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Abstract

The Global Alzheimer’s Association Interactive Network (GAAIN) aims to be a shared network
of research data, analysis tools, and computational resources for studying the causes of
Alzheimer’s disease. Central to its design are policies that honor data ownership, prevent
unauthorized data distribution, and respect the boundaries of contributing institutions. The results
of data queries are displayed in graphs and summary tables, which protects data ownership while
providing sufficient information to view trends in aggregated data and discover new data sets. In
this article we report on our progress in sharing data through the integration of geographically-
separated and independently-operated Alzheimer’s disease research studies around the world.
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1. Introduction

At present there are many geographically-separated and independent studies of Alzheimer’s
disease and aging around the world [1, 2]. A primary focus shared among these groups is to
identify quality- and length-of-life predictors that can be used to develop strategies for
reducing the burdens of chronic illness due to aging and disease [2]. For example, a better
understanding of how social and behavioral factors influence the effectiveness of
interventions may lead to improved lives and reduced healthcare costs. Unifying these
research efforts has the potential to reveal more insights into the causes of Alzheimer’s
disease, improve treatments, and design preventative measures that delay the onset of
physical symptoms.

The statistical significance of research findings is dependent upon the amount of data
available to study. Therefore aggregating data into larger pools is essential for effective data
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analysis. This not only increases the precision of measured results but also reveals trends
and correlations that are not apparent from the smaller data sets themselves [3].
Additionally, pooled data can be reused in new studies. This reduces the costs of those
studies because the data does not need to be recollected and the different naming
conventions and terminologies of the smaller data sets have already been harmonized [4].

There is currently a great deal of interest in promoting data sharing in neuroimaging [3, 4].
For our purposes, it is important to distinguish between two tiers of neuroimaging data
sharing because the participants that share data in each tier have different needs and
concerns. In the first tier is the individual research scientist who collects subject data, studies
a particular cohort, and wishes to share the data with other researchers [3, 5]. These
scientists commonly lack resources to share data and tend to be focused upon the
completeness and correctness of their publications [3]. A ”single bucket” system (all data
resides in a single remote location) is often sufficient for them to share their data with other
scientists. The system provides storage and retrieval services, user registration and
authentication, and user access controls. Well known examples include the LONI IDA [6],
PING Data Portal [7], LORIS [8], COINS [9], XNAT [10], and FITBIRL.

The second tier of sharing neuroimaging data consists of organizations that manage their
own data repositories [1, 2] and have computing infrastructure, personnel resources, and
software for data distribution and often make their data available to collaborators. These
data repositories can include the single bucket systems in the first tier. Sharing data across
repositories is complex because data repositories are inherently designed to manage and
distribute data, not to interact with other repositories. Also, each data repository may be
subject to local policies, ethical considerations, and legal obligations; often an Institutional
Review Board places significant limits on the way that data can be shared and even stronger
limits on its re-distribution [11]. Federated approaches have been implemented [e.g., BIRN
Human Imaging Database (HID) [12], NeuroBase [13], and NeuroLOG [14]] that use a
server to distribute queries to each data repository. The queries are accordingly reformulated
at each data repository and the query results are returned and combined into a single result
set. The National Database for Autism Research (NDAR) [11] is a noteworthy example of a
platform that manages data sharing in both tiers. It not only receives and archives data from
individual researchers of autism but is also federated with four other private databases.

The primary objective of the Global Alzheimer’s Association Interactive Network?
(GAAIN) is to establish a virtual community for sharing Alzheimer’s-related data stored in
independently-operated repositories around the world. Neuroimaging, demographic, genetic,
and biologic data are integrated together while respecting the boundaries of existing
repositories and protecting the ownership of shared data. In the next sections we describe the
architecture and discuss how our implementation choices address the practical concerns of
GAAIN’s data partners.

lhttps://fitbir.nih.gov/jsp/about/index.jsp
http://www.gaain.org
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2. Overview

The system architecture of GAAIN contains a central server that communicates with
multiple client applications (Data Partner Clients or DPC’s) that are installed at the data
partner sites. As shown in Fig. 1, data is locally exported into CSV (comma-separated
values) files and loaded into the DPC’s. When GAAIN investigators query the network
through its web interfaces, search requests are sent to the central server. The central server in
turn sends requests to the DPC’s that are “online” (accepting requests). The database in each
online DPC is queried and the results are sent back to the central server where they are
aggregated into the response passed on to the web interfaces.

The DPC is a Java jar file that contains both a light-weight web server3 and database®.
While the jar file is running, the DPC can be configured using its administrative web pages
and its online/offline status can be changed. It uses a single directory for file storage and two
user-configurable ports for administration and secure communications to the GAAIN central
server. The data stored in the DPC may be updated at the convenience of the data partner,
and the only institutional requirement is to change local firewall configurations to allow
HTTPS traffic from the central server into the data partner’s network.

Figure 2 lists some of the data partners currently sharing or in ongoing discussions to share
data through GAAIN. Data partner recruitment is in its early stages and is ongoing. Every
data partner manages a significant data repository of Alzheimer’s disease data housed in
North America or Europe. There is a DPC running at each data partner site, with the
exception of LAADC (at their request we manage their DPC). Figure 3 summarizes the data
that is available for sharing from each data partner. Searchable attributes include
demographic data (e.g., age, gender, race), cognitive measurements [e.g., Mini-Mental State
Examination (MMSE) [15] and Global Clinical Dementia Rating (CDR) [16] scores],
historical and genetic information [e.g., parent history of Alzheimer’s disease and
Apolipoprotein E (APOE) genotype], biological measurements (e.g., CSF level of
phosphorylated tau protein and glucose metabolism in the right hippocampus), and data
segmented from neuroimaging scans (e.g., volume of the brain and hippocampi). GAAIN
provides the resources to map the nomenclature and conventions used by data partners into
the global schema used within GAAIN. These mappings are currently constructed in Java
code and added to the DPC, but in the future we plan on developing a mapping tool to
expedite the creation of new mappings as well as to update existing mappings.

Prospective data partners can apply to join GAAIN from the GAAIN website®. We ask that
each data partner agrees to and signs a Memorandum of Understanding (MOU) that
explicitly states that the data shared by the data partner will be de-identified and that the data
partner will receive recognition on the GAAIN website and in all GAAIN-related
presentations. Investigators can join GAAIN if they have a valid email address and they
agree to acknowledge GAAIN and its data partners in all related publications.

3http://WWW.ecIipse.org/jetty/
4http://vvww.h2database.com/html/main.html
http://www.gaain.org
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3. Philosophy

Control

The prominence of a data sharing network depends upon providing search functionality to
those looking for data while addressing the concerns of those sharing data. As such, GAAIN
aims to help scientists find Alzheimer’s data for their research while protecting the data
ownership rights of each of its data partners. GAAIN search results are displayed using
graphs so that scientists can intuitively interact with the results and visualize trends in the
data without having direct access to the shared data sets. As an added benefit, GAAIN
search interfaces essentially advertise the data shared by each data partner and increase the
public visibility of each partner data repository. Participation in GAAIN can also help its
partners comply with data sharing requirements of their funding agencies.

GAAIN has specifically designed its architecture to address the practical concerns of its data
partners. Design and policy choices that motivate membership are critical because
participation in GAAIN is voluntary. Most Alzheimer’s disease researchers have invested
considerable time and resources in building their data repositories and therefore will be
receptive to joining a data sharing network only if it requires little investment of their
resources and only if their data repositories continue to manage their data. GAAIN
recognizes and addresses these concerns:

GAAIN data partners retain complete control over their data. GAAIN investigators are
directed to the data use application pages of its data partners where they follow existing
application processes. GAAIN does not grant access to partner data nor has access to the
user authentication methods and access controls of its data partners. Every DPC has

an “on/off switch” which provides the freedom to immediately disconnect data from the
network (’go offline”) at any time for any reason.

Light footprint

The GAAIN DPC at each data partner site does not interfere with or consume resources of
the local production system. The DPC is typically installed on a computer system separate
from the production system. This is possible because data is imported into the DPC from a
CSV file that is created by exporting data from the production database. Since it does not
have direct access to the production database, the DPC cannot disrupt the normal operations
of the production system.

No copy policy

At no time will GAAIN store data from any data partner on any GAAIN central server
computer disk, unless requested by the data partner. GAAIN will manage a DPC on its
computers if a data partner does not wish to do so. GAAIN central servers do not save and
manage copies of the data. However, data fulfilling investigator searches may be cached in
server memory to optimize search performance but are never copied or written to disk.
Whenever a partner goes offline, all data cached from the partner is erased.
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All communications between the DPC’s and the GAAIN central server are performed
securely using HTTPS. During the client registration process, privately-signed security
certificates are exchanged and used to establish secure identities. When data partners are
required to conduct security reviews of externally-developed software, GAAIN makes the
DPC source code available for inspection.

Not all architectures that have been used for sharing neuroimaging data have taken these
concerns into consideration. The BIRN HID [12] framework was developed to transfer data
between HID applications in order to optimize queries and distribute data. Data made
available at one HID application can be read by other federated HID applications. HID
installation requires considerable effort since it runs as a 3 tier J2EE (Java 2 Platform
Enterprise Edition) application. Approaches such as NeuroBase [13] and NeuroLOG [14]
use mediation layers to translate investigator queries into source-dependent queries that
directly execute in the databases of its data providers. These data sharing systems also
display query results in tabular form, which assumes that investigators have been granted
access to that data. Among all neuroimaging data sharing systems, NDAR’s [11] federation
approach is perhaps the most similar to that of GAAIN’s. NDAR issues queries and receives
result data only from federated repositories that have approved an investigator’s data access.
Permission for data access may only come from the institution hosting each repository.
Investigators who are not approved may still browse the data available in each database to
see if requesting data access is worthwhile.

4. Search Interfaces

The search interfaces in GAAIN are designed to meet the different needs of GAAIN
investigators. The GAAIN Scoreboard helps investigators quickly determine if data exists in
sufficient numbers to meet study objectives, and the GAAIN Interrogator allows
investigators to view data trends and relationships before being shown where to obtain the
actual data.

The GAAIN Scoreboard provides subject counts across research studies in the network and
is publicly accessible. Since all subjects in a research study do not necessarily have the same
amount of data collected on them, investigators can determine beforehand the actual
numbers of subjects useful to their work instead of downloading and inspecting the data
themselves. For each subject attribute defined in the GAAIN schema (e.g., gender or MMSE
total score), the total number of subjects with data collected for that attribute is displayed for
each data partner. This gives investigators a summary view of the searchable data in the
network and a general picture of the type of data collected by each data partner. In addition
to reporting the total number of subjects per attribute, the Scoreboard also allows
investigators to select combinations of attributes. In this case a subject is counted only if
there is data collected for that subject for all the selected attributes (e.g., gender and MMSE
total score). These subject counts are graphed as bars in a bar chart and are ordered from
highest to lowest counts. Periodically, the GAAIN central server will check the online status
of each DPC and will record when it is offline. Whenever a DPC is offline, the Scoreboard
displays red ”X’s instead of subject counts for the data partner, gives its logo an offline
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status, and reports the last date when the DPC was online. In this way, data partners are
encouraged to keep their DPC’s online and maintain their links to the network.

The GAAIN Interrogator allows investigators to inspect and interact with data in the
network through the definition of cohorts. The first cohort is typically defined as a reference
group of subjects and is compared to the second cohort. The cohorts are plotted together in
the data graphs and this provides a context in which to view the differences between them.
As investigators incrementally adjust the definition of the second cohort, they receive
instantaneous feedback when the graphs automatically update. Investigators utilize this
feedback to make further adjustments and so they effectively "interrogate” the data.

Investigators view different aspects of the cohorts by changing the two subject attributes that
are graphed. The types of graphs that are shown depend upon the data types of the attributes.
When both attributes are limited to finite value sets (e.g., gender values of “male” or
“female”), all value combinations of the attributes are plotted in a bar chart. When both
attributes have unrestricted integral or floating-point values, the attribute values are plotted
in a scatter plot. If the attributes are of mixed data types, either averaged values or
histograms are plotted depending upon whether the attribute values vary in time or not.
Located around the main graph of the two attributes of interest are secondary graphs that
provide summary information about each attribute. Each secondary graph is used to change
the display of the values plotted in the main graph.

The controls for defining the cohorts and changing the display of the main graph are
combined with bar charts and line graphs to make selections visually intuitive. It is easier to
choose a search range (e.g., a range of ages) from a graph (e.g., an age histogram) because
the characteristics of the search field (e.g., shape of the histogram) influence one’s selection.
For example, if an age histogram shows no subjects with ages greater than 90 years old, it is
unlikely the investigator will change the selection minimum to an age greater than 90. This
differs from non-graphical interfaces [12, 14] which typically use a text box or pull down
menu to adjust a search range. In those interfaces an investigator learns about search field
characteristics via trial-and-error (e.g., try setting the minimum age to 90, submit the query,
and receive zero results).

The logo of each data partner in the network is displayed in the top right corner of the
Interrogator. Each data partner is shown either in an online state (ready for a search), offline
state (no searching), or retrieving state (sending search results). Underneath each logo are
the numbers of subjects in each cohort from that data partner. As the cohorts change, these
numbers are updated to reflect the results of the new search. After investigators have
completed searching, they determine which data partners have the subject data they need by
inspecting the cohort numbers. Next to each data partner logo is a link that forwards the
investigator to the data partner’s application page where the investigator can apply for the
data.

5. Future Directions

Our goal is to establish a virtual community for sharing Alzheimer’s data which, in the
future, can serve as the foundation for other unifying initiatives for studying Alzheimer’s
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disease. Although GAAIN currently supports the sharing of measurements and derived data
from neuroimaging scans, our next focus is to incorporate analysis tools and computational
resources into the GAAIN framework with the objective of extracting information from the
neuroimaging and genetic data files of our data partners. This derived data will be stored
back in the network and made available to investigators who will be able to integrate the
data with their search results.

It is an additional goal of ours to offer a data homogenization service to our data partners.
This is readily achievable because partner data in GAAIN is already mapped to a single
schema. If an investigator has been approved by multiple data partners and each data partner
gives their consent, then the investigator will be able to download all the data in the
standardized GAAIN format. This will eliminate the need for each investigator to
understand the different terminologies and definitions used by each data partner and
therefore reduce the amount of effort needed to use the data.

One of the central challenges encountered when harmonizing data across data repositories is
how to manage different measurements of similar attributes. For example, we found that
CSF biomarker levels were measured using different assays in ADNI [17] and INDD [18]
and the protocol for hippocampal volume estimation in ADNI [19] was different than the
protocol used by LAADC [20]. In many cases only partial correlations can be found
between measurements, as when attempting to combine the MMSE and CDR cognitive
assessments [21]. We will be extending our search interfaces by developing components that
visually group together similar attributes, and this will provide search functionality without
the need to combine them.
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Highlights

A shared data network is presented for studying the causes of Alzheimer’s disease.

Geographically-separate/independently-operated data repositories are linked together.

Search interfaces allow investigators to view data trends without access to data.
Ownership of data is protected by displaying the results of queries as graphs.

Data is never copied to the central server disks nor distributed to investigators.
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Figure 1.
GAAIN system architecture. Data partners export their data from their production systems

into CSV files. Each CSV file is loaded into the Data Partner Client (DPC) installed at each
data partner site. The GAAIN central server receives search requests from GAAIN web
pages (Interrogator and Scoreboard) and makes requests to the DPC’s that are online. Search
results are aggregated at the server and graphed or summarized in the web pages.
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Data Partner Research Study Subjects URL

ADNI Alzheimer’s Disease Neuroimaging Initiative 1,387 http://adni.loni.usc.edu/data-samples/access-data/

AIBL Australian Imaging Biomarkers and Lifestyle Flagship 1,000+ http://aibl.csiro.au/
Study of Ageing

ARWIBO Alzheimer’s Disease Repository Without Borders 2,619 https://www.neugriddyou.eu

BIOCARD Biomarkers of Cognitive Decline Among Normal Indi- 350+ http://www.biocard-se.org/public/biocard’20home%20page .html
viduals

CLSA Canadian Longitudinal Study on Aging 45,000+  https://www.clsa-elcv.ca/

DIAN Dominantly Inherited Alzheimer Network 342 http://www.dian-info.org

FHS Framingham Heart Study 8,000+ https://www.framinghamheartstudy.org/

FNAD French National Alzheimer Database 65,535 http://wuw.banque-nationale-alzheimer.fr

Fundaci6 ACE Fundacié ACE 14,0004+  http://www.fundacioace.com/en/

INDD Integrated Neurodegenerative Disease Database 4,424 http://www.med.upenn.edu/cndr/cndr-resources. shtml

LAADC Layton Aging & Alzheimer’s Disease Center 990 http://www.ohsu.edu/xd/research/centers-institutes/neurology/alzheimers/research/

NACC National Alzheimer’s Coordinating Center 30,585 https://www.alz.washington.edu/WEB/researcher_home.html

NIAGADS NIA Genetics of Alzheimer’s Disease Data Storage Site 21,120 https://www.niagads.org/

WLS Wisconsin Longitudinal Study 19,095 http://www.ssc.wisc.edu/wlsresearch/

Figure 2.

Representative current and prospective GAAIN data partners.
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Data Demographics/ Cognitive Genetics | Biologics | Neuroimaging
Partner Family History | Assessments
ADNI v v v v v, MRI, PET
ARWIBO v v MRI
DIAN v v v v v, MRI, PET
FNAD v v
INDD v v v v v
LAADC v v v v, MRI
NACC v v MRI
NIAGADS v GWAS
WLS v

Figure 3.
Categories and types of data available from representative data partners. A check mark

indicates that data in the category has been collected by a data partner and can be searched
in GAAIN. Image data files from MRI (Magnetic Resonance Imaging) and PET (Positron-
Emission Tomography) neuroimaging acquisitions are also available as well as GWAS
(Genome-Wide Association Studies) data files. For example “X, MRI” signifies that a data
partner has collected neuroimaging data (such as hippocampus volume) along with MRI
image data files.
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Figure 4.

GAAIN Scoreboard. The logo of each data partner is displayed in the leftmost table column
along with a link to the data partner’s web site or application page and the total number of
searchable subjects. To the right of each logo are the number of subjects with data collected
for each shared data attribute. The bar chart below the table illustrates the number of
subjects with data collected for all the selected attributes and updates whenever the selection
changes.
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Figure 5.
GAAIN Interrogator. On the left side queries are constructed by defining cohorts and on the

right side the query results are graphed. When the cohort definitions are refined, the graphs
automatically update. This allows an investigator to visually interact with and "interrogate”
the data in the network. The logo of each data partner is displayed in the upper right corner
along with the number of subjects that meet the criteria for each cohort from that data
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partner.
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