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Figure 1. An example of an analytic tool to facilitate the identification of differentially regulated spots on 2D
gels: Thetop figure shows the location of all detected proteins on the gel (circle centers) separated by the
pl (x-axis) and the mass (y-axis) of the protein, and the statistical significance of the protein specific
differential regulation, comparing the treatment groups of interest. The diameter of the circle is
proportional to the absolute value of the protein specific test statistic, while the sign (positive/negative) of
the test statistic is given by the colors of the circles (red/blue), indicating up/down regulation. The lower
panel highlights the proteins considered significant in this application, and shows the protein ID number.

Reproducible Research: The study of gene — environment interactions is enhanced by the integration of basic
science, clinical and population methods. At each level, the acquisition and analysis of complex data is central to
drawing valid and reproducible conclusions. Their integration adds an order of magnitude of complexity. Hence, the
success of this and other centers will be enhanced by new informatics tools that enable investigators to share their
data, methods and results as part of the publication process.
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Figure 2. Schematic of the flow for the author (left to right) and reader (right to left) of a reproducible
research document with indications for necessary processing, analysis and presentation software.

The ability to make scientific findings reproducible is increasingly important in areas where substantive results are
the product of complex statistical computations. Reproducibility allows others to verify the published findings and
conduct alternative analyses of the same data. Peng, et al. (2006) established a basic standard for evaluating the
reproducibility of published epidemiological research and demonstrated how the standard can be met in a large
observational study of the health effects of air pollution.

Figure 2 above is a schematic of a framework for reproducible research. We are currently building modular
tools to automate the process of storing the discrete components depicted in the research pipeline. Tools are
necessary both for scientists disseminating their research findings and for readers who want to dig deeper into
published results. These tools are based on literate programming techniques that mix computer code for statistical
analyses with the text of an article or report. The result is a single file containing the necessary code and text for
reproducing the computational results and the finished scientific article. We have developed the stashR and
cacheSweave add-on packages for the R software environment that read these mixed code/text files and cache the
results of relevant computations in a database (Eckel and Peng, 2006). Once the analytic data and computational
results are cached, they can be made available so that others can reproduce the published results or conduct
alternative analyses. These packages are now available from http://www.biostat.jhsph.edu/~rpeng/software/.

In order to support the dissemination of Center research results, we will develop additional software for
constructing “interactive documents” so that readers may explore the data and computations used to produce a
scientific result. These software tools will allow readers to automatically download cached computational results
from central servers so that they may have immediate access to the data and code corresponding to a published
article. This suite of software packages will help to establish a closer connection between the author and reader of
an article and has the potential to raise the level of scientific debate by simplifying the process of making all
research reproducible.

Particle Epidemiology: We plan to develop new statistical tools for characterizing the toxicity of the PM complex
mixture on mortality and cardio-respiratory hospitalizations and deaths. By identifying the toxicity of the PM
chemical components, we will test existing and guide development of future hypotheses on biological mechanisms
of action. Hypotheses generated from epidemiologic evidence can be tested in experimental models and vice
versa. We will apply the proposed methods to national data sets for estimating acute and chronic effects of PM
size, chemical components, and emission sources on mortality and morbidity. Specifically we plan to develop and
apply regression models with hierarchical predictors. More than fifty correlated chemical components of PM are
now monitored by hundreds of stations in US. A critical question is whether a small subset of these chemical
constituents, alone or through their interactions, is responsible for the harmful effects of PM. The statistical problem
is that a main predictor X (e.g. PM2.5 total mass) is composed of multiple chemical constituents. These
constituents are then organized in a hierarchy that can be depicted as a tree (see Figure 3).
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Groups can be defined according to
shared elemental characteristics or
according to prior knowledge about their
sources (Hopke et al 2006). The groups
may be overlapping so that certain
constituents appear in more than one
group. For example, the constituents in
the first group might be related to coal
combustion, group 2 might be related to
diesel emission, and group 3 related to
vehicle emissions. In this case, there
would be shared constituents between
the three groups (Bell et al 2007). Table
1 summarizes an evidence-based tree

that identifies chemical constituents that share the same emission sources. This tree has been constructed from an
extensive EPA database on PM source profiling (Hsu, 2007). Note that the PM2.5 chemical constituents listed in
Table 1 provides more 90% of the total PM2.5 mass.

% contribution to PM2.5 total mass
average max min
Biomass burning  Organic Carbon (OC) 22.852 88.838 1.299
Elemental Carbon (EC) 8.299 50.416 0.000
Chlorine atom 8.743 17.670 0.000
Potassium 5.676 20.660 0.000
Coal Combustinon Sulfate (SO4=) 20.820 71.923 2.120
Silicon (Si) 14.293 40.031 1.525
Organic Carbon (OC) 9.698 70.272 0.000
Aluminum (Al) 8.750 23.103 0.000
Calcium (Ca) 7.899 34.257 0.146
Sulfur (S) *** 5.664 40.933 0.199
Iron (Fe) 5.326 15.667 0.721
Ammonium (NH4+) 2.104 10.889 0.059
Diesel Elemental Carbon (EC) 33.399 80.751 0.054
Organic Carbon (OC) 26.276 91.056 1.223
Sulfate (SO4=) 1.230 6.668 0.146
Oil Combustion Sulfate (SO4=) 17.701 34.596 0.000
Sulfur (S) *** 16.703 103.550 2.942
Organic Carbon (OC) 10.088 65.445 0.040
Elemental Carbon (EC) 7.252 42.997 0.000
Nickel (Ni) 2.777 22.330 0.001
Vehicles Organic Carbon (OC) 31.736 90.215 0.000
Elemental Carbon (EC) 24.738 89.880 0.000
Nitrate (NO3-) 4.211 37.338 0.000
Sulfate (SO4=) 4.033 24.374 0.000
Crustal Silicon (Si) 24.206 55.056 1.260
Calcium (Ca) 8.209 39.930 0.670
Aluminum (Al) 6.403 15.947 0.000
Organic Carbon (OC) 4.485 33.186 0.000
Iron (Fe) 4.263 11.835 0.150
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Table 1. Evidence-based tree: emission sources, PM2.5 chemical constituents, their corresponding %
contribution to the PM2.5 mass. N indicates number of source profiles, that is the number of sampling
experiments that have measured chemical constituents of PM2.5 and have attributed that constituents to
emission sources. This evidence-based tree has been constructed by Michelle Bell (as a personal
communication) by using the database

http://oaspub.epa.gov/eims/eimsapi.dispdetail?deid=161519 and a recent EPA documentation report on
speciation data (Hsu, 2007)

We are currently developing extensions of regression analysis that take account of the hierarchical structure of the
predictor variables to identify individual components or groups of components whose influence on health outcomes
is greatest.

E. LOCATION

All BISC faculty except for Dr. Curriero are located on the 3rd floor of the new wings of the School of Public
Health proximal to the Department of Environmental Health Sciences, which has laboratories and offices on the 7th
floors where Dr. Curriero is located. This has in the past and will continue to facilitate daily informal interactions
between BISC and Center faculty.

F. EQUIPMENT

Computing — BISC has a state-of-the-art high-performance computing environment comprising a central cluster,
multiple web-servers, desk-top workstations, local area network, high-speed connection to the internet and all
major bioinformatics, statistics and mathematical software essential to modern environmental research. This
computing environment has been created over the last three years including an expenditure of $350,000 by the
Department of Biostatistics to purchase its current cluster. The department also provides core funding for two
computer scientists who maintain the environment.

In addition to desktop computing for its faculty, the BISC shares a high performance Linux computing facility
comprising: (1) a 68-cpu AMD Opteron-based computing cluster with 128GB DDR-SDRAM and 2.7TB local disk
storage capable of running at 170 gFLOPS; (2) a 4-cpu Opteron-based computing server with 16GB DDR-SDRAM
and 36GB local disk storage; and (3) a 2-cpu Pentium-4-based database server with 8GB DDR-SDRAM and 36GB
local disk storage. The heart of the system is a Global File System (GFS) that handles 4 terabytes of data over a
fiber-channel storage array network (SAN). GFS allows users to seamlessly access their home directories from any
of the computing engines that are currently attached to the SAN.

This system is situated behind the School of Public Health firewall ("blue network") for data security. The
individual machines are accessible from outside the firewall through an SSH cut-through on the Sun Fire computing
server. Outside of the School's firewall ("black network"), the Department of Biostatistics maintains three web
servers for serving web pages and hosting individual faculty projects. These servers will be used for BISC projects
that depend upon regular public interaction.

The computing environment is supported by two systems specialists: Marvin Newhouse and Jiong Yang
who are certified and experienced in both Linux and Solaris. Statistical and mathematics packages include R, S-
PLUS, SAS, Matlab, Mathematica and Bioconductor. SAS and SQL are the dominant package used in data
management, data editing and updating.

The statistical computing environment described above is strategically directed by associate professor
Fernando Pineda, a physicist who now conducts genomic research. He chairs the Bioinformatics/Biostatistics
Information Technologies (BIT) Committee of faculty, staff and student representatives. The implementation of their
policies is managed by Ms. Cindy Hockett, the Department of Biostatistics administrator. The BIT Committee web-
site (http://biosun01.biostat.jhsph.edu/~ririzarr/BIT/ is used to continually educate BISC and other faculty on recent
developments in statistical computing and their implementation on our system.

The School Information Systems group (http://www.jhsph.edu/is/default.html) is responsible for all
networking within the Center and School as well as our internet connections to the outside. IS comprises a staff of
more than 30 full-time computer scientists who provide back-up support for Mr. Newhouse and Yang and the BISC
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faculty.

Web-site — The Department of Biostatistics maintains an active web-site (http://www.biostat.jhsph.edu/) that is used
as an information center and tool for disseminating our recent research, software and other research products. Ms.
Mary Joy Argo is the site manager. She will also support BISC web-pages as needed. The cost of her BISC
support is covered by the Department of Biostatistics.

Statistics Library — The Department of Biostatistics provides a library with more than 30 bioinformatics and
biostatistics journals and 3,000 reference and textbooks. It provides online access to most major reference tools
including for example, PubMed, Lexus/Nexus and the Current Index of Statistics and to the other major indices
through the Welch Medical Library with more than 3,000 journals and 300,000 books, located directly across the
street.

Institutional Commitment — The School of Public Health currently spends $6 million per year of general funds to
maintain the information systems infrastructure on which BISC relies for its local area network and connection to
the internet. The Department of Biostatistics spends roughly $250,000 per year, 40% of which derive from School
funds, to support the computing environment described above. It also expended an additional $350,000 over the
last 3 years to upgrade this environment to its current level. BISC is further supported as described above by Ms.
Mary Joy Argo, Mr. Jiong Wang and Mr. Marvin Newhouse through funds provided by the School.

G. BENEFITS TO CENTER INVESTIGATORS

Environmental health research relies on the integration of molecular, clinical and population sciences. Itis
increasingly dependent on the acquisition, management and use of complex information. Hence, statistical and
informatics methods are essential for success. Today, Center scientists routinely rely on bioinformatics,
biostatistics, mathematics, and computing tools to design, implement, and analyze data from their experiments and
observational studies. BISC introduces Center members to the optimal tools when they exist and create new ones
when they do not. Center members are benefited when their research program is made more productive through
their consultations and collaborations with BISC faculty. They produce more knowledge from the same investment
of resources when they use optimal quantitative methods.

BISC methods research also benefits Center investigators indirectly. When our novel methods such as
spatial time series models or gene expression measures are adopted by the larger research community, progress
is more rapid and Center members benefit from the discoveries of others that are facilitated by BISC generated
tools.

H. POLICIES FOR OPERATING

» Personnel
Scott L. Zeger, PhD, Director
Frank Curriero, PhD
Francesca Dominici, PhD
Rafael Irizzary, PhD
Roger Peng, PhD
Ingo Ruczinski, PhD

* Policies

Personnel — Dr. Scott Zeger will serve as Core Director at 7% effort and will be responsible for matching
Biostatistics Facility Core members to individual scientists who request support through the Core. He will also be
responsible for providing statistical input to environmental epidemiology research activities. Drs. Dominici and Peng
will work most closely with Center investigators conducting epidemiologic and clinical research. Dr. Dominici will
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also lead the working group on Environmental Biostatitics as discussed below. Drs. Irizzary and Ruczinski will
collaborate with Center members conducting molecular (e.g. genomic) and clinical research and will lead the
Enviromental Bioinformatics working group. Dr. Curierro will provide general support for any center faculty member
with a shorter-term statistical issue and also be involved in longer-term collaborations involving GIS and other
spatial or time series applications.

Collaboration — To promote effective consultations and collaborations among environmental and
bioinformatics/biostatistics scientists, we will rely on two strategies. First, many of the environmental scientists and
statisticians encounter one another daily. The Biostatistics Core members will make themselves available for
informal consultations through these daily contacts around the school. Such impromptu discussions often meet an
investigator's needs and foster ongoing dialogue. For those investigators with less daily contact, they will secure
Core services by contacting Dr. Zeger's office either by phone, fax, or email. Dr. Zeger's assistant will then
schedule an initial meeting between the environmental scientist and the appropriate member of the BISC.

Longer-term collaborations typically start through shorter consultations. Collaborations will be supported
through the bi-weekly meeting of the BISC faculty and Center members in the Environmental Biostatistics and
Epidemiology Working Group (EBEG) as described further below.

Methods Research — Two existing working groups will be used to promote collaborations among environmental
and BISC faculty as well as the development and dissemination of new methods and software for environmental
research. The first is the Environmental Biostatistics and Epidemiology working group (EBEG) that currently meets
twice per month (http://www.biostat.jhsph.edu/bstproj/ebeq/). It is organized by Dr. Dominici. The second is the
Bioinformatics working group organized by Drs. Rafael Irizarry and Giovanni Parmigiani
(http://astor.som.jhmi.edu/hex//index.html). This group meets weekly. Meetings of both groups include
presentations of work in progress, discussions of recent important papers, and presentations of new problems by
environmental and other scientists using bioinformatics/biostatistics tools.

* Cost

In the absence of a Biostatistics Core, Center investigators would be required to make individual
arrangements for statistical collaboration on an as-needed basis. It is unlikely that the BISC members would be
available to many of the Center scientists, since they would be committed to the support of other investigations. By
securing a small fraction of the effort of these bioinformatics and biostatistics experts for the use of all
environmental scientists at the school and by promoting research on improved designs and methods, a larger
group of environmental scientists will have access to state-of-the-art methods for their research.

It is difficult to quantify the cost savings of collaboration with statistical experts; however, a few points are
relevant. First, the efficiency of a study designed jointly by an environmental and statistical scientist will likely be
greater in some cases than what could be achieved by the environmental scientist alone. Itis not unreasonable to
assume that an average efficiency gain of at least 10% would result from their interaction. Hence, the same quality
of information will be collected for 10% lower costs. Second, substantial gains will result from the avoidance of
serious design and analysis flaws, which can lead to incorrect scientific conclusions. The opportunity costs to the
original and new research teams of pursuing false leads that result from poor designs, analyses or interpretations
of environmental data can be enormous.

I. USAGE OF RESOURCES
Environmental Epidemiology

NMMAPS: Over the last five years, the BISC faculty continued collaborations and consultations with several Center
members to address health issues in urban populations. Drs. Zeger, Dominici and Peng collaborated with Drs.
Samet, Breysse, Geyse and Buckley to complete four studies of the health effects of particulate air pollution in U.
S., Canadian and European cities and to start three new ones. The four completed studies all relied upon the
National Morbidity and Mortality Air Pollution Study (NMMAPS-funded by Health Effects Institute, NIEHS, EPA)

PHS 398/2590 (Rev. 09/04, Reissued 4/2006) Page 469 Continuation Format Page



Principal Investigator/Program Director (Last, First, Middle): Groopman, John D. — Bioinformatics/Biostatistics Core

database that comprises daily mortality, air pollution and weather data on the 100 largest cities in the U.S. and on
nearly 50 cities from Canada and Europe. Our group built an on-line repository for the U.S. data through the
internet Health and Air Pollution Surveillance Study (iIHAPSS) funded by the Health Effects Institute, but initiated by
the BISC core. The data is available as an R module from the iIHAPPS web-site (http://www.ihapss.jhsph.edu/).
Software to conduct basic spatial time series analyses of these data is also available there. These methods have
been adopted after modification to conduct an international version of the NMMAPS study, the APHENA project
(funded by HEI) involving cities from the U.S., Canada and Europe.

The NMMAPS study has produced significant public health findings and has created novel methods for risk
assessment. Our collaboration has produced estimates a national and regional relative rates of mortality
associated with a change in PM 10, PM2.5 and ozone for the largest U.S. These results have been relied on by the
U.S. EPA to develop new guidelines for the regulation of these pollutants. A complete reference list is given in
Section |.

MCAPS: The Center has made it possible for us to compete for six new grants from the NIH, EPA and Health
Effects Institute over the last 5 years; three have already been funded; 3 are pending review. We have received
EPA funding to create the Johns Hopkins Particle Research Center that has supported the Medicare Cohort Air
Pollution Study or MCAPS. As described above, we have matched roughly 12 of the 50 million Medicare enrollees
to air pollution monitors nearby and to weather and zip-level SES data. The MCAPS database is now an important
BISC and Center resource that is already producing key findings. For example, Dominici, Peng, Bell, et al (2006)
demonstrated the differential affect of PM2.5 exposure on rates of hospitalization for cardiovascular and respiratory
causes in the eastern and western U.S. generating interesting hypotheses about the possible toxic constituents of
particles. In addition to the EPA Particle Center grant, Dominici, Peng, Zeger and Samet have successfully funded
an NIEHS grant to build novel methods to exploit the MCAPS and other similar datasets. They are also key
personnel in a new NIEHS training grant (Pl, Tom Louis) to support PhD candidates in biostatistics.

Relying on the MCAPS data, we have submitted two other grants to the EPA to investigate the health
effects of course particles (PM10-PM2.5, Pl: Francesca Dominici) and to quantify the total health effects caused by
air pollution (EPA, PI: Francesca Dominici). Finally, Roger Peng has submitted an HEI Rosenblith proposal to
develop methods for making the MCAPS studies reproducible as discussed in Section D.

In developing the MCAPS database, Dr. Dominici and other BISC members developed expertise in working
with the Center for Medicare and Medicaid Services (MCS), the Johns Hopkins IRBs and other administrative tasks
necessary to use Medicare data to address environmental questions. They have established the Collaboration on
Health Information, Computing and Statistics (CHICAS) to facilitate the use of these data by other Johns Hopkins
scientists who can avoid the substantial start-up costs of acquiring and managing the data, obtaining permissions
and developing statistical and database tools to do the appropriate analyses. Several new environmental and other
projects are underway. For example, Pulmonary Medicine fellow, Dr. Emily Smith and colleagues have created a
subset of the Medicare population with chronic diabetes and are estimating the health effects of exposure to air
pollution in this at-risk population.

Methodology: In the course of their collaborative research, BISC members have developed new statistical methods
with important application to Center projects and beyond. For example, in the area of spatial time series analysis,
Dominici et al (2004) developed methods for choosing the optimal degree of adjustment for potential confounding
by time-varying factors. These are now regularly used in our MCAPS analyses. Welty, et al (2007) developed a
novel method for specifying and estimating distributed lag models to determine the total affect of acute exposure
rather than the effect from a single days exposure. Peng, et al (2007) have extended this method to the hierarchical
case where we have many time series from cities around the country. Lu and Zeger (2007) have demonstrated the
equivalence of time series and case-cross-over methods for estimating pollution effects. Dominici et al (2005)
developed the method of smooth quantile ratio estimation (SQUARE) to estimate the costs of medical services that
are attributable to an environmental exposure such as smoking or air pollution. Nearly all of these methods are
implemented in standard software (e.g. R) and are available from the BISC investigators. In the next period, we will
consolidate them into a single location making access more immediate.
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Genomics

What was previously was a Biostatistics Core became a Biostatistics and Bioinformatics Core during the last cycle.
Rafael Irizarry and later Ingo Ruczinski joined the BISC and have dramatically expanded our ability to provide
support for the measurement, management and analysis of genomic data. In the last five years they have made
important advances that have benefited the Center investigators and others beyond.

Measuring gene expression: Affymetrix introduced its original measure of expression that was a contrast between
the degree of binding of perfect oligonucleotides relative to the binding of “mismatched” ones in which a middle
base pair was changed. The idea was to use the mismatch to control for non-specific binding. While correcting for
some bias due to non-specific binding, the mismatch data added substantial noise making it difficult to detect fold
changes in genes with moderate to low abundance. Irizarry and colleagues discovered this problem and, in two
2003 papers (Irizarry, et al, 2003a,b) that are among the most cited in the recent biomedical literature, proposed
RMA an alternate measure of gene expression that is now an industry standard. Center scientists were early
adopters of the improved approach to measurement and benefited directly.

Bioconductor: Irizarry is one of the leaders of a group of statisticians and bioinformaticians who, during the last 5
years, have develop Bioconductor, a computing environment for the manipulation and analysis of genomic data
(Gentleman, et al, 2004). Bioconductor (http://www.bioconductor.org/) is now a leading data analysis tool found in
many genomics labs around the world. In addition to developing these tools, Irizarry, Ruczinski and their
colleagues have presented 5 Hopkins workshops on the use of Bioconductor and on principles for the analysis of
genomic data. They have done two one-day workshops and 3 lectures series. Approximately 500 Johns Hopkins
scientists have participated in the series. Irizarry has just received a 3™ percentile score for his NIH grant to
develop additional tools for genomic data analysis to expand the utility of Bioconductor.

Single nucleotide polymorphism (SNP) data analysis: Both Irizarry and Ruczinski have made significant
contributions to the measurement and analysis of high throughput SNP data. Irizarry and colleagues (Carvahlo, et
al, 2007) have used ideas like those that led to RMA to develop an alternate way to “call” base pairs from SNP
chips. It performs much better than the commercial methods. Ruczkinski and colleagues have developed a
methodology called “logic regression” (Ruczinski, et al, 2003; Scharpf, et al, 2007) that finds a small number of
Boolean combinations (and/ors) of the SNPs that optimally predict a phenotype. With 100,000 SNPs, there are
2100000 hhssible models; their technique efficiently search among subsets of these models for ones that optimally
predict the phenotype.

Epigenetics: With support from the Center, BISC member Irizarry has developed a group of statisticians including
Ingo Ruczinksi to research statistical methods for epigenetic data. Professor Andrew Feinberg of the Johns
Hopkins Department of Medicine is leading a multi-disciplinary team that includes Irizarry’s statistical core in a new
study for the Epigenetics of Common Human Disease. It recently received a $5 million, five-year grant from the
National Human Genome Research Institute and the National Institute of Mental Health to develop methods and to
begin systematically examining the epigenetics of autism and bipolar disorder. The biostatistics methods core will
develop and broadly disseminate methods for epigenetic analysis. Given the potential centrality of epigenetics to
the study of gene-environment interaction, these methods are likely to be important to Center members.

NIGMS Traning Grant on Bioinformatics: During the past cycle, the Center facilitated our ability to respond to a new
NIH initiative to train more bioinformaticians. We successfully competed for a new bioinformatics training grant that
is directed by Dr. Giovanni Parmigiani of Biostatistics and Oncology. Drs. Zeger, Irizarry and Ruczinski are core
members of the training faculty. The program supports five pre-doctoral trainees at a time. The first PhD graduate,
Rob Scharpf has just finished and is a lead author with Dr. Ruczinksi on a SNP data analysis paper. There is also
a NIEHS-funded training grant in Environmental Biostatistics.
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J. FUTURE PLANS

The proposed BISC represents a near doubling of our expertise and effort from the previous period. Five
years ago, we added Rafael Irizarry to strengthen our bioinformatics component. His influence on the Center in the
measurement and analysis of genomic data prompted us to add Ingo Ruczinksi who brings additional experience in
proteomics and SNP data analysis. We have now added Dr. Roger Peng whose database and literate
programming skills complement the genomics group and better integrate it with the environmental epidemiology
members of BISC.

Our specific aims clearly state our intention to continue consultation and collaboration with Center members
to ensure that their research programs take full advantage of modern bioinformatics and biostatistics methods and
expertise. We will continue the very successful strategy of promoting informal “coffee-pot” discussions so that
problems get handled naturally in the course of each day. This is facilitated by the decision of BISC member Dr.
Frank Curriero to move his office and primary appointment to Environmental Health Science the 7" floor. We will
supplement the regular informal contacts with more formal consulting meetings whenever needed. Collaboration
meetings are naturally scheduled by the team members around specific projects. BISC members will keep abreast
of each other’s progress through weekly or bi-weekly meetings of our two working groups and with a quarterly
meeting of the BISC members to discuss policies and procedures.

Our second aim is to continue to develop original environmental science resources that facilitate Center
research. In the next 5 years, we specifically propose to focus on the following topics.

1. MCAPS: We plan to use the Medicare Cohort Air Pollution Study (MCAPS) database to identify
constituents of particulate pollution whose control will most reduce the burden of attributable disease and death.
We also plan to promote the use of the MCAPS resource by other Center members who are pursuing other
environmental questions.

2. Regression for spatial time series data with hierarchical predictors: The MCAPS database and the
constituent question have motivated the development of new regression methods that are designed for the
situation where the predictor variables form a hierarchy as do particulate components. We plan to develop such
methods and disseminate them widely so that others can use and improve upon them.

3. Reproducible Research: We plan to implement new software and databases so that Center research
results can be reproduced by others and can stimulate additional analysis and discussion to speed the rate at
which environmental health science questions are resolved.

4. SNP data analysis: We plan to continue to develop better SNP measurements, pre-processing methods
and methods for identifying combinations of SNPs that predict phenotypes.

5. Statistical methods for epigenetics: While these are early stages of this initiative, we recognize the
potential centrality of epigenetic mechanisms in environmental sciences. We therefore plan to develop methods for
the analysis of epigenetic data and to disseminate them using Bioconductor and short-courses within and beyond
the Center.

K. EFFECT OF FACILITY ON STIMULATING SCIENTIFIC INTERACTIONS

When collaborating effectively, statisticians are cross-fertilizers. By interacting with numerous
environmental scientists, they discover opportunities for the ideas of one scientist to cross-fertilize another. When
they create a novel design or analytic approach to solve one kind of problem, it often applies to many other related
problems. An effective statistician discovers common issues in different scientific studies and brings together
investigators to find common solutions. This has been the pattern over the last five years of our core and will
continue for the next period. For example, Dominici, Zeger, Peng and Currierro have developed and applied spatial
time series models to estimate the relative risk of mortality and morbidity associated with air pollution in two major
studies, NMMAPS and MCAPS. Drs. Irizarry and Ruczinski have developed new methods of measuring and
analyzing genomic data that similarly advances the Center mission. Drs. Dominici and Curriero have interacted
with COEC in their participation in the MPT-JHBSPH EnviroHealth Connections, Winter Colloquium and Summer
Institutes.
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