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Abstract

We present /nsightas an integrated database and analysis platform for epilepsy self-management
research as part of the national Managing Epilepsy Well Network. /nsightis the only available
informatics platform for accessing and analyzing integrated data from multiple epilepsy self-
management research studies with several new data management features and user-friendly
functionalities. The features of /nsightinclude, (1) use of Common Data Elements defined by
members of the research community and an epilepsy domain ontology for data integration and
querying, (2) visualization tools to support real time exploration of data distribution across
research studies, and (3) an interactive visual query interface for provenance-enabled research
cohort identification. The /nsight platform contains data from five completed epilepsy self-
management research studies covering various categories of data, including depression, quality of
life, seizure frequency, and socioeconomic information. The data represents over 400 epilepsy
patients with 7,552 data points. The /nsight data exploration and cohort identification query
interface has been developed using Ruby on Rails Web technology and open source Web Ontology
Language Application Programming Interface to support ontology-based reasoning. We have
developed an efficient ontology management module that automatically updates the ontology
mappings each time a new version of the Epilepsy and Seizure Ontology is released. The /nsight
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platform features a Role-based Access Control module to authenticate and effectively manage user
access to different research studies. User access to /nsightis managed by the Managing Epilepsy
Well Network database steering committee consisting of representatives of all current
collaborating centers of the Managing Epilepsy Well Network. New research studies are being
continuously added to the /nsight database and the size as well as the unique coverage of the
dataset allows investigators to conduct aggregate data analysis that will inform the next generation
of epilepsy self-management studies.

1. Introduction

Persons with chronic health conditions can significantly benefit from self-management
techniques, which consist of understanding their health conditions and adopting a set of
behaviors to manage their conditions (1-5). Epilepsy is one of the most common serious
neurological disorders, affecting an estimated 50 million persons worldwide (6), with
200,000 new cases reported each year (7). Development and adoption of self-management
techniques have been strongly recommended for persons with epilepsy to positively
influence their prognosis and ability to manage the symptoms of epilepsy (8, 9). Patients
with epilepsy experience repeated seizures that manifest as physical or behavioral changes
that disrupt normal activities (10). Repeated epilepsy seizures have a negative impact on
quality of life, education, and employment, and also increase risk of early mortality (11). In
addition, epilepsy as a chronic condition imposes a high economic burden on patients, their
families, and society; in the US the total cost per year for medical expenditure and informal
care for patients with epilepsy is estimated to be $9.6 billion (12). Some studies have
described the burden associated with non-adherence to anti-seizure drugs, which can result
in negative outcome for persons with epilepsy (13). Therefore, there is clear need to develop
and use approaches that improve the ability of people with epilepsy to control their seizures
and improve their health.

Epilepsy self-management includes a set of behavioral practices that are likely to help
patients better control their seizures and that may positively impact their symptoms as well
as prognosis (8, 14). These self-management techniques are often categorized into three
areas of: (1) treatment management (e.g., medication adherence), (2) seizure management
(e.g., keeping track of seizures), and (3) lifestyle management (e.g., getting regular sleep,
engaging in safe physical activity) (7). Self-management techniques can reduce healthcare
utilization by lowering the number of inpatient hospitalizations, inpatient days and visits to
the Emergency Department (13). Since 2007, the U.S. Centers for Disease Control and
Prevention’s (CDC) Prevention Research Centers (PRC) has funded the Managing Epilepsy
Well (MEW) Network, a thematic research network whose mission is to advance the science
of epilepsy self-management. CDC MEW Network programs are designed to enhance the
quality of life of people with epilepsy (7). A key feature of MEW Network self-management
approaches has been to incorporate consideration of comorbidity such as depression and to
address the pervasive problem of cognitive impairment among individuals with epilepsy. The
MEW Network currently comprises eight PRCs (connected with accredited schools of
public health or schools of medicine with a preventive medicine residency program) that
collaborate on epilepsy self-management research.
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1.1 Motivation for integrated analysis of MEW Network data

The MEW Network was founded on principles of community-based participatory research,
Each collaborating site develops its own capacity to conduct independent research with
community partners to respond to variations in the needs and interests specific to these
communities. Since 2007, each site has collected, securely stored, analyzed, and published
their study findings. However, pooled data from both completed and ongoing MEW self-
management studies represent valuable, untapped information relevant to the epilepsy self-
management research community. Integrative analysis of these datasets will enable epilepsy
researchers to gain new insights into various aspects of epilepsy self-management that may
ultimately help people with epilepsy and their families. A MEW database can harness the
power of aggregated data to better understand the different factors that impact people with
epilepsy, for example identifying the association between seizure frequency and quality of
life or depression. Indeed, effective secondary use of healthcare data for advancing research,
a critical aspect of biomedical informatics, maximizes the value of existing data (15, 16). An
integrated database containing common data collected by the MEW Network sites will
potentially allow researchers to propose new studies on self-management techniques across
subpopulations, geographical locations, and healthcare settings with sufficient statistical
power.

There are many study-specific data repositories that store data using various approaches,
including relational databases, MS Excel spreadsheet, and paper forms (17). These data
repositories are conceptually similar to “data silos” with limited or no support for data
sharing, integration, and secondary analysis. In addition, there is limited terminological
standardization across different epilepsy research studies, which impedes the integrated
analysis of data across different studies. Similar to initiatives such as the International
Epilepsy Electrophysiology Portal (IEEG-Portal), which aims to create a database for
epilepsy electrophysiological data (18), there is a clear need to develop an integrated and
scalable database for epilepsy self-management research data. To meet this need, a MEW
Network database workgroup was established in 2014 to explore the feasibility of an
integrated epilepsy self-management database. The goals of the workgroup included
establishment of an analytical platform that would eventually enable members of the MEW
Network to interactively create cohorts of patients for secondary data analysis.

The consortium of researchers involved in this initiative included representatives from all the
MEW Network collaborating centers. Since September 2014, a Steering Committee
representing research data stakeholders, has developed a standardized process for sharing
de-identified study data across the MEW Network through Data User Agreements (DUA)
and provides continued oversight and guidance for the expansion, management and use of
the MEW self-management study data for research purposes. The MEW Network is
currently coordinated by Dartmouth College. While the MEW Network currently includes 8
collaborating centers, a total of 11 centers have been active during the extant tenure of the
MEW Network, including previously and currently funded centers. These centers are:
Emory University; the University of Texas Health Center at Houston; the University of
Michigan; the Dartmouth Institute at the Geisel School of Medicine; New York University;
the University of Arizona; the Morehouse College School of Medicine; the University of
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Illinois at Chicago; the University of Minnesota; the University of Washington at Seattle;
and Case Western Reserve University (CWRU).

The development of the /nsight MEW Network data analytics platform (hereafter called
Insight) is led by CWRU. Data contribution from participating sites is purely voluntary and
not required under the respective CDC PRC cooperative agreements. As of November 2015,
data from five research studies have been integrated into /nsight. The five research studies
have a total of over 400 de-identified participants with more than 7,552 data points
corresponding to 16 MEW Common Data Elements (CDEs) recommended for inclusion in
study designs by the MEW Network to standardize terminology in the integrated database.
Although /nsight contains only de-identified data from the research studies, the data is stored
using standard best practices in terms of data security, data accessibility, and maintenance of
user access log data.

1.2 Aims of the Insight database

Insightis being developed as a national resource for the epilepsy self-management research
community. To the best of our knowledge there is no existing epilepsy self-management data
analysis platform similar to /nsight, which together with the integrated dataset features a rich
set of data exploration and query functions for easier data analysis by epilepsy researchers.
The four primary goals of /nsightare: (1) integrate data using MEW CDEs as standard
terminology, (2) enable users to interactively explore the data using visualization functions,
(3) provide an intuitive and flexible provenance-enabled query environment for users to
perform cohort identification; and (4) serve as the basis of a proposed epilepsy self-
management registry. /nsight uses an epilepsy domain ontology called Epilepsy and Seizure
Ontology (EpSO) (19) to support advanced data exploration, query composition, and
execution strategies through use of ontology reasoning for “query unfolding” and for
reconciling semantic heterogeneity. These techniques are described in detail in the next
section.

2. Material and methods

Data from a MEW Network research study are added into /nsightin accordance with a
standardized protocol. After a DUA is completed between the /nsight team and a specific
MEW Network collaborating center, the study data is transferred to the /nsightteam either
as Microsoft Excel or Comma Separated Value (CSV) files together with study protocols
describing the provenance metadata (e.g., inclusion and exclusion criteria), and the study-
specific data dictionary. No data is or will be used to identify any study participant. Using
the data dictionary, we map the study data to the MEW CDEs and invoke the data
transformation pipeline for integration and loading of data into the database. The data
transformation pipeline is implemented as a flexible Extract Transform Load (ETL)
workflow, which can be easily modified to incorporate the mappings between MEW CDEs
and the data dictionaries of different research studies. Although there has been extensive
work in data integration techniques (20, 21), there are no existing techniques that can
completely automate the generation of correct mappings between two terminologies;
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therefore we manually generated mappings between the MEW CDEs and study-specific data
dictionaries.

The MEW CDEs are the core component of the ETL workflow and are based on data
elements recommended for epilepsy surveillance studies by the Institute of Medicine (IOM)
(22), the CDEs developed by the National Institute of Neurological Disorders and Stroke
(NINDS) (23), and terms defined in the Behavioral Risk Factor Surveillance System
(BRFSS) Questionnaire (24). The MEW Network database initiative is using an incremental
approach to define epilepsy self-management CDEs with 16 CDEs selected as Tier-1
variables (mainly demographic variables) and 15 additional CDEs approved as Tier-2
variables (mainly clinical outcome variables). The /nsight database schema and the ETL
workflow are designed to be easily extensible to incorporate additional CDEs as they are
recommended for adoption by the MEW database Steering Committee. In addition to data
transformation, the ETL workflow annotates the appropriate subset of study data with
ontology classes defined in EpSO. This “semantic annotation” is used to support ontology-
based reasoning during data exploration and query execution, which significantly improves
the quality of query results (described in the following section).

The integrated database created by the ETL workflow is the first step towards supporting
cross-cohort and multi-study data analysis. At present, most biomedical databases follow a
cumbersome approach for data retrieval, which involves request for data by researchers to a
database manager, retrieval of study cohort data or variable values by the manager, and data
analysis by researchers to evaluate their hypothesis. However, if the researchers are not
satisfied with the retrieved data, they have to resubmit their requests to the database manager
and this process may involve multiple iterations. Clearly, there are several limitations to this
approach, including significant time delay between data request and subsequent analysis,
limited support for data exploration, and lack of tools to dynamically modify search criteria
during cohort identification.

Insight has been designed to support an alternate approach that allows researchers to directly
access data in the integrated database through an intuitive visual interface (Figure 1 (a)
illustrates the differences in the two approaches). In the following section, we describe the
implementation of the integrated database, the ontology-driven data exploration, and
features of the visual query interface (Figure 1 (b) illustrates the information flow in
Insight).

2.1 Implementation of the integrated database

The integrated data is stored in a relational database using MySQL (version 5.6.16). The
tables store: (a) configuration details (e.g., values corresponding to the MEW CDEs, and
user profile information), and (b) study data (e.g., visit information, and epilepsy seizure
details). The configuration details include: the inclusion/exclusion criteria for each research
study; each study protocol; the mappings from the ontology classes to the study values; the
ontology class hierarchy (used to support the multi-level drop down menus in the visual
query widgets and query unfolding during query execution); and the mappings between de-
identified study identifier and study name. The user credentials and user groups with well-
defined access privileges (as determined by the MEW database Steering Committee) allows
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the implementation of a flexible and easy to maintain Role-based Access Control (RBAC)
functionality in /nsight.

In contrast to a naive approach of assigning access privileges to each individual user, which
is difficult to modify and maintain with large number of users, granting access to user
groups allows systematic maintenance of access privileges for all user assigned to a specific
user groups. The research study data are stored in 2 tables with unique identifier of the
participant (generated by /nsightto uniquely identify participants), the source study of the
participant, and demographic information. The data collected at different time points in a
clinical trial corresponding to the research design of individual studies (e.g., baseline,
interim, and follow-up visits) are stored in a separate table. Figure 2(a) shows the current
entity-relationship diagram of the /nsight database and Figure 2(b) shows a screenshot of the
epilepsy ontology class hierarchy used to support query composition and execution.

2.2 Research studies and data elements

The current version of the /nsight database integrates data from five completed MEW
Network research studies (as of November 2015) with a total of over 400 participants. The
five MEW Network research studies in the /nsight database are: (a) Targeted Self-
Management for Epilepsy and Mental IlIiness (TIME) study, (b) WebEase (Epilepsy
Awareness, Support, and Education) study (25), (c) F.O.C.U.S. on Epilepsy: pilot and
randomized control trial (RCT) studies, and (d) Home-Based Self-management and
Cognitive Training Changes Lives (HOBSCOTCH) study (26). The TIME study tested an
intervention consisting of in-person group sessions for adults with epilepsy and co-morbid
serious mental illness, such as severe depression, bipolar disorder or schizophrenia. The on-
line WebEase Program, which was tested in a RCT, uses principles of the trans-theoretical
model of behavioral change, social behavioral theory and motivational interviewing, to
provide tailored and responsive communications, that adapt activities and resources to meet
the user’ readiness to change, self-management needs and confidence in behavior change.
WebEase guides the adoption of favorable medication adherence, stress reduction, and sleep
management behaviors by the adult with epilepsy (27). The FOCUS study tested an
intervention in adults with epilepsy and member of their social support network. The
intervention goal was teach self-management techniques via a workshop, telephonic
coaching sessions, and workbooks leveraging the patient’s social support (25). The
HOBSCOTCH program targets memory and cognitive problems in adults with epilepsy. The
HOBSCOTCH is a phone-delivered program, which was tested in a small pilot RCT (28).
All studies integrated into the database used a repeated measures research design, with data
points collected at discrete time intervals. For this report, only baseline data points from the
studies are featured.

The data from these research studies are mapped and transformed to the MEW CDEs by the
study-specific ETL workflow. The Tier-1 MEW CDEs can be divided into five categories:
(a) demographics, (b) seizure details, (c) quality of life, (d) depression, and (e) other health
measures. Table 1 shows the data categories, the variables corresponding to each data
category, the number of data points, and the data value corresponding to each variable. Table
1 also shows the distribution of participants across the five studies (the FOCUS Pilot and
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RCT values are aggregated into single set of values). Figure 3 is a Venn diagram showing
the distribution of the number of patients corresponding to quality of life, depression,
income, employment status, and seizure frequency values. Figure 3 shows that there is
overlap between some of the measures, including Income, Quality of Life, and Depression
measures (PHQ-9). In the next section, we describe the role of the epilepsy domain ontology
in data integration, query composition, and query execution features of /nsight.

2.3 Role of the Epilepsy and Seizure Ontology

The Epilepsy and Seizure Ontology (EpSO) is an epilepsy domain ontology that has been
developed by an interdisciplinary team of clinical researchers and computer scientists to
support various data management tasks in epilepsy research (19). A domain ontology is a
formal knowledge representation structure that models domain information for consistent
and correct interpretation of data by software applications (29). Domain ontologies, such as
the Gene Ontology (GO) (30) and Human Phenotype Ontology (HPO) (31), play a key role
in reconciling data heterogeneity, harmonizing data from different sources, and ensure the
“completeness” of query results using ontology reasoning (32). EpSO is being developed as
a domain ontology using the well-known four-dimensional classification of epilepsy and
seizures with information about seizures, anatomical locations, etiology, and related medical
conditions (19). In addition, EpSO also models terms describing medication, genes (with
known association to epilepsy syndromes), electrophysiological signal features, and the
MEW CDEs. We use various types of ontology modeling constructs to represent domain-
specific information in EpSO. For example, ontology class-level restrictions are used to
model information about preferred medication, paroxysmal events, and signal features
associated with different epilepsy syndromes.

Using the description logic-based Web Ontology Language (OWL2) features (33), EpSO
can support identification of equivalent terms with different syntactic labels (e.g., using
synonym information and commonly used acronyms), development of user friendly visual
interface (e.g., using textual description of ontology terms), and improvement in quality of
query results through “query unfolding” technique using reasoning. The query unfolding
strategy uses the ontology class hierarchy together with OWL?2 subsumption reasoning to
expand a user query expression by including all the appropriate subclasses of a query term in
the query expression. This enables the query execution module to retrieve results
corresponding to query term and all its sub classes. For example, if a cohort identification
query includes “Aura” as a type of seizure, the /nsight query execution module
automatically expands the query expression to include all its sub classes such as “Auditory
Aura”, “Gustatory Aura”, etc. Many biomedical database query execution approaches rely
only on exact string matching between the query term and the data values, and therefore
query result is often incomplete. This limitation is addressed in /nsight through use of EpSO
class hierarchy during query execution.

Given the key role of EpSO in /nsight, the ontology management module supports: (a)

automated updates of EpSO OWL file as soon as a new version of the ontology is released;
and (b) semantic annotation of research study data as part of the ETL workflow (described
earlier). The automated update feature uses a remote Web service invocation to retrieve the
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ontology OWL file, which is parsed using the open source OWL Application Programming
Interface (OWLAPI) (34). The OWLAPI was developed to allow users to programmatically
create and modify OWL ontologies with support for parsing, validation of OWL2 profiles,
and use of reasoners. The parsed ontology classes together with the class structure
information are used to update the /nsight database. In addition to query unfolding, /nsight
uses the EpSO class hierarchy to support the data exploration and query composition
functionalities also, which are described in the following section.

2.4 Data exploration, visualization, and query composition

Insight allows users to interactively explore the different study variables stored in the
database and perform queries to create research cohorts across different MEW research
studies for subsequent analysis. This module was implemented using the Ruby on Rails
(RoR) Web application framework that uses Model View Controller (MVC) architecture.
The MVC architecture facilitates the logical separation of different components of /nsight
for easier maintenance and extension with new functionalities. Using agile software
engineering principles, we developed /nsight over multiple iterations with user-guided
prioritization of functionalities and frequent user feedback. Agile development technique
allowed evolutionary development of /nsight with easier incorporation of requested changes
and higher user satisfaction through early availability of working software (35). /nsight can
be accessed at http://mew.meds.cwru.edu. After logging into /nsight, the user accesses the
data exploration and query interface.

Based on user recommendations, the data access and query process is divided into two
phases. In the first phase, users can select the most appropriate research study for data
exploration and cohort identification by filtering research studies based on their provenance
metadata (e.g., inclusion and/or exclusion criteria). The study metadata is manually
extracted from the protocol description of each research study, categorized into specific
categories, and made available to the user as “provenance metadata widgets”. The
provenance widget consists of visual interactive query composition features. Provenance
information describes the history or lineage of data, which enables accurate interpretation of
data in the correct context (36). Therefore, the provenance of the research studies allows
users to select research studies that meet the requirements of their research hypothesis and
create research cohorts with comparable data points. After a user selects the provenance
values in the study, metadata query widgets and the resulting research studies are displayed
in the “Query Result” window with links provided for the user to view the complete study
protocol (Figure 4). Users can also download all the data corresponding to a particular
research study in the “Query Result” window without completing the second phase of
querying. In addition, users can also modify their provenance metadata values in the query
widgets to refine their research study search queries.

In the second phase, users can create a research cohort from the research studies selected in
the first phase by selecting an appropriate MEW CDE from a “drop-down” menu. Each
MEW CDE is implemented as an individual query widget and users can select one or more
values using either a drop-down menu or input interface for numeric values (as shown in
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Figure 5). The values selected by the user in each MEW CDE query widget are displayed as
“editable tags” and these tags can be easily deleted to modify the cohort query.

To help the users to select the most relevant values corresponding to a MEW CDE, /nsight
features intuitive data visualization functionality. The data visualization functionality allows
users to explore the distribution of data values across multiple research studies by selecting
an option from different graphic visualization options such as histogram or pie chart. These
visualization features allow users to select the most appropriate MEW CDE values that lead
to inclusion of greater or smaller number of participants in their research cohorts. For
example, the visualization feature may show that most of the study participants in the /nsight
database have “college or technical school” qualification corresponding to “education” CDE.
Therefore, users can select “college or technical school” to ensure that their research cohort
has maximum number of participants. Figure 5 shows histogram and pie charts
corresponding to three MEW studies for the “education” MEW CDE. Figure 5 shows the
research cohort corresponding to the cohort identification query composed by the user. The
users can access the result cohort using features of the “result explorer”, which allows users
to download the research cohort data as an MS Excel spreadsheet or CSV file for further
analysis. In the following section, we discuss some of the planned extensions and challenges
currently being addressed in the MEW Network database initiative.

3. Discussion

As the /nsight system is expanded to include data from additional MEW Network studies,
there is increasing interest in effectively using the integrated datasets to gain new insights
into epilepsy neurological disorder and self-management techniques..

3.1 Application of the Insight platform in epilepsy self-management research

3.2 Towards

The integrated dataset together with the various features supported by the /nsight platform
can provide useful support to the MEW Network in advancing it’s mission and plan future
research priorities. For example, preliminary descriptive data extracted from the database
suggests that women with epilepsy make up the largest sub population in the MEW Network
enrolled sample with mean value of 0.67 women and 0.33 men for data aggregated from four
research studies (Table 1). Table 1 also describes the study-specific distribution of women
and men. This finding is perhaps not surprising given that women may be more likely than
men to seek help for chronic health conditions (37). However, the data on epilepsy does not
suggest a clear gender susceptibility for most forms of epilepsy (38). Thus, men with
epilepsy appear to be inadequately represented in the samples collected by various MEW
Network studies. This insight gained from the integrated dataset can form the basis for
devising and implementing strategies for a more gender-balanced sampling approach. This
will provide truly representative data findings for people with epilepsy with respect to
different self-management techniques.

dynamic integration of data from ongoing MEW Network research studies

At present, the /nsight ETL workflow is executed in a “batch mode” to integrate data from
completed research studies. In contrast to completed studies, data from ongoing research
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studies need to be integrated into /nsightas a continuous data feed. In future, we propose to
use a Service Oriented Architecture (SOA) that consists of RESTful service endpoints
hosted at each MEW Network collaborating center on a dedicated server to transfer de-
identified study data. The service endpoint can be remotely queried by /nsight using a secure
connection for new data and allow easy transfer of data to /nsight. We believe that this
approach (based on “pull” instead of “push”) will allow integration of a continuous data feed
from ongoing research studies with minimal additional effort by the researchers at different
MEW centers.

The ETL workflow will be extended to process data from multiple research studies
simultaneously. Although we do not expect the size of data from different research studies to
be large, we will implement a parallelized ETL workflow using scalable Hadoop technology,
for example MapReduce (39) deployed on a cluster-computing infrastructure to process data
from multiple studies simultaneously. In addition, the ETL workflow will also be extended
to incorporate the Tier-2 MEW CDEs, which have recently been approved by the MEW
Network database steering committee. The new Tier-2 CDEs will also be incorporated in
EpSO as ontology classes and these classes will be used for semantic annotation of the data.

3.3 Formal representation of research study provenance metadata

Limitations

The current implementation of /nsight does not structure the research study metadata into
specific categories and only presents them as list of inclusion or exclusion criteria. There has
been extensive work on formalization of research study protocols (40, 41), for example the
Ontology for Clinical Research (OCRe) that models the details of study design and
eligibility criteria (42). The OCRe project has also developed an annotation pipeline called
ERGO, which is used for formal representation of eligibility criteria of research studies. We
propose to extend this work together with standard representation model of provenance, such
as the new PROV specifications developed by the World Wide Web Consortium (W3C) (43),
to model the research study metadata in /nsight. This formal representation of research study
metadata will enable users to systematically select inclusion and exclusion criteria during
the first phase of querying in /nsight.

In addition, the formal representation of study provenance will also enable reasoning over
metadata values from multiple research studies for cross-study cohort identification queries.
We expect that our experience with formal modeling of study provenance will allow us to
provide appropriate feedback to the MEW Network collaborating centers in terms of
capturing relevant study metadata for subsequent secondary data analysis in /nsight. The use
of W3C PROV specifications to model study provenance will also make it easier for /nsight
to interface with existing biomedical datasets on the Web, such as the Linked Open Data
(LOD) (44), which also use PROV to model provenance information. For example, /nsight
can retrieve data about epilepsy related genes (together with its available provenance
information) from LOD.

The MEW Network was not funded as a centralized entity with standardized procedures and
standard preassigned data elements; therefore interpretation of results is limited by
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heterogeneity at the micro and macro-level. Investigators using /nsight should read through
the specific study protocols carefully to understand how samples may differ based upon
enrollment criteria, study design and study implementation. Data harmonization procedures
may obscure the finer-grained detail that a specific individual study has identified and results
can differ from individual study reports because of the way missing or outlier data is handled
or analyzed. However, the MEW database represents an innovative approach for using data
that takes advantage of the strengths of larger samples to identify patterns or outcomes that
would not be possible with smaller studies. Even for studies where efficacy findings are
negative (such as the FOCUS RCT study), the collected data is still useful to evaluate other
potentially important clinical questions about epilepsy self-management.

4. Conclusion

In this paper, we described the development of /nsight, an integrated database and analytical
platform for the MEW Network collaborating centers to facilitate cross-study cohort
identification for aggregate analysis. This approach effectively leverages the valuable
epilepsy self-management data being collected across the U.S. /nsightis the first
provenance-enabled epilepsy data integration and analysis system that allows users to
explore and perform research cohort identification. In addition, /nsight uses a novel epilepsy
domain ontology called EpSO for semantic annotation, data integration, and query
execution. The EpSO class structure is used for implementing a “query unfolding” strategy,
which ensures completeness of the cohort identification query results. /nsight also features
an ontology management module to automatically update the database with each new release
of EpSO and provides fine-granularity access control through a flexible RBAC feature.

We aim to develop /nsight as a national informatics resource for the epilepsy self-
management research community to allow advanced data analytics and research cohort
identification queries. The /nsight database is already being used to support analysis by
MEW Network investigators who aim to understand the correlation between quality of life
and other clinical variables among persons with epilepsy. As new MEW Network research
studies are added to /nsight, we believe the MEW Network researchers can evaluate novel
research hypotheses with sufficient statistical power and data variety to advance our
understanding of self-management techniques for epilepsy.
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is a thematic research network whose mission is to advance the science of epilepsy self-
management.

Common Data Elements (CDE)
is a set of well-defined terms used consistently across multiple research studies to reduce
data heterogeneity, improve data quality, and facilitate data integration.

Ruby on Rails (RoR)
is a web development framework that uses Model View Controller (MVC) architecture
together with Ruby language for rapid application development

Web Ontology Language Application Programming Interface (OWLAPI)
was developed to allow users to programmatically create and modify OWL ontologies with
support for parsing, validation of OWL2 profiles, and use of reasoners.

Epilepsy and Seizure Ontology (EpSO)

is a domain ontology developed to formally model terms associated with the well-known
four-dimensional classification of epilepsy consisting of seizure, anatomical location,
etiology, and related medical conditions.

Role-based Access Control (RBAC)
is an approach to manage accessibility of users to computational resources based on their
role.

U.S. Centers for Disease Control and Prevention’s (CDC)
is a federal organization in the United States focused on national public health through
control and prevention of diseases.

Prevention Research Centers (PRC)
is a network of research centers funded by the US CDC to study techniques to address risks
of chronic illness such as obesity, cancer, and heart disease.

Data User Agreements (DUA)
is an agreement for transfer and usage of data across different entities, for example research
centers or universities.
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Highlights
Insight is an ontology-driven integrated database to aggregate epilepsy

self management research data from different sites

Provenance-aware cohort query identification for cross-study data
analysis

Interactive user interface with features for data exploration and
visualization to support cohort identification query

Managing Epilepsy Well (MEW) Network consists of 8 collaborating
centers across the US that conduct independent studies in epilepsy self
management techniques

The analysis of the integrated data set provides new insights to
researchers involved in epilepsy self management techniques

Int J Med Inform. Author manuscript; available in PMC 2017 October 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Sahoo et al.

(a) Users

User

gl ] poe

Data

=

Database Manager

Database base
Query Query
Results Expression

Interactive Real- Research Study
time Data Access Metadata

Insight!

Clinical Research Platform
Role-based Access Control
Data Query and Ontology
Visualization Data Access _Reasoning

MEW
integrated | | Ontology
Database | = Management C"g:m; n[":‘a

(b)

Insight!

Clinical Research Platform

A
udy
Investigator

MEW Network

Research Study Principal

Study Data
Data |Dictionary

MEW Network

Insight

Database

Study Metadata Management

Role-

based
== Access
- Control

Insight Data Exploration and Cohort
Identification Query

Steering C

Epilepsy and Seizure Ontology
e Data User
+ oci
> —— Data Analyst o
< =  Cor mian | g
o spataihe -
" SepaioTemporhegion
© TemporalEtity
o {' Extract o
Semantic g Transform <& x
Annotation Administra
Load w
J

New

Research
Request/

Approval

.
>

User/Investigator

Figure 1.

Page 17

(a): Traditional approaches to biomedical database require a database manager to retrieve
data for secondary analysis, however /nsight allows users to directly retrieve relevant data.
Figure 1(b): Information and data flow implemented by the MEW Network database group
is shown with steps covering completion of a Data User Agreement (DUA) to access by

users. The complete workflow consists of 6 steps (marked with a numeric circle in the

figure). Step 1 involves completion of a data user agreement between the MEW Network

center and CWRU followed by mapping of CDEs to data dictionary terms of the new

research study in Step 2. Step 3 consists of using the study-specific ETL to integrate the new
study data into /nsight. In Step 4, the data is annotated with EpSO before storage in the
database. Once the MEW Network coordination committee approves a new research study in
Step 5, an investigator can access the integrated data using the Insight user interface in Step

6.
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Figure 2.
(a): The Entity-Relationship (ER) diagram used for the /nsight database is shown consisting

of tables to store configuration information and study data. Figure 2(b): A screenshot of the
Epilepsy and Seizure Ontology (EpSO) class hierarchy is shown with details of various
types of epileptic seizures, including Aura, Autonomic Seizures, Dialeptic Seizures, and
Motor Seizures.
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o
-

Figure 3.
The Venn diagram shows the data points corresponding to 437 participants in different

categories of MEW CDE. The data categories are Income, Employment, Seizure Type,
Depression Measure (PHQ-9), and Quality of Life Measure (QOLIE-10) (the diagram was
created using tool available at: http://bioinformatics.psh.ugent.be/webtools/\enn)
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Figure 4.
A screenshot of the first phase of querying using provenance metadata of the research

studies using a query widget with editable values. The users can also review a detailed
description of study protocol of a research study.
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Figure 5.
The data exploration features of /nsight allows users to view the distribution of data values

corresponding to a MEW CDE in real time and helps them to compose appropriate cohort
identification queries. The cohort identification query is composed using a set of visual
query widgets with editable values and the details of the resulting research cohort is also
available for viewing.
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Table 1

The distribution of data points corresponding to five data categories and their Managing Epilepsy Well
Common Data Elements in the /nsight database
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Data Category | Study Variables | Number | MEW Network Studies Total
of Data Number of
Points WebEase FOCUS TIME HOBSCOTCH Participants
Study Study (Pilot | Study Study
and RCT
studies)

Socioeconomic | Gender 430

-Demography
Male 39 (26%) 69 (38%) 18 (41%) | 18 (31%) 144 (33%)
Female 109 (74%) | 111 (63%) 26 (59%) | 40 (69%) 286 (67%)
Race 372
White 132 (89%) | 140 (78%) 16 (36%) | - 288 (77%)
Black/African-
American 2 (1%) 22 (12%) 25(57%) | - 49 (13%)
Asian 3 (2%) 0 0 - 3 (1%)
American Indian
or Alaska Native 0 1 (1%) 3(7%) - 4 (1%)
Other ™ 11 (8%) 17 (9%) 0 - 28 (8%)
Ethnicity 372
Hispanic or
Latino 7 (5%) 9 (5%) 3 (7%) - 19 (5%)
Not Hispanic or
Latino 141 (95%) | 170 (94%) 41 (93%) | - 352 (95%)
Other 0 1 (1%) 0 - 1 (1%)
Education 430
Never attended
school or only
attended
kindergarten 0 0 0 0 0
Grades 1 through
8 (Elementary) 0 1 (1%) 0 0 1 (1%)
Grades 9 through
11 (Some high
school) 1 (1%) 3 (1%) 11(25%) | 0 15 (3%)
Grade 12 or
GED (High
school graduate) 19 (13%) 33 (18%) 8 (18%) 27 (47%) 87 (20%)
College 1 year to
3 years (Some
college or
technical school) 68 (46%) 61 (34%) 21 (48%) | O 150 (35%)
College 4 years
or more (College
graduate) 58 (39%) 75 (42%) 4 (9%) 30 (52%) 167 (39%)
Other 2 (1%) 7 (4%) 0 1 (1%) 10 (2%)
Income 224
Less than $25K - 81 (45%) 42 (95%) | - 123 (55%)
$25,000-$49,999 - 16 (9%) 2 (5%) - 18 (8%)
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Data Category | Study Variables | Number | MEW Network Studies Total
of Data Number of
Points WebEase FOCUS TIME HOBSCOTCH Participants
Study Study (Pilot | Study Study
and RCT
studies)
$50,000 or
greater - 7 (4%) 0 - 7 (3%)
Other - 76 (42%) 0 - 76 (34%)
Employment 430
Self-employed 1 (1%) 1 (1%) 0 0 2 (1%)
Employed for
wages 76 (51%) 68 (38%) 3 (7%) 21 (36%) 168 (39%)
Retired 3 (2%) 17 (9%) 5 (11%) 0 25 (6%)
Student 5 (3%) 6 (3%) 1 (2%) 0 12 (3%)
Homemaker 3 (2%) 8 (4%) 4 (9%) 0 15 (3%)
Do not
work/Disability 4 (3%) 48 (27%) 19(43%) | 0 71 (17%)
Out of work for
less than 1 year 0 8 (4%) 2 (5%) 0 10 (2%)
Out of work for
1 year or more 0 19 (11%) 10 (23%) | 37 (64%) 66 (15%)
Other 56 (38%) 5 (3%) 0 0 61 (14%)
Relationship 192
Status
Married 69 (47%) - 4 (9%) - 73 (38%)
Member of an
unmarried
couple 12 (8%) - 2 (5%) - 14 (7%)
Never married 36 (24%) - 21 (48%) | - 57 (30%)
Divorced 22 (15%) - 14 (32%) | - 36 (19%)
Widowed 3 (2%) - 1 (2%) - 4 (2%)
Separated 1(1%) - 2 (4%) - 3 (2%)
Refused/
Unknown/Other 5 (3%) - 0 - 5 (2%)
Seizure Details | Type of Seizure 250
Partial Seizure 65 (44%) - 7 (16%) 49 (85%) 121 (48%)
Generalized
Seizure 76 (51%) - 25(57%) | 9 (15%) 110 (44%)
Other 7 (5%) - 12(27%) | 0 19 (8%)
Health Health Status 44
Measures
Excellent - - 1 (2%) - 1 (2%)
Very good - - 4 (9%) - 4 (9%)
Good - - 9 (20%) - 9 (20%)
Fair - - 20 (46%) | - 20 (46%)
Poor - - 7 (16%) - 7 (16%)
Don't know/not
sure - - 3 (7%) - 3 (7T%)
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Data Category | Study Variables | Number | MEW Network Studies Total
of Data Number of
Points WebEase FOCUS TIME HOBSCOTCH Participants
Study Study (Pilot | Study Study
and RCT
studies)
Quality of Life | QOLIE-10 2182
Measure
Average total
value (Baseline) 2.59 34 2.9 - 3.0
Depression PHQ-9 2626
Measure
Average total
value (Baseline) - 8.2 10.9 9.3 9.1

*
Other includes additional or non-standard categories, missing data or results that are not interpretable QOLIE-10: 10-item quality of life measure,

lower scores indicate better quality PHQ-9: Patient Health Questionnaire, lower scores indicate less depression
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