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Health Effects Not Well Characterized

Past studies generally focused on PM1o
or PM2.g

Some evidence of cardiovascular and
pulmonary effects from coarse particles

Research on chronic health effects of
PM10-2.5 mass and chemical
components are very limited


Presenter
Presentation Notes
As many of you know, most studies to date have really focused on fine particulate matter but there is some evidence that coarse particles may also be linked to adverse cardiovascular and respiratory health effects.  Data regarding the chronic health effects of coarse particles are espeically limited, however.


Exposure Assignment for Chronic Health

Effects Can Be Difficult

Spatial variation of PM10-2.5 can be large
due to local sources
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Presentation Notes
One of the biggest challenges in evaluating chronic health effects is the exposure assessment of coarse particles.  Unlike fine particles, which tend to be more homogenous across space, coarse particles settle more quickly out of the atmosphere due to higher graviational settling and inertial impaction.  As a result, a sample taken in one location within a city is often not very representative of other locations in the same city.  This has important implications for epidemiology as it is common to assign the concentration from a central site to a large study area (such as shown here in orange).  For coarse particles such an exposure assignment can introduce substantial measurement error as it will not capture local sources such as the roadway or railway shown in this diagram.  


Study Aims

1) Characterize spatial variability of
PMz10-2.5 from natural and
anthropogenic sources

2) Examine chronic health effects of
PMz10-2.5 on the respiratory and
cardiovascular systems
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Given these existing weakness, our two main aims were to….


=
Nested in the Multi-Ethnic Study of

Atherosclerosis and Air Pollution

Population-based
prospective cohort

~6,000 subjects
(aged 45-84 yrs)
without clinical
CVD at baseline i
. . B il ___1 L, S —a—wl
Whlte, African I.n Angalﬂ: T— Wlnﬂaﬂ f"‘m
American, Hispanic,
and Chinese

Detailed characterization
of PM2.5 through MESA Air
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We are very fortunate to be able to answer these questions through a collaboration with the NHLBI-funded MESA project, which is a population based prospective cohort of approximately 6,000 subjects without CVD who are being studied for the progression of atherosclerosis and CVD.  We are further fortunate to have the EPA- MESA Air study as our parent project as this investigation has performed detailed characterization of PM2.5 and co-pollutant gases in the 6 metropolitan areas.


Repeated Spatial Snapshots Collected

Collected two-week snapshots of PMaio-
2.5 outside homes of ~35 subjects (3
Cities/2 seasons)

Cities to provide range in PM10-2.5 and
sources

Two seasons with some repeats

Mass , chemical species, and endotoxin
analyzed and calculated by difference
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What this project adds is the detailed assessment of coarse particles and their components.  The way in which we are doing this is to collect approximately 35 integrated samples of PMc outside the homes of our participants simultaneously in a “snapshot” stle approach.  These snapshots were conducted in 3 of the MESA cities selected to provide a range in concentrations and sources and during two seasons to represent long-term averages.  Samples were collected on PM10 and PM2.5 filters and analyzed for mass, species, and endotoxin by difference


=
Short-Term Samples Reasonably

Reflect Annual Averages

Annual Average
N o)
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N
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Shorter-Term Average (Two months)

Use spatial prediction procedures based on
snapshots to assign long-term exposures
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While two-week samples may seem short to capture long-term exposures for our chronic epidemiology study, preliminary work using data from the AQS sites has shown that the average of approximately two weeks worth of days from two seasons was highly correlated with the annual average. 
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So, in 2009 we conducted 6 field campaigns across three cities.  The first is Chicago, you can see that we sampled in two shoulder seasons – April and August - with data from 34 and 31 homes per season.  These maps illustrate our sampling locations, which were selected to provide geographic capture and represent various geographic features.  These have been color coded with the measured concentrations so that you can see that our highest concentrations in Chicago were near the city center.  The black dots show the participant locations.
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Next we have data from Winston Salem where we sampled in March and July for a total of 65 paired samples.


St Paul, MN
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And finally St Paul MN, where we sampled in January and in June.  You may notice that we had lower data capture in January in St Paul due to the impacts of cold on our pumps.


Within- and Between-City Differences
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So, with this data collection, what did we see?  Well first, I have plotted the distribution of PMc mass by city and season.  Interestingly you can see that most of the variation that we have observed is within-site.  There are not large differences between sites and, with the exception of SP, between sampling rounds.  For Chicago this is in part due to the shoulder seasons.  

�The second thing that I have plotted is a confirmation of our strategy to use 2 two-week samples to represent the long-term mean.  Here the average of these two samples collected from a co-located AQS site are plotted against the annual average from that AQS site. This is the slide that I wish Tim were presenting because you should see his face beam when we show this very nice relationship.



Now that we know that these are representative, our next question was can we predict these levels. So here, I’ll move into our results section, presenting first some exposure modeling that was conducted in the Chicago area.




=
PM1o-2.5 Can Be Predicted by

Spatial Features : Chicago

Predictor

A1in750m

Industry in 750m
Nearness to rail yard
Nearness to airport

Local PM1o
emissions

Local PM2.g
emissions

Partial
R2

0.24
0.18
0.14
0.05

0.04

0.02

Other variables examined
included A2, A3, NDVI,
commercial land use,
residential land use,
population density, port,
season

Model selected based on
consistency of predictors and
CV RMSE

Model based R2=0.68
CVR2=0.62
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Our first approach was to use a standard “land use regression style” model, exploring numerous covariates including roads, land use, local emission sources, and season.  Interestingly, because we had sampled in two transitional seasons, we could build a unified model without control for our effect modification by season.  In this unified model we were able to predict approximately 61% of the variability using basic parameters using X-validation.  Looking at the partial R2, we see that the majority of the variability in PMc mass was explained by A1, Industry, rail yards with additional information from airports and emission sources.


Modest Residual Spatial Structure

Short spatial scale: LUR: RMSE =1.22 ng/m3 R2=0.61
Range ~600 meters UK: RMSE =1.11 pg/m3 R2=0.712

12

10

5000 10000 15000 20000 25000
distance
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Next we explored universal kriging to determine if there was residual spatial structure after controlling for the mean model and there was.  As anticipated, however, we see that the range was very small – 600m– indicating spatial heterogeniety that is expected for coarse.  Incorporating this information did improve our estimates in RMSE by about 10% and the same for the R2. Resulting in a final CV R2 of 0.71 for our models.


Different Distribution Than PM2.5

B 119126
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What’s a modeling presentation without pretty graphics?  Here are some graphics illustrating the PMC distribution throughout the Chicago area.  You’ll remember that the predominant predictors were roadways, industry, and rail yards which can be seen in the graphic.  In addition, emission sources can be seen to play a role in the map.



For comparisson, I have put up a graphic for PM2.5 from the MESA Air project.  While this surface was derived using a slightly more complicated modeling approach due to non-contemporaneous samples, you can see that there are some differences that give us hope to differentiate the effects of PM2.5 from PMc.  Of course, you might be thinking that our cohort is not necessarily going to experience all of these differences and that is correct. In Chicago we do see some modest correlation between PMc and PM2.5 mass spatially although our PMc does have higher variability, hopefully helping our power to detect associations. 
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Of course, wer’re not only interested in PM mass, you’ll remember that one of our objectives was to look at components and sources.  Tim has done some very nice source apportionment work to identify both industrial and roadway sources. (hopefully you saw the details at his posters)  One key element that was identified was copper, which can serve as an indicator of break and tire wear from roadways.


Copper Can Be Predicted by Spatial

Features : Chicago

Predictor R?
A1in 4oom 0.38
A2 In 4oom 0.05

Nearness to Large Port 0.05

UK: RMSE=2.6 ng/m3 R?=0.64
LUR: RMSE=2.8 ng/m3 R?=0.47
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Given our interest in this source, we evaluated copper in a similar fashion to how we explored PMc mass.  Not surprisingly, we found that roadways were important to predicting this feature. We also saw that the port was important and found larger spatial range in this parameter.  Adding UK to this model resulted in substantial improvements in the CV RMSE and R2.  Our final mode had an explanatory power of 0.6.


Exposure Assignment to be

Completed for All Cities

Powered to focus on 3 metropolitan areas
with model predictions but also aim to
explore associations in 6 metropolitan areas

To evaluate consistency across regions and
ability of models to predict at requlatory
monitors

Assigning exposure based on AQS monitors
or covariates
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Hopefully that gives you a taste of our modeling strategy. We are currently working to finish the modeling in all 3 of our measured cities and to explore the applicability of our results to the 3 unmesured cities.  We will do this by looking for consistent predictors across regions and evaluate the performance of our models or indicators at AQS stations.


- . . ,
Incident / Progression of Cardiovascular

and Pulmonary Outcomes

Coronary Artery  Intima-Medial
Calcium Lung Density

. 2

Clinical Disease/ Events
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With these estimates, we will then be able to explore the three primary endpoints of this proposal, namely the progression of atherosclerosis and lung disease.  We will assess these questions using coronary artery calcium measured by CT (shown here with a plaque buildup in the left anterior descending coronary artery) and intima medial thickness as measured by ultrasound (here shown as the distance between the pink bands), and lung density by CT shown by the darkening of the image. We will also explore relationships with clinical disease and events in the cohort.


Other Interesting Outcomes

Retinal Microvasculature  Pulmonary Function
Systemic Inflammation Blood Pressure

Left Ventricular Mass Aortic Calcium

Flow Mediated Dilation Heart Rate Variability

Genetic data also available for gene-environment
Interactions
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As a very large study, MESA has numerous other outcomes that we can investigate with coarse particles.  These include retinal, inflammation, and genetic polymorphisms to name a few.  For the purposes of giving you a quick taste of some of our preliminary findings, I will actually focus on this retinal microvasculature in which we have found some very exciting results with PM fine. 


=
Retinal Photographs Provide

Insight to Microvasculature

Non invasive, in vivo,
method to characterize
human microvasculature

Observes retinal vessels
100-300 UM

Hypothesize that PM10-2.5
is associated with
narrowed arteriolar
diameters
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Why the retinal vasculature? Well, retinal photography provides a non-invasive indicator of the human microvasculature which may serve as an indication of what is going on in the vessels of the heart.  We hypothesize that….



To answer these questions we first looked at coarse data from the nearest AQS monitoring station but did not find robust associations.  This was not surprising given our belief that this exposure assessment approach has a great deal of exposure misclassification for coarse particles.  Therefore, we focused in on our participants in Chicago to see what we would find with our early exposure modeling results that I presented a few minutes ago.


=
Chicago UK Results: Copper But Not

Total Mass Associated with CRAE

Total PM,,_, = Copper PMyy.5 =
i i e l M ‘ | ] e

Controlled for traditional risk factors and PM, . mass.
Independent negative association for copper and “near road” indicator.
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We found some very interesting and potentially exciting results.  In each of these graphics, I have presented the distribution of the exposure on the bottom axis as a histogram per ug/m3 coarse mass.  On the top of the graphic is the relationship between CRAE (controlled for traditinoal risk factors) with the coarse mass.  The left graphic is for total mass and the right is for copper.  What we see is that total mass was not related to CRAE but we do see a statistically significant negative relationship with copper – suggesting that individuals with higher traffic exposures have narrower vessels.  What makes this even more interesting is that these associations were robust to control for both Pmfine.  In addition, both copper and an indicator for being near a road had independent negative associations with CRAE perhaps suggesting the importance of both tailpipe emissions and break/tire wear. 


Summary

Successful monitoring campaign

Approximately 200 homes sampled across 3 cities
and 2 seasons

Analyzed for mass, species, and endotoxin
Preliminary modeling shows that coarse
mass and components can be predicted using
covariates and spatial structure
Early health analyses suggest that there
might be impacts of coarse mass, especially
from traffic sources
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Overall, we are pleased with our progress we have completed a 


Next Steps

Finalize spatial modeling
Create predictions for St Paul and Winston Salem
Evaluate other species and source profiles
Identify indicators of PM10-2.5 mass and species
Evaluate performance in unmeasured areas

Examine associations with various health
endpoints
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We still have much more work to do –




Anticipated Contributions

Unique characterization of within-city variation of
PM,,.,.cand its sources
Spatial prediction models

Supplements existing MESA Air exposure assessment

Explore chronic health effects
Clinical and subclinical
Ability to evaluate potentially sensitive subpopulations
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Presentation Notes
Overall, we hope to have a nice contribution to the literature  by providing --- 


Thank you for your attention.
Any questions?
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Consistent with AQS Data
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Good Agreement with AQS
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Copper Highly Correlated with Mass

Copper vs. PM, 5 Copper vs. PM;,, «
(p = 0.82) (p = 0.70)

0.016 0.016
0.014 0.014
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0.004 0.004
0.002 0.002
0 0
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Clinical Events Power

80% power to detect RR =1.25 among all cities
and RR =1.28 among three cities

Relative Ri-'Sl-L Sex
Per llfmg-"m“1
(05% CT)

Total

Six Cities Study (PM,;<;5)° 1.43 (083 to 2 48)
Veteran's Cohort (PM;g, )" LO7T{101t 113) | M
AHSMOG (PM1g.05)"® 1.05(00210120) | M
ACS (PM sy 1.00 (0.99 to 1.02)

Coronary Heart Disease
AHSMOG (PMipa 5315 138(107w 170y ) F

Non-Malignant Respiratory
AHSMOG (PM,,, ::J]f- 1.19(088tw162) | M




Sub-clinical Change Power

IMT Lung Density
80% power to detect 99% power to detect
2.5% of statin effect 1% of total changein
in all areas and 3% of MESA in all areas and
effectin 3 areas 80% power to detect

1% change in 3 areas



Good Variation in Geographic Features

Los New St Winston

Baltimore | Chicago | Angeles | York | Paul | -Salem
Mean NDVI (SD) 5900 2500 3200 3900 | 6200 7500
USGS Reports NDVI #1 0* (1600) (2100) (1400) | (2100) | (800) (290)
Mean Meters to Subjects from 230 140 230 60 160 390
Major Road (SD) (220) (120} (200) (65) | (140) (490)
Rural Land Use (%in Zip Code) 9 26 26 8 66 69
Comm' Industr (% m Zip Code) 13 29 21 34 8 2
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In order to select our cites, we also examined covariates.  Here you can see nice ranges in NDVI, distance to roadways and rural and commercial land use.


Reproducible Results
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Subclinical Respiratory Outcomes

Alveoli with
emphysema

Microscopic view
of normal alveoli
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An additional metric that we will be evaluating in this proposal is an exciting new metric called lung density.  This metric is obtained by scans of the lung tissue that are collected when the heart is being scanned by CT.  Here an example of lungs with emphysemic damages is shown via chest CT. It may be a bit hard to see, but the alveolar damage from inflammation and oxidative stress that is associated with emphysema can be seen as these black spots in the lungs.  This can be quantified by computer and reported as to the extent of disease.


Analyzed for Mass and Components
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PMc mass calcualted by difference by paired PM10 and PM2.5 filters.  We ran two sets of samplers on half duty cycle at all locations to get mass, reflectance, metals, and endotoxin levels.  We are also investigating the possibility of including oxidative potential for these samples as this is thought to be especially important for the coarse fraction.  


Nearest Monitor Approach:

Results Driven by Winston-Salem
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Spatial Features




Some Differences at Cohort Locations
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