09,0.22 | 0.40 1136 | 0.08 -0.03,020 | 0.17 1139 |  -0.04 -0.16,0.07 | 047 1139
ZFEF35.750, PreBD 0.02 -0.14,0.19 | 0.77 1153 | 0.04 -0.08,0.17 | 0.49 1156 | -0.03 -0.15,0.10 | 0.65 1156
ZFEF 5750 post BD 0.06 -0.11,0.22 | 051 1136 | 0.12 0.00,0.24 | 0.06 1139 | -0.02 -0.15,0.10 | 0.74 1139

Adjusted for socio economic status, smoking status, rural/urban, gas cooking, gas heating and open windows more than 1 hr per week.




