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Abstract

Background: Exposure to multiple types of air pollution may contribute to and exacerbate
allergic diseases including asthma and wheezing. However, few studies have examined chronic air
pollution exposure and allergic disease outcomes among an adult population. Associations
between potential estimates of annual average fine particulate matter (PM, 5), traffic related air
pollution, and industrial source air emissions and three allergic disease outcomes (asthma,
allergies and wheezing) were examined in a state-wide general population of adults.

Methods: The study includes a representative sample of 3381 adult Wisconsin residents who
participated in the 2008-2013 Survey of the Health of Wisconsin (SHOW) program. Participant
data were geographically linked to The United States Environmental Protection Agency (USEPA)
Baysian space-time downscaler air pollution model for PM, s, the United States Census roadway,
and USEPA's Toxic Release Inventory data. Self-report and lung function (FEV1) estimates were
used to define prevalence of asthma, allergies and wheezing symptoms.

Results: Annual mean exposure to fine particulate matter (PM, 5) was between 6.59 and 15.14
pg/m3. An increase of 5 pg/m?3 in the annual mean PM s resulted in a 3.58 (2.36, 5.43) increase in
the adjusted odds (95% CI) of having asthma. Exposure to vehicle traffic increased the odds of
both current allergies [OR (95% Cl1)=1.35 (1.07, 1.35)] and current asthma [OR (95% CI)=1.51
(1.14, 2.00)]. Living within 300 m of an Interstate roadway was associated with a 3-fold increase
in the odds of asthma. Those living within 800 m of an industrial site were 47% more likely to
have asthma. No significant associations were seen with wheezing.

Conclusions: Within this population exposed to overall annual average levels of estimated low
level chronic exposure to fine particulate matter (PM 5) at or near 12 pg/m3, the USEPA standard
for air quality, significant association between both modeled PM2.5 exposure and proximity to
roadways with asthma and allergies but not wheezing were found. Industrial source emissions
were not associated with any allergic disease outcomes.
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1. Introduction

Over the past several decades there has been growing evidence air pollution is a risk factor
for allergic diseases, including asthma, and there is growing concern outdoor air pollutants
may contribute to the prevalence of allergic diseases (D’Amato, 2011). Allergic disease
outcomes are more commonly studied among children, however, the prevalence of allergic
disease among adults is also on the rise (Zhang et al., 2013). While the association between
exposure to fine particulate matter and allergic disease is well supported throughout the
literature (Kim and Bernstein, 2009) few of these studies have examined associations in
general population-based studies of adults. Numerous epidemiological studies have
demonstrated short-term exposure to elevated concentrations of ambient air pollutants,
including mixtures of fine particulate matter (PM> 5), can exacerbate pre-existing asthma
and trigger wheezing (Greenbaum, 2010; Jerrett and Shankardass, 2008; McConnell et al.,
2010; Nishimura and Galanter, 2013; O’Connor et al., 2008; Weinmayr and Romeo, 2010).
However inconsistent results have been found between ambient and regional air pollution
and allergies (Bowatte et al., 2014; Fuertes et al., 2013; Leung et al., 2012; Weir et al., 2013;
Zhang et al., 2011). Furthermore, adverse effects of long-term chronic exposure to regional
air pollution and allergic disease outcomes are less clear (Anderson et al., 2013; Kunzli et
al., 2009; Modig and Torén, 2009). Additional investigation into the association between
chronic exposure to air pollutants and allergic disease is needed.

Epidemiologic studies have identified exposure to traffic emissions as potentially a main
driver of air pollution contributing to allergic disease health outcomes (Greenbaum, 2010).
However, most studies focus on short-term exposure in children or adolescents (Batterman et
al., 2014; Khreis et al., 2016; Urman et al., 2013). Less is known about the prevalence of
allergic disease among adults exposed to traffic emissions over an extended period of time.
Additionally, very little research has looked at allergic disease outcomes and exposure to air
pollution from other stationary sources such as industries (Mirabelli and Wing, 2006; Patel
etal., 2011).

The objective of this study was to assess the association of potential chronic exposure to fine
particulate matter (PM, 5), traffic related air pollution, and industrial related air pollution
with the prevalence of three different allergic disease outcomes: allergies, asthma and
wheezing in an adult population. Given the paucity of data on chronic exposure to air
pollution and adult allergic disease prevalence, we examined associations between potential
exposure to air pollution and allergic disease using not only regional ambient PM, 5 which
comes from all sources (including traffic and industries), but also estimates of traffic related
and industrial related air pollution separately. Traffic related and industrial related air
pollution may be greater triggers or sources of allergic disease, especially among a
population exposed to regional fine particulates near or below the current United States
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Environmental Protection Agency (USEPA) National Ambient Air Quality Standard
(NAAQS) for annual three-year mean fine-particulate matter (PMs.) estimates of 12.0 pg/m3
(U.S. EPA, 2012). Three different measures including annual average PM> 5 at home
address, the distance from residential address to nearest major roadway as a measure of
traffic related air pollution, and the distance from residential address to nearest industrial site
as a measure of industrial air pollution were used to estimate potential exposures. This study
adds to the existing evidence by improving understanding of the relative associations
between different potential measures of air pollution exposure and allergic disease outcomes
in a randomly selected population-based sample of adults.

2. Methods

2.1. Study sample

Data came from the 2008-2013 Survey of the Health of Wisconsin (SHOW). SHOW is an
ongoing health examination survey of adults ages 21-74 (n=3381). The SHOW probabilistic
sampling design, procedures, and data collection are described in detail elsewhere (Nieto
and Peppard, 2010). In brief, a two-stage cluster sampling strategy is used to randomly
select household addresses. At the time of household based recruitment all age-eligible
adults are invited to participate. After consent, information is collected through in-person
interviews, self-administered questionnaires, and physical exams, including objective
measures of height, weight, blood pressure and spirometry-based estimates of lung function.
The SHOW protocol and informed consent documents are approved by the Health Sciences
Institutional Review Board of the University of Wisconsin-Madison.

For this study subjects with missing data for any one of the three outcomes of interest were
excluded from descriptive and unadjusted analyses. Subjects with a history of chronic
bronchitis or emphysema (n=222) were also excluded from analysis when the outcome of
interest is wheezing, resulting in final sample sizes of 3343 for current allergy, 3375 for
current asthma, and 3150 for wheezing.

2.2. EXposure assessment

2.2.1. Geocoding—Each SHOW participant address at the time of consent into the
SHOW program was geocoded using CENTRUS software (Pitney Bowes Inc., Stamford,
CT). The geocoded addresses were used to link participants to three different types of air
pollution data including ambient fine particulate matter (PM, s), traffic related air pollution,
and industrial related air pollution using ArcGIS v10.2 software (ESRI, Redlands, CA).

2.2.2. Fine Particulate Matter (PM »5)—The USEPA Fused Air Quality Surface
Downscaler model (FAQSD) (U.S. EPA, 2016a) was used to derive annual average PM; 5
estimates for each SHOW participant. Data were downloaded for years 2007-2012 from the
USEPA Remote Sensing Information Gateway (RSIG) data files (U.S. EPA, 2016a). FAQSD
is a Bayesian space-time model that fuses together 24-h average monitoring data from the
National Air Monitoring Stations and State and Local Air Monitoring Stations (NAMS/
SLAMS) with 12 km gridded output from the Models-3/Community Multiscale Air Quality
(CMAQ) v4.6 model (U.S. EPA, 2016b). The CMAQ model integrates USEPA's National
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Emissions Inventory data, daily continuous emissions monitoring data for major nitrogen
oxide (NOx) point sources, and meterological data (U.S. EPA, 2016b). The final FASQD
model provides 24-h PM, 5 predictions at the 2010 US Census Tract centroid locations.
Oridinary kriging was applied to the irregularly spaced FAQSD data point estimates to
create a continuous raster image (pixel size=1 mi sq) for the entire state of Wisconsin.
Kriging was chosen in order to reduce estimate bias by giving greater weight to values
which are spatially closer. The stable variogram was selected as the best fit model based on
mean standardized error (MSE) and root mean square standardized error (RMSSE).

Kriged daily and annual PM,, 5 estimates were then linked to SHOW participant data using
the Spatial Analyst Tool in ArcGIS. We estimated potential chronic PM, 5 exposures using a
1 year-lagged model. For example, 2008 participants were linked to 2007 air pollution data,
and 2009 participants were linked to 2008 air pollution data and so forth. Annual average
PM, 5 was examined as a continuous variable (for every 5 ug/m? increase), and also by
quartile (comparing those exposed to an annual average PM 5 in the second, third, and forth
quartile to those in the lowest quartile). Additionally, we examined the number of days that
exceed a 24-h mean of 30 pg/m?3 and 35 pg/m3. The current NAAQS for 24 —hr. mean PM, 5
is 35 pg/m?3 (U.S. EPA, 2012). Since our study population had few participants with more
than 1 or 2 days 24-h mean PM 5 concentrations above 35 pg/m3, we examined a threshold
of 30 pg/m? in addition to 35 pg/m3.

2.2.3. Traffic Related Air Pollution (TRAP)—Proximty to the nearest major roadway
was used as a proxy measure for potential exposure to traffic related air pollution. Data came
from the United States Census 2010, and the MAF/TIGER Feature Class Code (MTFCC)
and Road Type Code (RTTYP) were used to identify roadway segments as Primary,
Secondary, Primary — Interstate, and Primary — non-Interstate roadways (U.S. Census
Bureau, 2010). Previous research has shown the majority of normalized pollutant
concentrations diminish to background levels 100-300 m from the edge of major roadways
(Karner et al., 2010; Zhou and Levy, 2007). Therefore, subjects were dichotomized into
categories of potential high vs. low exposure to TRAP using a cutpoint of 300 m from each
of the nearest road types. Distances were calculated using the proximity “Near” tool in
ArcGIS.

2.2.4. Proximity to industrial facilities—Similar to TRAP estimates, the USEPA's
Toxic Release Inventory site database (U.S. EPA, 2008) was used to examine potential
industrial source air pollution exposures. Industries that are required to report fugitive or
stack air emissions annually to the USEPA were downloaded for the year 2008 from the
EPA website (U.S. EPA, 2008); this year of data had the most comprehensive list of
industries. Only industries which had been reporting for at least 1 year prior and continued
to be reporting through 2013 were included.

A dichotomous variable was created that classified participants as living less than or equal to
400 m from the nearest industrial site (high air pollution) or living greater than 400 m from
the nearest industrial site (low air pollution) and was spatially joined to SHOW participants
using the proximity “Near” tool in ArcGIS. Since a relatively small percentage of the study
sample lived within 400 m of an industrial site, we additionally ran analysis using an 800 m
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(about %2 mile) cut point. An 800 m buffer from an industrial has been cited in the literature
when analyzing total respiratory health effects from nearby industrial site exposures
(Maantay, 2007).

2.3. Health, outcome measures

Both self-report and objective exam based measures were used to define current allergy,
current asthma, and wheezing. Forced expiratory volume in one second (FEV1) was
measured using an electronic peak flow meter (Jaeger AM, Yorba Linda, CA), a validated
instrument (Richter et al., 1998), which was given during the exam center portion of the
SHOW study. Trained technicians gave study participants explicit directions on how to
breath into the spirometry device. The highest FEVV1 measure was used among a minimum
of three valid measures. Spirometry measurements were valid if two FEV1 readings were
within 10% of the highest value measured. Participants who reported having one or more of
the following items were excluded from spirometry testing: heart attack, major surgical
procedure, hernia repair, eye surgery, pregnancy or stroke in the last 6 months; chest
infection in last 6 weeks; unstable angina episode in last 24 h; current ear infection; ever
having had a sudden, unexpected collapsed lung or an aortic aneurysm or bulging wall of the
aorta, coughed up blood with unknown cause, or been diagnosed with tuberculosis.
Predicted FEV1 was calculated using sex, race, age, and height as defined by the NHANES
general U.S. population (Hankinson et al., 1999).

Current allergies is defined as having reported “yes” to the survey question “Do you still
have allergies or hay fever?” This is a follow-up question asked only of subjects who
reported “yes” to the question “Has a doctor or other health professional ever told you that
you had allergies or hay fever?” Current asthma is defined as being previously diagnosed
with asthma or having forced expiratory volume in one second (FEV1) less than 80% of the
predicted value. Previous diagnosis of asthma comes from the survey question “Do you still
have asthma?” which is a follow-up question asked only of subjects who reported “yes” to
the question “Has a doctor or other health professional ever told you that you had asthma?”
FEV1 < 80% predicted is used as a measure of airway inflammation and obstruction because
at FEV1 < 80% predicted is used for diagnosing persistent-moderate to persistent-severe
asthma as defined by The National Heart, Lung, and Blood Institute asthma guidelines for
diagnosing and managing asthma (NIH, 2016). Prevalence of wheezing is defined as having
reported “yes” to the survey question “In the past 12 months have you had wheezing or
whistling in your chest?”

2.4. Covariates and confounding

Self-reported demographic data including age, gender, education and income as well as
housing data were gathered using Computer Assisted Personal Interviews (CAPI). Age was
left as a continuous variable in all statistical models but divided by ten so that a one-unit
increase was equivalent to a ten year age increase. In descriptive Table 1, age is categorized
in order to better display the characteristics of the study population. Participants were
categorized as owning a pet if they owned at least one of the following: dog, cat, bird,
hamster, mouse, rate, guinea pig, gerbil, or ferret. Participants were categorized as allowing
smoking in the home if they reported smoking was allowed everywhere in the home, in
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certain rooms in the home, or allowed for special guests in the home. Participants reported
whether they smelled mildew or mold inside their home in the past 12 months. Participants
also reported yes or no to whether any pesticides were used inside their home to kill or
control insects or other pests in the past 12 months.

Residential addresses, and length of time at residence, were also verified during the in-home
interview. Location type was derived from the 2010 Census Urban and Rural Classification.
Urbanized Areas (50,000 or more people) and Urban Clusters (2500 to 50,000 people) were
classified as “urban.” All populations, territories, and housing not included within an Urban
area or Urban cluster were classified as “rural.” Due to Wisconsin being a relatively
homogeneous population with few non-whites, and a high correlation between race and
exposure and low sample of racial diversity across all three stratum of air pollution exposure
in our sample, we did not control for race in regression models.

2.5. Statistical analysis

All statistical analyses were run using SAS v9.3 (SAS Institute, Cary, NC) and all adjusted
analyses included sampling weights to account for sampling design, response rates and
spatial clustering.

Logistic regression analysis was used to examine the association between chronic air
pollution and the prevalence of allergic disease outcomes. Two different metrics were used
for measuring associations between potential PM> 5 exposures and allergic diseases.
Adjusted odds ratios were estimated comparing the odds of having an allergic disease versus
not for every five unit increase in PM> 5. Similarly, odds of having an allergic disease versus
not were compared across quartiles of potential PM, 5 exposure. Potential confounders were
selected a priori from the literature. All confounders were examined in univariate analyses
with each outcome and with all dichotomous exposures to assess confounding. Covariates
that were associated with both the exposure and the outcome at p < 0.25 level using the
likelihood ratio chi-square test were selected as confounders for subsequent multivariate
models. Confounders that did not change the main effect estimate by more than 10% were
excluded from the multivariate models. Statistically significant results were reported as
having an adjusted Odds Ratio with p-value < 0.05.

Stratified analyses were run to check for effect modification by urbanicity since different
chemical composition of outdoor air pollution may exist in urban vs. rural areas. Stratified
analyses were also run by smoking status, household smoking policy, pets, mold, and indoor
chemical use. If differences were seen in stratified analyses, an interaction term was added
to the model to test its statisitical significance at the p < 0.05 level. These interactions were
run to test the theory that those who are exposed to more allergens may be more or less
susceptible to the effect outdoor air pollution has on allergic disease (Kramer et al., 2009;
Kiinzli et al., 2009).

We also conducted additional sensitivity analyses examining associations only among
individuals reporting length of residence greater than five years in current home. The
hypothesis is that air pollution measures linked to SHOW participants will be a more
accurate measure of chronic exposure among those who have lived at their residence longer.
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3. Results

3.1. Demographic characteristics

Table 1 displays the sociodemographic characteristics and allergic outcomes that are in the
“high exposure” category for each of the three air pollution exposures used in analyses. The
study population was exposed to annual average PM 5 estimates ranging from 6.59 to 15.14
pg/m3. High exposure was defined as annual average PM 5 in the highest quartile 10.86—
15.12 pg/m3 PM5 5), living within 300 m from a primary or secondary roadway, and living
within 800 m of an industrial site. The percentage of participants living within the highest
quartile of annual average PM> 5, 300 m from roadways, and 400 m of an industrial site all
decreased as age group, education, and income level increased. Non-smokers and those
having a no-smoking policy in the home also had a smaller percentage of subjects exposed
to higher levels of air pollution. Among those living in urban areas, 10-40% more adults
were exposed to higher levels of air pollution. Also, adults living in their homes less than
five years were more likely to be in the high exposure of air pollution, when compared to
adults living in their homes more than five years. A higher proportion of adults with current
asthma and wheezing were also more likely to live within 300 m of the nearest primary and
secondary roadway or 400 m of the nearest industrial facility. No differences in exposure
were seen among those with and without current allergies.

3.2. Fine Particulate Matter (PM> 5)

Table 2 shows the adjusted odds ratios for having allergic disease outcomes, compared to not
having allergic disease outcomes, for every 5 pg/m?3 increase in annual average PM, 5 and by
quartile of annual average PM> 5 exposure. The adjusted odds of having allergies was 1.38
(95% CI1=1.03, 1.76) times greater in the second quartile and 1.33 (95% = 1.00, 1.76) times
greater in the third quartile when compared to individuals in the lowest quartile. Surprising,
the adjusted odds were non-significant when comparing the odds of allergies between the
fourth and first quartile [OR (95% C1)=1.18 (0.89, 1.58)] and for every 5 pg/m?3 increase in
annual average PM, 5 [OR (95% CI)=1.06 (0.74, 1.53)]. In contrast, the largest effects were
seen with asthma, where an increase of 5 ug/m3 in the annual mean PMj, 5 resulted in an
adjusted OR (95% CI) of 3.58 (2.36, 5.43) for being asthmatic versus non-asthmatic (Table
2). When comparing quartiles of annual average PM,, 5, the odds of being asthmatic vs. non-
asthmatic was 3.23 (95% CI 2.11, 4.95) times more likely among participants living in the
fourth quartile of potential exposure compared to the first quartile. However, no statistically
significant associations were found among the lower quartiles and asthma. PM> 5 was not
found to be associated with wheezing.

Table 3 presents the odds of allergic disease outcomes by quartile of the number of annual
days of PM, 5 concentration exceedances greater that 30 ug/m3. Similar to results examining
annual average exposures, every additional day that exceeds 30 ug/m3 PM, s resulted in an
1.05 (95% CI1=1.02, 1.08) increased odds for asthma, but no significant associations were
seen with allergy and wheezing (Table 3). When the number of 24-h days that exceed PM> 5
concentrations of 30 pg/m3 was analyzed by quartiles, those who experienced 7-21 days
above 30 pg/m?3 were 1.67 times (95% Cl=1.14, 2.46) more likely to have asthma than those
who experienced no days above 30 pug/m3 (Table 3). As one would expect, similar results
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were found when the number of days exceeding 35 pg/m?3 were analyzed by quartile (Table
A.1). Those in the fourth and third quartiles were more likely to have asthma when
compared with those in the lowest quartile [OR (95% CI)=1.68 (1.20, 2.35) and 2.12 (1.38,
3.26) respectively]. No associations were seen with the number of days exceeding 30 or 35
pg/m3 PM, 5 and allergies or wheezing.

3.3. Proximity to roadways

Potential exposure to traffic related air pollution (TRAP) appeared to increase odds of both
current allergies [OR (95% Cl)=1.35 (1.07, 1.35)] and current asthma [OR (95% Cl)=1.51
(1.14, 2.00)] (see Fig. 1). Effects were seen with wheezing, but were not statistically
significant. When proximity to primary and secondary roadways were analyzed as separate
exposures, similar effects were seen for current allergy, although there was a decrease in
precision. The decreased precision is partially due to having fewer exposed adults when
examining proximity to primary and secondary roadways separately. Results from analyses
where primary roadways were split into two different primary road types: primary —
Interstate, and primary — non-Interstate is shown in Fig. 2. The effect between the distance to
the nearest roadway and asthma was strengthened when primary-Interstate roadway was
examined [OR (95% CI1)=3.66 (1.26, 10.6)] and when primary-non-Interstate was examined
[OR (95% CI1)=1.35 (0.63, 2.90)]. For both allergy and wheezing, effects were strengthened
for proximity to non-interstate, yet inverse associations were seen for proximity to Interstate
(see Fig. 2). However, none of the associations with allergy and wheezing were statistically
significant.

3.4. Proximity to industrial sites

Potential exposure to air pollution from the nearest industrial site (both the 400 m and 800 m
distance models) also was correlated with allergic disease outcomes, but only associations
with asthma were statistically significant (Fig. 3). The adjusted ORs for participants living
within 400 m of an industrial site were greater for allergy [OR (95% CI) =1.32 (0.79, 2.20)]
than for participants living within 800 m of an industrial site [OR (95% CI1)=1.19 (0.88,
1.60)] for allergy. However the same trend was not seen for asthma. The adjusted ORs for
participants living within 400 m of an industrial site were smaller for asthma [OR (95%
Cl)=1.31 (0.74, 2.31)] than for participants living within 800 m of an industrial site [OR
(95% CI1)=1.47 (1.00, 2.16)]. A weaker association was found with wheezing among those
living within 400 m of an industrial site [OR (95% Cl1)=1.11 (0.59, 2.09)], however the
effect among those living within 800 m of an industrial site with wheezing [OR (95% Cl)
=1.21 (0.87, 1.68)] was similar to the effects seen with asthma.

When the sample was restricted to include only those who have lived in their home for five
or more Yyears, effect sizes did not change but the precision of the effects deceased (results
not shown), likely due to decreased sample size. Stratified analyses showed different effects
by smoking status in the proximity to roadways and industrial site models, but when added
as an interaction term the effect was not statistically significant. None of the other tested
variables showed effect modification.
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4. Discussion

4.1.

PMy 5

This study contributes important findings in furthering our understanding of the allergic
disease health effects of chronic exposure to air pollution using three different measures of
potential air pollution exposure among an adult population. In areas with low background
ambient air pollution exposure as measured by annual average PM, 5 and total number of
days of exceedance, we saw a large association with ambient air pollution and asthma
prevalence, a smaller association with allergies, and no association with wheezing. The
study setting was unique in that the annual estimated PM> 5 exposure levels ranged from
6.59 to 15.14 pg/m3, with the highest quartile of exposure 10.86-15.12 pg/m3) spanning the
current NAAQS for annual mean PM, 5 of 12.0 pg/m?3 (U.S. EPA, 2012). Additionally,
associations were seen for proxy measures of traffic-related and industrial-related pollutants
with asthma and allergies, but not for wheezing. While not all adjusted analyses were
statistically significant at the p < .05 level, effect estimates showed trends reflective of those
seen in other epidemiologic studies with higher levels of air pollution (Bowatte et al., 2016;
Guarnieri and Balmes, 2014; Kim et al., 2013).

Our study resulted in a more than 3-fold increase in odds of asthma for every 5 ug/m3
increase in annual average PM, 5, and a 3-fold increase in odds of asthma when the highest
quartile of annual average PM, 5 was compared with the lowest quartile (Table 2). These
effects were substantially higher than those seen from similar studies examining ambient air
pollution measures of fine particulate matter and asthma outcomes. Weber et al. (2016) used
the USEPA's hierarchical baysian model (HBM) of fine particulate matter and linked daily
measures preceding hospital and emergency room visits related to asthma and found a 10-
unit change in PM, 5 resulted in odds ratios of inpatient and emergency room visits slightly
over 1.00 for those older than 14 years of age. Nachman and Paker (2012) assessed fine
particulate matter and respiratory outcomes in adults using two national cross-sectional
datasets and annual average PM2- data derived from USEPA AirData and found an adjusted
odds ratio for current asthma of 0.97 (95% CI=0.87, 1.07). Other studies that assessed PM> 5
exposure and asthma outcomes have found similarly small assocations with effect sizes
lower than those seen in this study (Anderson et al., 2013).

A few things could explain why our effect sizes with PM> 5 and asthma are larger than those
seen in other studies. First, the fused PM> 5 data used was newly modeled and uploaded for
public use by the USEPA in 2016. Studies have yet to publish population-level asthma
prevalence using the FASQD PMs 5 estimates, which replaced the USEPA's previous
hierarchical bayesian model (HBM) estimates. The range of variability and types of
pollutants captured in the fused data may be different enough to capture different effects
with respiratory health. More importantly, the larger effects could be due to differences in
definition of asthma. Many studies have used either hospital reported data or self-reported
data of asthma. Few studies have used a combination of clinical and self-reported asthma.
Studies which rely soley on self-reported doctor diagnosed asthma or hospital data may be
underrepresenting the true number of asthmatics as not everyone with asthma symptoms
seeks diagnosis from a physician or experiences severe enough of symptoms to seek
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emergency care or hospitalization. Rice et al. (2015) found every 2 pg/m? increase in annual
average PM, s (data from satellite measurements of aerosol optical depth) was associated
with a 13.5 ml lower FEV1 of adults in the Framingham Heart Study. Their population range
of annual average exposure to PM, 5 was 7.3-21.7 ug/m3, a slightly higher range of
exposure than seen in our study. However, these findings are consistent with this study and
suggest annual average PM> 5 may significantly affect lung function, obstruct airways, and
lead to asthmatic symptoms.

Surprisingly, we found smaller associations between allergies when comparing the highest
quartile with the lowest compared to the second and third quartiles. However, the highest
quartile of annual average PM> 5 when compared with the lowest quartile, did produce the
greatest effect on asthma compared to the second and third quartiles. One of our most
surprising findings was the associations found when the number of annual days experienced
where PM, 5 concentrations were above 30 and 35 pg/m3 was analyzed by quartile with
asthma. Just having 7-21 days out of the year above 30 pg/m2 PM 5 resulted in a 67%
increase in the prevalence of asthma when compared with those who experienced no annual
days above 30 pg/m3. Similar results were seen with a higher cutpoint, where experiencing
just 4-12 days above 35 pg/m3 PM, s resulted in a 68% increase in the prevalence of
asthma.

4.2. Proximity to roadways- TRAP

Adults living within 300 m of a primary or secondary roadway had a 51% increase in the
odds of having current asthma and 35% increase in the odds of having current allergy. When
road types were analyzed separately, associations were stronger for secondary roadways and
not primary roadways. Adults living within 300 m of a secondary roadway had a 48%
increase in the odds of current asthma, but not for primary roadways. The stronger
association seen with secondary roadways rather than primary roadways may be due to
differences in traffic volume, the vehicle distribution and driving cycle differences across the
primary and secondary roads.

We also wanted to examine further how different roadway types, indicative of different types
of traffic, are associated with allergic outcomes. Our most interesting finding was when
primary roadways were examined separately as primary “interstate only” and “non-
interstate.” The largest association was found among those living within 300 m of an
interstate, where the odds of asthma more than tripled. This was not a surprising finding, as
those living near the interstate would likely experience heavier flows of traffic. Surprisingly,
allergies and wheezing showed much stronger associations with living near non-interstate
primary roads than with living near the interstate, but associations were not statistically
significant. Porebski et al. (2014) found similar results among children and adolescents,
comparing those living < 200 m from major roadway versus those living further than 500 m
from the nearest major roadway, statistically significant odds ratios ranged from 2.0 to 5.7
for self-reported asthma and asthma symptoms. Bowatte et al. (2016) also found a slightly
increased odds ratio of 1.10 (0.97-1.24) among an adult population when comparing those
living within 200 m of a major road with those living further away. However, this study did
not separate out different types of roadways, but rather a major roadway included “freeways,
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highways, arterial roads, and subarterial roads.” Furthermore, the outcome of asthma relied
soley on self-report. Both factors may have contributed to odds ratio biased towards the null.
Despite the differences in human health effects from different road types, our results further
strengthen findings from prior studies that found traffic-related air pollution to be associated
with, and likely a contributor of, asthmatic and allergic disease health outcomes (Codispoti
and LeMasters, 2014; Delfino et al., 2014; Fuertes et al., 2013; Greenbaum, 2010; Jerrett
and Shankardass, 2008; McConnell et al., 2010).

4.3. Proximity to industrial sites

We found the prevalence of asthma and wheezing to be greater among adults living within
800 m of an industrial site. The only statistically significant results were found with asthma,
where we found a 47% increase in the odds of asthma among those living less than 800 m
from an industrial site compared with those living further away. Our findings were nearly
identical to Patel et al. (2011) who found the odds ratio for every 33.3% increase in
residential area located within 800 m of a industrial site to be 1.43 (95% CI: 1.03, 1.97) for
self-reported asthma among children in the Columbia Center for Children's Environmental
Health birth cohort. Furthermore, Maantay (2007) found those age 16 and older living in the
Bronx, New York, who reside within 800 m of an industrial site were up to 60% more likely
to be hospitalized for asthma than those living further than 800 m from an industrial site.

Surprisingly, the odds of asthma and wheezing was roughly 10% lower among those living
within 400 m of an industrial site. This is likely due to having a small sample of adults living
within 400 m of an industrial site, or the fact some of the important emissions from
industrial facilities are emitted via an elevated stack which prevents emissions from reaching
ground level until downwind dispersion occurs further from the facility. Our ability to detect
an association may have simply been an issue of power. We did not examine the distribution
of stack height from the industrial sources nor their average dispersion characteristics and
future work would be needed to test this hypothesis.

When examining associations between prevalence of wheezing with potential industrial
facilities and TRAP exposures, insignificant results could be due to issues of collinearity or
unmeasured confounding. For example, individuals of lower socioeconomic status may be
more susceptible to wheezing for reasons other than proximity to industrial sites and would
also explain why associations were more frequently seen in the unadjusted, but not the
adjusted models. Future studies should identify vulnerable sub-populations when conducting
research investigating the associations between localized air pollution and allergic disease
outcomes.

When analyses were run with only participants who have lived in their home for five or more
years, associations were no longer statistically significant. This was likely due to a decrease
in sample size and limited power. Finding non-significance when smoking status, household
smoking policy, pets, mold, and indoor chemical use were tested as interaction terms was
not entirely surprising as only a few studies have reported finding any of these
characteristics to be interactions when assessing air pollution and allergic disease outcomes.
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4.4. Limitations

Despite the novelty of findings in exploring associations in a unique population setting there
are several limitations in this study. First, the cross sectional nature of this study and the self-
reported outcomes limit any estimates of causal associations. While we incorporated
objective measure of lung function into the definition of asthma, an individual's FEV1 values
can vary and one time point of lung function may not be reflective of an individual's lung
function. Furthermore, participants are not asked to use their bronchodilater inhalers before
completing the FEV1 test, so for some asthmatics, the FEV1 measure is not post
bronchodilation.

Second, the nature of the exposure assessment may have resulted in some misclassification
bias which might explain some of the null findings. Despite efforts to use the most refined
downscaled model and use of kriging, the FAQSD air pollution estimates still may not be
refined enough to capture air pollution estimates that are far from monitors. It has been
shown that the extent of the spatial impacts of traffic related air pollutants is related to
factors including the type of roadway, traffic volume and intensity, meteorology and
background concentrations (Zhou and Levy, 2007; Zhu et al., 2004, 2006), which were not
captured in this study. Furthermore, underreporting of fugitive and stack emissions has been
shown among the Toxic Release Inventory database (De Marchi Scott, 2006; Grant and
Jones, 2003; Koehler and Spengler, 2007), and this study did not capture varying quantities
of emissions, nor the variation in chemical speciation. Associations seen with distance to
industry may have been stronger if analyses had been stratified by type of and amount of
industry emissions released; something to consider for future studies. Given the overall
associations with proximity industrial facilities and allergic diseases was weak or null, we
did not think looking at associations by different emission sources would yield any
statistically significant results in our sample. Rather, the surrogate measures in this study are
an indicator of exposure that may reflect the magnitude of the intra-urban spatial variability
due to traffic-related and industrial-related pollutants.

An additional concern in this study is the effect of residential mobility on chronic exposure
to air pollution in our study population. Our findings suggest that individuals who move
more often tend to live in areas with higher levels of air pollution. This is likely due to
sociodemographic reasons, which poses a challenge for this type of research. It was
important to run analyses on only those participants residing in their current home for five
years or longer in order to minimize any misclassification bias that may have occurred when
assigning air pollution measures to participants of residential durations of five years or less.
However, our analyses from residents of more than five years resulted in similar associations
as seen with the entire study sample.

Given the nature of the study design, a number of confounding variables included in the
analysis such as smoking status and smoking policy in the home, were self-reported with
known issues of reporting bias. However, it is likely that these factors are uniformly mis-
classified across the entire study population and thus should not have significantly biased
our results. Finally, our ability to detect some associations may also have been simply an
issue of power. The population size may have been too small for a study using estimates of
air pollution exposure.

Environ Res. Author manuscript; available in PMC 2018 November 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schultz et al.

Page 13

5. Conclusions

This study expands on existing literature by examining associations between potential
exposure to traffic, industries, and PM, 5 with allergic diseases in a general population
sample of adults exposed to annual mean fine particulate matter at or below the current
USEPA standards. The current USEPA standard for annual average PM; 5 is 12 ug/m?3, the
upper quartile range of exposure in the population was between 10.86 and 15.12 pg/m3. We
found significant associations between three different measures of potential air pollution
exposure with allergic disease outcomes. The strongest effects were seen with annual
average exposures to regional PM, 5 and proximity to roadways less than 300 m with
increased odds of asthma. These findings suggest traffic may be a primary driver behind the
association between PM> 5 and asthma in our study. Studies examining the health effects
seen among populations exposed to regional fine particulate matter near or below the current
national USEPA standard for annual average PM> 5 are important to the development and
design of air pollution standards directed at reducing the impact of air pollution on public
health. Future studies of this kind would benefit from in-person observations and repeated
measures of lung function in a longitudinal analyses.
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Table A.1

OR? (95% CI) comparing quartiles of annual days exceeding 35 pg/m3 PM, s.

Outcome Q1(0 Q2(lday) Q3(2-3 Q4 (4-12

days) days) days)

Allergy Ref. 1.21(0.91, 1.22(0.93, 0.91(0.72,
1.61) 1.60) 1.16)

Asthma Ref. 1.11(0.72, 2.12(1.38, 1.68(1.20,
1.70) 3.26) 2.35)

Wheezing  Ref. 1.18(0.79, 1.13(0.72, 1.19(0.82,
1.75) 1.78) 1.71)

Abbreviations: OR - Odds ratio, CI - Confidence interval.

aAdjusted for gender, age, BMI, smoking status, education, income.

Environ Res. Author manuscript; available in PMC 2018 November 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 14

Abbreviations:
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Table 1

Characteristics of the study population by three different air pollution measures.

Descriptive Total Highest 800 morless 400 mor less
characteristics study quartile of from from
samplea annual Industrial primary or
(i geree e
(n=842) (n=1076)
N % p- % p- % p-
trend trend trend
Gender 0.90 0.57 0.80
Male 1480 24.8 135 38.6
Female 1901 25.0 14.2 39.0
Age (in years) 0.04 5.0001 0.004
21-39 1104 26.8 17.8 422
40-59 1503 25.1 13.3 38.6
60-72 774 21.7 9.4 34.6
Education ;_0001 0.01 3_0001
H.S./GED or less 992 215 16.8 45.1
Some college 1309 235 14.8 41.3
Bachelors or 1073 295 12.1 334
higher
Income 0.02 0.0001 0.0012
< $25,000 764 211 19.2 43.3
$25,000 - $49,000 800 24.1 12.7 41.4
$50,000 - $99,000 1102 275 115 36.8
> $99,000 579 25.9 9.5 27.6
Status 0.24 0.0001 0.0017
Current 555 211 22.0 44.7
Former 825 23.2 10.5 35.4
Never 1535 24.6 11.9 37.7
Smoking in 0.74 < <
Home 0.0001 0.0001
Yes 541 23.7 21.0 45.6
No 2534 23.0 12.0 36.8
BMI 0.002 0.23 0.25
<25 1264 28.2 13.4 39.5
25-30 936 23.6 12.8 36.6
>30 1181 224 15.2 40.0
600 Met Min/ 902 259 183 440
> =600 Met min/week 2479 245 123 37.0
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Descriptive Total Highest 800 morless 400 mor less
characteristics study quartile of from from
e .
(n=3381) PMy5 (n=470) road
(n=842) (n=1076)
N % p- % p- % p-
trend trend trend
Pet Owner 0.02 0.61 0.08
Yes 1906 23.3 13.7 37.2
No 1475 26.9 14.4 40.5
Mold in home 0.16 0.19 0.003
Yes 503 25.0 15.7 44.4
No 2652 22.2 135 375
Indoor
chemical 0.04 0.16 0.10
use
Yes 818 20.7 15.1 40.9
No 2369 24.1 13.2 37.7
Location 0.0001 0.0001 0.0001
Urban 2139 32.7 20.1 43.0
Rural 1241 115 3.1 31.8
Boration 0.24 0.0001 0.003
< =5 years 1234 24.5 17.6 41.3
> 5 years 1305 253 10.0 36.2
Allergies 0.44 0.42 0.34
Yes 1080 25.7 14.5 40.0
No 2301 24.5 135 38.3
Asthma 0.32 0.0015 0.001
Yes 502 26.7 19.8 47.5
No 2879 24.6 13.2 37.9
Wheezing 0.15 5.0001 0.0002
Yes 657 22.7 19.8 45.2
No 2712 254 12.5 37.4

p-trend: statistical significance by Chi-square test.

Abbreviations: GRE - General Education Development test; BMI - body mass index.

a . - . . .
Total study sample size varies due to missing data on outcomes and confounders. See Methods sections for details.
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Table 2

Associations between Annual Average PM5 5 for 2008 and Allergic Disease Outcomes.

Outcome  OR for every 5 pg/m? increase in annual

a 950 i i i 3
average PM, 5 OR™ (95% CI) comparing quartiles of annual average PM, s (in pg/m?)

Unadjusted OR Adjusted® OR (95% _ _ _ _

(506 C1) A )J (95%  Q1(659-9.31) Q2 (9.32-10.20) Q3 (10.21-10.85) Q4 (10.86-15.12)
Allergy  1.29 (1.00, 1.67) 1.06 (0.74, 1.53) Ref. 138(1.03,1.76) 1.33(1.00,1.76)  1.18(0.89, 1.58)
Asthma  3.49 (2.39, 5.09) 3.58 (2.36, 5.43) Ref. 157(0.96,2.57) 144 (0.91,2.28)  3.23 (2.11, 4.95)
Wheezing  0.96 (0.69, 1.35) 0.97 (0.58, 1.63) Ref. 0.96 (0.65,1.43) 1.09(0.73,1.63)  0.96 (0.65, 1.44)

Abbreviations: OR - Odds ratio, CI - Confidence interval.

aAdjusted for gender, age, BMI, smoking status, education, income.
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Table 3

Page 23

Associations between the number of 24-h days that exceed PM, 5 concentrations of 30 pg/m?3 and allergic

disease outcomes.

Outcome

OR for every additional day that exceeds

30 pg/m3 PM, 5

Unadjusted OR
(95% CI)

Adjusteda OR
(95% CI)

oRr? (95% CI) comparing quartiles of annual days exceeding 30 pg/m3 PM, 5

Q1 (0 days)

Q2 (1-3 days)

Q3 (4-6 days)

Q4 (7-21 days)

Allergy
Asthma

Wheezing

1.02 (1.00, 1.04)
1.06 (1.03, 1.09)
1.00 (0.98, 1.03)

0.99 (0.96, 1.02)
1.05 (1.02, 1.08)
1.00 (0.95, 1.05)

Ref.
Ref.
Ref.

1.05 (0.81, 1.38)
1.11(0.73, 1.71)
1.20 (0.74, 1.61)

1.09 (0.82, 1.46)
1.31(0.82, 2.09)
1.09 (0.72, 1.65)

0.92 (0.70, 1.21)
1.67 (1.14, 2.46)
1.03 (0.67, 1.58)

Abbreviations: OR - odds ratio, Cl - confidence interval.

aAdjusted for gender, age, BMI, smoking status, education, income.
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