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Abstract

Background Inflammatory bowel disease (IBD) is a
heterogeneous collection of chronic inflammatory disorders
of the digestive tract. Clinical, genetic, and pathological
heterogeneity makes it increasingly difficult to translate
efficacy studies into real-world practice. Our objective was
to develop a comprehensive natural history registry derived
from multi-year observational data to facilitate effective-
ness and clinical phenotypic research in IBD.

Methods A longitudinal, consented registry with prospec-
tively collected data was developed at UPMC. All adult
IBD patients receiving care at the tertiary care center of
UPMC are eligible for enrollment. Detailed data in the
electronic health record are accessible for registry research
purposes. Data are exported directly from the electronic
health record and temporally organized for research.
Results To date, there are over 2565 patients participating
in the IBD research registry. All patients have demographic
data, clinical disease characteristics, and disease course
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data including healthcare utilization, laboratory values,
health-related questionnaires quantifying disease activity
and quality of life, and analytical information on treatment,
temporally organized for 6 years (2009-2015). The data
have resulted in a detailed definition of clinical phenotypes
suitable for association studies with parameters of disease
outcomes and treatment response. We have established the
infrastructure required to examine the effectiveness of
treatment and disease course in the real-world setting of
IBD.

Conclusions The IBD research registry offers a unique
opportunity to investigate clinical research questions
regarding the natural course of the disease, phenotype
association studies, effectiveness of treatment, and quality
of care research.

Keywords Inflammatory bowel disease - Phenotyping -
Natural history - Registry

Introduction

Inflammatory bowel disease (IBD) consists of two main
entities: Crohn’s disease (CD) and ulcerative colitis (UC).
IBD is estimated to affect up to two million Americans,
with an increasing annual incidence of 39.4 cases per
100,000 person-years in North America [1]. CD and UC
result in morbidity, disability, and heightened mortality,
generating approximately $6.3 billion in direct healthcare
costs and an additional $3.6 billion in indirect costs due to
loss of productivity [2—4]. The clinical course of IBD is
variable and often unpredictable. IBD severity ranges from
mild symptoms to severely debilitating disease. Therefore,
IBD encompasses a large spectrum of severity, disease
duration, disease course, and complexity of disease-related
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extra-intestinal manifestations. This heterogeneity of dis-
ease over time and across individuals significantly limits
our ability to translate results from randomized controlled
clinical trials into clinical practice [5]. For example, the
effectiveness of therapeutic drugs varies over time within
individuals, and across individuals with different degrees
of IBD severity [6-8].

Given our incomplete understanding of disease hetero-
geneity and the inherent limitations of clinical efficacy
studies in IBD, we sought to define clinical subtypes of
disease by examining disease course patterns and the
effectiveness of medical therapy in a tertiary care clinic. To
this end, we developed a research registry of IBD patients
at UPMC. The aims of the IBD research registry are to: (1)
organize clinical information and define the natural history
of IBD; (2) develop a research platform for association
studies and the delineation of clinical phenotypes; and (3)
examine effectiveness and quality of care measures in the
setting of IBD. We propose that a database using
prospective observational health record data will support
and facilitate natural history, disease phenotyping, and
effectiveness research in chronic illness. This manuscript
details the design, development, challenges faced, and
implementation of the IBD research registry at a large
tertiary care center in the USA.

Materials and Methods
Registry Setting

The IBD research registry is an IRB-approved patient
registry maintained at UPMC in Pittsburgh, PA. The reg-
istry was created in 2001 by a gastroenterologist who is
also the principal investigator (MR). The principal inves-
tigator originally began enrolling IBD patients in the
National Institutes of Digestive, Diabetes and Kidney
Disease genetics consortium and used the registry in par-
allel to prospectively consent all IBD patients visiting the
UPMC Digestive Disorder Center. The rationale for the
initial development of the registry was to gather clinical
data for IBD patients who were participating in the genetic
discovery arm of the consortium. The registry was initially
managed as a research tool, outside of the daily clinical
practice and clinician access. In 2008, an initiative was
formed to incorporate observational healthcare data into
the registry. To achieve this goal, the registry was moved
into an electronic, Health Insurance Portability and
Accountability Act (HIPAA)-compliant secure environ-
ment that could be readily accessed by gastroenterologists,
support staff, and IRB-approved research collaborators.
Concurrently, UPMC introduced an outpatient electronic
health record system (EpicCare, Epic Systems, Verona,

WI, USA) for all affiliated sites in the UPMC system,
which includes over 20 hospitals and 500 clinics across
Western Pennsylvania. This system-wide electronic medi-
cal record allowed all clinical data across numerous
healthcare facilities to be captured.

Registry Enrollment

The target population for the registry is adult IBD patients,
18 years of age and older. This population is derived from
patients presenting to the Digestive Disorders Center at
UPMC, a tertiary care clinic with physicians with IBD
expertise. Recruitment for the IBD research registry is
ongoing and in perpetuity. As a part of the initial clinic
visit, all patients are provided a consent form with a
description of the IBD registry. All IBD physicians and
their staff are co-investigators on the registry. At the time
of the clinic visit, the registry is explained to the patient by
a co-investigator and the patient has the opportunity to ask
questions. The patient may choose to sign the registry
consent during the clinic visit, may decline enrollment in
the registry, or may elect to take the consent with them to
review further and ask additional questions. The consent
form describes the participation risks including the most
significant potential risk of a breach of confidentiality.
Within the consent form, we request access to medical
records for research purposes and the ability to approach
enrolled patients for future research studies, both of which
are critical for ongoing research and recruitment. The
consent form does not have a menu of options to avoid
unnecessary complexity. Any new research initiatives that
would like to link data to the UPMC IBD Registry, or
request biological samples, require a separate consent.
Patients may withdraw from the registry at any point, and
these procedures are outlined in the consent. Patients are
also offered the opportunity to participate in the registry
during follow-up care. Participation in the registry is
optional, and all patients receive the same clinical care
whether they are included in the registry or not.

Registry Design and Measures

Variables imported into the IBD research registry are
generated as a part of routine outpatient clinical care
(Fig. 1). Data extraction from the electronic medical record
(EMR) for the purpose of the IBD registry has been
occurring since 2009. Clinical data for patients enrolled in
the registry are systematically exported from the EMR
through the Center for Assistance in Research using eRe-
cord at the University of Pittsburgh, an information tech-
nology support group. Data are retrieved from the EMR
biannually, categorized according to clinical domain
(medications, radiology, laboratories, etc.), and delivered
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Fig. 1 Flow diagram of inflammatory bowel disease research
registry. /BD inflammatory bowel disease, H&P history and physical

electronically to the registry research team. Automated and
manual data transformations are used to separate all values
into domain-specific datasets. Clinical events are catego-
rized as binary (categorical) outcomes (0,1) for initial
statistical analyses. Laboratory values are imported as raw
numbers and are further defined as normal or abnormal
(0,1). Annual dichotomous patterns for clinical events,
medication prescriptions, and abnormal laboratory values
are created. The exact dates of these data points are also
preserved for time-to-event analyses. All data are stored
behind the HIPAA-compliant, password-protected UPMC
firewall, in a secure environment, only accessible by co-
investigators listed on the IRB approval who have com-
pleted appropriate human subjects research training.

@ Springer

Master data lists are password-protected and archived for
data integrity.

In order to provide access to the data for research col-
laborators, and to enable advanced data analysis, the data
are completely de-identified and imported into a relational
database or statistical package. The de-identification pro-
cess creates unique identifiers for each record and gener-
ates a patient lookup list used to link the original data
structure. This lookup list is stored behind the UPMC
firewall, and patient identifiers are separated from the data.
The relational database is deployed on a secure HIPAA-
compliant server accessible via a virtual private network by
co-investigators listed on the IRB approval. The de-iden-
tification process also allows for collaboration with outside
institutions if multi-site collaborations arise.

Table 1 Measurements collected in the inflammatory bowel disease
research registry

Patient demographics
Disease-related information
Age at diagnosis
Disease duration
Disease localization according to Montreal classification
Disease phenotype according to Montreal classification
Patient questionnaires
SIBDQ
HBI
UCAI
Endoscopic data
Pathology (surgical and procedural)
Radiological data
Comorbidities—ICD-9 codes
Laboratory
Standardized IBD laboratory panel
Fecal microbial testing including Clostridium difficile
Medications
IBD-related prescriptions
Other prescriptions
Healthcare utilization
IBD clinic visits
Emergency department visits
Hospital admissions
Telephone encounters
Radiology
Surgical procedures

Total charges for healthcare services

IBD inflammatory bowel disease, SIBDQ Short Inflammatory Bowel
Disease Questionnaire [37, 38], HBI Harvey—Bradshaw Index [10],
UCAI ulcerative colitis activity index [47], ICD-9 International
Classification of Diseases, Ninth Revision
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Variables collected include demographic information
(Table 1) and initial IBD classification of CD or UC.
Related comorbidities are recorded through the use of
administrative International Classification of Diseases,
Ninth Revision and Tenth Revision (ICD-9, ICD-10) codes
and EMR problem lists. Laboratories, vitals and objective
data collected and entered into the EMR during the patient
visit are organized by subject and visit date. Healthcare
utilization measures include telephone encounters, emer-
gency department visits, IBD clinic visits, hospital admis-
sions, endoscopic and radiological procedures, and
surgeries. Financial healthcare charges are also organized
by year. Medication data include prescriptions for biolog-
ics, immunomodulators, steroids, 5-aminosalicylates and
iron supplementation for each calendar year. Data on
psychiatric and opiate pain medications are also collected
as markers comorbid. Additional medications that are not
part of routine IBD care can be retrieved using search
algorithms.

As a part of the standardized visit in the UPMC
Digestive Disorders Center, each patient is asked to com-
plete health-related questionnaires, such as the published
version of the Short Inflammatory Bowel Disease Ques-
tionnaire (SIBDQ), the Harvey—Bradshaw Index for CD
(HBI), and an ulcerative colitis activity index (UCAI) for
UC [9-11]. The questionnaires are administered at every
visit to inform clinical care, regardless of a patient’s reg-
istry inclusion status. Patients complete hard copies of the
questionnaires in their clinic room. Individual component
subscores and total scores for each visit are recorded in the
EMR by clinic support staff and are available for export
into the registry. These standardized clinical measures
allow prospective measurements of patient-reported dis-
ease clinical activity and health-related quality of life.

The outpatient EMR has many standard data entry
fields, which can be exported in collaboration with the
Center for Assistance in Research using eRecord at the
University of Pittsburgh. When research projects would
benefit from the addition of a variable that is collected in
clinical care, we can make additional data extraction
requests for retrieval of these data. One example would be
family history of IBD and other coexistent diseases. These
data are routinely collected at patient visits and was not
originally a part of the initial pre-specified registry dataset.
Requesting new information allows the research team the
ability to create and manipulate new variables and popu-
lations of interest as new research questions arise.

In addition to data collected in standard data entry fields,
the outpatient record contains health information that is not
standardized in the patient chart. This valuable information
appears in patient discharge summaries, surgical notes,
endoscopic reports, pathology reports, clinic notes, and
other free-text entry fields. Text data from free entry fields

are exported into the IBD research registry in de-identified
ASCII text files, which allows for the use of natural lan-
guage processing toolkit and the R Project for Statistical
Computing for analysis and retrieval of textual information
from free-text files [12, 13]. We recently began work on
implementing a combination of Apache OpenNLP natural
language toolkit and Apache cTakes natural language
processing (NLP) system for extraction of information
from clinical free text to improve the processing of natural
language text [14, 15]. There are several major challenges
to extracting meaningful information from free-text data,
such as pathology or endoscopy reports. These challenges
include lack of structure in the narrative, multiple spellings
and synonyms for terms of interest, as well as issues with
context negation. For example, when extracting presence
or absence of Clostridium difficile from pathology reports,
16 different spellings for “Clostridium difficile” were
found. In order to address these issues, we began to use
NOBLE tools developed at the University of Pittsburgh,
Department of Biomedical Informatics, to create dic-
tionaries and ontologies for terms of interest [16]. Fur-
thermore, NOBLE tools have built-in NLP support for
identifying context negation, helping resolve issues with
false-positive term identification. While this approach is
still in its development phases, we have been validating its
accuracy with manual search and classification of terms of
interest.

Quality Assurance

The IBD clinic has a standardized intake visit and also
standard laboratory panels which help facilitate more uni-
form data capture. Many of these uniform datasets and data
capture strategies are utilized at the goodwill of clinicians.
Our clinicians are not incentivized to use certain notes or
pre-populated laboratory order sets. Data quality and
integrity are monitored by manual review after data export.
Data validation occurs at the extreme values of each
measure. For example, a patient weight is verified if the
value does not fall within a pre-specified data validation
range. Random manual EMR verification (“spot check-
ing”) is also performed on each dataset to ensure accuracy.
Data linkage and matching are performed using unique
patient identifiers. Missing data are imputed using the
medical record, and manual data extraction from the EMR
is performed on a case-by-case basis.

Registry Team
The registry is coordinated by an analytical research sci-
entist who processes data extraction requests and organizes

master files. We have found that having a dedicated staff
member has revitalized the UPMC IBD Registry. The staff
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analytical research scientist allocates duplicate data
appropriately to active researchers, preserving data integ-
rity of the master files. Trained clinical personnel consent
individuals to join the registry. Hard copies of disease
activity indices and quality of life metrics are completed by
patients in their clinic rooms and entered into the official
medical record by clinical support staff. All other research-
related operations, including the data entry of research
questionnaires, are assigned to the primary investigator on
each IRB-approved substudy. We also receive information
technology assistance from the Center for Assistance in
Research using eRecord at the University of Pittsburgh,
and data science collaborators from University of Pitts-
burgh, School of Information Sciences.

Ethical Considerations

The research registry is an IRB-approved protocol (Proto-
col #0309054), open for continuous enrollment, and
undergoes renewal as dictated by IRB regulations. All
subsequent data linkage protocols and research questions
involving the database require separate IRB approval to
ensure the protection of human subjects. Subjects are able
to withdraw from the IRB research registry at any time
with a written request to the principal investigator.

Results

The initial registry cohort, in collaboration with other
NIDDK genetics consortium institutions, has been an
instrumental part of published genome-wide association
studies and other genetic discoveries in IBD [17, 18]. With
ongoing enrollment, the registry continued to grow after
the revitalization initiative in 2008 and currently includes
over 2565 patients participating in the IBD research reg-
istry (Table 2). Using annual visit trends, we estimate that
approximately 70 % of the IBD patients in our clinic are
actively participating in the registry. Each newly consented
registry participant provides us with new data going for-
ward, but also all retrospective data contained in their
outpatient EMR from 2009 to the time of the data pull. This
allows for backfilling of the data for each new registry
member while avoiding manual chart review. IBD registry
participants represent over 700 unique zip codes and rep-
resent a wide geographic area (Table 2). The median age is
43.8 years, and the vast majority of participants are Cau-
casian, while just under half the participants report full-
time employment (Table 2).

Disease-related information is a critical component of
the registry with nearly 90 % of IBD registry participants
having defined disease phenotype based on Montreal
classification (Table 3) [19]. The average disease duration
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Table 2 Inflammatory bowel research registry demographics

IBD registry participants (n) 2565
Age?, years (median, IQR) 43.8 (32.9-57.6)
Race, n (%)
Black 60 (2.3)
White 2390 (93.2)
Other 8 (0.3)
Not specified 107 (4.2)
Living status (n, % alive) 2500 (97.5)
Number of zip codes 748
Employment status, n (%)
Full time 1184 (46.2)
Part time 59 (2.3)
Self-employed 60 (2.3)
Student 190 (7.4)
Retired 206 (8.0)
Not employed 460 (17.9)
Not specified 403 (15.7)

IQR interquartile range
* Age calculated as of October 1, 2015

Table 3 Inflammatory bowel disease research registry disease
information

Total (%)
Disease classification, n (%)
Crohn’s disease 1313 (51.2)
Ulcerative colitis 910 (35.5)
Indeterminate colitis 7 (0.3)
IBD—unclassified 190 (7.41)
Disease duration, median (IQR) 15.0 (10-22)
Patients with Montreal classification, n (%) 2238 (87.3)
Patients with history of IBD surgery, n (%) 563 (22.0)

IBD questionnaires (n; median, IQR)
SIBDQ 9905 52 (40-61)
HBI 10,446 4.84 (0-55)
UCAI 10,446 2.0 (0-6.0)

IQR interquartile range, /BD inflammatory bowel disease, SIBDQ
Short Inflammatory Bowel Disease Questionnaire [9], HBI Harvey—
Bradshaw index [10], UCAI ulcerative colitis activity index [11]

is 17.4 years, and 22 % of patients have had a history of
IBD-related surgery prior to 2009 (Table 3). Nearly half of
the participants have CD (Table 3).

The effort to achieve our primary aim to organize
prospectively collected, longitudinal clinical information
has resulted in over 500 gigabytes of temporally organized
data. We have organized over 1.3 million laboratory values
and 124,658 prescriptions since 2009 (Table 4). Routinely
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collected utilization measures, including office visits,
telephone calls, surgeries, hospitalizations, emergency
room visits, and radiological or endoscopic procedures,
have been organized by year (Table 4). We have organized
over $310 million of total financial healthcare charges
incurred by patients in the IBD registry and are exploring
financial charge data as a new phenotype of disease
severity (Table 4).

Our second aim was to develop a research platform for
the definition of clinical phenotypes. The data have

Table 4 Inflammatory bowel disease research registry total number
of measurements

Total number organized

Laboratory values 1,308,993
Clinic visits 36,747
Telephone encounters 645,888
Emergency room visits 7378
Hospital admissions 3508
Endoscopies 8472
Surgeries 1304
Radiology (n)
CT 7716
MRI 2585
X-ray 10,569
Comorbidities® 2152
Prescriptions
Biologics” 5976
Immunomodulators 6897
Systemic steroids 6867
5-ASA 4652
Other 100,236

Total charges organized ($) $310.3 Million

5-ASA 5-aminosalicylic acid medications

% Based on the International Classification of Diseases, Ninth Revi-
sion (ICD-9) codes contained in patient-specific problem lists

" Biologics included anti-tumor necrosis factor agents (infliximab,
adalimumab, certolizumab pegol)

resulted in multiple clinical phenotypes that have been
published and are associated with increased levels of
healthcare utilization or predictive of poor disease out-
comes (Table 5). These phenotypes include patients with
high-volume telephone calls, persistent or recurrent ane-
mia, CRP elevations, and peripheral eosinophilia [20-24].
We developed a set of tools written in Python program-
ming language to search unstructured text data and identify
patients with features of interests. These features included
presence of granulomas on pathology reports, as well as
presence or absence of Clostridium difficile in endoscopy
reports, both of which have resulted in meaningful sub-
groups for analysis [25, 26]. Projects are underway to link
the clinical phenotypes to genotype signatures and utilize
genetic data to understand the relationship of drug meta-
bolism polymorphisms and patient data in our population.

Finally, we have overcome numerous challenges during
the development and implementation of a longitudinal
natural history database (Table 6). An ongoing challenge is
the quantification of patient follow-up. With natural history
data, it is difficult to distinguish whether a patient did not
have an endoscopy because they were lost to follow-up, or
if they are feeling well and did not require endoscopic
evaluation. To ensure patients in hypothesis-driven studies
resulting from registry data are only included if they are
active in our practice, we organize outpatient EMR
encounters to quantify a patient’s telephone activity, email
exchanges, clinic visits, or emergency department use in a
calendar year. These data are the backbone of all inclusion
and exclusion criteria for multi-year studies and are not
routinely accessible in registries unlinked from the EMR or
cohorts based on administrative datasets.

Another facet of data organization that commonly
accompanies longitudinal data is the identification of study
observation intervals. To address this, we prospectively
lock our data on a calendar year basis. This strategy allows
for cross-sectional association studies to be repeated on
each annually locked dataset and provides internal vali-
dation for the evaluation of trends over time. Previous

Table 5 Example clinical phenotypes explored using the inflammatory bowel disease research registry

Phenotypes

Risk of adverse health outcome

Silent Crohn’s disease: CRP elevation without clinical symptoms [21]
Persistent/recurrent anemia [22]

High telephone encounters [20]

Peripheral eosinophilia [23, 24]

Obesity in IBD [48]

Long-term lipid profiles in IBD [49]

High healthcare utilization in IBD [27]

Increased risk and rate of hospitalization

Associated with increased healthcare utilization

Increased risk of hospitalization and/or emergency room use
Increased patient charges and healthcare utilization

Use of lower dosing of IBD-related medications
Dyslipidemia is associated with more severe disease

Associated with unemployment, psychiatric disease, narcotic use,
and medical comorbidities

CRP C-reactive protein, /BD inflammatory bowel disease
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Table 6 Challenges and solutions in creating and maintaining a registry

Challenges

Solutions

Data extraction from the electronic medical record
Standardization of data capture

Quantification of patient follow-up

Complex longitudinal data

Historical data on newly consented registry participants

Recruitment and retention

Active and ongoing partnerships with outpatient medical record support teams at our
local institution. Our local partners facilitate data transfer requests

Patient encounters are standardized, regardless of inclusion in the registry. There are
standard laboratory orders and questionnaires

Participants are considered “active” if they had at least one phone call or office visit
in the calendar year

Initially, patient data are organized by calendar year. Time-stamped data are
available for more complex longitudinal data analyses and time-to-event analyses

Each data extraction from the electronic medical record provides historical data on
each patient from 2009 to date of extraction. This overcomes the problem of
manual filling of historical data as in other non-electronic medical record-derived
registries

All clinic physicians are actively recruiting IBD patients to join the registry. By
utilizing the electronic medical record as a data source, we greatly reduce
participant burden and increase retention. Physician and staff data entry burden is
also minimized

studies from our group have employed the data to generate
prediction models with data from one calendar year and
perform a validation of the prediction model in subsequent
years [27]. The annual trend data are the primary way in
which data are curated; however, all raw data from the
EMR are maintained in a time-stamped manner that allows
for a granular approach if any particular study requires
individual data elements.

Discussion

This paper outlines the design, development, challenges,
and implementation of an IBD research registry at a tertiary
care center. We describe successful implementation of an
IBD research registry generated from the outpatient med-
ical record and linked surveys related to patient-reported
disease activity and quality of life. Given that the majority
of IBD patients are managed in the outpatient setting, the
outpatient registry allows for the examination of real-world
IBD subgroups, treatment patterns, disease trajectories, and
clinical effectiveness in a large IBD cohort.

We have made it a research priority to define clinical
subtypes of disease that relate to poor health outcomes and
have demonstrated that routinely collected patient care data
over time can be organized to provide the framework for
such studies. The use of routinely collected observational
patient data from the EMR allows for rapid implementation
of research findings at other institutions [28]. Many studies
use point measurements of disease activity indices, quality
of life scores, or biomarkers, but with the registry’s data,
we are able to evaluate patterns of these markers and trends
over time which probably reflects disease severity with
better accuracy. Additionally, we are capturing healthcare
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data from real-world patients and clinical practice, which
has been advocated by the Institute of Medicine to facili-
tate rapid comparative effectiveness research [29]. These
large datasets include patients that would be excluded from
participation in randomized, controlled clinical trials due to
comorbid illness or complex disease history [5]. Thus,
research findings generated from the IBD research registry
are a closer reflection on real-world IBD compared to
highly controlled trials.

Registries have been used in the setting of other chronic
disorders and rare diseases [30-34]. Despite the utility of
research registries in the setting of chronic disorders, there
is a lack of publications outlining registry development and
implementation of longitudinal medical records data,
especially in the setting of IBD. Others have described
methods of patient identification using the medical record;
however, this approach generates administrative data
without the ability to contact individuals for current and
future study recruitment [35, 36]. The EMR-derived reg-
istry approach allows identification of patients with unique
clinical signatures that may benefit from enrollment in
research trials. For example, we are in the process of
recruiting patients to a microbiome research trial based on
the extremes of documented gastrointestinal infection,
which is phenotype data generated from the research reg-
istry. Additionally, while we have not yet actively pursued
these studies, registries can facilitate linkage with other
state and national databases to enrich the data. Further-
more, using a registry approach, we are able to validate
variables that appear inaccurate and fill in any missing data
using the EMR. Generating the majority of the data from
the EMR also avoids data entry burnout that can restrict the
potential of registries distinct from the EMR. EMR data
pulls also facilitate effortless, unbiased back filling of
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clinical care data that is not routinely available with
prospective registries distinct from the EMR.

We have linked the data in the IBD research registry to a
variety of validated healthcare questionnaires in order to
quantify comorbidities in our clinic population. Over time,
we have collected data using an autonomic dysfunction
screening questionnaire (COMPASS-31), persistent stress
questionnaire, an intake depression screen, and a fiber and
fat dietary intake questionnaire [37-39]. Introducing clin-
ical questionnaires into the routine clinical workflow and
linking the results of these questionnaires to patient data in
the registry have resulted in studies aimed to validate these
questionnaires that have not been used previously in the
setting of IBD.

Finally, we now have the infrastructure required to
examine effectiveness and quality of care measures in the
setting of IBD, with the development of this registry. New
research is focusing on the evaluation of the effectiveness
of biological therapies within our patient cohort. We are
also dedicating research efforts on quality of care metrics
including the management of surveillance colonoscopies in
patients with colonic IBD, infection rates, medication
exposure, and the frequency and outcomes related to
micronutrient repletion [40, 41]. Furthermore, the infras-
tructure currently afforded by this registry allows applica-
tion of machine learning algorithms to discover patterns in
the data. We in the process of testing statistical models that
could be used to predict poor health outcomes are devel-
oping exploratory data visualization systems to allow
clinicians and researchers to observe patient trends over
time and rapidly identify clinical events of interest.

In comparison with other population-based cohorts, the
EMR-based registry approach has some advantages. We
have learned a great deal from Olmsted County to
advance our understanding of prevalence and incidence of
IBD over time [42]. However, the linked census and
healthcare data are based primarily on diagnosis codes,
and achieving data granularity requires retrospective
chart examination. It is also often cited that a large per-
centage of Olmsted County inhabitants are also working
in health care and are highly educated which may make
natural history findings less generalizable to the larger US
population [42]. The Ocean State Crohn’s and Colitis
Registry (OSCCAR) is another registry of a multicenter
population that recruited incident cases of IBD in Rhode
Island up to 6 months from initial diagnosis [43]. OSC-
CAR follows patients prospectively at predetermined
intervals and has collected extremely valuable data on
health outcomes, quality of life, and disease activity while
having the added benefit of biological sample collection.
While time intervals are consistent across patients, these
intervals require dedicated study personnel to prospec-
tively monitor patients and schedule follow-up. Patients in

the UPMC IBD registry do not need to engage in research
outside of their routine clinical care, which greatly redu-
ces the burden of research on both the participant and
research staff. Although the UPMC IBD registry does not
capture data at predetermined time points, our aim is to
capture real-world healthcare utilization data on a patient
level, as they require care for worsening disease.

Research registries from Canada have also contributed
to our understanding of IBD. The Alberta IBD Consortium
recently published an influential study on IBD phenotypes
and medical outcomes using their registry [44]. This study
employed intensive manual chart review by two indepen-
dent data abstractors with clinical expertise. In the context
of our registry, the EMR data abstraction methods at the
Center for Assistance in Research using eRecord at the
University of Pittsburgh at UPMC are automated and
uniformly applied to all registry participants and may
reduce errors associated with manual data extraction and
interpretation. The Manitoba IBD research group has also
been influential in advancing our understanding of IBD
[45]. The Manitoba group maintains an open-enrollment
IBD registry and cohort studies that follow recently diag-
nosed IBD patients [46]. In addition to registry data,
Manitoba’s IBD-related epidemiologic studies are
strengthened by large administrative datasets that capture
universal care. The lack of universal care systems in the
USA requires creative solutions to track health outcome
and healthcare utilization data on the majority of our
patients. We have detailed one solution to this problem
through the use of a commonly employed outpatient EMR
to serve as the basis of real-world data in a longitudinal
IBD research registry.

Despite successful implementation of the IBD research
registry, this methodology has limitations. The registry is
housed at a tertiary care center and may selectively capture
highly severe disease. Even with this potential bias, IBD
patients in our registry are similar to IBD patients seen at
other centers, in that they experience unpredictable flares
with the clinical goal of controlling symptoms and restor-
ing quality of life. Additionally, outpatient data are col-
lected from UPMC satellite clinics and allow us to capture
routine care that occurs in the community setting outside
the walls of our tertiary care center. We are also limited in
the breadth and accuracy of observational data as they are
entered into the EMR. To address this, we validate data at
the extremes to confirm any potential outliers in an effort to
improve data accuracy. This limitation applies to all forms
of research utilizing the EMR as a source of real-world
data. Finally, with observational and interventional
research studies, there is participation bias of subjects who
join the registry. We are unable to capture the healthcare
states and reasons why persons decline participation in the
registry.
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We have detailed the methods to develop, implement,
and utilize a research registry in the setting of IBD and
ways in which we have overcome challenges associated
with real-world, longitudinal data. Future and current
studies utilizing the research registry will be focused on
better defining IBD phenotypes in an effort to uncover
clinical pathways that can be targeted for treatment. These
studies are designed to bring the practice of gastroen-
terology and IBD clinical management closer to the ulti-
mate goal of personalized medicine.
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