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Abstract

Background, one of the main challenges of information management involves transferring
information across platforms. The Internet, increasingly available in businesses, homes, and
schools, has become a crucial vehicle for information distribution. In the scientific community,
each year it plays a greater role in clinical research. The volume of biomedical knowledge base
has expanding at an increasing rate, so consequently there is a great requirement for the
management of this data. The purpose of this paper is to describe our software, Database of
Databases (DoD), that was designed to manage the metadata (data drawn from data) relating to
clinical research.

Methods, the DoD was developed with base in previous experiences in clinical research of RoR
- Research on Research group at DUKE University and to be a free clinical research metadata
repository. The software was built under MVC paradigm and it's structure was created using
PHP and MySQL as a data base management system. It was tested in the first way by members
of the Center for Excellence in Surgical Outcomes (CESO) and after by several DUKE
University medical students.

Results, the DoD is open-source and accessible via the Internet, using a workflow standard with
an intuitive and friendly interface. It allows researchers to easily upload information (metadata),
which is then searchable by other users. The DoD has been extensively tested and currently
contains 104 real databases from the United States, Australia, China and Singapore.
Conclusions, in preparing this manuscript, we found few medical information systems that are
open-source, Web-based, or that generate metadata in a standardized fashion.The DoD software
will help the clinical researcher to contribute, locate and exchange data about clinical research

metadata in an easy way.
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Background

Significance

Data on clinical research records [1] show that millions of dollars are spent on record
management every year. Despite this intensive investment, much clinical data that could be
shared among researchers is underutilized. There are many reasons for this, such as limitations in
software, hardware, and networks; scientists who consider their data proprietary, preventing its
use by other researchers; and, most crucially, even if researchers are willing to share their data
with collaborators for further studies, it is often difficult to find such collaborators. These
problems have inspired attempts to integrate heterogeneous data sources in order to extract
metadata. Computer science, specifically the study of metadata, has focused on standardizing
information on the Web [2]. The creation of a standardized repository of metadata that is open
and available to all researchers will facilitate the exchange of information, to the great benefit of

all fields of research.

Information gap

Standardizing information on the Web will provide broad access to metadata, even for those with
little technical knowledge. Unfortunately, most clinical data is not stored in a manner that allows
for easy transfer between computers, secondary statistical analysis [3], or extraction and
subsequent incorporation into another database. Several discussions [4,5,6,7] concerning the
proper care of clinical research records have led to various studies, information systems, and
databases, such as CDISC [1], HL7 [8], VistA [9], EMR [10], PHR [11], and EHR [12], which

are accessed via specialized software, or, more conveniently, in spreadsheets. However, there
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remains a pressing need for user-friendly software that provides transparent and uniform access
to data/metadata stored in multiple databases [13], so that researchers can easily and reliably

exchange data.

Literature review in support of information gap

According to Barreto and Maria [14], the Web's promise as a universal source of information is
only half-fulfilled, and much work remains to improve its systems of data organization and
transfer. Its vast potential [2] is best achieved in systems that allow for a straightforward
exchange of structured data; the Web becomes a platform enabling the automated exchange of
information between servers and applications. Software that takes full advantage of useful Web
services, like searches within documents or datasets, can significantly enhance the management

of metadata.

In 2004, a survey by the Clinical Data Interchange Standards Consortium (CDISC), whose
mission was to develop and support the interoperability of information systems, showed that
94% of participants agreed with the statement, "Sponsors should collaborate in the
standardization of practices and systems for data collection for centers of research" [1]. This
clearly demonstrates [15] the importance of improving current methods of data management and

information sharing.

Experiments with electronic data capture clearly show the benefits of CDISC standards,
particularly when organizations using different platforms exchange data [16]. A CDISC study

involving more than 300 sponsors and 192 research organizations showed that 90% of those
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surveyed agreed that standards should be enforced to facilitate data collection in research centers

[1].

Research on Research investigators at Duke University have developed DADOS-Prospective
[17] and DADOS-Survey [18]. DADOS-Prospective is a Web-based data collection application
which requires a research coordinator to enter data, while DADOS-Survey is a Web-based data
collection application that allows many participants to enter data using a survey mechanism.
Both are open source, and in consideration of the confidentiality of much clinical data, they

comply with HIPAA and CHERRIES standards.

The Internet is an increasingly important medium for the exchange of medical information, but it
continues to be plagued by a lack of interoperability, caused mainly by the great diversity of
computing platforms and data storage environments. Effective data organization is therefore vital, as
the expansion of available sources continues to outpace researcher's ability to incorporate new
information. Several studies have addressed the use of computer science ontologies to organize
information [19]. However, there are few studies proposing workable models of user-friendly,
Internet-available software designed to standardize and share data from research clinics in a secure
manner. The exponential growth of healthcare data has become a major challenge for researchers;
often, they cannot process available data quickly enough to keep up with its growth. Presently, there
are no studies taking the operational point of view into account. Studies should be devised to create

more efficient methods of information extraction.

Objective and hypotheses

This article describes the development, structure and main features of the Database of Databases
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(DoD), an open-source Web application that allows users to locate, record and share data
(specifically metadata), with the goal of encouraging the exchange of clinical research

information around the world.

Implementation

Design objectives

The program Databases of Databases serves as a repository of metadata [14], categorizing
clinical research databases and making them accessible via the Web. It provides researchers with
a data dictionary to describe the variables captured by cataloged databases, for use as secondary
data [20]. It also provides a standardized and centralized metadata access point, which fosters

collaboration and the creation of joint funding proposals to answer important research questions.

(Important terms and concepts discussed in this paper include metadata, which is data about data,
or data that describe data or information [21]; data dictionary, a list of names, definitions, and
attributes of data elements collected in an information system or database [22]; and secondary

data, or data used to investigate questions that may differ from those of the original investigator

[20].)

Technical prerequisites

A metadata scheme, which typically specifies the names of elements and their semantic

meanings, is a set of metadata elements designed for a specific purpose, such as the description
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of a particular type of information resource; a scheme may spell out rules for constructing
content and for what values are allowed [23]. Preliminary studies have shown the need for
certain essential requirements of metadata managers in clinical research: search by description,
advanced search with filters to refine the parameters, new database creation, the ability to change

database attributes using a wiki mechanism, data downloading, and data export in XLS format.

Architecture

The DoD software was modeled with MVC (Model, View, Controller) [24] and developed under
the license for GPL (General Public License) [25], which specifies that "the source code can be
modified and utilized in any way as long as the user maintains the reference to the original
authors." The MV C paradigm uses a three-layer design: Model, Views of the model, and
Controller. It divides processing operations so that the business logic remains compartmentalized

in the middle of the three layers.

The model represents the data and the rules that manage access to and modification of the data,
maintaining the persistence of the application. The model also enables the controller to access
the application's functions. The view represents the user interface, which allows the user to see
the state of the model and to activate the application logic. The controller interprets the user's
actions and maps them onto the model, transforming events generated from the interface into

actions that change the model. This creates the user's experience of the application's behavior.

The DoD was programmed in PHP (Hypertext Preprocessor) [26], a popular, open-scripting
computer language for generating dynamic Internet content. Its database was implemented in

MySQL [27], a management system for databases (DataBase Management System, or DBMS)
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that uses the Structured Query Language (SQL) interface. It operates from a central server
located at Duke University. Eventually, mirrors of the server will be installed around the world;
the first will be at the Duke National University Singapore Graduate Medical School in

Singapore.

The architecture of the DoD is based on tables related through foreign keys (which are primary
keys on external tables) to a main table, called Wiki (Figure 1). It has the following functions:
description search, advanced search with filters, new database creation, modification of database
fields using a wiki mechanism, uploading/modification of the data dictionary and data dictionary

export as XLS

Testing and installation requirements

The DoD was first tested internally by members of the Center for Excellence in Surgical
Outcomes (CESO), then sent to several Duke medical students and other testers for evaluation.
Their comments led to further improvements. Like many of our other Web tools, the DoD is
based on the Web 2.0 concept, and it can be updated and edited continuously by our
programmer. Minimum hardware requirements for installation are a Pentium IV processor, 15
MB of free hard drive space and 512 MB of RAM. The software requires Apache, PHP, and

MySQL, and can be installed on Windows or Linux operating systems.

Implementation and end-user training

DoD development was scheduled at 3 month intervals, as follows: Phase 1 (6/20/06 - 9/20/06):

1) Obtained a list of publicly available behavioral and social science databases related to aging
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for secondary analysis; 2) Created a list of databases that were not available through the CESO
site, and updated it on a google spreadsheet; 3) Determined the variables that would be included;
4) Began collecting the variables related to each database using the Interuniversity Consortium
for Political and Social Research (ICPSR); 5) Began contacting principal investigators
(PI's)/study coordinators to obtain their databases; 6) Assembled a workforce in Brazil for data
entry; 7) Incorporated 30 studies and data dictionaries into the DoD. Phase 2 (9/20/06 -
12/20/06): 1) Continued collecting variables related to each database; 2) Began uploading data
dictionaries; 3) Continued contacting PI's/study coordinators to obtain their databases; 4)
Incorporated 60 studies and data dictionaries. Phase 3 (12/20/06 - 3/20/07): 1) Created the first
Web version of the DoD; 2) Tested for usablity and flaws; 3) Incorporated 45 studies and data
dictionaries. Phase 4 (3/20/07 - 6/20/07): 1) Filled in missing elements of the Excel spreadsheet;
2) Added all information to the online version; 3) Incorporated 5 studies and data dictionaries.
Phase 5 (6/20/07 - 9/20/07): 1) Continued to update and improve the DoD; 2) Continued to
collect information to add to it. Phase 6 (9/2/07 - 12/20/07): 1) Created an online tutorial video
(available at www in: http://researchonresearch.blogspot.com/2008/02/database-of-
databases.html); 2) Opened the DoD to users without requiring a login or password; 3) Gave
presentations and demonstrations of use. Phase 7 (12/20/07 - present): 1) Broadened the scope to
include databases outside of geriatrics; 2) Encouraged users of all backgrounds to add metadata;

3) Continued to give presentations and demonstrations, both in person and on the Web.

The DoD is currently available to researchers. They can search the available metadata, register as
a new user, or contribute databases, at http://www.ceso.duke.edu/dod. The site can be used with
any operating system and any Web browser. Our group has demonstrated the software in a

number of presentations conducted in the US and around the world.

10
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Usability

In the first stages of testing, user feedback exposed problems in the source code and navigational
difficulties; these problems were corrected and the visual interface was improved. Subsequent
trials confirmed the new interface's ease of use and acceptance by the end user. The DoD
currently contains 104 databases, which can be accessed by members of the CESO, medical

students, and biomedical researchers in the US, China, Singapore, and elsewhere. These users

continue to provide feedback for the improvement of the DoD.

Functionality

On the start page (Figure 2), a basic search field enables keyword searches through all collected
database. The Advanced Search option (Figure 3) is also available on the DoD start page--
clicking on "advanced search" brings up customizable search parameters. Search results are
displayed as a set of links in two separate lists (Figure 4). The first list, "Search Results," consists
of databases in which the keyword is found in the title of the database. The second list,

"Database Search Results," contains variables taken from all databases that correspond to the
keyword. Variable names are listed, along with acronyms for the databases from which the
variables were taken. For example, in Figure 4, the Diabetic Cohort Case Notes Extraction Form

Database (acronym SCCS) is listed under "Search Results," and all corresponding variables from that

database are listed in "Database Search Results".

Clicking on the name of a database brings up the Database General Information page (Figure 5),

while selecting "Click here to view" under "Data dictionary" returns a list of all the variables in

11
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that database (Figure 6). The DoD allows researchers to create an account (Figure 7) by clicking
on the "My Account" button in the navigation pane on the left-hand side of the screen.
Researchers can publish information about their own databases by clicking on "New Database"

and filling out form fields (Figure 8). These databases can then be shared with other users.

Discussion

Summary of main findings

The Database of Databases (DoD) is the first open-access software that aggregates, standardizes,
and distributes research data on the Internet. It uses a powerful organizational methodology and a
transparent user interface to make research data available to anyone with internet access, while
taking into account the short, medium, and long-term needs of the clinical research community.
The user interface is simple enough to be used by researchers at all levels of technological
expertise. It is anticipated that the system will greatly increase information exchange and

opportunities for collaboration, thus accelerating the advance of medical science in general.

Though it is still in its early stages of development , the DoD is already contributing significantly
to the dissemination of metadata for research. It combines databases from many researchers and
institutions in the US, Australia, China and Singapore, and it has contributed notably to research on
research (examples include Humphries et al. [28], Cook C, Pietrobon R [29], Freedman et al. [30],
Scarborough et al. [31], Guller et al. [32], and many others). Its intuitive interface for searching
and storing data optimizes workflow, and a training video familiarizes first-time users with its

interface.

12
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Authors agreeing with our study

The DoD has been integrated with another application developed by the Research on Research
group, BiosSG, which uses semantic webs to search for metadata stored in the DoD. It query a
Pubmed for Mesh terms of the author's key-words publications, builds a mesh term cloud, than
the alghorithm picks those words that have 30% or more of occurence and shows a list of words
queried against the UMLS Metathesaurus [33] for synoms. The success of any attempt to
accumulate and distribute metadata hinges on the question of interoperability, as shown by
Haynes [21], who points to the Internet and HTML as an ideal environment for such a system.
Hillmann and Westbrooks foresee a future for metadata administration focusing on semantic web
technologies [34]. There is a clear need for a universal model of metadata administration,

invisible to users, yet fully integrated into modern information systems.

Authors disagreeing with finding and reasons for disagreement

Negative examples of attempts to digitize and standardize medical data exist; one such is the
Electronic Medical Record (EMR) system, which was developed to provide accurate, up-to-date
medical records to physicians. The system was designed and implemented with all necessary care,
but it has been marked by minimal adoption in the US and a low acceptance rate among physicians,
which has resulted in numerous negative consequences [35, 40]. The failure of this and other
electronic health record systems may be partly due to the fact that they were coded in many
different programming languages, and therefore lack the standardization that is vital to the goal of
universal data integration and distribution. In contrast, the DoD is simple to learn and use, with a
standardized user interface and little need for memorization, which fulfills the characteristics of a
good EMR system [35].

Study limitations

13
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One potential area of improvement for the DoD concerns the organization of search terms
according to semantic categories; future versions will integrate the DoD with the Semantic Web
[27], in order to connect the meanings of words and their synonyms with Web content in a
format that is easy to understand in both human and computer languages. The integration of
XML (eXtensible Markup Language), RDF (Resource Description Framework), and the
architectures and concepts of metadata and information ontologies will contribute to the
emergence of Web applications that ensure total interoperability. It will also improve the quality
of searches by contextualizing information and resolving ambiguity [36, 37,38]. The DoD has
not yet implemented classification methods based on Web semantics and ontologies [19,27,36],

but this is a goal for its future evolution.

Conclusions

The vast quantity of information on the Web [10,11,12,20] related to clinical research [13]
presents a ripe opportunity for the creation of a database [15,16,20,22,24, 41] that can be used
for other studies [3], and to which doctors, professional home care providers, health authorities,
and even patients can add data. Such a database should incorporate the need for a secure
environment, usability by a single software application, information centralization and
searchability, standardization for use in other studies [1,16], speed and control of access, and
ease of use for both lay people and healthcare professionals. Our software, Database of Databases
(DoD), is the answer. It is an open-source Web application [14, 39] that stores biomedical research
metadata in a database [22], allowing users to easily locate, record, and share data; and it
consolidates data from different formats, RSS feeds, and combinations according to the search
profile, allowing users to effortlessly learn about databases that are of interest to them, with the goal

of fostering the worldwide exchange of clinical research.

14
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List of abbreviations used:

DoD — Database of Database

CDISC - Clinical Data Interchange Standards Consortium

HL7 - Health Level Seven

VistA — Veteran Health Information Systems and Technology Achitecture

PHR — Personal Health Records

EHR — Electronic Health Record

HIPAA - Health Insurance Portability and Accountability Act
CHERRIES - Checklist for Reporting Results of Internet E-Surveys

MVC - Model, View, Controller

GPL - General Public License

PHP - Hypertext Preprocessor

SQL - Structured Query Language

DBMS - DataBase Management System

CESO - Center for Excellence in Surgical Outcomes

ICPSR - Interuniversity Consortium for Political and Social Research

EMR - Electronic Medical Record

XML - eXtensible Markup Language

RDF - Resource Description Framework
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Figure 2 - Basic search interface
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Do
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database

by CESO

Home

Create new database
My account

Logoff

Database search

Search Category

Age group Data Collection Method Data type Geographical Area
All » All - All - Al -
Adulis Discharge Records Admin. Hospital Data L Africa [=
Children In-person interviews Claims = Asia e
Elderly Phone Interviews Cohort Study Australia

- - Randomized Trial - Europe -

Intervention Longitudinal Variables Pathogenesis System
All & [ 1Al - Al - Al -
Intensive Care |E Hospitals Allergy |E Cardiovascular |E
Internal Medicine Phys=icians Cancer Ear, nose and throat
Obstetrics Subjects Cardiac Endocrine
Crgan Tranzplant i - Congenital/Genetic > Gastrointestinal e

DEBE‘.FTDﬁO’!‘I.’“

| [ Search

List all of databases
1850 Public Use Microdata Sample for the Older Population (PUNMS-0)

Acute Coronary Syndrome (STEMI And NSTEMIVUAP) Coordinated Clinical Pathway - Qutcome and Variance Record (ACS CCP)

Figure 3 - Advanced search interface
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DPuke University

DoD

database of
database

» Home
» Create new database
» My account

Search Results [hack]

+ SCCS Diabetic Cohort Case Hotes Extraction Form (SCCS DC CHEF)
+ SCCS Diabetic Cohort Questionnaire {Interview Booklet) (SCCS DC Q)

Database Search Results

SEBAS = 1=t Long-term medication, range: (0,85), coded mizsing: (0 F1023), categaries (Mone, antipyretic analgesics (hone ache, arthritiz,
rheumatism, spur), tranguilizers, sedatives, hypnotics, other nervous system drugs, cardiotonics, coronary artery disease, cardiac arrhythmia,
treat for apoplexy, e, hypotensive agents (drug for hypertension), drugs for atheroscleroszis (chofibrate), other circulatary system drugs,
antiasthmatic and expectorant, antiasthmatic and bronchial dilators, other respiratory system drugs, digestants, antacids, remedies of peptic
ulcer, cathartics, fecal softeners, other digestive system drugs, hematonics, hepatotonics, vitamins, minerals (osteoporosiz), anti-diabetic
agents, hormone preparations (contain thyroid), other metabolizm (contain drugs for hyperuricuria gout), diuretics, agents used for renal
dizorder, drugs for calculus of urinary tract, other urogenital system drugs (contain drugs for urinary incontinence or prostat, tuberculostatic
agents, other anti-pathogenic, drugs for anticancer, drugs for cataract, drugs for glaucoma, Mot applicable (Mo med))

CHS = 23 Hx Diabetes, Mone 0, ¥es, no therapy 1, ¥Yes, on therapy 2, ¥es, unknown therapy 3, Unknown X, Pre-diahetic 4.

SEBAS = 2nd Long-term medication, range: (0,97), coded mizsing: (0 F1023), categaries (Mone, antipyretic analgesics (hone ache, arthritiz,
rheumatism, spur), tranguilizers, sedatives, hypnotics, skeletal muscle relaxants, antihistamines or antiallergics, other nervous system drugs,

Figure 4 - Search results
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Duke University

DoD

database of
database

» Home
= Create new database
» My account

[Madifications history]  [back]
Database Title [edit]
SCCS Diabetic Cohort Questionnaire (Interview Booklet)
Acromym [=dit]
SCCEDCQ
Keywords [edit]

hiohank, blood, cancer, cardiovascular, case notes, clinic records, cohod, cohort study, CHY, diabetes, DA, epidemiclogy,
gene-environment interaction, hospital records, MEC, nested case-contral, population-hased, privacy, prospective, SCCE, Singapore
Caonsortium of Cohort Studies, specimens, strake, urine

Contact information [edit]

SCos@E@nus.edu.sy,
SCCS DC Hotline: | ™M+ +65 6773 8957 3

Data dictionary

Click here ta view or Click here to download az XLE

Description [edit]

This is a prospective cohort of diabetic patients which collects repeated health & lifestyle information, as well as hlood and urine
samples.
The ohjective iz to follow-up these patients to diahetic complications.

Figure 5 - Dababase general information
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Total Records: 150

[hame] - [insert]

Category Variable Hame

Singapare

Conzortum  Singapore Consortum
of Cohott of Cohort Studies-D
Studies-DM Interview

Irterviesy  bookletStudy number
booklhet

Singapare

Consortum  Singapore Consortum
of Cohort of Cohaort Studies-Di
Studies-D Interview bookletDate
Interviewy  of intervies

bookhet

Singapare

Consortum  Singapare Consortum
of Cohott of Cohort Studies-D
Studies-DM Interview

Interviewy  hookletinterviewed by
booklet

Singapare

Consortum  Singapore Consortum
of Cohort of Cohaort Studies-Di
Studies-Dh Interview

Interviesy  bookletPatient's sticker
bookhet

Variable Code Description

Study number

Date of interviesy DOMMY Y Y

Interviewved by

Patient's sticker if availahle

Optiong

[edit] - [delete]
[madifications
hiztory]

[edit] - [delete]
[madifications
history]

[edit] - [delete]
[madifications
hiztory]

[edit] - [delete]
[modifications
hiztory]

Figure 6 - Details of relevant variables
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To login, please enter your e-mail and password.

Email: anvbodyi@gmail.com
Password: ?-*******

i_| Remember password

| Login |

Register here
Forgot password?

Figure 7 - DoD login/logout/register

Figure 7
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Puke University

detabase of
database

by CESO

» Home

» Create new database
» My account

» Logoff

Database General Information

Database title

Acronym

| *

Keywords

Contact information

Database Description

Description

Figure 8 - New database
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