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BACKGROUND: A population-based database of inflammatory
bowel disease (IBD) patients is invaluable to explore and monitor the
epidemiology and outcome of the disease. In this context, an accurate
and validated population-based case definition for IBD becomes criti-
cal for researchers and health care providers.

METHODS: IBD and non-IBD individuals were identified through an
endoscopy database in a western Canadian health region (Calgary
Health Region, Calgary, Alberta). Subsequently, using a novel algo-
rithm, a series of case definitions were developed to capture IBD cases in
the administrative databases. In the second stage of the study, the crite-
ria were validated in the Capital Health Region (Edmonton, Alberta).
RESULTS: A total of 150 IBD case definitions were developed using
1399 IBD patients and 15,439 controls in the development phase. In
the validation phase, 318,382 endoscopic procedures were searched
and 5201 IBD patients were identified. After consideration of sensitiv-
ity, specificity and temporal stability of each validated case definition,
a diagnosis of IBD was assigned to individuals who experienced at least
two hospitalizations or had four physician claims, or two medical con-
tacts in the Ambulatory Care Classification System database with an
IBD diagnostic code within a two-year period (specificity 99.8%; sen-
sitivity 83.4%; positive predictive value 97.4%; negative predictive
value 98.5%). An alternative case definition was developed for regions
without access to the Ambulatory Care Classification System database.
A novel scoring system was developed that detected Crohn disease and
ulcerative colitis patients with a specificity of >99% and a sensitivity of
99.1% and 86.3%, respectively.

CONCLUSION: Through a robust methodology, a reproducible set of
criteria to capture IBD patients through administrative databases was
developed. The methodology may be used to develop similar adminis-
trative definitions for chronic diseases.
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L’élaboration et la validation d’une définition de cas
administrative des maladies inflammatoires de
I’intestin

HISTORIQUE : Il est inestimable de disposer d’une base de données en
population des patients atteints d’une maladie inflammatoire de l'intestin
(MII) pour explorer et surveiller I'épidémiologie et I'issue de la maladie.
C’est pourquoi une définition de cas des MII en population, a la fois
précise et validée, devient essentielle pour les chercheurs et les dispensa-
teurs de soins.

METHODOLOGIE : Les chercheurs ont repéré les personnes atteintes
ou non d'une MII dans une base de données d’endoscopies d’'une régie
régionale de la santé de 'Ouest canadien (région sanitaire de Calgary, a
Calgary, en Alberta). Par la suite, a I'aide d’'un nouvel algorithme, ils ont
élaboré une série de définitions de cas pour saisir les cas de MII dans les
bases de données administratives. A la deuxiéme phase de I'étude, ils ont
validé les criteres a la régie régionale de la santé Capital ’Edmonton, en
Alberta.

RESULTATS : Pendant la phase d’élaboration, les chercheurs ont élaboré
un total de 150 définitions de cas de MII a I'aide de 1 399 patients atteints
d’une Ml et de 15 439 sujets témoins. Pendant la phase de validation, ils ont
dépouill¢ 318 382 interventions endoscopiques et repéré 5 201 patients
atteints d'une MII. Apres avoir tenu compte de la sensibilité, de la spéci-
ficité et de la stabilité temporelle de chaque définition de cas validée, ils
ont attribué un diagnostic de MII aux personnes qui avaient été hospitali-
sées au moins deux fois ou avaient regu quatre réclamations de médecins
ou deux contacts médicaux dans la base de données du systeme global des
soins ambulatoires au moyen d’un code diagnostique de MII au cours d'une
période de deux ans (spécificité 99,8 %; sensibilité 83,4 %; valeur prédic-
tive positive 97,4 %; valeur prédictive négative 98,5 %). Ils ont élaboré
une autre définition de cas pour les régions sans acces a la base de données
du systeme global des soins ambulatoires, ainsi qu'un nouveau systeme de
pointage qui permettait de déceler les patients atteints d'une maladie de
Crohn et d'une colite ulcéreuse d’apres une spécificité de plus de 99 % et
une sensibilité de 99,1 % et de 86,3 %, respectivement.

CONCLUSION : Grace a une méthodologie solide, les chercheurs
ont élaboré un ensemble de criteres reproductibles pour saisir les
patients atteints d'une MII dans les bases de données administratives.
La méthodologie peut étre utilisée pour élaborer des définitions adminis-
tratives similaires de maladies chroniques.

rohn disease (CD) and ulcerative colitis (UC), known as inflam-
matory bowel diseases (IBD), are chronic relapsing inflammatory
conditions of the gastrointestinal tract with an unknown etiology. CD
and UC share several pathological and clinical presentations; in fact,
they may be clinically and histopathologically indistinguishable (ie,
IBD unspecified [IBDU]) (1). IBD often occurs early in life and
requires continuous treatment, which may involve major surgery. IBD
patients have a lower quality of life and contend with a variety of IBD-
related morbidities (2).
The incidence and prevalence rates of IBD are dynamic and differ
enormously according to geographical location (3). In North America,
prevalence rates range from 37.5 to 249 cases per 100,000 persons for

UC, and from 26 to 319 cases per 100,000 persons for CD. However,
the generalizability of these studies is considered to be limited because
of their highly selected populations (4-9).

A population-based database of IBD patients is invaluable to
explore and monitor epidemiology and to quantify the burden and
outcomes of the disease. Therefore, researchers and health care provid-
ers have devoted significant attention to population-based administra-
tive databases. Previously, Bernstein et al (10) used the provincial
inpatient hospital discharge abstracts and the physician service claims
to describe the epidemiology of IBD in the central Canadian province
of Manitoba (population 1.2 million). As the largest population-based
IBD database in North America at the present time, this database has
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significantly enhanced our knowledge of the epidemiology of IBD.
However, the lack of an independent population-based data source to
verify or exclude the diagnosis of IBD may have compromised the
accuracy of this particular database.

The purpose of the present study was to develop and validate an
administrative ‘case definition’ for IBD. We identified IBD and non-
IBD individuals through an endoscopy database in a western Canadian
health region (Calgary Heath Region [CHR], Calgary, Alberta).
Subsequently, through a novel algorithm, we developed a series of case
definitions to capture IBD cases in the administrative databases. In the
second stage of the study, we validated our criteria in a separate
Canadian health region (Capital Health Region [Edmonton, Alberta]).
The study represents the first independently validated administrative
case definition for IBD.

METHODS

Setting
Alberta is a western province of Canada with a population of approxi-
mately 3.7 million. To receive universal health insurance coverage,
Alberta residents must register with the Alberta Health Care Insurance
Plan. At the time of the study, administration of the health system in
Alberta was provided by health regions, with the largest health regions
being the CHR and the Capital Health Region (Edmonton) with
populations of 1.2 million and 1.1 million, respectively. The initial
phase of the study was conducted in the CHR while the validation
phase was completed in the Capital Health Region.

Institutional ethics approvals were obtained from the Ethics
Review Boards of the Universities of Alberta (Edmonton) and Calgary
(Calgary).

Governmental administrative databases
Four Alberta health administrative databases were used:

1. Health Care Insurance Plan Registry (HCIPR): Because
registration is mandatory, the HCIPR houses demographic
information for all residents of Alberta. Each resident is
represented by a unique lifetime personal health number (PHN).

2. Physician billing claims (PC) database: The Alberta government
is the sole payer of the submitted physician claims and maintains
an electronic database for this purpose. Each claim includes the
PHN, date of service, up to three diagnostic codes (International
Classification of Diseases, Ninth Revision, ICD-9-CM) and one
service tariff code.

3. Hospital Discharge Abstract Database (DAD): The DAD is
collected from each patient’s chart at the time of discharge (acute
care, chronic care and rehabilitation) to reflect diagnoses and
procedures performed during the period of hospitalization. Up to
16 diagnoses are coded in ICD-9-CM until fiscal year (FY)
2002/2003, when a transition was made to the International
Statistical Classification of Diseases and related Health Problems,
Tenth Revision, Canadian modification (ICD-10-CA). Data also
include patient demographics, PHN, admission and discharge
dates.

4. Ambulatory Care Classification System (ACCS) database: The
ACCS collects information on facility-based ambulatory care
(ie, day surgeries and procedures, and emergency visits). Recorded
data consist of patient demographic data, service dates, procedure
codes, six I[CD-9 diagnostic codes until FY 2001/2002 and
10 ICD-10-CA diagnostic codes from FY 2002/2003.

Endoscopy databases

Two separate endoscopy databases were used in the present study:

e Physicians in the tertiary care centres of the CHR record all
endoscopic procedures in an electronic endoscopy database
(Endopro; Pentax Inc, USA). Each record contains patient
demographics, a brief medical history and physical examination
data. This report also includes the indication for the procedure,
endoscopic findings, impressions and recommendations.
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e In the Capital Health Region, all of the gastrointestinal
endoscopic procedures performed in tertiary or secondary care
centres are abstracted in an electronic database. Each record
includes patient demographics, PHN, indication for the procedure
and an ICD-coded diagnosis.

Development of the administrative case definition for IBD

From May 2000 to March 2004, endoscopic procedure reports in the
CHR were digitally and manually searched for IBD-related findings,
indication or diagnosis. In addition, structured reviews were conducted
on selected outpatient and inpatient medical charts of patients who
underwent endoscopy in this time period.

Patients with an indication or diagnosis of IBD on their endoscopy
report or patients who met Lennard-Jones criteria (11) on chart
reviews were considered to be IBD. Patients were classified as possible
IBD if the indication for endoscopy was suspicious for IBD (eg, rectal
bleeding); endoscopic findings were compatible but not specific to
IBD (eg, nonspecific inflammation); or IBD was considered as a pos-
sible diagnosis at the end of the procedure. The remaining subjects
were classified as non-IBD.

Using patients’ names and demographics, PHNs for each individ-
ual were captured in the HCIPR by CHR personnel. Subsequently,
available PHNs were linked to the PC, DAD and ACCS databases.

IBD case ascertainment in administrative data

A total of 100 case definitions were developed depending on the num-
ber of physician claims (two to six claims), ACCS encounters (two or
three encounters) and hospitalizations (one or two) with a diagnosis of
IBD (ie, ICD-9 codes of 555 or 556; and ICD-10 codes of K50 or K51)
in various time frames (one to five years). Each time frame ended with
an administrative contact and did not necessarily fall within calendar
or fiscal years. For this purpose, a time-floating computerized algorithm
was developed (11).

Fifty additional case definitions were developed without the incor-
poration of the ACCS database because the ACCS or similar data-
bases of outpatient encounters are not currently available in several
Canadian provinces.

Using medical chart reviews and the endoscopic database as the
‘gold standard’ diagnostic tool, diagnostic characteristics (sensitivity,
specificity, positive predictive value and negative predictive value
with exact 95% ClIs) of each administrative case definition were deter-
mined using contingent 2x2 tables.

Validation of the administrative case definition for IBD

The Capital Health Region’s endoscopy database was searched from
FY 1997/1998 through FY 2006/2007. Patients with an indication and
diagnosis of IBD for their endoscopic procedure(s) were classified as
IBD. Because there was no ICD code for ‘normal’ or ‘healthy’, captur-
ing non-IBD subjects was not possible.

PHNs were linked to the PC, DAD and ACCS databases (FY
1995/1996 to FY 2006/2007) and IBD-related ICD codes were
extracted. Each of the ‘case definitions’ created in the development
phase were examined. Using the endoscopic database as the ‘gold
standard’ test, the sensitivity of each case definition with exact 95%
ClIs were calculated. Sensitivity was calculated with 10 years of admin-
istrative data (FY 1995/1996 to FY 2005/2006) to match the develop-
ment phase (FY 1994/1995 to FY 2004/2005). Given the almost perfect
specificity of preferable case definitions and lack of a population-based
non-IBD cohort, validation of specificity was not feasible.

Additional administrative data from FY 2005/2006 and FY
2006/2007 were used to assess the stability of sensitivity of each case
definition over 11 and 12 years.

Statistical analysis

The exact two-sample binomial test was used to compare the sensitiv-
ity of each case definition in development versus the validation phase.
Assessment of the temporal stability of each case definition was also
performed using the same test.
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An a level of 0.1, instead of 0.05, was chosen to further decrease the
possibility of accepting the null hypothesis by chance. All statistical
analyses were performed using STATA 10.0 (Stata Corporation, USA).

Selection of the final case definition
In order of importance, selection of the final administrative case defin-
ition was founded on the following:

e Statistically equal sensitivity in the development and validation
phase (ie, reproducibility).

e Stability of sensitivity over time. As administrative data
accumulate over time, a proportion of non-IBD subjects who
incorrectly received IBD diagnostic codes will be misclassified as
IBD. This will lead to a false increment in sensitivity and,
conversely, a decrease in specificity. A case definition with
unstable characteristics is not suitable for surveillance of
administrative data due to the lack of reliability.

e A very high specificity. IBD is a rare disease; therefore, a minimal
false-negative rate is essential for a population-based diagnostic
tool.

® A reasonably high sensitivity. While a very high sensitivity is
ideal, it sacrifices specificity as the first priority for the selection
process. A sensitivity >75% was sought.

Distinction between UC and CD patients

To identify definite CD and UC patients, the IBD patients who were
captured with the final case definition were evaluated in the develop-
ment phase. Corresponding endoscopy report(s) for each patient were
reviewed for indication, findings, or impression of UC or CD. Patients
were categorized as IBDU if the review of the endoscopy report(s)
failed to clearly differentiate UC from CD.

Within a 10-year time period (FY 1994/1995 to FY 2004/2005),
health care contacts of UC and CD patients in the ACCS, DAD and
PC databsases were enumerated. Within each administrative database
(ie, ACCS, DAD or PC), patients were given a +1 score for any ICD
diagnostic code for UC or a score of —1 for each ICD code for CD.
Subsequently, for every patient, a cumulative score was calculated in
each of the three databases. Considering various diagnostic cut-off val-
ues and different weights for each database, multiple combinations of
these three scores were evaluated. The final scoring system classifies the
subjects into CD, UC or IBDU if the score does not reach the cut-off
values for diagnosis of CD and UC. Selection of the final scoring system
was founded on high specificity and sensitivity rates to detect CD and
UC patients.

The coding system for indication of endoscopic procedures on IBD
patients in the Capital Health Region does not differentiate UC from
CD; hence, performance assessment of the scoring system was not feas-
ible in the Capital Health Region. The various phases of the study are
shown in Figure 1.

RESULTS

Development phase
A manual and computerized search was conducted on 23,527 endos-
copy reports of 21,193 patients. Of 21,193 patients, 17,699 (83.5%)
were assigned a valid PHN through the linkage to HCIPR. Inability
to assign a PHN to 16.5% of the individuals was mainly due to the
procedures performed on non-CHR residents and missing demo-
graphic data in the endoscopy database. Based on the endoscopic data
and 186 selected chart reviews, 17,699 individuals were categorized
as non-IBD (n=15,439), possible IBD (n=861) and IBD patients
(n=1399). Because the charts were not randomly selected, perform-
ance characteristics of endoscopic data in the diagnosis of IBD could
not be calculated.

The PHNS of IBD and non-IBD patients were linked to the DAD,
PC and ACCS databases for FY 1994/1995 through FY 2004/2005.

In total, 28,785 hospitalization records were found for 8632 patients.
Sixty-one per cent of IBD patients experienced at least one hospital
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Development Phase

Detecting IBD patients and
controls using endoscopy
database and chart reviews in
the Calgary health region
[n=21,193)

Detecting IBD patients using
endoscopy database in the
Edmonton health region
(n=5,433)

Linkage to HCIPR to capture
PHNs [n=17,699)

Linkage to HCPIR (n=5,201)

Linking PHNs of IBD patients
{n=1,399) and controls
{n=15,439) 1o ACCS, PC and
DAD databases

Linking PHNs of IBD patients
to ACCS, PCand DAD
databases (n=5,201)

Application of 150 case-
definitions and assessment of
their test characteristics

Applicaiton of 150 case-
definitions and assessment of
their test characteristics

Validation Phase

Comparison of the performance of each case-definition in the
develpoment and validation phases and selection of the final case-
definition

Re-evaluation of endoscopy
reports of IBD patients
[~ identified by the final case-
definition (n=1,167) in the
Calgary health region to
idently UC and CD patients

linking PHNs of 430 CD and
342 UC patients to ACCS, DAD
and PC databses

Development of a scoring
- system to classifiy IBD
patients into CD, UC and IBDU

Differentiation of CD and UC

Figure 1) Flow chart describing different phases of the study. ACCS
Ambulatory Care Classifications System; CD Crohn disease; DAD Hospital
Discharge Abstract Database; HCIPR Health Care Insurance Plan Registry;
IBD Inflammatory bowel disease; IBDU IBD unspecified; PC Physician
claims; PHN Personal health number; UC Ulcerative colitis

admission (median number of hospitalizations = 2), of which 75.4%
had an ICD code for IBD. Non-IBD patients had a hospitalization rate
of 50.4%, of which 0.08% had an ICD code for IBD.

Opverall, 2,386,552 physician claims were found for the cohort of
IBD and non-IBD patients. A total of 92.2% of IBD patients had at
least one physician claim (median number of claims = 13), of which
95.0% had an ICD code for IBD. Moreover, 97.3% of non-IBD
patients had a claim in the PC database, of which 3.8% had an ICD
code for IBD.

In total, 240,142 contacts were found in the ACCS database. A
total of 97.5% of IBD patients had at least one contact (median num-
ber of contacts = 2), of which 85.4% had an ICD code for IBD; 95.6%
of non-IBD patients had a contact in the ACCS database, of which
0.6% had an ICD code for IBD. The individual performance of each
administrative database is summarized in Table 1.
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TABLE 1

Individual performance of administrative databases during the period from 1995 to 2004

ACCS database

PC database DAD database

No IBD At least one At least two No IBD At least one At least two No IBD At least one At least two
contact IBD contact IBD contacts contact IBD contact  IBD contacts contact IBD contact IBD contacts
IBD (n=1399) 247 (17.7) 1152 (82.3) 868 (62.0) 169 (12.1) 1230 (87.9) 1197 (85.6) 755 (54.0) 644 (46.0) 476 (34.0)
Non-IBD 15,382 (99.6) 57 (0.4) 10 (0.06) 14,915 (96.6) 524 (3.4) 169 (1.1) 15,426 (99.9) 13 (0.08) 4 (0.03)
(n=15,439)
Data presented as n (%). ACCS Ambulatory Care Classification System; DAD Hospital Discharge Abstract Database; IBD Inflammatory bowel disease; PC Physician
billing claims
TABLE 2

Characteristics of favourable validated case definitions

Predictive value Validated

Case definition* Sensitivity Specificity Positive Negative sensitivity P

1-3-2-2 88.85 (88.07-90.45) 99.58 (99.46-99.68) 95.31 (93.71-96.14) 98.99 (98.83-99.15) 89.91 (89.00-90.76) 0.255
1-3-3-2 86.71 (84.81-88.44) 99.60 (99.49-99.69) 95.14 (93.81-96.25) 98.81 (98.62-98.97) 86.39 (85.37-87.37) 0.764
1-3-3-3 87.78 (85.95-89.45) 99.59 (99.47-99.68) 95.05 (93.72-96.17) 98.90 (98.72-99.06) 87.97 (87.00-88.89) 0.849
1-3-3-4 87.99 (86.17-89.65) 99.57 (99.45-99.66) 94.84 (93.49-95.98) 98.92 (98.74-99.08) 88.59 (87.64-89.49) 0.538
1-4-3-2 81.70 (79.57-83.70) 99.78 (99.69-99.85) 97.11 (95.99-97.99) 98.37 (98.15-99.56) 82.90 (81.78-83.97) 0.300
1-4-3-3 83.56 (81.51-85.47) 99.77 (99.68-99.84) 97.01 (95.89-97.90) 98.53 (98.33-98.71) 85.08 (84.02-86.09) 0.167
2-3-2-2 88.13 (86.32-89.78) 99.62 (99.51-99.71) 95.43 (94.15-96.51) 98.93 (98.76-99.09) 86.76 (85.74-87.72) 0.179
2-3-2-3 88.92 (87.16-90.52) 99.61 (99.50-99.70) 95.40 (94.12-96.47) 99.00 (99.83-99.15) 88.31 (87.35-89.22) 0.532
2-3-2-4 89.14 (87.39-90.72) 99.59 (99.47-99.68) 95.12 (93.81-96.22) 99.02 (98.85-99.17) 89.45 (88.53-90.32) 0.734
2-4-2-2 83.42 (81.36-85.33) 99.80 (99.72-99.86) 97.41 (96.35-98.24) 98.52 (98.32-98.70) 83.20 (82.09-84.26) 0.849
2-4-2-3 84.78 (82.78-86.62) 99.79 (99.71-99.86) 97.37 (96.31-98.20) 98.64 (98.44-98.81) 85.44 (84.40-86.45) 0.536
2-4-2-4 85.28 (83.31-87.09) 99.78 (99.69-99.85) 97.23 (96.15-98.07) 98.68 (98.49-98.85) 86.97 (85.97-87.93) 0.102
2-5-3-2 74.77 (72.41-77.03) 99.90 (99.84-99.95) 98.59 (97.68-99.21) 97.76 (97.52-97.99) 72.91 (71.61-74.19) 0.169
2-5-3-3 77.06 (74.46-79.23) 99.89 (99.83-99.94) 98.54 (97.64-99.16) 97.96 (97.73-98.18) 76.67 (75.42-77.88) 0.763
2-5-3-4 78.84 (76.61-80.96) 99.89 (99.83-99.94) 98.57 (97.69-99.18) 98.12 (97.89-98.32) 78.63 (77.42-779.80) 0.864

Data presented as % (95% CI) unless otherwise indicated. Final definition indicated in bold. *The first digit represents the minimum number of hospitalization(s) required for
an individual to be considered an inflammatory bowel disease patient. Similarly, the second and the third digits represent the minimum number of the health care contacts
in physician claims and Ambulatory Care Classification System databases. The fourth digit denotes the maximum time (in years) for the definition to be fulfilled

Using the endoscopy database and chart reviews as the gold stan-
dard, the characteristics of 150 case definitions were calculated in the

cohort of IBD and non-IBD patients (13).

Validation phase

From FY 1996/1997 through FY 2006/2007, 318,382 endoscopic
procedures were performed on 170,443 individuals in the Capital
Health Region. Using the indications and diagnoses of the proced-
ures, 5433 IBD patients were identified. The PHNS of patients were linked
to the DAD, PC and ACCS databases from FY 1994/1995 through FY
2006/2007. Of 5433 patients, 5201 had a record in Alberta administra-
tive databases and 4637 had a record between FY 1994/1995 and FY
2004/2005.

In total 21,760 individuals with 12,554, 54,963 and 14,162 health
care contacts with a diagnosis of IBD were identified within the DAD,
ACCS and PC databases, respectively. The median number of health
care contacts could not be calculated because only IBD-related ICD
codes were extracted from the administrative databases.

Each of the previously developed 150 case definitions was applied to
the IBD cohort and statistical comparisons of case definition character-
istics in the validation and development phases were made. Fifteen case
definitions that included the ACCS database and 14 case definitions
that did not incorporate the ACCS database had statistically similar
sensitivity in the validation phase (Tables 2 and 3). Temporal stability of
the sensitivity of each validated case definition was also measured.

Selection of the final case definition

After consideration of sensitivity, specificity and temporal stability
of each validated case definition, a diagnosis of IBD was assigned
to individuals who experienced at least two hospitalizations or four
physician claims, or two contacts in the ACCS database with an IBD
diagnostic code within a two-year period (definition 2-4-2-2). A 2x2
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contingency table and stability analysis for the final definition are
shown in Table 4 and Figure 2.

Sensitivity of the final case definition for females and males was
82.56% (95% CI 80.94% to 84.17%) and 83.86% (95% CI 82.42% to
85.30%), respectively.

There was an inverse association between the age of the patients at
the time of health care contact and the sensitivity of the final case
definition. Sensitivity for the age groups <18, 18 to 39, 40 to 59 and
>60 years was 85.76% (95% CI 81.41% to 89.42%), 78.78% (95% CI
77.11% to 80.38%), 75.51% (95% CI 73.68% to 77.27%) and 75.23%
(95% CI 71.71% to 78.52%), respectively.

Selection of the final case definition without incorporation of the
ACCS database

It was proposed that individuals with at least one hospitalization or
four physician claims with an IBD diagnostic code within a two-year
period should be considered as IBD (Figure 3).

Sensitivity of the final case definition for females and males was
78.48% (95% CI 76.87% to 80.09%) and 75.51% (95% CI 73.68%
to 77.33%), respectively. Sensitivity for the age groups <18, 18 to 39,
40 to 59 and >60 years was 81.96% (95% CI 77.27% to 86.04%),
76.89% (95% CI 75.17% to 78.53%), 73.64% (95% CI 7.76% to
75.45%) and 76.47% (95% CI 73.00% to 79.69%), respectively.

Development of a scoring system to classify IBD patients as UC or
CD

Of 1399 definite IBD patients in the development phase, 1167 could be
captured with the final case definition. From May 2000 to March 2004,
these patients underwent 2457 endoscopic procedures. Through manual
and computerized searches of endoscopic reports, 430 (36.8%) and
342 (29.3%) patients could be classified as definite CD or definite UC,

respectively. Indication, findings and impression of endoscopic report(s)
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TABLE 3
Characteristics of validated case definitions using hospital discharge abstract physician claim databases

Predictive value Validated
Case definition* Sensitivity Specificity Positive Negative sensitivity P
1-3-5* 84.99 (83.01-86.82)  99.59 (99.47-99.68)  94.89 (93.52-96.05)  98.65 (98.46-98.83)  83.17 (82.07-84.25) 0.220
1-4-2 77.98 (75.72-80.13)  99.80 (99.72-99.86)  97.24 (96.10-98.12)  98.04 (97.81-98.25)  77.03 (75.79-78.24) 0.457
1-4-3 80.13 (77.94-82.19)  99.77 (99.70-99.85)  97.14 (96.01-98.02)  98.23 (98.01-98.43)  78.71 (77.51-79.89) 0.255
1-4-4 80.70 (78.53-82.74)  99.78 (99.69-99.85)  97.08 (95.94-97.97)  98.29 (98.06-98..48)  79.64 (78.45-80.79) 0.387
1-4-5 81.06 (78.90-83.08)  99.77 (99.69-99.84)  97.01 (95.86-97.91)  98.31(98.09-98.51)  80.18 (79.00-81.32) 0.469
1-5-1 67.19 (64.66-69.65)  99.90 (99.83-99.94)  98.33 (97.30-99.04)  97.11 (96.84-97.36)  68.28 (66.92-69.62) 0.445
1-5-2 72.41 (69.99-74.74)  99.88 (99.81-99.93)  98.16 (97.14-98.89)  97.56 (97.31-97.79)  73.45 (72.16-74.72) 0.439
1-5-3 74.55 (72.19-76.82)  99.86 (99.79-99.92)  98.03 (97.00-98.77)  97.74 (97.50-97.97)  75.48 (74.22-76.71) 0.481
1-5-4 76.20 (73.88-78.41)  99.86 (99.79-99.92)  98.07 (97.06-98.80)  97.89 (97.65-98.11)  76.86 (75.62-78.07) 0.607
1-5-5 76.84 (74-54-79.03)  99.86 (99.79-99.92)  98.08 (97.09-98.81)  97.94 (97.71-98.16)  77.68 (76.45-78.87) 0.510
1-6-2 68.19 (65.68-70.63)  99.89 (99.83-99.94)  98.35(97.34-99.05)  97.20 (96.93-97.45) 69.70 (6835-71.02) 0.283
1-6-3 70.34 (67.87-72.72)  99.89 (99.82-99.94)  98.30 (97.30-99.01)  97.38 (97.12-97.62)  72.44 (71.13-73.72) 0.125
1-6-4 72.05 (69.62-74.39)  99.88 (99.82-99.93)  98.25(97.24-98.96)  97.53 (97.27-97.76)  73.82 (72.53-75.08) 0.190
1-6-5 73.27 (70.87-75-57)  99.88 (99.82-99.93)  98.27 (97.29-98.97)  97.63 (97.38-97.86)  74.68 (73.40-75.93) 0.288

Data presented as % (95% CI) unless otherwise indicated. Final definition indicated in bold. *The first and second digits represents the minimum number of
hospitalization(s) and Ambulatory Care Classification System contacts required for an individual to be considered an inflammatory bowel disease patient. The third

digit denotes the maximum time (in years) for the definition to be fulfilled

TABLE 4
Contingency 2x2 table yielded for the final administrative
definition (ie, 2-4-2-2)

Endoscopy + chart reviews

Administrative definition

(gold standard) IBD Non-IBD
IBD 1167 232
Non-IBD 31 15,408
IBD Inflammatory bowel disease
90.00%
NS
88.00% 1 \
NS NS
86.00% 7 \Y N
A
84.00% A
o 1 4 *
v * *
82.00% v ¥ 2
80.00%
78.00%
76.00%

FY (1994-2004) FY(1995-2005) FY (1995-2006) Development phase

Figure 2) Stability of the sensitivity of the final case definition (2-4-2-2).
FY Fiscal year; NS Not significant

were inadequate to classify 365 (31.3%) patients as definite UC or def-
inite CD. The PHNs of CD and UC patients were linked to the ACCS,
DAD and PC databases (FY 1994/1995 to FY 2004/2005).

The characteristics of various scoring systems were calculated. The
performance characteristics of selected scoring systems are shown in
Table 5. Cut-off values of ‘greater than +2’ (for UC patients) and ‘less
than -2’ (for CD patients) were found to elicit an optimal balance
between specificity and sensitivity to detect UC and CD patients. Patients
with a score equal to or between —2 and +2 were classified as IBDU.

DISCUSSION
A large proportion of IBD patients are diagnosed and managed in
outpatient clinics. Only 60% of IBD patients are managed by gastro-
enterologists (10); the present study showed that less than one-half
of IBD patients are hospitalized within an 11-year period. Therefore,
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Figure 3) Stability of the sensitivity of the final case definition without incor-
poration of the Ambulatory Care Classification System database (2-4-2).
FY Fiscal year; NS Not significant

the epidemiology of IBD will be under-represented if patients are cap-
tured only through hospitals and outpatient gastroenterology clinics.
Health care administrative databases are invaluable to investigate the
population-based epidemiology of IBD and provide an effective tool
for ongoing disease surveillance. Canada has a universal public health
care insurance program that provides access to comprehensive cover-
age for inpatient and outpatient physician services. This is in contrast
to the administrative databases in the United States, which only cover
the populations they serve.

Identification of the initial cohort from an independent source is a
critical factor to accurately estimate the sensitivity of an administrative
case definition. For this reason, we identified IBD and non-IBD patients
from an endoscopy database. In addition, we integrated medical chart
reviews as another independent source to enhance the accuracy of dis-
ease status. Some of the signs and symptoms of IBD are shared by other
diseases; therefore, rather than a binary classification of our patients into
IBD and non-IBD, we implemented a third group as ‘possible IBD’.
Defining a ‘possible IBD’ category decreases the number of false positives
and false negatives in IBD and non-IBD groups, respectively.

In practice, it is not uncommon for a patient’s diagnosis of UC to
change to CD or vice versa (12). Moreover, patients with IBDU, with
no specific ICD code, may arbitrarily be assigned CD or UC codes.
Separate definitions for CD or UC may fail to identify or may mis-
classify these two groups of patients; therefore, we initially developed
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TABLE 5
Characteristics of favourable scoring systems to differentiate Crohn disease (CD) and ulcerative colitis (UC)
Specificity Sensitivity
uc* cbf uc* cpt IBDU*

Y%PC+ACCS+DADS 99.42+0.4 98.84+0.5 84.8+1.9 93.49+1.2 7.9+1.0
0.4PC+ACCS+DAD 99.71+0.3 99.07+0.5 86.26+1.9 93.49+1.2 8.3%+1.0
14PC+DAD+ACCS 99.71+0.3 99.070.5 85.66+1.9 93.26+1.2 9.3+1.1
Y,4PC+DAD+ACCS 99.71+0.3 99.300.4 77.78+2.24 95.12+1.0 12.56%1.2
15PC+%ACCS+DAD 99.12+0.5 99.07+0.5 86.84+1.8 91.86+1.3 9.3x1.1
¥4PC+DAD+25ACCS 99.71+0.3 99.30+0.4 89.82+1.6 89.77+1.5 13.86+1.2

Data presented as % + SD. Final definition indicated in bold. *Patients with a cumulative score >+2 are classified as UC; Tpatients with a cumulative score <-2 are
classified as CD; *Percentage +1 SD of patients with a score equal to or between —2 and +2; SRatios represent the weight assigned to each medical contact for the
corresponding database. ACCS Ambulatory Care Classification System; DAD Hospital Discharge Abstract Database; IBDU Inflammatory bowel disease unspecified;

PC Physician billing claims

a definition to detect IBD patients (ie, CD, UC and IBDU patients
together) in the administrative databases. Following the identification
of an IBD patient, we used a novel cumulative scoring system to cat-
egorize patients into CD, UC or IBDU. While this methodology cat-
egorized CD and UC patients as IBDU in approximately 8% of cases,
this deficiency is compensated with high specificity rates (>99%) to
detect CD and UC patients. Highly specific cohorts of CD or UC
patients will enhance the quality and accuracy of population-based
research, particularly genetic and environmental interaction studies.

No single administrative database could satisfactorily identify an
accurate number of IBD patients. For example, 12.1% of IBD patients
did not have an IBD claim in the PC database within a 10-year per-
iod (Table 1). In addition, in the same time period, 54.0% of IBD
patients did not experience a hospitalization. A study from Ontario
suggested that 8.6% of the physicians who see IBD patients do not use
specific ICD-9 codes (13). In this context, in addition to commonly
used DAD and PC databases, we incorporated the ACCS database,
which is of significant value for IBD patients who repeatedly undergo
endoscopic procedures for diagnosis, evaluation of disease activity and
cancer screening. The ACCS database enabled us to identify 28.1%
of IBD patients who failed to be captured using the DAD and PC
databases. The National Ambulatory Care Reporting System that is
being implemented by the Canadian Institute for Health Information
shares similar content and function with ACCS and may be used as
an alternative.

The value of each administrative database to identify IBD and
non-IBD cases was not homogenous. Whereas hospitalization with a
diagnostic code of IBD correlated correctly with the gold standard
98.0% of the time, this number for one IBD claim in PC database was
only 70.0%. Therefore, in the development of our IBD case definition
and our scoring system to differentiate CD and UC, different weights
were applied to the IBD health care contacts in the DAD, PC and
ACCS databases.

To enhance the reproducibility of an administrative definition, the
currently acceptable method is to fractionate the data into shorter
fixed periods. For instance, Hux et al (14) suggested division of a
10-year period into two-year phases to develop an administrative def-
inition for diabetes in Ontario. We used a novel algorithm to enumer-
ate ICD codes in multiple time periods to define IBD cases with
optimal generalizability. Each time period starts with a health care
contact and does not necessarily fall within a fiscal or calendar year.
This method may have the advantage of capturing IBD flares by iden-
tifying peaks of health care contacts. Moreover, it facilitates future
updates of the IBD database with ongoing acquisition of administra-
tive data.

The difference among the test characteristics of a large number of
case definitions in the development phase was minimal, making it dif-
ficult to select the final case definition. This finding was also observed
in a study involving pediatric IBD patients (15). Statistical methods,
such as Youden’s index (16), aim for a balance between sensitivity and
specificity; however, in population-based case definitions for rare
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diseases, a higher weight should be given to the specificity rate to
minimize the number of false positives (9). The ideal method to com-
pare multiple case definitions is through external validation with an
independent source of diseased and nondiseased individuals. In
Alberta, we have a unique opportunity with two distinct health
regions with similar populations (ie, Capital Health Region [Edmonton]
and the CHR). In addition, both health regions benefit from endos-
copy databases independently collected from the DAD, ACCS and
PC databases that enabled us to successfully validate the final case
definitions.

To our knowledge, no attention has been devoted to the import-
ance of the temporal stability of test characteristics of administrative
case definitions. Application of case definitions to longer than original
time periods may disproportionally increase the number of false posi-
tives and decrease the number of false negatives. Consequently, sensi-
tivity of the case definition will increase and specificity will decrease,
leading to inaccurate interpretation of administrative data. To avoid
such systematic error, through a novel approach, we examined the
stability of case definitions based on 10, 11 and 12 years of data
(Figures 2 and 3).

The sensitivity of the case definition is higher in younger age
groups. A similar pattern has been observed in other administrative
databases (15). This finding has been attributed to closer follow-up in
pediatric patients and also to the presence of other comorbidities in
older age groups. For example, an elderly patient with IBD who pre-
sents with cardiac chest pain might not receive an IBD code during his
health care contact.

A potential limitation of the use of administrative databases is the
accuracy of the collected data (17). However, coding accuracy of
administrative databases in Alberta has been validated and data have
been used extensively in epidemiological and outcome studies (18-21).
Inherently, surgical/procedural and administrative databases capture
more severe cases of disease (22). Similarly, moderate and severe cases
of IBD may be over-represented in our cohort. This may significantly
affect the generalizability of the results.

The disease status of the majority of our patients was determined
through the endoscopy reports. Diagnosis of IBD may be recorded
prematurely before the pathological confirmation of the disease. In the
development phase, 89.9% of the endoscopic procedures performed on
‘definite IBD’ patients had an indication of IBD. In the validation
phase, diagnosis of IBD was only assigned to patients whose endoscopy
reports had an indication of IBD. Therefore, given the diagnosis of
IBD in the indication of the procedure, the majority of our patients
were known to have IBD. However, misclassification of disease status
remains a potential systematic error in our study.

In the development phase, we linked the HCIPR with an endos-
copy database using a combination of personal identifiers such as date
of birth, sex and name. The ‘deterministic record linkage’ method is
inferior to the use of unique identifiers (ie, PHN). However, in a
recent study conducted in Alberta, the correct linkage rate was esti-
mated to be 96.9% (23).
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To improve the specificity of our case definition, we did not
include the ‘possible IBD’ cohort in the development phase. However,
a subset of ‘possible IBD’ patients who have IBD do not necessarily
have the same clinical and coding characteristics as those in the ‘def-
inite IBD’ cohort. This may have introduced a selection bias in the
study.

In the validation phase, patients were considered to have IBD only
if they underwent endoscopies with an indication and diagnosis of
IBD. Given the fact they underwent an endoscopic procedure with an
indication of IBD — in addition to a final diagnosis of IBD — we specu-
lated that the accuracy of this strategy should be very high. Subjective
assessment of this strategy was not performed due to feasibility of struc-
tured outpatient and inpatient chart reviews on a large random sample
of patients who are scattered over a vast geographical region.

In the development phase, patients were identified through an
endoscopy database; therefore, the prevalence of IBD in our cohort
was higher than in the general population. Our reported positive pre-
dictive value, which is influenced by disease prevalence, is likely over-
estimated and, in contrast, negative predictive value is likely to be
underestimated. This limitation does not apply to the sensitivity and
specificity rates, which are independent of prevalence.

CONCLUSION

The present study demonstrated that IBD patients can be accur-
ately identified in administrative databases. Through a novel meth-
odology, we have developed a reproducible set of criteria to capture
IBD patients through administrative databases and classify them as
UC, CD or IBDU. Application of this case definition to the admin-
istrative databases in Alberta will result in the formation of the
largest IBD database in North America. Our methodology might be
used to develop similar administrative definitions for chronic dis-
eases and also to establish population-based IBD databases.
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