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Abstract

Background: The availability of electronic medical record (EMR) free-text data for research varies. However, access to short
diagnostic text fields is more widely available.

Objective: This study assesses agreement between free-text and short diagnostic text data from primary care EMR for identification
of posttraumatic stress disorder (PTSD).

Methods: This retrospective cross-sectional study used EMR data from a pan-Canadian repository representing 1574 primary
care providers at 265 clinics using 11 EMR vendors. Medical record review using free text and short diagnostic text fields of the
EMR produced reference standards for PTSD. Agreement was assessed with sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy.

Results: Our reference set contained 327 patients with free text and short diagnostic text. Among these patients, agreement
between free text and short diagnostic text had an accuracy of 93.6% (CI 90.4%-96.0%). In a single Canadian province, case
definitions 1 and 4 had a sensitivity of 82.6% (CI 74.4%-89.0%) and specificity of 99.5% (CI 97.4%-100%). However, when the
reference set was expanded to a pan-Canada reference (n=12,104 patients), case definition 4 had the strongest agreement (sensitivity:
91.1%, CI 90.1%-91.9%; specificity: 99.1%, CI 98.9%-99.3%).

Conclusions: Inclusion of free-text encounter notes during medical record review did not lead to improved capture of PTSD
cases, nor did it lead to significant changes in case definition agreement. Within this pan-Canadian database, jurisdictional
differences in diagnostic codes and EMR structure suggested the need to supplement diagnostic codes with natural language
processing to capture PTSD. When unavailable, short diagnostic text can supplement free-text data for reference set creation and
case validation. Application of the PTSD case definition can inform PTSD prevalence and characteristics.

(JMIR Med Inform 2022;10(12):e41312) doi: 10.2196/41312
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Introduction

Primary care providers are typically the first point of contact
for individuals within the health care system. Primary care
services support patients throughout their health care experiences
managing both acute and chronic conditions. Primary care
electronic medical records (EMR) are a rich source of
longitudinal patient data collected by health care providers
throughout an individual’s health care experience. EMR data
can identify clinical phenotypes, describe care pathways, and
inform quality improvement initiatives [1,2]. EMR-derived data
typically include information related to patient characteristics,
diagnoses, prescribed medications, and biometrics. They may
also include information on social history, allergies, and risk
factors for diseases [3-7]. Given the breadth of information
available within EMRs, their use for disease surveillance
continues to grow.

Identification of complex medical conditions may require
multiple data points. Structured data fields such as standardized
diagnosis or medication codes, as well as unstructured free-text
data within the EMR can be assessed to describe complex
conditions. Unstructured free text in the EMR can describe the
observations, assessment, and plan for patient care providing
depth to what is available in structured data fields [8,9]. More
specifically, unstructured and short-text fields describe the
patient context, including sociodemographic, risk behaviors and
allergies, patient experience and interactions with the provider,
and rational for the health care decisions that were made, which
can inform disease surveillance and research [8]. Text analytics
and, more specifically, natural language processing (NLP) of
text data in the EMR can identify symptoms and variable
interactions across multiple tables within data holdings [9-15].
Mining text data from health records typically includes refining
procedures and knowledge extraction, aggregation, abstraction,
and summarization of EMR information to transform text data
into actionable insights such as inform phenotyping, disease
prognosis and management, and disease surveillance [9,16,17].
Free-text information is not always available for research due
to the technical limitations of EMR data systems or analysis,
as well as privacy and data protection restrictions [18]. Due to
this limitation, previous studies have relied on small data sets
or a small number of institutions, preventing evidence of
transferability of the models [17]. Primary care EMR short
diagnostic text fields, more widely available than free-text data,
have been suggested as a method for supplementing diagnostic
definitions when free-text is unavailable [15,19,20].
Supplementation of free-text data with short-text fields, matched
with refined processes for annotation and classification can
support the use of EMR data in research [17].

Posttraumatic stress disorder (PTSD) is a complex mental health
disorder characterized by a constellation of distressing symptoms
that occur after witnessing or experiencing a traumatic event
[21,22]. PTSD involves intrusive thoughts, persistent avoidance,
negative alterations in cognition and mood, and alterations in
arousal and reactivity (eg, irritability, reduced concentration,
and exaggerated startle response) due to trauma recollection,
which occur for greater than 1 month and result in significant
impairment for the individual [20,22-24]. PTSD is associated

with an array of multimodal risk indicators suggesting no single
factor can account for the large variance in PTSD symptoms
[19,20]. When encountered in primary care, PTSD is associated
with considerable functional impairment and health care
utilization [24]. This complex set of symptoms, combined with
an individual’s possible reluctance to seek help, infrequent
patient-clinician interaction, and overlapping symptoms with
other mental health conditions, makes PTSD difficult to
accurately diagnose in primary care [20,22]. Identifying PTSD
requires both depth and breadth to detail the patients’experience
and capture associated factors [19,20].

This study had two objectives, which are as follows: (1) to
compare the quality of capture when using free-text data
compared to short diagnostic text fields from primary care EMRs
for the creation of a reference set for a complex condition such
as PTSD, and (2) test possible PTSD case definitions using
single-province and pan-Canadian EMR reference standards.
This study assesses the performance of 4 PTSD case definitions
against reference standards to assess improved agreement when
structured data fields are supplemented with NLP of EMR short
diagnostic phrases.

Methods

Overview
This retrospective cross-sectional study used EMR data extracted
and processed by the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN). At the time of this study,
there were 1574 consenting primary care providers (ie, family
physicians, nurse practitioners, and community pediatricians)
from 257 clinics representing 1,493,516 patients in 7 Canadian
provinces (British Columbia, Alberta, Manitoba, Ontario,
Quebec, Nova Scotia, and Newfoundland and Labrador) [3,7].

Data Sources
The CPCSSN repository is a pan-Canadian data set that is
updated semiannually from regional practice-based research
networks. The data in the repository comprised deidentified
EMR data from consenting primary care providers that use 11
different EMR systems across Canada. Extracted EMR data are
cleaned and standardized to map prescribed medications to
Anatomical Therapeutic Chemical classification codes,
laboratory tests to Logical Observation Identifiers Names and
Codes, and medical diagnoses to International Classification of
Disease, ninth edition, clinical modification (ICD-9-CM) codes.
The CPCSSN repository also contains unstructured data in the
form of short diagnostic text fields related to diagnoses,
medication instructions, allergies, and social and behavioral
risk factors. Additionally, some regional networks, such as the
Manitoba Primary Care Research Network (MaPCReN), also
extract free-text encounter notes that go through a
deidentification algorithm to anonymize the data. Encounter
notes are narrative entries created by primary care providers,
typically structured in the problem-oriented medical record
format [8]. MaPCReN represents 266 consenting primary care
providers in 48 clinics in Manitoba, Canada. This study accessed
a CPCSSN data set comprised of structured and short diagnostic
text fields, and a MaPCReN data set containing structured, short
diagnostic text fields, and free-text encounter notes.
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Manitoba Primary Care Patients
The MaPCReN database includes 289,523 patients, of which
154,118 (52.23%) were considered active because they had seen
a primary care provider participating in MaPCReN in the prior
2 years (between January 1, 2017, and December 31, 2019)
[25]. In addition to structured and short diagnostic text data
available for all patients, 19.6% (56,795/289,523) of the patients
have free-text encounter notes available in the MaPCReN
repository (2,125,961 encounter notes). Two medical students
conducted a complete review of the medical records of a subset
of patients from the MaPCReN repository. The reviewers were
instructed to use the criteria from the Diagnostic and Statistics
Manual of Mental Disorders, Fifth Edition [26] or specific
documentation to indicate whether a patient was diagnosed with
PTSD. A data extraction form was developed to capture patients
living with PTSD and related signs or symptoms (Multimedia
Appendix 1).

To create the subset for medical record review, we identified
21,713 patients with one more of the following ICD-9-CM
codes in the health condition table of the EMR starting 300
(anxiety), 308 (acute reaction to stress), 309 (adjustment
reaction), or 311 (depression). A total of 373 patients had a

complete record reviewed by 2 students. Medical record review
without free text was also completed by 2 medical students for
15,127 (69.67%) of these 21,713 patients to create positive
reference sets. To identify patients without PTSD (negative
reference set), patients were randomly selected for review by 2
medical students. In the negative reference set, 264/2025
(13.0%) patients had full medical records review (including free
text), and 1761/2025 (87.0%) patients were reviewed without
free-text encounter notes. Patients were labeled as “PTSD,”
“possible PTSD,” or “no PTSD” in the data extraction form
(Multimedia Appendix 1). Any discrepancies were reviewed
by a family physician clinician researcher (AS). The final
reference set included patients who were considered “PTSD”
or “no PTSD” and excluded patients with “possible PTSD.”
This process created the following two MaPCReN reference
standards: (1) a total of 330 patients (n=115, 34.8% positive
and n=215, 65.2% negative) had full medical record review
including free-text data, and (2) a total of 3212 patients (n=1566,
48.75% positive and n=1646, 51.25% negative) had medical
record review without free-text data. There were 327 patients
who were included in both MaPCReN reference sets (Figure 1)
[20].

Figure 1. Flow diagram for creation of posttraumatic stress disorder reference standard in the Manitoba Primary Care Research Network.

Pan-Canadian Primary Care Patients
From the CPCSSN repository, a subset of patient records was
extracted for medical record review to create a pan-Canadian
reference set for PTSD. The CPCSSN repository contains EMR
data for 1,493,516 patients, of which 689,301 (46.15%) were
considered active because they had an appointment within the

previous 2 years [25]. Within CPCSSN, there is no free-text
encounter note data available. Medical record review was
performed by 12 medical students using short diagnostic text
fields. In total, there were 6 cohorts of ~2700 randomly selected
records, each reviewed by 2 medical students for a total of
16,265 records reviewed. We included patients from each of
the 7 participating provinces. There were 13,282 patients with
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an ICD-9-CM code (309, adjustment reaction), of which 7551
(56.85%) were randomly selected for medical record review.
Moreover, there were 8714 patients randomly selected for
creation of the negative reference set. We used the same data
extract table and process as conducted for the MaPCReN
reference set. Discrepancies were reviewed by a family

physician (AS). There were 3518/7551 (46.6%) who were
excluded due to poor interrater agreement or being classified
as “possible PTSD.” Our final reference set had 12,104 patients
(n=4033, 33.32% positive and n=8071, 66.68% negative; Figure
2).

Figure 2. Flow diagram for creation of posttraumatic stress disorder reference standard in the Canadian Primary Care Sentinel Surveillance Network.

Case Definitions
Four case definitions for PTSD were developed by consensus
discussion and evidence review by a research team including
clinicians and researchers. Case definitions included ICD-9-CM
and Anatomical Therapeutic Chemical codes from the health
condition, billing, encounter diagnosis, and medication tables
of CPCSSN (Table 1). The ICD-9-CM code for PTSD is 309.81;
however, some providers use a less specific ICD-9-CM code
309 (adjustment reaction) because of billing rules in some
justifications (ie, Ontario) which require that only the first 3

digits of the ICD-9-CM code be entered. Additionally, during
medical record review, medical students found that patients
with a diagnostic text entry for “PTSD” also had the following
ICD-9-CM codes associated with that encounter: 300 (anxiety),
308 (acute reaction to stress), 309 (adjustment reaction), or 311
(depressive disorder). Medical student reviewers were instructed
to create a list of spelling mistakes, abbreviations, and phrases
that were recorded by primary care providers to identify PTSD
in the short diagnostic text field (Multimedia Appendix 2).
These codes and list were incorporated into data preprocessing
stages prior to applying the case definitions (Table 1).

Table 1. Posttraumatic stress disorder (PTSD) test case definitions.

Case definition 4Case definition 3Case definition 2Case definition 1

≥1 health condition, billing, or encounter
diagnosis for ICD-9-CM 309.81 OR ≥1
health condition, billing, or encounter diag-
nosis for ICD-9-CM starting with 290-316
AND PTSD recorded as the diagnosis name
by the provider (Multimedia Appendix 2)

≥1 health condition for ICD-9-CM 309.81
OR ≥1 billing, encounter diagnosis for ICD-
9-CM 309.81 AND PTSD medication

(ATCb code starting with N05 or N06) OR
≥2 billing, encounter diagnosis for ICD-9-
CM 309.81 separated by at least 1 week

≥1 health condition for ICD-
9-CM 309.81 OR ≥2 billing,
encounter diagnosis for
ICD-9-CM 309.81 separated
by at least 1 week

≥1 health condition, billing,
or encounter diagnosis for

ICD-9-CMa 309.81

aICD-9-CM: International Classification of Disease, ninth edition, clinical modification.
bATC: anatomical therapeutic chemical.
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Preprocessing Steps
Primary care EMR data are collected for clinical purposes and
therefore often include domain-specific language and acronyms
as well as spelling and typographical errors. To prepare the data
for validation (ie, capture in case definition 4), we removed stop
words, removed special characters, and adjusted capitalization
in the short diagnostic text fields of the EMR. Short diagnostic
text fields document diagnosis name and reasons for the
encounter. During medical record review, medical student
reviewers recorded PTSD acronyms and spelling errors that
were later converted into “PTSD” prior to applying the case
definition (Multimedia Appendix 2).

Statistical Analyses
We compared the agreement of EMR free-text encounter notes
and EMR short diagnostic text fields using a 2x2 contingency
table and the following metrics: sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
overall accuracy. Further, we assessed agreement between the
PTSD case definitions and each of the 3 reference sets
(MaPCReN free text, MaPCReN short diagnostic text, and
CPCSSN) with sensitivity, specificity, PPV, NPV, and overall
accuracy. The equations for these metrics are presented below:

Using the PTSD case definitions, the prevalence and 95%
confidence limits were computed using an exact binomial test
to estimate prevalence of PTSD in a pan-Canadian data set.
Statistical analyses were conducted using SAS V9.4 (SAS
Institute).

Ethics Approval
Ethical approval for this study was obtained from the Health
Research Ethics Board at the University of Manitoba, approval
number HS21053(2017:257).

Results

Manitoba Primary Care Patients
There were 154,118 patients in MaPCReN who attended an
appointment with a participating provider between January 1,
2017, and December 31, 2019. There were 330 patients in
MaPCReN reference set 1 (free-text data), and 3212 patients in
MaPCReN reference set 2 (short diagnostic text). There were
327 patients who were included in both reference sets. There
was a strong agreement between free-text and short diagnostic
text reference sets with an overall accuracy of 93.6% (CI
90.4%-96.0%). There were 20 patients who had ongoing
symptoms of PTSD documented in free-text EMR data (not an
explicit PTSD diagnosis) that were not identified through review
of short diagnostic text fields. Despite this, there was strong
agreement between the 2 reference sets with a sensitivity of
82.5% (CI 74.2%-88.9%) and specificity of 99.5% (CI
97.4%-100%; Table 2).

Case definitions 1 and 4 performed similarly in both MaPCReN
reference sets (Table 3). Reference set 1 had a sensitivity of
82.6% (CI 74.4%-89.0%), specificity of 99.5% (CI
97.4%-100%), PPV of 99.0% (CI 93.1%-99.9%), NPV of 91.5%
(87.8%-94.1%), and accuracy of 93.6% (CI 90.4%-96.0%) for
both case definitions. Similarly, reference set 2 had a sensitivity
of 100% (CI 99.8%-100%), specificity of 98.4% (CI
97.7%-99.0%), PPV of 98.4 (CI 97.6%-98.9%), NPV of 100%,
and accuracy of 99.2% (CI 98.8%-99.5%) for both case
definitions. Within the MaPCReN repository, supplementation
with NLP (case definition 4) did not capture any additional
patients when compared to case definition 1, which focused
only on diagnostic codes for PTSD (ICD-9-CM 309.81).
Requiring a second billing code for PTSD (case definition 2)
or a medication that may be used to treat PTSD (case definition
3) produced lower sensitivity (57.4%, CI 47.8%-66.6% and
79.1%, CI 70.6%-86.2%; Table 3).

Table 2. Agreement between Manitoba Primary Care Research Network (MaPCReN) reference set 1 (with encounter notes) and MaPCReN reference
set 2 (with short diagnostic text fields only; N=327).

Value (95% CI)Performance metrica

93.6 (90.4-96.0)Accuracy

82.5 (74.2-88.9)Sensitivity

99.5 (97.4-100)Specificity

99.0 (93.0-99.9)Positive predictive value

91.4 (87.7-94.0)Negative predictive value

aCell occurrence <5 required suppression of numbers in 2x2 contingency table.
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Table 3. Agreement between patients captured using the posttraumatic stress disorder case definitions and the Manitoba Primary Care Research Network
(MaPCReN) reference sets.

Accuracy (%, CI)hNPV (%, CI)gPPV (%, CI)fSP (%, CI)eSE (%, CI)dFP (n)cFN (n)bTN (n)aTP (n)Case definitions

MaPCReN reference set 1 (with encounter notes; N=330)

93.6 (90.4-96.0)91.5 (87.8-
94.1)

99.0 (93.1-
99.9)

99.5 (97.4-
100)

82.6 (74.4-
89.0)

<5Sup-
pressed

21495Case definition 1

84.9 (80.5-88.5)81.4 (77.9-
84.4)

98.5 (90.3-
99.8)

99.5 (97.4-
100)

57.4 (47.8-
66.6)

<5Sup-
pressed

21466Case definition 2

92.4 (89.0-95.0)89.9 (86.2-
92.7)

98.9 (92.8-
99.9)

99.5 (97.4-
100)

79.1 (70.6-
86.2)

<5Sup-
pressed

21491Case definition 3

93.6 (90.4-96.0)91.5 (87.8-
94.1)

99.0 (93.1-
99.9)

99.5 (97.4-
100)

82.6 (74.4-
89.0)

<5Sup-
pressed

21495Case definition 4

MaPCReN reference set 2 (no encounter notes; N=3212)

99.2 (98.8-99.5)10098.4 (97.6-
98.9)

98.4 (97.7-
99.0)

100 (99.8-
100)

26016201566Case definition 1

86.4 (85.2-87.6)79.2 (77.8-
80.5)

99..5 (98.8-
99.8)

99.6 (99.2-
99.9)

72.5 (70.2-
74.7)

643116401135Case definition 2

96.2 (95.5-96.8)94.4 (93.2-
95.3)

98.3 (97.5-
98.8)

98.4 (97.7-
99.0)

93.8 (92.5-
95.0)

269716201469Case definition 3

99.2 (98.8-99.5)10098.4 (97.6-
98.9)

98.4 (97.7-
99.0)

100 (99.8-
100)

26016201566Case definition 4

aTP: true positive.
bTN: true negative.
cFN: false negative.
dFP: false positive.
eSE: sensitivity.
fSP: specificity.
gPPV: positive predictive value.
hNPV: negative predictive value.

Pan-Canadian Primary Care Patients
In the CPCSSN data set, case definition 4 had the strongest
agreement with our reference set with a sensitivity of 91.1%
(CI 90.1%-91.9%), specificity of 99.1% (CI 98.9%-99.3%),
PPV of 98.1% (CI 97.6%-98.5%), NPV of 95.7% (CI
95.3%-96.1%), and accuracy of 96.4% (CI 96.1%-96.8%). In
comparison, case definition 1 had a sensitivity of 72.3% (CI
70.9%-73.7%), specificity of 99.1% (CI 98.9%-99.3%), PPV
of 97.6% (CI 97.0%-98.1%), NPV of 87.8% (CI 87.2%-88.3%),
and accuracy of 90.2% (CI 89.7%-90.7%). The inclusion of

multiple billing codes (case definition 2) or medications that
can be used to treat PTSD (case definition 3) did not improve
the agreement of the case definitions (Table 4).

When we apply each of the definitions to the CPCSSN data set
of active patients, PTSD prevalence estimates suggest a range
of 0.8% (CI 0.77%-0.81%; n=5565) with case definition 2 to
1.3% (CI 1.25%-1.31%; n=8913) with case definition 4. Case
definition 1, which required at least one specific ICD-9-CM
code 309.81, had a prevalence of 1.1% (CI 1.08%-1.13%;
n=7718).
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Table 4. Agreement between the posttraumatic stress disorder case definitions in the Canadian Primary Care Sentinel Surveillance Network and the
reference data set (N=12,104).

Accuracy (%, CI)NPVh (%, CI)PPVg (%, CI)SPf (%, CI)SEe (%, CI)FPd (n)FNc (n)TNb (n)TPa (n)Case defini-
tions

90.2 (89.7-90.7)87.8 (87.2-88.3)97.6 (97.0-98.1)99.1 (98.9-99.3)72.3 (70.9-73.7)711116800029171

87.1 (86.5-87.7)84.0 (83.5-84.5)99.0 (98.5-99.3)99.7 (99.5-99.8)62.0 (60.5-63.5)261531804525022

90.2 (89.7-90.8)87.8 (87.2-88.3)97.8 (97.2-98.2)99.2 (99.0-99.4)72.3 (70.9-73.7)671116800429173

96.4 (96.1-96.8)95.7 (95.3-96.1)98.1 (97.6-98.5)99.1 (98.9-99.3)91.1 (90.1-91.9)71361800036724

aTP: true positive.
bTN: true negative.
cFN: false negative.
dFP: false positive.
eSE: sensitivity.
fSP: specificity.
gPPV: positive predictive value.
hNPV: negative predictive value.

Discussion

Principal Results
We found strong agreement between reference standards created
through review of EMR free-text encounter notes compared to
EMR short diagnostic text fields. Similar to other studies, we
also found that when available, free-text encounter notes can
capture additional information about a patient for identification
of disease, symptoms, and management strategies [7,12,14,15].
Although free-text encounter notes provided additional
information regarding risk factors and symptoms, when
compared to short diagnostic text fields, their inclusion did not
dramatically impact the validation of algorithms intended to
identify diagnosed cases. Primary care settings in our sample
include regionally or privately operated clinics, different EMR
systems, and privacy and confidentiality regulations that can
make free-text data difficult to obtain [27]. We found that when
free-text encounter notes are unavailable, short diagnostic text
data offer a viable option for identification of a confirmed
diagnosis among primary care patients, even when this condition
is complex such as PTSD.

Comparison With Prior Work
The estimated PTSD prevalence ranged from 0.8% to 1.3%.
Case definition 1, which focused on specific ICD-9-CM code
for PTSD (309.81) found a prevalence of 1.1% but may not be
viable if 5-digit billing codes (ie, ICD-9-CM) are not available.
Within the Manitoba data set, diagnostic code alone and
diagnostic codes supplemented with NLP both had high
agreement with reference sets. Inclusion of free-text encounter
notes during medical record review did not significantly change
agreement metrics. Contrary to similar studies, we did not find
that the inclusion of NLP improved the agreement of our case
definition in Manitoba [7,12,14,15]. However, when we applied
the case definitions to the pan-Canadian CPCSSN reference set,
provincial differences in diagnostic codes and EMR structure
were noticed. Seungwon et al [27] conducted a scoping review
of 274 articles representing 299 algorithms for Charlson
conditions reporting that case validation studies frequently

focused on a single-center, limiting generalizability of created
algorithms. Similarly, we found that our algorithm tested in
MaPCReN, which includes only 3 distinct EMR venders,
performed better than when tested in a pan-Canadian CPCSSN
data set representing 11 different EMR venders across Canada.

Consistent with other literature regarding complex phenotypes,
we found that reliance on diagnostic codes can vary in accuracy
depending on the jurisdiction [14,27]. System-level and
jurisdictional differences in diagnostic coding requirements
reduced the sensitivity of case definition 1 in the CPCSSN
reference set. Depending on the condition, a 3-digit ICD-9-CM
code may still indicate disease presence. For example,
ICD-9-CM 250 indicates diabetes with ICD-9-CM subcodes
indicating the type and severity of the diabetes [28]. However,
the 3-digit ICD-9-CM code for PTSD is 309, indicating an
adjustment reaction which is not specific to PTSD. When using
free-text data to improve PTSD capture, tools such as
well-developed and defined NLP or lasso regression can aid in
the identification of patients [7,12,14,15]. Case definition 4
supplemented specific diagnostic codes with NLP of short
diagnostic text fields in the EMR to identify patients with PTSD.
Similar to other works, we found that combining structured
EMR data and unstructured free text significantly improved
diagnostic capture in our pan-Canadian data set yielding higher
performance [7,15,20,27]. However, we did not ascertain
additional benefit from using free-text encounter notes when
compared to short diagnostic text fields that are more widely
available. Doan et al [12] found that NLP showed comparable
performance in disease identification to clinician manual chart
review. Although literature suggests the need to capture multiple
risk factors for the identification of PTSD [19], in this study,
we focused NLP on explicit PTSD diagnostic text documented
in short diagnostic text fields of the EMR. We demonstrated
that explicit PTSD diagnostic text can improve PTSD capture
in a pan-Canadian data set. NLP can serve as a model for
decision support closing documentation gaps and overcoming
barriers present when only structured data fields are available
[12,15].
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Following free-text encounter note review, 6.1% (20/327) of
patients in our purposefully selected reference standard were
identified as having “possible PTSD.” These patients did not
have an explicit PTSD diagnosis in the text or structured data
fields of the EMR. Characterizing patients with “possible PTSD”
may identify patients who warrant further clinical investigation
to inform diagnosis. Identification of patients with “possible
PTSD” can support patient care by informing diagnostic
investigations, as well as promoting documentation of mental
health symptoms, treatments, and improvements in symptoms
[15]. This may be a role for clinical decision support systems
that can provide passive alerts to primary care providers
indicating the need for further PTSD assessment [7,15].

Depending on study objectives and data set, researchers may
choose to use different combinations of coded and free-text
data, the former being more readily available and commonly
used in many jurisdictions [14,27]. However, previous studies
have demonstrated that using diagnostic codes from one part
of the EMR alone may be problematic due to data quality
concerns [18,29]. Furthermore, changes in terminology and
coding standards can make it difficult to compare and share
algorithms between EMR systems and jurisdictions.
Understanding the health system structure and setting of the
study is crucial in algorithm development [27]. Interpretability
is an important consideration within the clinical domain, which
may suggest the use of an NLP rule-based system, particularly
when a data set has limited free-text information. Despite this,
the supplementation of structured EMR data with NLP-derived
data is important to overcome documentation gaps [9,15,20].
Our pan-Canadian data set only included short diagnostic fields
and did not include free-text encounter notes. The availability
of free-text encounter notes may suggest the use of a pretrained
model for both text representation and classification. Pretrained
model such as the Bidirectional Encoder Representations from
Transformers can transform free-text data into a standardized
form [9]. Specialist models such as MentalBERT have
developed domain-specific pretrained language models in the
area of mental health that can further benefit machine learning
models aimed at capturing mental health conditions [30].
Matching data sets to appropriate methods can balance
interpretability of the model and improve prediction leading to
results that can inform clinical decision-making and health
system planning [9,15,19,20].

Limitations
This study relied on primary care provider documentation in
the EMR. NLP assessment of clinical notes entered by a primary
care provider requires processing of clinical narratives that were
entered by providers with limited time and may therefore include
domain-specific abbreviations and spelling or editorial errors
[7]. Due to variation in primary care provider documentation
and coding, our study may have underestimated the presence
of PTSD in its patient population. Additionally, clinicians
primarily use their EMR for clinical purposes and therefore are
less concerned with the secondary use of specific ICD-9-CM
codes. This may contribute to issues with data capture or
completeness. The use of NLP must be developed within context
to meet organizational challenges of structured data fields [14].
Tools developed through this study can support identification
in a Canadian EMR data repository but have not been validated
in other jurisdictions. CPCSSN represents care received from
a primary care provider and therefore does not represent care
received from a specialist, such as a psychiatrist or psychologist.
Future studies linking this data set to other data holdings
representing care providing by specialist providers may improve
our case definition accuracy by including more dedicated
assessments and information related to PTSD care.

Conclusions
Inclusion of free-text encounter notes during medical record
review did not lead to dramatically improved capture of PTSD
cases, nor did it lead to significant improvements in case
definition agreement. However, incorporating NLP of short
diagnostic text fields into a case definition for a complex
condition, such as PTSD, improved the capture of our case
definition when compared to case definitions that used structured
data fields alone. Depending on the jurisdiction and EMR
systems in use, specific diagnostic codes can still provide a
good estimate of patients with PTSD in a population.

Further research is required to refine NLP algorithms to be able
to detect PTSD from free-text encounter notes lacking a formal
coded diagnosis entry. In this large primary care data set, PTSD
affected between 0.8% and 1.3% of the population,
demonstrating that primary care EMR data are a rich source of
data for this complex condition.

Acknowledgments
We would like to thank all of the following medical record reviewers: Alyzia Horsefall, Amy Lam, Anna Liu, Courtney Bell,
Daniel Shenoda, Dhasni Muthurmuni, Gabriel Furman, Hannah Stirton, John Bahng Seokjae, Joseph Asamineq, Katrina Leong,
Mary Pambid, Peter Trokajilo, Shivani Mathur, Suman Lakhi, and Sydnee Tuckett. We also acknowledge the assistance of William
Peeler in data acquisition.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Data extraction form.
[PDF File (Adobe PDF File), 65 KB-Multimedia Appendix 1]

JMIR Med Inform 2022 | vol. 10 | iss. 12 | e41312 | p. 8https://medinform.jmir.org/2022/12/e41312
(page number not for citation purposes)

Kosowan et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v10i12e41312_app1.pdf&filename=2e8a22269c2f02ba152df9d4e8317aac.pdf
https://jmir.org/api/download?alt_name=medinform_v10i12e41312_app1.pdf&filename=2e8a22269c2f02ba152df9d4e8317aac.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 2
Posttraumatic stress disorder terms.
[PDF File (Adobe PDF File), 60 KB-Multimedia Appendix 2]

References

1. Cavlan O, Dash P, Drouin J, Fountaine T, Riahi F. Using care pathways to improve health systems. Health International.
2011. URL: https://www.mckinsey.com/client_service/healthcare_systems_and_services/people/~/media/
3EAC5D0AD0D440BD9500799BAD632DE0.ashx [accessed 2022-11-08]

2. Rubin G, Berendsen A, Crawford SM, Dommett R, Earle C, Emery J, et al. The expanding role of primary care in cancer
control. Lancet Oncol 2015 Sep;16(12):1231-1272. [doi: 10.1016/S1470-2045(15)00205-3] [Medline: 26431866]

3. Queenan JA, Williamson T, Khan S, Drummond N, Garies S, Morkem R, et al. Representativeness of patients and providers
in the Canadian Primary Care Sentinel Surveillance Network: a cross-sectional study. CMAJ Open 2016;4(1):E28-E32
[FREE Full text] [doi: 10.9778/cmajo.20140128] [Medline: 27331051]

4. Singer AG, Kosowan L, Nankissoor N, Phung R, Protudjer JLP, Abrams EM. Use of electronic medical records to describe
the prevalence of allergic diseases in Canada. Allergy Asthma Clin Immunol 2021 Aug 18;17(1):85-90 [FREE Full text]
[doi: 10.1186/s13223-021-00580-z] [Medline: 34407859]

5. Singer A, Kosowan L, Loewen S, Spitoff S, Greiver M, Lynch J. Who is asked about alcohol consumption? A retrospective
cohort study using a national repository of Electronic Medical Records. Prev Med Rep 2021 Jun;22:101346-101352 [FREE
Full text] [doi: 10.1016/j.pmedr.2021.101346] [Medline: 33767948]

6. Greiver M, Aliarzadeh B, Meaney C, Moineddin R, Southgate CA, Barber DT, et al. Are We Asking Patients if They
Smoke?: Missing Information on Tobacco Use in Canadian Electronic Medical Records. Am J Prev Med 2015
Aug;49(2):264-268. [doi: 10.1016/j.amepre.2015.01.005] [Medline: 25997907]

7. Demner-Fushman D, Chapman WW, McDonald CJ. What can natural language processing do for clinical decision support?
J Biomed Inform 2009 Oct;42(5):760-772 [FREE Full text] [doi: 10.1016/j.jbi.2009.08.007] [Medline: 19683066]

8. Wright A, Sittig DF, McGowan J, Ash JS, Weed LL. Bringing science to medicine: an interview with Larry Weed, inventor
of the problem-oriented medical record. J Am Med Inform Assoc 2014;21(6):964-968 [FREE Full text] [doi:
10.1136/amiajnl-2014-002776] [Medline: 24872343]

9. Elbattah M, Arnaud É, Gignon M, Dequen G. The Role of Text Analytics in Healthcare: A Review of Recent Developments
and Applications. 2021 Presented at: Proceedings of the 14th International Joint Conference on Biomedical Engineering
Systems and Technologies; February 11-13, 2021; Vienna, Austria p. 825-832. [doi: 10.5220/0010414508250832]

10. Williamson T, Green ME, Birtwhistle R, Khan S, Garies S, Wong ST, et al. Validating the 8 CPCSSN case definitions for
chronic disease surveillance in a primary care database of electronic health records. Ann Fam Med 2014 Jul;12(4):367-372
[FREE Full text] [doi: 10.1370/afm.1644] [Medline: 25024246]

11. Coleman N, Halas G, Peeler W, Casaclang N, Williamson T, Katz A. From patient care to research: a validation study
examining the factors contributing to data quality in a primary care electronic medical record database. BMC Fam Pract
2015 Feb 05;16:11-19 [FREE Full text] [doi: 10.1186/s12875-015-0223-z] [Medline: 25649201]

12. Doan S, Maehara CK, Chaparro JD, Lu S, Liu R, Graham A, Pediatric Emergency Medicine Kawasaki Disease Research
Group. Building a Natural Language Processing Tool to Identify Patients With High Clinical Suspicion for Kawasaki
Disease from Emergency Department Notes. Acad Emerg Med 2016 May;23(5):628-636 [FREE Full text] [doi:
10.1111/acem.12925] [Medline: 26826020]

13. Gigengack MR, van Meijel EPM, Alisic E, Lindauer RJL. Comparing three diagnostic algorithms of posttraumatic stress
in young children exposed to accidental trauma: an exploratory study. Child Adolesc Psychiatry Ment Health 2015;9:14-22
[FREE Full text] [doi: 10.1186/s13034-015-0046-7] [Medline: 25984233]

14. Harrington KM, Quaden R, Stein MB, Honerlaw JP, Cissell S, Pietrzak RH, VA Million Veteran Program and Cooperative
Studies Program. Validation of an Electronic Medical Record-Based Algorithm for Identifying Posttraumatic Stress Disorder
in U.S. Veterans. J Trauma Stress 2019 Apr 22;32(2):226-237 [FREE Full text] [doi: 10.1002/jts.22399] [Medline: 31009556]

15. Shiner B, Levis M, Dufort VM, Patterson OV, Watts BV, DuVall SL, et al. Improvements to PTSD quality metrics with
natural language processing. J Eval Clin Pract 2022 Aug 24;28(4):520-530. [doi: 10.1111/jep.13587] [Medline: 34028937]

16. Hao T, Huang Z, Liang L, Weng H, Tang B. Health Natural Language Processing: Methodology Development and
Applications. JMIR Med Inform 2021 Oct 21;9(10):e23898 [FREE Full text] [doi: 10.2196/23898] [Medline: 34673533]

17. Spasic I, Nenadic G. Clinical Text Data in Machine Learning: Systematic Review. JMIR Med Inform 2020 Mar
31;8(3):e17984 [FREE Full text] [doi: 10.2196/17984] [Medline: 32229465]

18. Singer A, Yakubovich S, Kroeker AL, Dufault B, Duarte R, Katz A. Data quality of electronic medical records in Manitoba:
do problem lists accurately reflect chronic disease billing diagnoses? J Am Med Inform Assoc 2016 Nov;23(6):1107-1112.
[doi: 10.1093/jamia/ocw013] [Medline: 27107454]

19. Karstoft K, Galatzer-Levy IR, Statnikov A, Li Z, Shalev AY, members of Jerusalem Trauma Outreach Prevention Study
(J-TOPS) group. Bridging a translational gap: using machine learning to improve the prediction of PTSD. BMC Psychiatry
2015 Mar 16;15(1):30-37 [FREE Full text] [doi: 10.1186/s12888-015-0399-8] [Medline: 25886446]

JMIR Med Inform 2022 | vol. 10 | iss. 12 | e41312 | p. 9https://medinform.jmir.org/2022/12/e41312
(page number not for citation purposes)

Kosowan et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v10i12e41312_app2.pdf&filename=80b05af9dd8a0cb5677408f059b6d629.pdf
https://jmir.org/api/download?alt_name=medinform_v10i12e41312_app2.pdf&filename=80b05af9dd8a0cb5677408f059b6d629.pdf
https://www.mckinsey.com/client_service/healthcare_systems_and_services/people/~/media/3EAC5D0AD0D440BD9500799BAD632DE0.ashx
https://www.mckinsey.com/client_service/healthcare_systems_and_services/people/~/media/3EAC5D0AD0D440BD9500799BAD632DE0.ashx
http://dx.doi.org/10.1016/S1470-2045(15)00205-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26431866&dopt=Abstract
http://cmajopen.ca/cgi/pmidlookup?view=long&pmid=27331051
http://dx.doi.org/10.9778/cmajo.20140128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27331051&dopt=Abstract
https://aacijournal.biomedcentral.com/articles/10.1186/s13223-021-00580-z
http://dx.doi.org/10.1186/s13223-021-00580-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34407859&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(21)00037-1
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(21)00037-1
http://dx.doi.org/10.1016/j.pmedr.2021.101346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33767948&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2015.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25997907&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(09)00108-7
http://dx.doi.org/10.1016/j.jbi.2009.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19683066&dopt=Abstract
https://europepmc.org/abstract/MED/24872343
http://dx.doi.org/10.1136/amiajnl-2014-002776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872343&dopt=Abstract
http://dx.doi.org/10.5220/0010414508250832
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=25024246
http://dx.doi.org/10.1370/afm.1644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25024246&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-015-0223-z
http://dx.doi.org/10.1186/s12875-015-0223-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25649201&dopt=Abstract
https://europepmc.org/abstract/MED/26826020
http://dx.doi.org/10.1111/acem.12925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26826020&dopt=Abstract
https://capmh.biomedcentral.com/articles/10.1186/s13034-015-0046-7
http://dx.doi.org/10.1186/s13034-015-0046-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25984233&dopt=Abstract
https://europepmc.org/abstract/MED/31009556
http://dx.doi.org/10.1002/jts.22399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31009556&dopt=Abstract
http://dx.doi.org/10.1111/jep.13587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34028937&dopt=Abstract
https://medinform.jmir.org/2021/10/e23898/
http://dx.doi.org/10.2196/23898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34673533&dopt=Abstract
https://medinform.jmir.org/2020/3/e17984/
http://dx.doi.org/10.2196/17984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32229465&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocw013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27107454&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0399-8
http://dx.doi.org/10.1186/s12888-015-0399-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25886446&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Zafari H, Kosowan L, Zulkernine F, Signer A. Diagnosing post-traumatic stress disorder using electronic medical record
data. Health Informatics J 2021 Nov 24;27(4):14604582211053259 [FREE Full text] [doi: 10.1177/14604582211053259]
[Medline: 34818936]

21. Koenen KC, Ratanatharathorn A, Ng L, McLaughlin KA, Bromet EJ, Stein DJ, et al. Posttraumatic stress disorder in the
World Mental Health Surveys. Psychol. Med 2017 Apr 07;47(13):2260-2274. [doi: 10.1017/s0033291717000708]

22. Van Ameringen M, Mancini C, Patterson B, Boyle MH. Post-traumatic stress disorder in Canada. CNS Neurosci Ther
2008;14(3):171-181 [FREE Full text] [doi: 10.1111/j.1755-5949.2008.00049.x] [Medline: 18801110]

23. Sareen J, Cox BJ, Stein MB, Afifi TO, Fleet C, Asmundson GJG. Physical and mental comorbidity, disability, and suicidal
behavior associated with posttraumatic stress disorder in a large community sample. Psychosom Med 2007 Apr;69(3):242-248.
[doi: 10.1097/PSY.0b013e31803146d8] [Medline: 17401056]

24. Stein MB, McQuaid JR, Pedrelli P, Lenox R, McCahill ME. Posttraumatic stress disorder in the primary care medical
setting. Gen Hosp Psychiatry 2000;22(4):261-269. [doi: 10.1016/s0163-8343(00)00080-3] [Medline: 10936633]

25. Menec V, Black C, Roos N, Bogdanovic B, Reid R. Defining practice populations for primary care: methods and issues.
Manitoba Centre for Health Policy and Evaluation. 2000 Feb. URL: http://mchp-appserv.cpe.umanitoba.ca/reference/roster.
pdf [accessed 2022-11-08]

26. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth edition (DSM-5). Washington,
DC, USA: American Psychiatric Association Publishing; 2013.

27. Lee S, Doktorchik C, Martin EA, D'Souza AG, Eastwood C, Shaheen AA, et al. Electronic Medical Record-Based Case
Phenotyping for the Charlson Conditions: Scoping Review. JMIR Med Inform 2021 Feb 01;9(2):e23934 [FREE Full text]
[doi: 10.2196/23934] [Medline: 33522976]

28. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Centers for Disease Control
and Prevention. URL: https://www.cdc.gov/nchs/icd/icd9cm.htm [accessed 2022-02-03]

29. Singer A, Kroeker AL, Yakubovich S, Duarte R, Dufault B, Katz A. Data quality in electronic medical records in Manitoba:
Do problem lists reflect chronic disease as defined by prescriptions? Can Fam Physician 2017 May;63(5):382-389 [FREE
Full text] [Medline: 28500199]

30. Ji S, Zhang T, Ansari L, Fu J, Tiwari P, Cambria E. MentalBERT: Publicly available pretrained language models for mental
healthcare. 2022 Presented at: Proceedings of the Language Resources and Evaluation Conference; June 21-23, 2022;
Marseille, Francce p. 7184-7190. [doi: 10.48550/arXiv.2110.15621]

Abbreviations
CPCSSN: Canadian Primary Care Sentinel Surveillance Network
EMR: electronic medical record
ICD-9-CM: International Classification of Disease, ninth edition, clinical modification
MaPCReN: Manitoba Primary Care Research Network
NLP: natural language processing
NPV: negative predictive value
PPV: positive predictive value
PTSD: posttraumatic stress disorder

Edited by C Lovis, A Benis; submitted 21.07.22; peer-reviewed by M Elbattah, J Candeliere; comments to author 18.09.22; revised
version received 09.11.22; accepted 13.11.22; published 13.12.22

Please cite as:
Kosowan L, Singer A, Zulkernine F, Zafari H, Nesca M, Muthumuni D
Pan-Canadian Electronic Medical Record Diagnostic and Unstructured Text Data for Capturing PTSD: Retrospective Observational
Study
JMIR Med Inform 2022;10(12):e41312
URL: https://medinform.jmir.org/2022/12/e41312
doi: 10.2196/41312
PMID:

©Leanne Kosowan, Alexander Singer, Farhana Zulkernine, Hasan Zafari, Marcello Nesca, Dhasni Muthumuni. Originally
published in JMIR Medical Informatics (https://medinform.jmir.org), 13.12.2022. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Medical Informatics, is

JMIR Med Inform 2022 | vol. 10 | iss. 12 | e41312 | p. 10https://medinform.jmir.org/2022/12/e41312
(page number not for citation purposes)

Kosowan et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://journals.sagepub.com/doi/abs/10.1177/14604582211053259?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/14604582211053259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34818936&dopt=Abstract
http://dx.doi.org/10.1017/s0033291717000708
https://europepmc.org/abstract/MED/18801110
http://dx.doi.org/10.1111/j.1755-5949.2008.00049.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18801110&dopt=Abstract
http://dx.doi.org/10.1097/PSY.0b013e31803146d8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17401056&dopt=Abstract
http://dx.doi.org/10.1016/s0163-8343(00)00080-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10936633&dopt=Abstract
http://mchp-appserv.cpe.umanitoba.ca/reference/roster.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/roster.pdf
https://medinform.jmir.org/2021/2/e23934/
http://dx.doi.org/10.2196/23934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33522976&dopt=Abstract
https://www.cdc.gov/nchs/icd/icd9cm.htm
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=28500199
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=28500199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28500199&dopt=Abstract
http://dx.doi.org/10.48550/arXiv.2110.15621
https://medinform.jmir.org/2022/12/e41312
http://dx.doi.org/10.2196/41312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


properly cited. The complete bibliographic information, a link to the original publication on https://medinform.jmir.org/, as well
as this copyright and license information must be included.

JMIR Med Inform 2022 | vol. 10 | iss. 12 | e41312 | p. 11https://medinform.jmir.org/2022/12/e41312
(page number not for citation purposes)

Kosowan et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

