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About CPCSSN

The Canadian Primary Care Sentinel Surveillance Network (CPCSSN) is a federated network of networks
with an international reputation as a trusted source of primary care electronic medical record (EMR) data.
Established in 2008, CPCSSN has developed a pan-Canadian primary care EMR data repository. CPCSSN
has successfully built trusting relationships between primary care clinicians and researchers over the past
15 years. As of 2025, CPCSSN consisted of a network of 14 community-based primary care research and
learning networks based in eight Canadian provinces (British Columbia, Alberta, Saskatchewan, Manitoba,
Ontario, Quebec, Nova Scotia, Newfoundland) and one territory (Northwest Territories). CPCSSN draws on
technological expertise to securely extract EMR data from primary care practices and includes close to
1,500 participating primary care providers and approximately 2 million patients. CPCSSN applies
standardized ontologies and terminologies to transform data from various EMR vendors into a common
data schema. CPCSSN goes to great lengths to protect privacy and was recognized in 2013 with a privacy
innovation award for being a leader in maintaining the security of health information.

CPCSSN is supported through a diverse array of funding including peer-reviewed grants from federal
agencies such as the Canadian Institutes of Health Research and the Public Health Agency of Canada, as
well as other profit and not-for-profit organizations. CPCSSN is also supported with in-kind and direct
funding support from the Canadian universities that host the regional networks.
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Executive Summary

Routinely collected health data, particularly from electronic medical records (EMRs), are an increasingly
valuable resource for population health research, surveillance and healthcare quality improvement.
However, the utility of these data hinges on the ability to accurately identify patients with specific health
conditions or states. This process relies on the use of validated case definitions - algorithms that
consistently and accurately classify individuals according to a particular health state using available EMR
indicators.

Case definitions developed from EMR data are sometimes called EMR phenotypes, and the process of
developing case definitions is known as phenotyping. Despite the huances between these two terms this
report will use the term ‘case definition’, although in most cases EMR phenotype would also apply.

This report outlines the methodological principles and practical considerations for developing and
validating case definitions using real-world data (RWD), with a focus on the Canadian Primary Care
Sentinel Surveillance Network (CPCSSN). It describes the rationale for using validated algorithms, the
importance of understanding standardized versus original (raw) data, and the role of reference standards in
mitigating measurement error. It also emphasizes the need for careful validation, using representative
datasets and structured protocol to ensure generalizability across clinical settings and EMR platforms.

Building on foundational work published in 2014, CPCSSN has developed and validated a growing number
of case definitions for chronic and acute conditions. These efforts are supported by the CPCSSN Case
Definition Working Group, which has established a minimum standard and a practical framework to guide
the development, validation and implementation of case definitions in the CPCSSN database.

This report also highlights recent developments in expanding case definitions forimmune-mediated
inflammatory diseases (IMIDs) and introduces future opportunities for advancing CPCSSN'’s capabilities —
particularly through natural language processing (NLP) and optical character recognition (OCR) to extract
richer data from free-text and scanned documents.

Ultimately, validated case definitions are essential tools for ensuring that research and surveillance efforts
based on EMR data are credible, consistent and reflective of true clinical states. This is especially critical
for important decision-making among clinicians, researchers, public health professionals, and health
system planners who rely on RWD to guide evidence-based interventions.
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Introduction

Routinely collected health data are an important source of real-world data (RWD) and refers to the
collection of information that is accrued as a by-product of the delivery of healthcare services (1). RWD
sources, such as those from electronic medical records (EMR), are becoming increasingly valuable for

research efforts, helping to improve population surveillance and provide direct feedback to support patient

care.

Establishing case definitions is essential for ensuring consistency and comparability when using
RWD in health research. In essence, a case definition is a detection algorithm that uses a set of rules to
identify groups of patients with specific health conditions or states (2). In an EMR dataset, a case
definition can be as simple as tracking a certain billing code, or as complex as applying a decision tree with
time-dependent components (2). For example, a simple algorithm to detect diabetes might require a
hemoglobin A1C to be >6.5, along with a diagnostic code recorded in the billing table (250) (3). Algorithms
may also extend to incorporate other clinical features, such as demographic, referral, or prescription data.

Case definitions developed from EMR data are sometimes called EMR phenotypes, and the process
of developing case definitions called phenotyping. However, there are some subtle distinctions between
these terms. While both use EMR data elements to classify patients with a specific condition, disease or
health state using rules, algorithms or machine learning there is a differences in some features (Table 1) (3-
6). Despite the nuances between these two terms the remainder of this report will use the term ‘case
definition’, although in most cases EMR phenotype would also apply.

Table 1. Differences between Case Definitions and EMR Phenotypes

Feature

Purpose

Origin

Scope

Data Use

Output

Validation

Case Definition

Identify patients with a condition for
research, surveillance and policy

Often tied to public health surveillance,
epidemiology, or validation studies

Often binary (has disease or not)

Often rule-based; can be simple or use
complex features or ML models

“case” vs “non-case” (for a specific
disease)

Typically validated against a chart review
or gold standard

CPCSSN Case Definitions

EMR Phenotype

Identify a broader set of observable traits
and patterns

Common in genomics, precision medicine
and ML contexts

Can be more nuanced (e.g., severity,

progression, subtypes)

Often uses complex features, time-series
and ML models

May include multiple subgroups or risk
levels

May nor may not be validated; sometimes
trained on labeled data



A case definition can be developed using either raw, unstandardized, and uncoded data or highly
processed, standardized, and coded data. Implementing a case definition is generally more straightforward
when standardized data are used, as the necessary pre-processing has already been completed. However,
obtaining a dataset that is fully cleaned, coded, and highly complete is uncommon. Consequently, while
some algorithms rely on pre-processed, coded data (derived or calculated fields), others depend on
information derived directly from raw, uncoded text and source data (original fields). Leveraging original,
uncoded data allows researchers to develop case definitions that may not be possible with standardized
datasets, as these raw fields often contain richer and more nuanced clinical information. Regardless of the
data type, it is essential that research teams have a strong understanding of the data cleaning and coding
processes to ensure the algorithm is built on reliable standardized fields — or supplemented with original
data elements when necessary.

A central reason to use validated case definitions when using RWD to draw conclusions for
research, quality improvement or disease surveillance, is to reduce measurement errors and minimize
misclassification bias. RWD poses some specific challenges because the record systems that capture
patient data are typically designed to support the delivery of clinical care or administrative functions (e.g.
coding for reimbursement). If the data are used for secondary purposes or in contexts beyond the original
design of these sources (i.e., for research), data inconsistencies will inevitably appear, which can arise
along any point of the clinical feedback loop (figure 1). As a result, investigators need to remain cautious
about magnifying these errors, since this can misrepresent the quality of our healthcare system or mislead
clinical outcomes.
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Figure 1. A hypothetical closed-loop pathway of RCD supporting evidence-based patient care (2)

Consistent validation of measurement instruments such as case definitions help mitigate
modifiable errors and inconsistencies by quantifying the accuracy of the case definition. Conducting these
studies, along with complete and transparent reporting of their findings, helps investigators pinpoint and
address misclassification, which is often a significant source of measurement error (7).
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For example, if a diabetic patient is classified as not having any visits associated with their chronic
condition, this could indicate either a gap in healthcare services, or a case definition that inaccurately
excluded that diabetic patient. Without clear reporting on the accuracy of the algorithm, it could be
challenging to distinguish between the two scenarios.

Key Takeaway: Why Validation Matters

= Validated case definitions reduce misclassification and ensure reproducibility.
= Transparent reporting allows case definitions to be used in the right context.

= Validation is essential when using RWD for clinical, policy, or surveillance purposes.

The validation process should follow a structured and standardized protocol. RWD-based
algorithms are typically either rule-based algorithms, or use statistical modelling (i.e., machine learning) to
determine correlations between EMR indicators. Determining which criteria to use requires cross-
disciplinary input from clinicians, epidemiologists and data analysts that are collectively familiar with
overall data flow (8). Once a consensus is reached, the accuracy of an algorithm is estimated against a
reference standard, which ideally, should provide an accurate representation of the construct. The various
indicators of accuracy or performance (i.e., sensitivity, specificity, positive predictive value, negative
predictive value) therefore depend on the completeness of the reference standard in use (2, 8). In
healthcare research, manual chart abstraction of source data is widely recognized as the prevailing,
though imperfect, reference standard (2). Alternatives include clinician interviews, other RWD sources, or
patient/disease registries.

Nonetheless, even if study designs are consistent, the accuracy of an algorithm can vary
significantly when applied across different settings. For instance, some integrated systems such as those
in the UK, rely on unique or locally developed coding systems, making it challenging to apply algorithms
developed in other regions. Even when the same coding systems are used, differences in EMR systems,
data consistency, and the overall health system structure, can complicate the ability to generalize results
(10). Studies using algorithms developed in other settings may find it useful to first assess algorithm
accuracy in a subset of their own population. However, a lack of proper validation reporting can make this
process difficult.

CPCSSN Case Definitions

In recent years, research organizations have increasingly relied on EMR data to improve disease
surveillance. One of the leading groups in this field is the UK’s Clinical Practice Research Datalink (CPRD),
which oversees a well-established network of GP practices with a long history of EMR use (9). As EMR
adoption continues to grow in Canada, the Canadian Primary Care Sentinel Surveillance Network
(CPCSSN), along with its partners such as the Public Health Agency of Canada, Canadian Primary Care
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Research Network and practice-based research and learning networks have developed the only pan-
Canadian EMR data repository. In both the CPRD and CPCSSN, and in most organizations that use RWD
sources, case definition development is a key priority.

To lay the groundwork for developing Canada’s first national chronic disease surveillance system,
one of CPCSSN’s priorities was to develop and validate eight case definitions for common chronic
conditions. In 2014, CPCSSN published a paper in Annals of Family Medicine, detailing the validation of
these case definitions for chronic disease surveillance: chronic obstructive pulmonary disease (COPD),
dementia, depression, diabetes, hypertension, osteoarthritis, parkinsonism and epilepsy (3). The case
definitions were developed by an ‘expert-panel’ (a human-expertise based approach to create algorithms)
and validated using a reference standard. The reference standard was created from a random selection of
2,200 charts (source EMR data) across multiple EMR products and jurisdictions that were abstracted by
trained chart reviewers.

To build upon this foundation, CPCSSN has continued to develop and validate several other
conditions, which have since been implemented in the CPCSSN database for use by researchers (Table 2).
In the last several years, efforts have also been undertaken within CPCSSN to improve and update the
original definitions based on clinical changes (guideline or available prescriptions) and observations of
coding or other inconsistencies in the original definitions.

Shortly after CPCSSN’s inception a Case Definition Working Group (WG) was created to evaluate,
implement and inform the Data Access and Selection Committee (DASC; formerly the Surveillance and
Research Standing Committee) of new and revised disease case definitions. This WG is co-chaired by the
CPCSSN Lead Analyst/Epidemiologist alongside a Network Director and is comprised of at least one
clinician and one network director, a CPCSSN data manager, an external epidemiologist from a CPCSSN
stakeholder group, and a CPCSSN data user with extensive data science and methodology training. The
WG meets monthly to review case definitions that are brought forward (from internal or external groups) to
be implemented within the CPCSSN database.

Table 2. CPCSSN Case Definitions (2024-Q4)

Reference Sensitivity % Specificity % PPV % NPV %

Case Definitions Standard?t (95% Cl) (95% Cl) (95% Cl) (95% Cl)

Source EMR data
AR (one OSCAR clinic) & 70.8 99.5 70.8 99.5
—— National CPCSSN (48.9-87.4) (98.9-99.8) (52.6-84.2) (99.0-99.7)
data
Source EMR data 80.6 96.4 70.7 97.9
Adult Asthma . L.
(OSCAR) in one clinic (69.5-88.9) (94.7-97.7) (59.7-80.3) (96.5-98.8)
Cardiovascular National CPCSSN 76.9 97.2 75.4 97.4
Disease data (70.4-82.5) (96.3-97.9) (69.8-80.2) (96.7-98.0)
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Cerebrovascular
Disease

Chronic Heart
Failure

Cirrhosis

Coronary Artery
Disease

Dementia

Depression

Diabetic
Neuropathy

Diabetic
Retinopathy

Diabetes Mellitus

Dyslipidemia

Epilepsy

Eating Disorders

National CPCSSN 77.6 98.6 65.0 99.2
data (65.8-86.9) (97.9-99.0) (55.7-73.3) (98.8-99.5)
Source EMR data 99.3 98.8 96.1 99.8
from one network (98.4-99.8) (98.2-99.2) (94.6-97.3) (99.5-99.9)
National CPCSSN 84.6 99.3 94.8 97.5
data (83.1-86.0) (99.1-99.4) (93.9-95.7) (97.3-97.7)
N/A - - - -
Source EMR Data (all 82.1 97.3 72.1 98.4
networks and EMR
broducts) (76.0-88.2) (96.5-98.0) (65.4-78.8) (97.9-99.0)
National CPCSSN 91.6 98.3 74.8 99.5
data (84.6-96.1) (97.6-98.8) (67.8-80.7) (99.1-99.7)
Source EMR Data (all 96.8 98.1 72.8 99.8
networks and EMR (93.3-100.0) (97.5-98.7) (65.0-80.6) (99.6-100.0)
products)
Source EMR Data (all 81.1 94.8 79.6 95.2
networks and EMR (77.2-85.0) (93.7-95.9) (75.7-83.6) (94.1-96.3)
products)
National CPCSSN 79.6 97.3 70.5 98.4
data (71.8-85.7) (96.5-98.0) (62.1-77.7) (97.7-98.8)
National CPCSSN 92.1 98.4 80.2 99.5
data (86.0-95.8) (97.8-98.9) (72.4-86.1) (99.0-99.7)
Source EMR data (all 95.6 97.1 87.0 87.0
networks and EMR
broducts) (93.4-97.9) (96.3-97.9) (83.5-90.5) (83.5-90.5)
Source EMR data 94.8 100.0 100.0 97.3
(one OSCAR clinic) (87.2-98.6) ) ) (93.3-99.3)
Source EMR data (all 98.6 98.7 85.6 99.9
networks and EMR (96.6-100.0) (98.2-99.2) (80.2-91.1) (99.7-100.0)
products)
National CPCSSN 80.8 99.5 96.6 96.8
data (76.7-84.4) (99.2-99.8) (94.2-98.1) (96.2-97.4)

CPCSSN Case Definitions
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S National CPCSSN 86.1 93.8 82.1 95.4
data (77.8-92.2) (90.5-96.2) (74.6-87.7) (92.7-97.1)
S MR d 100.0 73.8 83.9 100
Herpes Zoster
Herpes Zoster ource ata (97.8-100.0) (65.0- 81.3) (79.5-87.5) )
' Source EMR data (all 84.9 93.5 92.9 86.0
Hypertension
Hypertension networks and EMR (82.6-87.1) (92.0-95.1) (91.2-94.6) (83.9-88.2)
products)

e ST e National CPCSSN 80.7 88.7 59.9 95.7
HIODE LSRR data (76.6-84.3) (87.3-90.1) (56.8-63.0) (94.8-96.4)
. . Local CPCSSN data 93.3 99.6 97.7 98.9

Multiple Sclerosis - .
linked to admin data (89.2-96.2) (99.2-99.9) (94.6-99.0) (98.1-99.2)
Non-Valvular Atrial Source EMR data 78.1 99.5 80.7 99.4
Fibrillation (NVAF) | (one OSCAR clinic) (66.0-87.5) (99.1-99.7) (70.0-88.1) (99.0-99.6)
o - Source iMR ddatEa Nf;“ 77.8 94.9 87.7 90.2
Osteoarthritis networks an (74.5-81.1) (93.8-96.1) (84.9-90.5) (88.7-91.8)
products)
Parkinson’s Source iMR ddatEa Ivfg“ 98.8 99.0 82.0 99.9
Disease networks an (96.4-100.0) (98.6-99.5) (74.5-89.5) (99.8-100.0)
products)
T AT Source EMR data 87.4 98.6 91.2 97.9
FediatE AstmE from one network (80.6-92.2) (97.5-99.2) (84.9-95.2) (96.7-98.7)
Pediatric Diabetes | Local CPCSSN data 94.9 100.0 100.0 100.0
Mellitus linked to admin data (88.4-98.3) (-) (-) (-)
= National CPCSSN 95.3 98.4 98.4 95.2
e data (90.0-98.3) (94.3-99.8) (93.9-99.6) (90.2-97.8)
4 , National CPCSSN 93.3 100 100 99.97
Schizophrenia
data (77.9-99.2) (99.5-100) (87.7-100) (99.0-100)

i Description of the type of data used to create the reference standard.

To ensure consistency, quality and scientific rigor the CPCSSN Case Definition Working Group has
developed minimum standards and guidelines of validity that must be met prior to implementing new and
revised case definitions (see Case Definitions Standards document). To support clinicians and researchers
in achieving these minimum standards the CPCSSN Case Definition Working Group has also created a
CPCSSN Case Definition Handbook: A Practical Framework for Developing and Validating Case Definitions
using Primary Care Data, which provides guidance on developing case definitions, creating a reference

11
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standard, sample size calculations, and general procedures for training chart reviewers and calculating
and reporting on validation metrics (see CPCSSN Case Definition Handbook).

Most health research relies on a reference standard (also known as an alloyed gold standard) as a
true gold standard rarely exists or is impractical or expensive to obtain (2). A dataset may be used as a
reference standard if the classification method is better than the algorithm being validated in classifying
events and non-events of a given health state or condition (2). The original eight chronic disease case
definitions, and many of the subsequent ones, were validated using a traditional manual chart review of the
patient’s source EMR. Although effective, this method is time/resource consuming and has ethical, privacy
and logistical challenges (11). As such, Williamson et al validated a method whereby a reference standard
is created from the manual review of CPCSSN data (extracted from the CPCSSN national database rather
than the source EMR). This methodology has now become a trusted means to feasibly validate case
detection algorithms across multiple jurisdictions and EMR products, an important element to the usability
and portability of a case definition, and one of the minimum standards required by CPCSSN prior to
implementation within the national database (CPCSSN Case Definition Standards). For more information
on how to create a representative reference standard, and for guidance on validating rare health states,
please see the CPCSSN Case Definition Handbook (8).

Key Takeaway: Building a Reference Standard

e Use stratified sampling to reflect CPCSSN’s geographic and EMR heterogeneity.
e Forming test and validation sets can prevent overfitting and mimic external validity.

e |mprove the quality of the reference standard by including as much original (raw) data for the
abstractor to review as possible.

Recently several research groups have developed and validated CPCSSN case definitions for acute
conditions, specifically urinary tract infections (UTI) and respiratory tract infections (RTIl) (12). These two
acute conditions are currently undergoing chart abstraction as part of the creation of a nationally
representative reference standard. Once this process is complete, the validated definitions will be
implemented within the CPCSSN national database.

Acute conditions differ from chronic conditions in that patients may experience multiple discrete
episodes of illness. To accommodate this, CPCSSN restructured its database by splitting the original
‘DiseaseCase’ table, which previously housed all disease classifications - into two distinct tables: the
‘AcuteDiseaseCase’ table, and the ‘ChronicDiseaseCase’ table. The ‘ChronicDiseaseCase’ table
includes one record per chronic condition per patient and retains the same variables as the original table.
In contrast, the ‘AcuteDiseaseCase’ table allows for multiple records per condition, capturing each
individual episode. It includes both a Case Start Date and a Case End Date to indicate the timeframe of
each episode, as defined by the corresponding case definition.

To illustrate the value of CPCSSN case definitions, we compared the age and sex standardized
prevalence estimates derived from the case definitions to those obtained using the condition
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classifications within the health conditions table (problem lists). In the comparison below, the
denominator consisted of a two-year contact group (n=472,381) created using the 2024-Q2 database. The
‘Population Estimate’ column draws on national prevalence data from Canadian administrative and survey

data sources (13-26).

Table 2. Age and Sex Standardized Prevalence using a Validated CD vs. Health Condition Table

Condition

ADHD

Adult Asthma'
Cardiovascular Disease’
Cerebrovascular Disease’
Chronic Heart Failure!
Cirrhosis'

CKDf

COPD'

Coronary Artery Disease’
Dementia®

Depression

Diabetes Mellitus'
Diabetic Neuropathy®
Diabetic Retinopathy’
Dyslipidemia®

Eating Disorders

Eczema

Epilepsy

Herpes Zoster®
Hypertension®

Mood Disorders

Multiple Sclerosist

Non-Valvular Atrial Fibrillation (NVAF) t

CPCSSN Case Definitions

Prevalence, % [95% CI]

Validated Case
Definition

Health Condition Table
(“Problem List”)

Population
Estimatet13:26

6.62[6.54, 6.70] 2.51[2.45, 2.56] 2.9%
10.96[10.85, 11.06] 8.30[8.20, 8.40] 9.5%
9.74[9.645, 9.83] 5.16 [5.09, 5.23] 8.5%
3.30[3.25, 3.35] 1.30[1.27,1.33] 0.15%
3.54[3.49, 3.60] 1.14[1.11,1.17] 3.94%
0.73[0.70, 0.75] 0.24[0.22, 0.25] 0.29%
6.19[6.12, 6.26] 1.52[1.49, 1.56] 12.5%
5.68[5.61, 5.75] 2.30[2.26, 2.35] 9.6%
5.80[5.73, 5.87] 3.63[3.58, 3.69] 8.27%
2.48[2.43,2.52] 0.85[0.83, 0.88] 6.21%
27.58[27.43, 27.74] 9.10[9.02,9.19] 7.6%
13.84[13.72, 13.98] 9.77[9.67, 9.86] 9.56%
1.17[1.13, 1.20] 0.20[0.19,0.21] 2%-7%
0.37[0.35, 0.39] 0.09[0.08, 0.09] 3.8%
42.24[42.04, 42.45] 7.69[7.60,7.77] 45%
0.89[0.86,0.91] 0.24[0.23,0.26] 4.6%
18.31[18.20, 18.43] 2.48[2.43,2.52] 3.1%
1.73[1.69, 1.77] 1.04[1.01, 1.07] 0.97%
4.88[4.81,4.94] 0.73[0.71,0.76] n/a
28.86 [25.69, 29.05] 17.14[17.01,17.26] 25%
30.05[29.88, 30.21] 14.25[14.13, 14.36] 18%
0.39[0.37,0.41] 0.23[0.22, 0.24] 0.29%
2.24[2.20, 2.28] 1.45[1.41,1.48] 1%-2%

13



Osteoarthritis' 16.97[16.84, 17.09] 6.65[6.57, 6.72] 14.01%
Parkinson’s Disease' 0.41[0.39, 0.42] 0.24[0.23,0.27] 0.52%
Pediatric Asthma 21.64[21.34, 21.94] 6.07[5.91, 6.23] 15.3%
Pediatric Diabetes Mellitus 0.50 [0.45, 0.54] 0.34[0.30, 0.38] 0.33%
PTSD 1.66[1.63, 1.70] 0.85[0.82, 0.88] 8.5%

Schizophrenia 0.64[0.61, 0.66] 0.36[0.34, 0.38] 1.00%

T patients >18 years old.
* age ranges for population estimates vary across studies.

Comparing the case definition prevalence to the prevalence estimated from the health conditions
table reveals some substantial differences. To highlight a few examples, the validated case definitions for
dyslipidemia and hypertension are much more alighed with national prevalence data, improving accuracy
by 93% and 55% respectively. For other conditions, direct comparisons are more challenging due to
differences in age group definitions used in population estimates.

Itis also expected that CPCSSN case definition estimates may appear higher than population-
based estimates, given that CPCSSN data are drawn from patients receiving primary care—who tend to be
sicker and more frequently monitored than the general population. Additional factors may contribute to
discrepancies, including variations in coding practices and under documentation. For example, mental
health conditions, such as mood or eating disorders, often show considerable variability between sources.
In these cases, validated case definitions may help to correct for chronic underreporting and improve case
capture accuracy.

Using a validated case definition to define a disease cohort provides a consistent and reliable
method to classify patients, with a means to quantify the degree of measurement error. This is integral
when using RWD like CPCSSN for research and surveillance, and in decision-making by clinicians,
regulators and health-care payers, as measurement error may translate into systematic errors (information
bias) and misleading evidence. Furthermore, validated case definitions are crucial for prediction studies as
it provides the necessary substance for the credibility of complex prediction models (2).

Showcase: Case Definitions for IMID and Auto-Immune Conditions

Recently a gap in the list of existing CPCSSN case definitions is in auto-immune conditions and
immune-mediated inflammatory diseases (IMIDs). IMIDs represent a broad group of disorders that arise
from immune system dysfunction, leading to unique manifestations of chronic inflammation that can
affect a variety of different organs or systems simultaneously (27). Some of the most well-known include
inflammatory bowel disease (IBD), multiple sclerosis (MS), rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and psoriasis, amongst other auto-immune/inflammatory conditions. In Canada,
IMIDs and auto-immune conditions are a growing public health concern, with country consistently
reporting some of the highest prevalence rates in the world. Epidemiology studies estimate that IBD alone
affects the lives of ~330,000 Canadians, surpassing global incidence rates at 25 cases per 100,000 person-
years (28, 29). This has placed a substantial strain on our healthcare system, with the overall economic
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burden surpassing $5.3 billion from 2023 alone (30). Other IMIDs, such as RA and MS, are also becoming
increasingly prevalent, further adding to the national burden (31, 32).

Amongst these conditions, CPCSSN already has a validated case definitions to identify MS (Table 2)
(33). Validating EMR-based algorithms for IMIDs and auto-immune conditions is particularly important,
since many of these conditions first present in primary care settings. Given the essential role PCPs play in
the initial diagnosis, flare management, and ongoing care before specialist referral, recent work has
focused on expanding validation studies to cover several of these conditions, namely gout, IBD and IBS
(34). A project is already in the planning stages for RA, and other future studies could focus on developing
algorithms for other less prevalent IMIDs, such as Lupus, psoriasis, psoriatic arthritis or Grave’s disease.

Methods

The CPCSSN case definitions for IBD, IBS, and gout, were initially developed using cross-disciplinary input
from a team of clinical experts. By brainstorming a list of potential EMR-based indicators, the CPCSSN
Case Definition Working Group, led by Dr. Alexander Singer and Rachael Morkem, finalized a series of
experimental algorithms that were indicative of the conditions. The following graph (figure 2) illustrates the
series of experimental definitions specific for IBS. The sample of case definitions shown vary in their
location in the EMR (billing vs. health conditions table), along with the frequency and time frame of billing.
Other definitions have incorporated other relevant indicators contained within the database (e.g., a
prescription for Mesalazine for IBD).

|Algorithm vs. Abstracted Reference Standard
Algorithm Cases in Cohort Casesin |TP| IN | FN | FP Sensitivity Specificity PPV NPV Algorithm o F1-Score
Database Prevalence | Reference (95% CI) (95% CI) (Uncertainty) | (Uncertainty) |Prevalence &om‘le'n (Sensitivity
(95% CI) Set (sv% cp | ndex & PPV)
Health Conditions Table (code or text +
HC (codes or text strings+exclusion strings)) 26880 118 1.72 59| 2697| 162| 9|26.7 (21.3-32.9) [99.7(99.4-99.8)  82.9 (69.7-96.2) [95.7 (95.4-96.1) |2.3 (1.8-2.9) 0.26 04
Bi Codes (code or text+exclusions;
any code (564.1 or 306.4) or text string 31701 155 2.11 67| 2690| 154| 16[30.3 (24.6-36.7) |99.4 (99.0-99.6)  [75.6 (62.4-88.8) |95.9(95.6-96.3) (2.8 (2.3-3.5) 03 0.43
code(564.1 or 306.46) or text’x2 10826 54 0.72 26| 2701] 195 5[11.8(8.1-16.7) [99.8 (99.6-99.9) |79.4 (56.5-100.0) [94.9 (94.7-95.2) [1.1 (0.7-1.5) 0.12 0.2
code(564.1 or 306.46) or text/x3 5063 31 0.34 19 2704| 202 2(8.6 (5.5-13.1) 99.9 (99.7-100.0) |87.5 (61.6-100.0) [94.8 (94.5-95.0) |0.7 (0.5-1.1) 0.09 0.16
code(564.1 or 306.46) or text’x2inl 8717 46 0.58 24| 2702 197| 4[10.9 (7.4-15.7) 99.9(99.6-100.0) [81.6 (58.0-100.0) |94.9 (94.6-95.1) [1.0 (0.7-1.4) 0.11 0.19
code(564.1 or 306.46) or text/x2in2 9464 43 0.63 24| 2702] 197] 4[10.9(7.4-15.7) [99.9 (99.6-100.0) [81.6 (58.0-100.0) [94.9 (94.6-95.1) [1.0 (0.7-1.4) 0.11 0.19)
code(564.1 or 306.46) or text/x2in3 9885 49 0.66 25| 2702 196 4[11.3(7.7-16.2)  |99.9 (99.6-100.0) [82.2 (59.4-100.0) |94.9 (94.7-95.1) [1.0 (0.7-1.4) 0.11 0.2
code(564.1 or 306.46) or text’x3inl 3185 21 0.21 12| 2706] 209| 0[5.4(3.0-9.3) 100.0 (99.8-100.0) |100.0 (73.9-100.0)94.6 (94.4-94.8) 0.4 (0.2-0.7) 0.05 0.1
code(564.1 or 306.46) or text/x3in2 3831 21 0.25 12| 2705] 209] 1[5.4 (3.0-9.3) 100.0 (99.8-100.0) [89.9 (56.1-100.0) [94.6 (94.4-94.8) [0.4 (0.3-0.8) 0.05 0.1
code(564.1 or 306.46) or text/x3in3 4201 22 0.28 12| 2704| 209 2[5.4(3.0-9.3) 99.9 (99.7-100.0) [81.6 (43.9-100.0) |94.6 (94.4-94.8) (0.5 (0.3-0.8) 0.05 0.1
HC OR Code/Text| 52345 247 341 111] 2681 110] 25[50.2 (43.7-56.8) [99.1 (98.6-99.4) 76.7 (67.1-86.2) 97.1 (96.7-97.4) [4.6 (3.9-5.5) 0.49 0.61
HC or(Code/Text)x2. 34452 161 2.23 79] 2692| 142| 14[35.7 (29.7-42.3) |99.5 (99.1-99.7)  [80.7 (69.3-92.1) |96.2 (95.9-96.6) |3.2 (2.6-3.9) 0.35 0.5
HC OR (Code/Text)x3 29982 141 1.93 73| 2695 148] 1133.0 (27.2-39.5) [99.6(99.3-99.8) [83.1(71.5-94.7) [96.1 (95.7-96.4) [2.9 (2.3-3.5) 0.33 0.47]
HC OR (Code/Text)x2inl 32953 154 2.12 77] 2693| 144| 13[34.8 (28.9-41.3) |99.5(99.2-99.7) 81.4(69.9-92.9) [96.2 (95.8-96.6) |3.1 (2.5-3.8) 0.34 0.49]
HC OR (Code/Text)x2in2 33485 156 2.16 77) 2693| 144| 13[34.8 (28.9-41.3) |99.5(99.2-99.7)  [81.4 (69.9-92.9) |96.2 (95.8-96.6) |3.1 (2.5-3.8) 0.34 0.49]
HC OR (Code/Text)x2in3 33781 157 2.18 78| 2693| 143| 13|35.3(29.3-41.8) |99.5(99.2-99.7) |81.6(70.3-93.0) |96.2 (95.9-96.6) (3.1 (2.5-3.8) 0.35 0.49
HC OR (Code/Text)x3inl 28811 133 1.85 68| 2697 153 9]30.8 (25.0-37.1) [99.7 (99.4-99.8) 84.8 (73.1-96.6) |96.0 (95.6-96.3) 2.6 (2.1-3.3) 0.3 0.45
HC OR (Code/Text)x3in2 29211 133 1.88 68| 2696) 153 10[30.8 (25.0-37.1) [99.6(99.3-99.8) [83.4 (71.4-95.5) [96.0(95.6-96.3) |2.7 (2.1-3.3) 03 0.45
HC OR (Code/Text)x3in3 29443 134 1.89 68| 2695| 153] 11]30.8 (25.0-37.1) [99.6(99.3-99.8) [82.1 (69.8-94.3) [96.0 (95.6-96.3) [2.7 (2.2-3.4) 03 0.45
Figure 2: Case-definition matrix for inflammatory bowel syndrome (IBS)
Next, the reference standard was developed using a sampled set of EMR charts within the
CPCSSN database (17). The total number of unique charts required for the sample set was derived using
the Wald-based confidence interval equation, which accounts for both the expected sensitivity of the case
definition and the expected prevalence of the disease within the sample. These estimates were derived
from the literature; however, it is important to note how the disease prevalence in CPCSSN data may differ
from that of the general population, because the data is drawn from those receiving care. For this study,
prevalence and sensitivity rates were estimated at 9% and 80% respectively, resulting in a required sample
size of approximately 5,000 records. While this doesn’t reflect the true prevalence of gout, IBS and IBD, a
15
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lower prevalence would necessitate a much larger sample, making manual review too resource intensive.
To address this discrepancy, the sample was augmented to include more potential positive cases (8).

Moreover, to ensure its representativeness to the general population (i.e., the national
repository), the sample was randomly stratified by province (i.e., CPCSSN network) and their corresponding
clinical sites, with additional assessment for age and sex variance [CPCSSN Case Definition Handbook]
(8). Since CPCSSN includes data from clinics across Canada, this approach helps account for variations in
clinic-specific coding practices and different EMR systems across jurisdictions. Once collected, the
sample was equally divided into two reference sets: one for testing the experimental case definitions
(testing set, n~2,500), and another for validating the best-performing algorithms (validation set, n~2,500).
Doing so helps mimic external validation and prevents overfitting the algorithms to a single reference set.
For further details on sampling and size calculations, see the newly developed CPCSSN Case Definition
Handbook: A Practical Framework for Developing and Validating Case Definitions using Primary Care Data
(8).

Results

After comparing all the algorithms with the reference standard, the CD WG chose the best
performing case definition and the following validation metrics were calculated using the validation
dataset. Please note that the validation results for these three immune and inflammatory conditions (gout,
IBD and IBS) were determined after comparison to a reference standard that was created from the chart
abstraction by one reviewer. Before reporting these findings in a peer-reviewed journal (one of the
standards set by CPCSSN CD WG before a case definition is implemented in the CPCSSN database) the
reference standard will be abstracted by two more chart reviewers to increase the reliability of the
reference standard. As such, these results are considered preliminary.

Gout

Case Definition:

the following ICD-9 code (including all sub-codes) in the Health Condition table: 274;

or

the following ICD-9 code (including all sub-codes) in the Billing or Encounter Diagnosis table: 274.

Performance:
Chart Review
Positive | Negative Validation Metric | Estimate (95% Cl)
£ | Positive | 169 13 Sensitivity 92.9 (88.1-95.9)
= Specificity 99.3 (98.9-99.5)
& | Negative 19 2595 PPV 83.5(76.4-90.5)
< NPV 99.7 (99.6-99.9)
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Inflammatory Bowel Disease (IBD)

Case Definition:

the following ICD-9 codes (including all sub-codes) in the Health Condition table: 555, 556;

or

the following ICD-9 codes (including all sub-codes) in the Billing or Encounter Diagnosis table: 555, 556.

Performance:
Chart Review
Positive | Negative Validation Metric = Estimate (95% ClI)
c Sensitivity 89.8 (84.4-93.5)
< Positive 159 18 Specificity 99.8 (99.5-99.9)
'g PPV 97.7 (95.3-100.0)
< | Negative 5 2619 NPV 99.1(98.7-99.5)

Irritable Bowel Syndrome (IBS)

Case Definition:
the following ICD-9 codes (including all sub-codes) in the Health Condition table: 564.1 or 306.4;

or
IBS text strings (see list below) within the original text fields in the Health Condition table;

or

2 records of the following ICD-9 codes (including all sub-codes) in the Billing or Encounter Diagnosis table

on separate days: 564.1 or 306.4;

or
2 records within the Billing or Encounter Diagnosis tables with IBS text strings on separate days.

» ¢

IBS text strings: “ibs”, “irritable bowel”, “célon irritable”, “fodmap?”, ‘irritible bowel”, “irritable colon”,
“functional bowel”, “bowel irritable”, “psychogenic gi”

Performance:
Chart Review

Positive | Negative Validation Metric = Estimate (95% CI)
c ~ Sensitivity 88.3(77.7-94.5)
£ | Positive 53 7 Specificity 99.2 (98.8-99.5)
5 PPV 86.9 (78.1-95.7)
< | Negative | 22 2716 NPV 99.3 (99.0-99.6)
Discussion

Encouragingly, after testing various combinations of EMR indicators for gout, IBS and IBD, there
were several algorithms for each condition that performed well when compared to the testing reference

CPCSSN Case Definitions
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standard. The validation metrics for each combination of indicators (Figure 2) were evaluated by the CD
WG and the case definition that was considered the optimal algorithm for case detection was identified
and final validation metrics determined by comparing the chosen case definitions to the validation
reference standard.

Choosing the final case definition for gout was straightforward. The CD WG identified two
algorithms that performed well: one was simpler (an ICD-9 code of 274 within the Health Conditions table
or at least one billing/encounter diagnosis code of 274) and the second had more stringent criteria (an ICD-
9 code of 274 within the Health Conditions table or at least two billing/encounter diagnosis codes of 274).
Although the more stringent case definition requiring two billing codes had a higher PPV, the simpler case
definition had a significantly higher sensitivity (91.0, 95% CI [86.2-94.3]) compared to the case definition
requiring two billing codes (69.0, 95% CI [62.3-75.0]). Consequently, the simpler case definition was
chosen as the best performing algorithm to be implemented in the CPCSSN database. The final validation
metrics reveal that this case definition should perform well in any CPCSSN dataset as it maintained a high
sensitivity (92.9, 95% CI [88.1-95.9]), specificity (95% ClI, [99.3 98.9-99.5]), PPV (83.5, 95% CI 7[6.4-90.5])
and NPV (99.7, 95% CI [99.6-99.9]).

Determining the optimal case definition or IBS and IBD was slightly more challenging due to the
complexity of these conditions, including symptom overlap and the fact that IBS is a diagnosis of exclusion.
In addition, there were more EMR indicators that were tested (such as free text terms) resulting in 39
different case definitions for IBD and 114 for IBS.

After evaluating the validation metrics from a comparison to the testing reference standard, the
optimal case definition for IBD was found to be a diagnosis in the Health Conditions table (ICD-9 code 555
or 556), or at least one billing/encounter diagnosis code for IBD, or at least one prescription for Mesalazine
(ATC code AO7ECO02). In the final validation dataset, this case definition performed well with a sensitivity of
89.8 (95% Cl, [84.4-93.5]), specificity of 99.8 (95% CI, [99.5-99.9]), PPV of 97.7 (95% CI [95.3-100.0]) and an
NPV of 99.1(95% CI [98.7-99.5]).

For IBS, the optimal case definition included a diagnosis for IBS in the health condition table (ICD-9
code s 564.1 or 306.4; inclusion of free text terms, and excluding any query diagnoses), or at least two IBS
diagnoses in the billing/encounter diagnosis tables (ICD-9 code s 564.1 or 306.4; inclusion of free text
terms and excluding any query diagnoses). This case definition performed reasonably well on all statistics
in the validation dataset, with a sensitivity of 88.3 (95% CI[77.5-94.5]), specificity of 99.2 (95% CI [98.9-
99.5), PPV of 86.9 (95% CI [78.1-95.7) and an NPV of 99.3 (95% CI [99.0-99.6]).

Discussion and Conclusions

CPCSSN and its data users, including researchers at contributing practice-based research and
learning networks (PBLRN), have made significant advances in the development and validation of case
definitions. This is crucial for the usability of this complex data source. Furthermore, providing clear
guidelines, support documents, and adhering to rigorous standards has greatly increased the reliability and
credibility of the developed case definitions.

Nonetheless, there are inherent limitations to the types of conditions or health states that can be
classified within the CPCSSN database. Conditions that are diagnosed outside of primary care, or are
reliant on imaging or specialized testing, may not have enough documentation within the database for even
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complex case definitions to accurately identify, for example, osteoporosis is diagnosed by measuring bone
mineral density via dual-energy x-ray absorptiometry (DXA), which is typically performed outside of primary
care. These imaging results may be sent to primary care providers, but they are often delivered in a formats
(e.g., PDF files) that cannot be extracted or uploaded into the CPCSSN national database. This poses
several challenges. Firstly, the algorithm would be highly reliant on a primary care provider documenting
the osteoporosis within the patient’s problem list (health conditions table), which, as was seen in Table3,
can lead to substantial misclassification. Secondly, it is not possible to create a reference standard using
the Williamson et al method as the raw data within the CPCSSN database does not contain rich enough
data (i.e. SOAP notes, PDF reports) for a chart reviewer to classify a patient’s health status of osteoporosis,
and source EMR data is required. Consequently, it would be challenging for the validation study to sample
data from multiple regions and EMR products.

To address these challenges and broaden the usability of this EMR database, we are working to
extract, clean and code free text notes (including SOAP notes) using Natural Language Processing.
Additionally, we plan to use optical character recognition (OCR) to extract information from scanned paper
reports (i.e. PDF documents such as referrals, labs, and imaging). While there are many ethical, privacy and
technical challenges to overcome, this improvements will enable the creation of strong reference
standards that contain rich enough data to classify any health condition of interest while being
representative of the CPCSSN data repository in terms of region and EMR product. As such, this would
expand the usability of CPCSSN data for a range of conditions that CPCSSN does not currently have rich
enough data to evaluate.

It is important to note that there are still opportunities to create and validate case definitions
using the current data structure. For conditions that need a reference standard with richer data than what
is contained within the original fields of the CPCSSN database, a research project could design a study to
manually review the source EMR data. While this method is limited in terms of the portability of the
validated case definition to EMR products that are not in the reference standard, it is still an important
investigation and will be considered for implementation in the CPCSSN national database, after careful
review and evaluation by the Case Definition Working Group.

Looking to the future, CPCSSN will continue developing and validating case definitions for a
range of new conditions and health states. Conditions will be prioritized to ensure we cover the most
common presentations within primary care (35). Furthermore, we are also focussed on ensuring we have
relevant case definitions that are necessary for our funding partners to use CPCSSN data for surveillance
and research (2). Some conditions and health states being considered for development include frailty,
concussion, pregnancy, low back pain, substance use disorder, personality disorder, and sexually
transmitted and blood-borne infections (STBBI) including syphilis and HIV.
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