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The establishment of a diagnosis or definition of an
illness' is central to medicine. Diagnostic criteria corre-
spond to the set of symptoms, signs, and tests that iden-
tify individuals with a disease in clinical research and/or
clinical practice. Studies adopting validated diagnostic
criteria generate knowledge about pathophysiology,
prognosis, and therapeutic development. Diagnostic
criteria must incorporate the heterogeneity of a disease
to identify as many affected individuals as possible and,
well anchored in the tradition of Jean-Martin Charcot,
must include the archetype, as well as variants and
cases of partial expression (formes frustes).” The devel-
opment and validation of diagnostic criteria with high
accuracy are timely in our field and require both rigor
and flexibility. One major challenge is the opposing ten-
sion between research and clinical practice, because a
clinical practice definition requires widely available
diagnostic items, whereas research allows incorporation
of innovative, though less accessible, methods with high

© 2023 The Authors. Movement Disorders published by Wiley Periodi-
cals LLC on behalf of International Parkinson and Movement Disorder
Society.

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adapta-
tions are made.

Key Words: consensus, diagnosis, evidence based, movement
disorders

*Correspondence to: Prof. Tiago A. Mestre, Parkinson’s Disease and
Movement Disorder Clinic, The Ottawa Hospital - Civic Campus, 1053
Carling Avenue, Ottawa, ON, K1Y4E9Q Canada;

E-mail: tmestre@toh.ca

Christopher G. Goetz and Cristina Sampaio are co-senior authors.
Received: 19 September 2022; Revised: 28 March 2023; Accepted: 5
April 2023

Published online 8 May 2023 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.29420

diagnostic value, which nevertheless must be indepen-
dently established.

The International Parkinson and Movement Disor-
ders Society (MDS) has sponsored projects for develop-
ing diagnostic criteria for movement disorders,
including several forms of parkinsonism.’™ Although
these high-profile programs have society sponsorship,
each has worked under its own autonomy without a
centralized framework. In this Viewpoint, we present a
proposal of a framework designed to be a uniform, but
still flexible, method to develop, validate, and
operationalize diagnostic criteria in movement disor-
ders. We start by providing a summary overview of
prior projects related to parkinsonism, but the princi-
ples will apply to other diagnostic criteria programs
with the MDS. Importantly, however, we focus on
diagnostic criteria and not on programs related to
disease-staging or clinical classification schemes,
although some principles and concepts may apply.

Overview of Recent Diagnostic
Criteria for Movement Disorders

Neurodegenerative parkinsonisms are the movement
disorders with more diagnostic criteria published in
recent years, namely Parkinson’s disease (PD), multiple
system atrophy (MSA), progressive supranuclear palsy
(PSP), and dementia with Lewy bodies (DLB). In 2014,
a position paper on PD diagnostic criteria highlighted
the need for new diagnostic criteria. Themes empha-
sized as requiring revision were the use of neuropathol-
ogy as a gold standard, the expert clinical examination
as the benchmark for diagnostic criteria, descriptive
limits of the clinical heterogeneity of PD, and the justifi-
cation of an identifiable prodromal phase.® As a result,
the MDS Clinical Diagnostic Criteria for PD? and the
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MDS Research Criteria for Prodromal PD risk” were
completed, followed by the MDS Criteria for Clinically
Established Early PD.* The MDS-PSP criteria* and the
recently published MDS-MSA criteria® are examples of
other MDS-supported diagnostic criteria projects in
other forms of neurodegenerative parkinsonism. In par-
allel, the DLB Consortium elaborated the revised
criteria for DLB’ and prodromal DLB.'® On the sur-
face, these diagnostic criteria programs adopted similar
processes such as an initial literature review and a con-
sensus methodology for the generation of a list of diag-
nostic items that served as the basis for the
development of specific diagnostic criteria. However,
there was significant methodological heterogeneity
across these different diagnostic criteria projects
(Tables S1 and S2), so that direct harmonization of
approaches is not possible. The successes of these pro-
grams with the lack of a uniform diagnostic strategy
prompt us to consider the opportunity for a standard-
ized data-driven process for development and reporting
of diagnostic criteria in movement disorders.

Framework for Development of
Diagnostic Criteria in Movement
Disorders

Inspired by the meritorious work developed so far on
diagnostic criteria for movement disorders and encour-
aged by the availability of new methodologies and sta-
tistical models, for future diagnostic criteria programs,
we advocate a standardized approach applicable across
the different movement disorders that could be adopted
by the MDS. Such an approach would address method-
ology and workflow issues for diagnostic definitions
within any single disease entity and permit comparisons
across diagnostic criteria. In our view, such a format
could be applied to new programs, and if successful
and well accepted, it has the potential to be utilized or
adapted as part of regularly updated versions of former
MDS diagnostic criteria projects.

Developing a Unified Evidence-Based Process
for the Development of Diagnostic Criteria

Evidence-based practice is the conscientious, explicit,
and judicious use of current best information in medi-
cine."' Though more commonly used to evaluate the
efficacy and safety of therapeutic interventions,
evidence-based approaches are also applied to evaluate
the accuracy and precision of diagnostic tests, including
diagnostic criteria.'*'? Different initiatives have guided
the discipline of evidence-based processes. Currently,
the Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE)'" methodology is
the most widely applied, with the official endorsement
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of more than 100 organizations worldwide,'® and it is
currently used by the Evidence-Based Medicine in
Movement Disorders Committee of the MDS. GRADE
is a transparent framework for developing and pre-
senting summaries of evidence and provides a system-
atic approach for making recommendation,'® which
has the quality of combining the standardized appraisal
of evidence with the subjective judgment about the cer-
tainty of a recommendation.

Utilizing Consensus Approaches

A consensus approach has been a core and standard
part of diagnostic criteria projects, including those
sponsored by the MDS, aiming to engage relevant
stakeholders and deliver a product that is recognized by
all interested parties optimizing its peer recognition and
uptake by users. Consensus approaches can be broadly
divided into informal and formal. There are several lim-
itations to informal consensus methods mostly related
with group dynamics and the impact of dominant panel
members. The decision-making process of developing
diagnostic criteria with the valuation of each candidate
criterion for a final diagnostic scheme should adopt a
formal consensus method. Different methodologies of
formal consensus have been used in the health sciences
field with distinct merits and caveats (Table 1). Formal
consensus methods can be logistically burdensome,
which must be considered when adopting a particular
method. We favor a robust critical appraisal of evi-
dence using GRADE combined with the modified NIH
Conference consensus method, the least formal of the
formal methods to ensure both rigor and flexibility.

Integrating an Evidence-Based
Structured Program and Expertise
into a Single Effort

As a model for standardized development program
for diagnostic criteria in movement disorders, we pro-
pose an explicit and auditable evidence-based evalua-
tion of available data using best-available practices to
inform a multistep decision-making formal consensus
process involving experts in the field (Fig. 1). The pro-
ject team would be composed of various groups with
the role of project oversight (steering committee), deci-
sion of key aspects of the study (decision-making
committee), and evidence gathering and appraisal
(theme-focused working groups). We envision the par-
ticipation of content experts and inclusion of all
invested stakeholders, including people with the given
condition under study and their caregivers. This organi-
zational structure is an example, among others, of how
different roles may be allocated to meet the goals of a
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TABLE 1 Common formal consensus methods used in healthcare sciences (adapted from Reference 16)
Formal
Mailed Face- feedback of
questionnaires/ Incorporates  Agreement to-face group
Consensus methods  Description survey evidence method contact  contact Main advantages Main disadvantages
The Delphi method Iterative rounds of Yes + Explicit No Yes Each participant No personal contact
questionnaires expresses his or her between experts
based on surveys opinion freely and ~ Depends on a
and feedback impersonally questionnaire
Participation of a design
large number of
participants
Aftordable
Nominal group Face-to-face Yes + Explicit Yes Yes Personal contact Certain members of
technique structured group between experts the panel can take
meeting of experts Does not allow any over the discussion
led by an individual to and drive results.
experienced dominate Cost and time
moderator discussion (depends
on moderator)

RAND/UCLA A core panel provides  No +++ Explicit Yes No Synthesis of literature ~ Cost and time
appropriateness synthesized data to prior to consensus Requires voting on
method the expert panel, Multidisciplinary multiple case

which reaches a panel encourages scenarios
consensus consensus from a
wider group.
National Institutes of ~ General agreement is No + Implicit Yes No Wide circulation Interaction is not

Health Consensus
Development
Conference

reached by
gathering input
from selected
experts in the field
and concerned
individuals (from
expert to public)

Unbiased panel

structured.

The used aggregation
methodology is
implicit—a formal
feedback system is
lacking.
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Steering committee

ORGANIGRAM

A multi-step decision-making formal consensus process

Final list of questions
defined by modified NIH
conference consensus

approach

Validation study
to establish the combination
of items with the best
diagnostic performance

Appreciation to a larger
audience of stakeholders

Modified Delphi consensus
process to construct
diagnostic criteria

FIG. 1. A unified framework for evidence-based diagnostic criteria programs in movement disorders with proposed organigram and project flow. Each
step is allocated to a specific group indicated by matching color in the diagram. SR, systematic review. [Color figure can be viewed at

wileyonlinelibrary.com]

diagnostic criteria program in movement disorders as
currently proposed.

Defining the Scope of Work

After assembling the team for the project, the initial
task is to generate a list of candidate diagnostic items
that will guide the development of a comprehensive set
of diagnostic criteria. We envision the steering commit-
tee requesting the theme-focused working groups to
present an initial list of questions to a decision-making
committee, which through a formal consensus process
(eg, modified NIH Conference consensus method as
suggested earlier) has iterative discussions until
reaching consensus, or unresolved divergence is
observed. The definition of an agreement among peers
(typically 280%) is defined a priori.

The list of candidate diagnostic items is generated
using a master format of a clinically relevant question.
The Population-Intervention-Comparator-Outcome
(PICO) paradigm has been used in evidence-based
research. We introduce this paradigm to be applied to
the current framework.

P—defining the target population. The P of PICO
stands for population definition, which corresponds to
the group of people affected by the disease of interest,
in our case, a given movement disorder. In this context,
compiling an accurate set of diagnostic criteria requires
an agreed-upon and well-defined reference against
which diagnostic candidates are measured. Whereas
pathology is usually required for the definite diagnosis
of a movement disorder, time-honored autopsy criteria
are infrequently available* and exceedingly rare for

anchoring diagnoses during life as part of clinical prac-
tice. Consequently, for most movement disorders, the
team establishing diagnostic criteria may need to con-
sider a highly pragmatic disease definition. For exam-
ple, in the MDS diagnostic criteria for clinical PD,* a
clinical expert diagnosis was adopted as the gold stan-
dard. For prodromal populations, a clinically based def-
inition of the disease is not ideal and biological markers
may be crucial, though we recognize that applicable
examples of genetic, biochemical, or imaging bio-
markers (among others) are still limited in movement
disorders. Currently, genetically defined conditions,
such as Huntington’s disease, in which a universally
valid biological biomarker for the disease already exists
are the exception.

I—intervention (clinical feature or biomarker to be
considered in support of diagnosis under consider-
ation). In past diagnostic criteria reviewed by us, the list
of candidate items was obtained using a variable com-
bination of data ranging from literature search, patho-
logical data, expert feedback, and the adoption of
different consensus methodologies (Table S1). We pro-
pose that the clinical features and biomarkers consid-
ered for the diagnostic criteria are identified by the
theme-focused working groups and complemented with
a systematic review (SR). In addition, operational defi-
nitions of candidate diagnostic items’ are developed,
which are of particular relevance for clinical features
(Table S2).

C—comparison for the purpose of diagnosis. An
appropriate comparison for diagnostic criteria needs to
consider its context of use and can vary across different
diagnostic criteria programs in movement disorders.
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The adopted comparison or C can be a group of sub-
jects of interest with a similar but different diagnosis
that is clinically pertinent. Healthy nondiseased controls
may also be considered as comparators, especially in
prodromal states. In all situations, the aim is to select
the best test or to create a hierarchy based on diagnos-
tic benchmarks or ease of use that defines a newly
defined disease relative to the chosen comparator
group. It is also possible to create PICOs to compare
two different diagnostic tests, one against the other, in
the same population. This type of comparison is rele-
vant to decide which diagnostic items to consider if
there is more than one way to measure a characteristic,
one being a gold standard or widely accepted diagnos-
tic criteria.

O—outcome. The evaluation of the performance of
an individual candidate diagnostic item requires the use
of a meaningful measurement. Common core diagnostic
accuracy measures such as true negative (TN), false
negative (FN), false positive (FP), and true positive
(TP) are used to quantify diagnostic performance.
Other related measures, namely pooled sensitivity
(TP/TP + EN), pooled specificity (TN/TN + FP), accu-
racy (area-under-the-curve analyses), positive likelihood
ratio (sensitivity/1 — specificity), and negative likelihood
ratio (1 — sensitivity/specificity), have been used. Under
the current framework, we propose a hierarchization of
these diagnostic accuracy measures based on their rele-
vance and implications for care and research in a
patient-centered manner that may differ from project to
project. Examples of these implications are the timing
of the diagnosis, accessibility to standard of care or
novel experimental treatments, direct harm from test or
clinical assessment, cost, and impact on patient quality
of life or wellness.

Evidence Gathering and Appraisal

Using an SR approach, relevant data are collected to
answer each clinically relevant question and then syn-
thesized into different levels of recommendation to con-
sider a candidate diagnostic item for final diagnostic
criteria. We propose this step in the framework is com-
pleted by theme-focused working groups covering
domains such as clinical, imaging, wet biomarker,
genetics, or pathology.

The data collected in the SR may include the analyti-
cal validation (reliability and validity) of the quantifica-
tion process for a candidate diagnostic measure (likely
more applicable to a biomarker test) and the clinical
validation using the documentation of the diagnostic
accuracy measures listed earlier. The level of evidence
and its determination follows a semiquantitative
approach in which a reviewer takes as starting point an
agreed-upon high-quality study design and weighs in a
list of factors that downgrade or upgrade the level of

evidence,'” namely the risk of bias, imprecision, incon-
sistency, indirectness, and publication bias (Table 2).
The combination of benchmark pooled diagnostic accu-
racy and a quality score for the evidence (eg, high,
moderate, and low) determines a recommendation level
for each candidate (Table 3). This appraisal process
would consider the quality of evidence regarding diag-
nostic accuracy and the clinical implications of the
adoption of a diagnostic criterion under evaluation. For
example, when a candidate diagnostic measure does
not enhance diagnostic performance per se, a reviewer
may value the ability to provide an earlier diagnosis or
its ease of use or accessibility.

Construction of Diagnostic Criteria

In our proposed organization, the decision-making
committee is responsible for providing the first solution
to the composition of the diagnostic criteria items,
based on data on diagnostic accuracy and a quality of
evidence produced by theme-focused working groups
and recommendation level for each candidate, and
determining inclusion/exclusion for each candidate
diagnostic criterion through an explicit and well-
documented process. In cases of revised diagnostic
criteria, the committee would consider existing diagnos-
tic items (with changes when necessary) and integrate
new items when applicable. A consensus process would
be adopted, where all group members participate and
vote on the essentiality of each criterion in successive
iterations. To develop accurate and feasible diagnostic
criteria for movement disorders, statistical modeling
such as logistic regression, Bayesian classifier, random
forest analysis, and support vector machines may

TABLE 2 Definition of domains for evidence appraisal using the
GRADE system"®**

Term Definition

Risk of bias Possibility that the results of a study do not
represent the truth because of inherent

limitations in study design or conduct

Degree of variability in observed results;
examination of 95% confidence intervals is

Imprecision

recommended

Inconsistency  Level of agreement of results across appraised

studies

Indirectness Applicability of study results to the clinically
relevant questions; the eligibility criteria of
appraised studies are evaluated

Publication Dissemination of a study is determined by its

bias outcome. The tendency to publish studies
with positive results is examined

Abbreviation: GRADE, Grading of Recommendations, Assessment, Develop-
ment and Evaluations.
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TABLE 3  Proposed recommendation scheme for candidate diagnostic item based on diagnostic accuracy benchmarks and quality of evidence

Diagnostic accuracy

benchmarks Quality of evidence

Level of recommendation

Meets benchmarks High/moderate
Low/very low
Insufficient evidence
Does not meet benchmarks High/moderate
Low/very low

Insufficient evidence

Strong recommendation to adopt diagnostic criterion

Weak recommendation to adopt diagnostic criterion

Insufficient evidence to recommend adopting diagnostic criterion
Strong recommendation not to adopt diagnostic criterion

Weak recommendation not to adopt diagnostic criterion

Insufficient evidence to recommend adopting diagnostic criterion

FRAMEWORK

enable the development of the diagnostic criteria by
providing information on maximum accuracy and feasi-
bility for different combinations of diagnostic items.
Inspiring examples exist, such as the use of logistic
regression to develop and validate a prediction model
for PD diagnosis based on presentations in primary
care” and of a Bayesian classifier used to update the
probability of prodromal PD by integrating diagnostic
information that combined estimates of background
risk with the results of diagnostic marker testing.”

The resultant and likely novel diagnostic criteria
would then be submitted for critique and comment to a
larger audience of stakeholders. In the movement disor-
ders field, it may include a larger group of experts,
patient organizations, the pharmaceutical industry, pos-
sible insurance, and government panels. If organized in
the context of MDS, the full MDS membership would
be included at this phase. The result of this consultation
would be documented in writing and, when deemed
appropriate, may lead to updates or refinement of the
original conclusions.

Validation of the Selected Diagnostic Criteria

All the aforementioned steps and deliberations pro-
duce a final definition of diagnostic criteria that can be
field tested and validated. This process is aimed at test-
ing the criteria to establish the diagnostic performance
of each criterion and to determine the combination of
items with the best diagnostic performance, that is, the
ability to identify as many individuals as possible with
a movement disorder with the most parsimonious num-
ber of diagnostic items. A regular needs assessment to
update diagnostic criteria is always necessary to deter-
mine if new data in the form of novel diagnostic tests
or knowledge of the disease are mature to the points of
needing inclusion or challenging the current diagnostic
criteria. As seen with the development of MDS rating
scales and other society programs, the process will nec-
essarily be an international one involving all sections of
MDS to meet our society mission and achieve a global

definition of the given movement disorder under
consideration.

Next Steps

An explicit data-driven approach provides a transpar-
ent, unbiased, and auditable process to reach valid and
applicable diagnostic criteria. The proposed framework
brings best practices in evidence-based methodology to
the diagnosis of movement disorders and will certainly
generate rich discussion and comments. Some of the
practices embodied in our suggested approach have
already been applied in existing MDS-sponsored pro-
grams. Our suggestions focus on the proposition that a
consistent approach across different diagnoses will
allow comparison within and among movement disor-
ders. We are inspired by the experience of other
evidence-based programs that have operated under sim-
ilar principles in the fields of therapeutics and clinical
measurement in movement disorders. It is our view that
this framework may serve as guidance to new diagnos-
tic criteria groups and that existing diagnostic criteria
groups may choose to converge toward this model in
their future updates and revisions to incorporate new
relevant discoveries. It is also possible to apply this
model to rare movement disorders where available
diagnostic data may be scarce. In those circumstances,
the use of the proposed framework may not lead to spe-
cific diagnostic criteria but will immediately inform the
field of the strength of any proposed criterion and indi-
cate areas in need of progress. We envision that the
presented framework may shape a unified and rigorous,
but flexible, approach to diagnostic definition pro-
grams. If MDS adopts such an approach, the broad rec-
ognition of GRADE methodology across multiple
medical specialties globally will also bring additional
value and visibility to the society as a global leader in
movement disorders. ®
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