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Abstract
Background: Existing systems to document adverse drug events often use free text data entry, which produces nonstandardized
and unstructured data that are prone to misinterpretation. Standardized terminology may improve data quality; however, it is
unclear which data standard is most appropriate for documenting adverse drug event symptoms and diagnoses.
Objective: This study aims to compare the utility, strengths, and weaknesses of different data standards for documenting adverse
drug event symptoms and diagnoses.
Methods: We performed a mixed methods substudy of a multicenter retrospective chart review. We reviewed the research
records of prospectively diagnosed adverse drug events at 5 Canadian hospitals. A total of 2 pharmacy research assistants
independently entered the symptoms and diagnoses for the adverse drug events using four standards: Medical Dictionary for
Regulatory Activities (MedDRA), Systematized Nomenclature of Medicine (SNOMED) Clinical Terms, SNOMED Adverse
Reaction (SNOMED ADR), and International Classification of Diseases (ICD) 11th Revision. Disagreements between research
assistants regarding the case-specific utility of data standards were discussed until a consensus was reached. We used consensus
ratings to determine the proportion of adverse drug events covered by a data standard and coded and analyzed field notes from
the consensus sessions.
Results: We reviewed 573 adverse drug events and found that MedDRA and ICD-11 had excellent coverage of adverse drug
event symptoms and diagnoses. MedDRA had the highest number of matches between the research assistants, whereas ICD-11
had the fewest. SNOMED ADR had the lowest proportion of adverse drug event coverage. The research assistants were most
likely to encounter terminological challenges with SNOMED ADR and usability challenges with ICD-11, whereas least likely
to encounter challenges with MedDRA.
Conclusions: Usability, comprehensiveness, and accuracy are important features of data standards for documenting adverse
drug event symptoms and diagnoses. On the basis of our results, we recommend the use of MedDRA.
(J Med Internet Res 2021;23(12):e27188) doi: 10.2196/27188
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Introduction

Methods

Background

Study Design

Adverse drug events are the harmful and unintended
consequences of medication use and are a leading cause of
emergency department visits and hospitalizations in Canada
and internationally [1-4]. Adverse drug events comprise various
types of medication-related problems, including adverse drug
reactions (ie, noxious effects that occur within a standard dosing
range of a prescription drug). Adverse drug events frequently
recur without documentation and communication, which
compromises patient safety [5]. The incidence, severity, and
recurrence of adverse drug events suggest a need for greater
documentation and communication of such events to avoid
patients being re-exposed to harmful medications [5].

This was a mixed methods substudy of a multicenter
retrospective chart review [5]. We used a convergent mixed
methods design in which we collected and analyzed quantitative
and qualitative data concurrently and separately and then merged
and compared them during the interpretation phase [12].

Adverse drug event reporting is voluntary for clinicians in
Canada but has recently become mandatory for hospitals [6].
The implementation of mandatory reporting for hospitals
introduces concerns about the added burden of documentation
for clinicians. There is often a disconnect between adverse drug
event reporting and clinical care activities because of time
constraints and a poor fit between standardized nomenclatures
built into inflexibly designed reporting systems [7]. The existing
electronic medical records include data fields for documenting
allergies but can be restrictive and inappropriate for
documenting adverse drug reactions and other types of adverse
drug events [7]. Furthermore, allergies and adverse drug
reactions are a fraction of all the reportable clinically significant
adverse drug events [5]. Even when broader input fields are
available to document adverse drug events, they are often in
free text format, and thus, the resulting data are unstructured,
nonstandardized, and prone to misinterpretation. As a result,
clinicians who diagnose and treat adverse drug events rarely
report them in the existing electronic systems [1,4,8]. Enabling
data entry using standardized terminology may reduce the
ambiguity of adverse drug event reports, ease the data entry
process, improve the utility of the systems, and thereby improve
patient safety [9,10]. However, the use of standardized data
systems that are incompatible with clinical work may also
compromise patient safety and reduce the quality and availability
of data for research purposes [11].

Objective
System designers may leverage a number of existing national
and international standards to support documentation; however,
few studies have examined which data standard is preferable
for capturing details about adverse drug events. This study aims
to understand and compare the utility of different clinical data
standards in capturing adverse drug event symptoms and
diagnoses. This has been undertaken in relation to a new law
in Canada that mandates the reporting of serious adverse drug
reactions [6]. We hope to provide insight into the strengths and
weaknesses of different standards as vendors begin to develop
software to support adverse drug event documentation.
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Setting and Population
We reviewed the research records of all patients who were
diagnosed with ≥1 adverse drug event in 1 of the 3 prospective
multicenter studies [13-16]. The first study enrolled 1591
patients presenting to the emergency departments of 2 tertiary
care hospitals—Vancouver General Hospital (VGH) and St
Paul’s Hospital—in Vancouver, British Columbia, Canada,
from 2008 to 2009 and derived a clinical decision rule to identify
the patients at high risk of adverse drug events [13]. The second
study enrolled 10,807 patients presenting to the emergency
departments of VGH, Lions Gate Hospital (an urban community
hospital in North Vancouver, British Columbia), and Richmond
Hospital (an urban community hospital in Richmond, British
Columbia) between 2011 and 2013 and evaluated the impact
of a pharmacist-led medication review on health outcomes
[14,16]. The third study enrolled 1529 patients presenting to
the emergency departments of VGH, Lions Gate Hospital, and
the Ottawa Civic Hospital (an urban tertiary care hospital in
Ottawa, Ontario, Canada) from 2014 to 2015 and validated the
previously derived clinical decision rule [15].
In all 3 prior studies, the research assistants used a systematic
selection algorithm to select and enroll a representative sample
of emergency department patients (Multimedia Appendix 1).
A clinical pharmacist and physician evaluated all the enrolled
patients with adverse drug events at the point of care and
documented the events in research and medical records. All the
cases in which the clinical pharmacist diagnoses and physician
diagnoses were concordant were considered final. An
independent committee adjudicated all the cases in which the
assessments were discordant or uncertain by reviewing the
research and medical records.

Inclusion and Exclusion Criteria
This study included all adverse drug events that met our case
definition and were diagnosed in 1 of the 3 primary studies (see
Case Definition section). We excluded events with alternative
diagnoses, those for which records could not be retrieved or
were illegible, and those that were not unique with respect to
the drug and presenting symptom or diagnosis [13-16].

Case Definition
Adverse drug events included adverse drug reactions, drug
interactions, supratherapeutic or subtherapeutic dosing, untreated
indications, drug withdrawal, ineffective drugs, nonadherence,
and errors in prescribing, dispensing, or medication
administration [5,13-16]. These adverse drug events had to be
J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 2
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classified as moderate, resulting in a change in medical
management, diagnostic testing, or consulting or severe,
resulting in hospital admission, permanent disability, or death
[5,16].

Chart Review Data Collection Methods
A total of 2 research assistants (EC, a clinical pharmacist and
VC, a pharmacy student) retrospectively reviewed the research
records of the enrolled patients. They were independent and
blinded to one another’s data collection and applied the different
data standards to document up to 4 symptoms or diagnoses that
they felt were appropriate to describe each adverse drug event
using an electronic data collection form (Multimedia Appendix
2). If the research assistants were unable to identify an
appropriate symptom or diagnosis, they selected No Match. The
research assistants then documented whether they thought the
terms selected in the data standard accurately described the case.
We conducted a pilot period to ensure the quality of the data
collected and identify any potential questions about the
application of our research protocol. During the pilot period,
the research assistants collected data on a sample of 20 adverse
drug events and subsequently provided feedback on the data
collection form. We edited the form following the provision of
feedback, which the research assistants then piloted on a new
sample of 20 records, resulting in a total of 40 records being
piloted.
During the pilot period, the research assistants met weekly to
discuss discordant cases in which there were disagreements in
the identified symptoms or diagnoses for each data standard to
ensure consistency in case interpretation. After the pilot period,
the research assistants met monthly to discuss the discordant
cases in which there was disagreement in the accuracy of the
data standard in describing the case. We considered all cases in
which the research assistants reached a consensus on the various
data standards as final (Multimedia Appendix 3).
We randomly selected 100 adverse drug events for the research
assistants to assess twice to evaluate intrarater reliability.

Qualitative Data Collection Methods
During the chart review, the research assistants electronically
recorded notes on their process, general impressions, and any
case-specific challenges they encountered for each data standard.
A qualitative researcher (SS) attended the meetings between
the research assistants to observe the discussion of the discordant
cases and took notes on the discussion to capture emerging
themes and points of convergence and divergence. This
produced a richer understanding of the human factors that
influence the perceived utility of data standards.

Data Standards
We used four data standards to document the symptoms and
diagnoses of each adverse drug event: Systematized
Nomenclature of Medicine (SNOMED) Health Concern and
Diagnosis (SNOMED HC) reference set, SNOMED Adverse
Reaction (SNOMED ADR) reference set, Medical Dictionary
for Regulatory Activities (MedDRA), and International
Classification of Diseases (ICD) 11th Revision. We selected
these as various levels of government and other organizations
https://www.jmir.org/2021/12/e27188
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in Canada recommend their use in different clinical contexts
related to adverse drug event reporting and documentation.

SNOMED HC Reference Set
SNOMED Clinical Terms (SNOMED CT) is an international
clinical terminology coding system that includes diagnoses,
signs, symptoms, and diagnostic procedures. We used the
SNOMED CT Canadian Edition, which was developed
specifically for use in Canada and released in October 2018
[17]. The SNOMED HC reference set is a subset of SNOMED
CT, which is designed to map terminology to the ICD-9 and
ICD-10 codes and the Canadian Emergency Department
Diagnosis Shortlist for use in electronic medical records and
clinical information systems. We included SNOMED CT as it
is maintained and recommended by Canada Health Infoway to
support the capture and exchange of clinical data in Canada
[18].

SNOMED ADR Reference Set
The SNOMED ADR reference set highlights the allergies and
intolerances found in SNOMED CT. This is a baseline reference
set under development, which will continue to expand based
on feedback. The Northern Health Authority in British Columbia
has integrated this data standard into their electronic medical
record system. Users select the terminology through a search
function, which creates a filtered dropdown selection list. We
included SNOMED ADR as it is under development for use
specifically in British Columbia [19].

MedDRA Preferred Terms
MedDRA version 22.0 is an international standardized medical
terminology dictionary that supports classification of adverse
event information associated with biopharmaceuticals and other
medical products [20]. MedDRA’s hierarchical structure
comprises 5 terminological levels that map to one another,
arranged from very specific to very general. We used the
Preferred Terms level, which presents terms as distinct
descriptors for symptoms, signs, disease diagnoses, therapeutic
indications, investigations, surgical or medical procedures, and
medical, social, or family history characteristics. We modified
some terms from their original British spelling to their American
spelling by referring to corresponding Lower Level Terms in
the MedDRA hierarchy. We included MedDRA as its use is
recommended by Health Canada for adverse reaction reports
submitted to their pharmacovigilance database [21].

International Classification of Diseases 11th Revision
ICD-11 is an international standard for reporting diseases and
health conditions for clinical and research purposes [22]. The
World Health Organization released the 11th revision in 2018
for piloting, and it will come into use in 2022. This version
provides a coding system designed for easy adoption into
electronic environments and updated clinical content, including
explicit coding to capture adverse drug events. We included
ICD-11 as it is used by physicians in British Columbia for claims
submissions to the provincial Medical Services Plan [23].

Quantitative Analysis
We used descriptive statistics to describe the baseline
characteristics of all included adverse drug events using
J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 3
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proportions. To determine the coverage of a specific data
standard to capture an event, we used the research assistants’
ratings of whether a data standard contained a match for the
characteristics of an adverse drug event. We used the consensus
assessments to calculate the frequency and proportion of adverse
drug events with symptoms or diagnoses found within a given
data standard.
We allowed entries for up to 4 terms per data standard. To
identify whether the research assistants agreed on the term
selected within a given data standard, we examined whether the
first selected term for each data standard matched (first term
match). Then, we examined whether there were any matches
across the 4 terms between the terms used by both research
assistants for each data standard (all terms match).

Qualitative Analysis
We coded comment fields from the data collection forms and
notes from our observations using NVivo (version 12; QSR
International) qualitative data analysis software. We began by
inductively coding field notes to generate a provisional coding
structure that we then applied to the comment fields. We
iteratively reviewed the data and coding to identify emerging
themes. We completed an interim review of the coding and
emerging findings to contextualize the results with quantitative
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data and validate them with the research assistants’ experiences.
Following discussion, we generated a final coding structure and
used a descriptive approach to describe the classification
challenges.

Results
Quantitative Results
Figure 1 displays the flow of patients in the study sample.
Overall, we included 673 adverse drug events in 573 patients
in our sample. The top 5 most common culprit drugs and
diagnoses of the included adverse drug events are presented in
Table 1. The most common culprit medication overall was
warfarin (62/673, 9.2%, 95% CI 7.1%-11.7%), and the most
common diagnosis was allergic reaction (38/673, 5.7%, 95%
CI 4%-7.7%).
Table 2 displays the coverage of the different data standards for
the adverse drug events in our sample. Of the data standards,
MedDRA (671/673, 99.7%, 95% CI 98.9%-99.9%) and ICD-11
(667/673, 99.1%, 95% CI 98%-99.6%) had the highest
frequency of having an appropriate symptom or diagnosis
available. SNOMED ADR had the lowest frequency (576/672,
85.7%, 95% CI 82.7%-88%).
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Figure 1. Flow diagram of patients through the study. ED: emergency department; ADE: adverse drug event.
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Table 1. Adverse drug event (ADE) characteristics of the study sample (N=673).
Characteristics

ADEs, n (%)

Culprit medication
Warfarin

62 (9.2)

Furosemide

37 (5.5)

Acetylsalicylic acid

37 (5.5)

Hydrochlorothiazide

26 (3.9)

Insulin

21 (3.1)

ADE diagnosis
Allergic reaction

38 (5.7)

Laboratory abnormality

36 (5.4)

Stroke

22 (3.3)

Hypoglycemia

20 (3)

Atrial fibrillation

19 (2.8)

Table 2. The percentage of having an appropriate symptom or diagnosis available to describe the adverse drug event cases by data standard (N=673).

a

Data standard

Symptom or diagnosis option available, n (%, 95% CI)

MedDRAa

671 (99.7, 98.9-99.9)

SNOMED ADRb,c

576 (85.7, 82.7-88)

SNOMED HCd

650 (96.6, 94.9-97.79)

ICD-11e

667 (99.1, 98-99.6)

MedDRA: Medical Dictionary for Regulatory Activities.

b

SNOMED ADR: Systematized Nomenclature of Medicine Adverse Reaction.

c

N=672.

d

SNOMED HC: Systematized Nomenclature of Medicine Health Concern and Diagnosis.

e

ICD-11: International Classification of Diseases 11th Revision.

Table 3 presents the percentage agreement between the research
assistants for the first term match and for any term match for
each data standard. For the first term match, SNOMED HC
(409/673, 60.8%, 95% CI 57%-64%) yielded the most matches
between the research assistants and ICD-11 (286/673, 42.5%,
95% CI 38.8%-46.3%) yielded the fewest matches. In terms of
having any term match, MedDRA performed the best (673/673,
100%, 95% CI 99.4%-100%) and ICD-11 yielded the lowest
proportion of matches (583/673, 86.6%, 95% CI 83.9%-89%).
Semantic differences between terms with identical meanings
within a data standard may have artificially lowered the number
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of matches for a given data standard. For example, in SNOMED
HC, 1 research assistant selected the term frank hematuria,
whereas the second research assistant selected the term blood
in urine to describe hematuria. In SNOMED ADR, 1 research
assistant selected muscle weakness, and the second selected
asthenia to describe weakness. In ICD-11, 1 research assistant
selected candidiasis of lips or oral mucous membranes, and the
second selected thrush disorder to describe thrush. The complete
list of adverse drug events that did not have a match on any of
the data standard terms is presented in Multimedia Appendix
4.
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Table 3. The percentage agreement between the research assistants in coding the adverse drug events by data standards (N=673).

a

Data standard

First term match, n (%)

Any terms match, n (%)

MedDRAa

400 (59.4)

673 (100)

SNOMED ADRb

379 (56.3)

601 (89.3)

SNOMED HCc

409 (60.8)

629 (93.5)

ICD-11d

286 (42.5)

583 (86.6)

MedDRA: Medical Dictionary for Regulatory Activities.

b

SNOMED ADR: Systematized Nomenclature of Medicine Adverse Reaction.

c

SNOMED HC: Systematized Nomenclature of Medicine Health Concern and Diagnosis.

d

ICD-11: International Classification of Diseases 11th Revision.

Qualitative Results
We found 3 primary factors that affected the classification of
adverse drug event symptoms and diagnoses: (1) terminological

factors specific to the terminology or data standard, (2)
case-related factors in which there was not enough information
in the patient’s chart to classify the event appropriately, and (3)
individual factors related to interpretation and recall (Figure 2).

Figure 2. Classification challenges in qualitative analysis.

Terminological Factors
Terminological challenges were the most common factors that
affected the adverse drug event classification. We assessed the
overall utility of each data standard according to 3 key
terminological factors: comprehensiveness (conceptual coverage
or breadth; eg, is the data source comprehensive enough to select
appropriate terms?), accuracy (terminological correctness or
exactness; eg, does the available terminology accurately describe
the case?), and usability (ease of use; eg, is it easy to find an
appropriate term using the data source?).
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We used the ability to locate any term to describe the main
symptom or diagnosis as a proxy variable for
comprehensiveness. For example, both research assistants noted
that the primary symptom and diagnosis of an adverse drug
event were hemiparesis and stroke; however, there was no
option to describe this case in SNOMED ADR. Poor
comprehensiveness was found most often when using SNOMED
ADR and rarely when using MedDRA, which is consistent with
our quantitative findings related to coverage.
Issues with the accuracy of data sources emerged when the
terms did not fully capture or represent the case, were too
J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 7
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
specific, or were too vague. In the case of the main adverse drug
event symptom or diagnosis being fall, the research assistant
found partial terminology in SNOMED ADR, including
weakness and syncope and collapse; however, during consensus,
the research assistant noted that the patient did not have syncope.
In this case, although some terms were available, they did not
produce a complete and clinically meaningful or accurate
description of the event. An instance in which the terminology
was too specific arose with ICD-11, wherein the only term
available to describe a hematoma case included the qualifier of
other specified site complicating a procedure; however, there
was no indication that this hematoma was in fact complicating
a procedure. An example of exceedingly broad or vague
terminology arose when the research assistants could not find
a specific term for Clostridium difficile in SNOMED ADR,
which led to a discussion of whether the term diarrhea was
adequate. These challenges occurred most often with SNOMED
ADR and least often with MedDRA.
Unusual terminology and phrasing or unfamiliar spelling
compromised the usability of the data sources. Usability
challenges emerged when the research assistants reported that
they felt a term adequately described the case but that it was
difficult to find, it was only identified during consensus, or they
had to rely on external sources to identify the term (eg, Google).
In the case of a rash, the research assistants identified the term
allergic disorder of the skin in ICD-11 as the closest descriptor
but felt that it was atypical phrasing. Another issue was the use
of British English spellings for certain terms (eg, haemorrhage
instead of hemorrhage). Usability challenges were most
common with ICD-11; however, the research assistants
encountered them less often than the issues with accuracy or
comprehensiveness.

Case-Related Factors
In some cases, there was insufficient information in the chart
to classify the event independent of the data source. For
example, in a case, the research assistant noted that the selected
term was broad enough, but the classification would have been
improved if there were more details about the patient’s
documented bizarre behavior. The research assistants also
encountered cases with insufficient information to classify the
event in the context of the data standard’s limitations, often
because of vague case descriptions that could only be classified
using high specificity terms. For example, in SNOMED ADR,
the terms to describe headaches were often too specific, such
as frontal headache or migraine with aura, whereas case
descriptions tended to use only the term headache.

Individual Factors
Individual factors, such as recall and interpretation, had an effect
on the classification of events. During consensus, the research
assistants discussed instances where 1 research assistant did not
identify the correct term that the other had identified. This
occurred because they forgot the terminology (eg, the research
assistant had been searching for the term kidney rather than
renal to describe abnormal renal function), did not consider
alternate wording (eg, the research assistant did not think of the
term spasticity to refer to rigidity or stiffness), or were unable
to locate a term that they felt was acceptable (eg, the research
https://www.jmir.org/2021/12/e27188
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assistant could not find a term related to the patient’s history of
noncompliance). In almost all of these instances, the research
assistant agreed with the other’s selection during the consensus.

Discussion
Principal Findings
Previous studies have demonstrated gaps in the existing
terminological standards in health care [24,25]. Our findings
add a nuanced examination of these gaps and other shortcomings
of multiple terminological standards rooted in clinical practice.
We explored the utility of 4 data standards to document adverse
drug event symptoms and diagnoses. Our quantitative analysis
demonstrated that MedDRA and ICD-11 were most likely to
have an appropriate symptom or diagnosis available. MedDRA
most often had any match documented, whereas ICD-11 had
the fewest matches. SNOMED HC performed the best in terms
of the first term that the research assistants selected for
matching. SNOMED ADR performed the worst in terms of
having the lowest capture of a symptom or diagnosis. These
results are consistent with our qualitative findings. The research
assistants were least likely to encounter terminological
challenges with MedDRA and most likely with SNOMED ADR.
We found that ICD-11 was most likely to present usability
challenges because of unusual terminology or spelling, which
may provide a rationale for why ICD-11 had the fewest matches.
The research assistants also found ICD-11 to be the most time
consuming for searching terms because of the lengthy list of
returned matches with descriptive terms, whereas SNOMED
HC and SNOMED ADR were the least time consuming, with
a shorter list of returned matches with more straightforward
terms to select from. Overall, across all the indicators, we found
that MedDRA was the strongest data standard, whereas
SNOMED ADR performed poorest. We acknowledge that
SNOMED ADR is a working data set at this time and thus could
be strengthened through further study and use.
Implementing clinical information systems with data standards
that lack comprehensiveness, accuracy, or usability in clinical
practice will affect data entry and generate downstream negative
effects on data quality and the information generated. In the
absence of correct or accurate terminology, research assistants
were more likely to make compromises or use workarounds by
selecting a term that was close enough or only partially
described the event. In clinical practice, challenges with data
entry, along with time constraints and other external pressures,
may result in a clinician opting to abandon data entry altogether,
thus lowering data quantity and quality. Conversely, semantic
standardization may lead to more consistent and complete
reporting for pharmacovigilance activities if the appropriate
data standard is used, which may produce higher data quality
and facilitate data analysis [26-28]. Reliable coding for adverse
drug reactions is likely to yield more meaningful data for the
end user and may facilitate data integration across different
electronic health systems [28,29].
Recent efforts to map terminology across different standards
may be used to develop clinical information systems with
specific data standards while facilitating data integration across
systems and pharmacovigilance organizations. Reich et al [30]
J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 8
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demonstrated that it is feasible to map ICD-9 diagnosis codes
for medical conditions to SNOMED CT and MedDRA, making
both suitable options for standard vocabularies. However, to
our knowledge, there has been no study that has compared these
data sets with one another or investigated their use specifically
for documenting adverse drug events [30]. The WEB-RADR 2
Project seeks to develop a bidirectional mapping of a subset of
pharmacovigilance terms between SNOMED CT and MedDRA
[31]. Mapping and testing were scheduled to be completed in
2020, with a production version of the map available to
SNOMED and MedDRA users in 2021. In addition, the National
Institutes of Health’s National Library of Medicine has also
developed a Unified Medical Language System that maps
SNOMED CT to ICD-10 to support reimbursement and
statistical analyses [32]. Further research should examine the
effect of mapping data standards on data quality.
In addition to the efforts to map terminology across data
standards, advances in natural language processing increasingly
offer a new and promising approach to the analysis of adverse
drug event reports for pharmacovigilance activities. Using
natural language processing, system designers may enable free
text data entry from clinicians to increase the ease of use. Such
systems would then algorithmically analyze the entered data to
produce standardized data for monitoring and regulatory
purposes [33]. A recent systematic review found that many
studies on natural language processing of incidents, adverse
events, and medical error reports have focused primarily on
binary classification, which does not account for the complexity
of adverse drug event documentation that we sought to capture
and limits the subsequent clinical utility of data to support
continuity of care [33]. In addition, in instances where cases
contain insufficient information for classification, which we
encountered in this study, natural language processing is unlikely
to improve the results. Continued research in this field should
explore natural language processing, aim to produce multimodal
analyses of reports, and increase integration across clinical
information systems.
In the absence of an agreed-upon standard for data capture and
with the advent of increased mapping across terminologies, we
suggest that health system designers prioritize the
implementation of a data standard that is clinically useful and
relevant to ensure high usability for clinicians who are asked
to document the event while being immersed in clinical
activities. For this purpose, MedDRA was the strongest data
standard among the data sets in our study, and we recommend
it be used as the standard for Canadian pharmacovigilance
activities in support of federal legislation that requires all

Chan et al
Canadian health institutions to report serious adverse drug
reactions to Health Canada [6]. MedDRA is also currently used
in other pharmacovigilance systems, such as the US Food and
Drug Administration Adverse Drug Event Reporting System
and Vaccine Adverse Event Reporting System databases, the
European Medicines Agency Eudrawatch system, and the
Japanese prescription event monitoring system, which makes
it a strong option to advance international collaborative efforts
in pharmacovigilance.

Limitations
There are limitations to this study. Our research team is more
familiar with MedDRA, which may have led to bias when
selecting the most comprehensive data standard. However, one
of our research assistants had previously never worked with our
team and thus was unfamiliar with MedDRA at the outset of
this study. We also relied on the American translation of British
MedDRA terminology, which may have facilitated the
identification of terms and resulted in more matches. The
ICD-11 terms remained in their original British spelling, which
may have initially resulted in fewer matches. We observed that
this effect was offset as the research assistants became familiar
with these patterns over time and with use. SNOMED ADR is
designed to describe adverse drug reactions; however, we
applied it to describe a broader range of adverse drug events.
This may have positioned SNOMED ADR to perform poorly
from the outset and falsely lowered its capture of a symptom
or diagnosis compared with the other data standards. We were
also unable to obtain more information than what was available
in the research records, as they were from a previous multicenter
chart review study, which may have limited the terms we could
have selected for a given data standard.

Conclusions
Usability, comprehensiveness, and accuracy are the key features
of a data standard for documenting adverse drug event symptoms
and diagnoses. On the basis of these factors, we found that
MedDRA is the most suitable data standard for coding adverse
drug events in electronic reporting systems. Although data
standardization is important, not all standards are created
equally. As our analyses demonstrate, each data standard has
different affordances and constraints. Hence, it is important to
critically evaluate competing standards to ensure that the data
standards adopted in clinical information systems support patient
safety rather than compromise it. When the appropriate data
standard is selected, the standardized terminology may result
in more consistent adverse drug event documentation and better
data quality and quantity as a by-product of routine care.

Acknowledgments
The authors acknowledge and thank Amber Cragg for her support in the initial project coordination and protocol development.
This research was sponsored by the Canadian Institutes of Health Research (FDN-148475).

Conflicts of Interest
None declared.

https://www.jmir.org/2021/12/e27188

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Chan et al

Multimedia Appendix 1
Patient enrollment algorithm.
[DOCX File , 50 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Data collection form.
[DOCX File , 25 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Consensus data collection form.
[DOCX File , 16 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Adverse drug events with no matching terms.
[DOCX File , 49 KB-Multimedia Appendix 4]

References
1.

2.
3.
4.

5.

6.

7.

8.

9.
10.

11.
12.
13.

14.

Nebeker JR, Barach P, Samore MH. Clarifying adverse drug events: a clinician's guide to terminology, documentation, and
reporting. Ann Intern Med 2004 May 18;140(10):795-801. [doi: 10.7326/0003-4819-140-10-200405180-00009] [Medline:
15148066]
Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients: a meta-analysis of
prospective studies. J Am Med Assoc 1998 Apr 15;279(15):1200-1205. [doi: 10.1001/jama.279.15.1200] [Medline: 9555760]
Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations for adverse drug events in older Americans.
N Engl J Med 2011 Nov 24;365(21):2002-2012. [doi: 10.1056/nejmsa1103053]
Zed PJ, Abu-Laban RB, Balen RM, Loewen PS, Hohl CM, Brubacher JR, et al. Incidence, severity and preventability of
medication-related visits to the emergency department: a prospective study. Can Med Asso J 2008 Jun 03;178(12):1563-1569
[FREE Full text] [doi: 10.1503/cmaj.071594] [Medline: 18519904]
Hohl CM, Woo SA, Cragg A, Wickham ME, Ackerley C, Scheuermeyer F, et al. Repeat adverse drug events associated
with outpatient medications: a descriptive analysis of 3 observational studies in British Columbia, Canada. CMAJ Open
2019 Jul 18;7(3):446-453 [FREE Full text] [doi: 10.9778/cmajo.20180190] [Medline: 31320328]
Protecting Canadians from Unsafe Drugs Act (Vanessa's Law) amendments to the Food and Drugs Act (Bill C-17).
Government of Canada - Health Canada. 2015. URL: https://www.canada.ca/en/health-canada/services/drugs-health-products/
legislation-guidelines/protecting-canadians-unsafe-drugs-act-vanessa-law-amendments-food-drugs-act.html [accessed
2021-11-27]
Peddie D, Small SS, Badke K, Bailey C, Balka E, Hohl CM. Adverse drug event reporting from clinical care: mixed-methods
analysis for a minimum required dataset. JMIR Med Inform 2018 Jun 28;6(2):e10248 [FREE Full text] [doi: 10.2196/10248]
[Medline: 29954724]
Hohl CM, Small SS, Peddie D, Badke K, Bailey C, Balka E. Why clinicians don't report adverse drug events: qualitative
study. JMIR Public Health Surveill 2018 Feb 27;4(1):e21 [FREE Full text] [doi: 10.2196/publichealth.9282] [Medline:
29487041]
Molokhia M, Tanna S, Bell D. Improving reporting of adverse drug reactions: systematic review. Clin Epidemiol 2009
Aug 09;1:75-92 [FREE Full text] [doi: 10.2147/clep.s4775] [Medline: 20865089]
van der Linden CM, Jansen PA, van Marum RJ, Grouls RJ, Korsten EH, Egberts AC. Recurrence of adverse drug reactions
following inappropriate re-prescription: better documentation, availability of information and monitoring are needed. Drug
Saf 2010 Jul 01;33(7):535-538. [doi: 10.2165/11532350-000000000-00000] [Medline: 20553055]
Tolar M, Balka E. Beyond individual patient care: enhanced use of EMR data in a primary care setting. Stud Health Technol
Inform 2011;164:143-147. [Medline: 21335702]
Creswell JW, Clark VL. Designing and Conducting Mixed Methods Research. 3rd ed. Thousand Oaks, CA: SAGE
Publications, Inc; 2017.
Hohl CM, Yu E, Hunte GS, Brubacher JR, Hosseini F, Argent CP, et al. Clinical decision rules to improve the detection
of adverse drug events in emergency department patients. Acad Emerg Med 2012 Jun 11;19(6):640-649 [FREE Full text]
[doi: 10.1111/j.1553-2712.2012.01379.x] [Medline: 22687179]
Hohl CM, Partovi N, Ghement I, Wickham ME, McGrail K, Reddekopp LN, et al. Impact of early in-hospital medication
review by clinical pharmacists on health services utilization. PLoS One 2017 Feb 13;12(2):e0170495 [FREE Full text]
[doi: 10.1371/journal.pone.0170495] [Medline: 28192477]

https://www.jmir.org/2021/12/e27188

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
15.

16.

17.
18.
19.

20.
21.

22.
23.
24.
25.

26.
27.
28.
29.

30.

31.

32.
33.

Chan et al

Hohl CM, Badke K, Zhao A, Wickham ME, Woo SA, Sivilotti ML, et al. Prospective validation of clinical criteria to
identify emergency department patients at high risk for adverse drug events. Acad Emerg Med 2018 Sep 11;25(9):1015-1026
[FREE Full text] [doi: 10.1111/acem.13407] [Medline: 29517818]
Hohl CM, McGrail K, Sobolev B. The effect of pharmacist-led medication review in high-risk patients in the emergency
department: an evaluation protocol. CMAJ Open 2015 Mar 26;3(1):103-110 [FREE Full text] [doi: 10.9778/cmajo.20140010]
[Medline: 25844362]
5-Step briefing. SNOMED International. 2020. URL: http://www.snomed.org/snomed-ct/five-step-briefing [accessed
2021-11-30]
SNOMED CT CA/ SNOMED CT. Canada Health Infoway. URL: https://infocentral.infoway-inforoute.ca/en/standards/
canadian/snomed-ct [accessed 2021-07-15]
Health information and interoperability standards catalogue. Government of British Columbia. URL: https://www2.gov.bc.ca/
gov/content/health/practitioner-professional-resources/health-information-standards/standards-catalogue [accessed
2021-07-15]
MedDRA Hierarchy. MedDRA. URL: https://www.meddra.org/how-to-use/basics/hierarchy [accessed 2021-07-15]
Reporting adverse reactions to marketed health products: guidance document for industry. Health Canada. 2018. URL:
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/reports-publications/medeffect-canada/
reporting-adverse-reactions-marketed-health-products-guidance-industry/
reporting-adverse-reactions-marketed-health-products-guidance-industry.pdf [accessed 2021-07-15]
International statistical classification of diseases and related health problems (ICD). World Health Organization. URL:
https://www.who.int/classifications/icd/en/ [accessed 2021-07-15]
Diagnostic code descriptions (ICD-9). Government of British Columbia. URL: https://www2.gov.bc.ca/gov/content/health/
practitioner-professional-resources/msp/physicians/diagnostic-code-descriptions-icd-9 [accessed 2021-07-15]
Hammond WE. The making and adoption of health data standards. Health Aff (Millwood) 2005 Sep;24(5):1205-1213.
[doi: 10.1377/hlthaff.24.5.1205] [Medline: 16162564]
Harris MR, Langford LH, Miller H, Hook M, Dykes PC, Matney SA. Harmonizing and extending standards from a
domain-specific and bottom-up approach: an example from development through use in clinical applications. J Am Med
Inform Assoc 2015 May;22(3):545-552. [doi: 10.1093/jamia/ocu020] [Medline: 25670750]
Meystre SM, Lovis C, Bürkle T, Tognola G, Budrionis A, Lehmann CU. Clinical data reuse or secondary use: current status
and potential future progress. Yearb Med Inform 2017 Aug 19;26(01):38-52. [doi: 10.1055/s-0037-1606528]
Elkin PL, Trusko BE, Koppel R, Speroff T, Mohrer D, Sakji S, et al. Secondary use of clinical data. Stud Health Technol
Inform 2010;155:14-29. [Medline: 20543306]
Ventola CL. Big data and pharmacovigilance: data mining for adverse drug events and interactions. P T 2018
Jun;43(6):340-351 [FREE Full text] [Medline: 29896033]
Bousquet C, Lagier G, Louët A, Le Beller C, Venot A, Jaulent M. Appraisal of the MedDRA conceptual structure for
describing and grouping adverse drug reactions. Drug Saf 2005;28(1):19-34. [doi: 10.2165/00002018-200528010-00002]
[Medline: 15649103]
Reich C, Ryan PB, Stang PE, Rocca M. Evaluation of alternative standardized terminologies for medical conditions within
a network of observational healthcare databases. J Biomed Inform 2012 Aug;45(4):689-696 [FREE Full text] [doi:
10.1016/j.jbi.2012.05.002] [Medline: 22683994]
SNOMED CT - MedDRA mapping. European Industry MedDRA User Group Webinar. 2019. URL: https://web-radr.eu/
wp-content/uploads/2019/10/european-industry-meddra-user-group-webinar-agenda-december-2019.pdf [accessed
2021-11-30]
Bodenreider O. The Unified Medical Language System (UMLS): integrating biomedical terminology. Nucleic Acids Res
2004 Jan 1;32(Database issue):267-270 [FREE Full text] [doi: 10.1093/nar/gkh061] [Medline: 14681409]
Young IJ, Luz S, Lone N. A systematic review of natural language processing for classification tasks in the field of incident
reporting and adverse event analysis. Int J Med Inform 2019 Dec;132:103971. [doi: 10.1016/j.ijmedinf.2019.103971]
[Medline: 31630063]

Abbreviations
ICD: International Classification of Diseases
MedDRA: Medical Dictionary for Regulatory Activities
SNOMED: Systematized Nomenclature of Medicine
SNOMED ADR: Systematized Nomenclature of Medicine Adverse Reaction
SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms
SNOMED HC: Systematized Nomenclature of Medicine Health Concern and Diagnosis
VGH: Vancouver General Hospital

https://www.jmir.org/2021/12/e27188

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Chan et al

Edited by R Kukafka; submitted 15.01.21; peer-reviewed by S Hume, K Fuji; comments to author 28.06.21; revised version received
16.08.21; accepted 10.11.21; published 10.12.21
Please cite as:
Chan E, Small SS, Wickham ME, Cheng V, Balka E, Hohl CM
The Utility of Different Data Standards to Document Adverse Drug Event Symptoms and Diagnoses: Mixed Methods Study
J Med Internet Res 2021;23(12):e27188
URL: https://www.jmir.org/2021/12/e27188
doi: 10.2196/27188
PMID:

©Erina Chan, Serena S Small, Maeve E Wickham, Vicki Cheng, Ellen Balka, Corinne M Hohl. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 10.12.2021. 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 the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

https://www.jmir.org/2021/12/e27188

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p. 12
(page number not for citation purposes)

