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ABSTRACT: Background: Cognitive impairment in
Parkinson’s disease (PD) is a well-established non-motor
complication that significantly affects the quality of life
and well-being of both patients and care partners. To
optimally detect mild cognitive impairment or dementia,
extensive neuropsychological assessment is essential. A
wide range of cognitive tests and clinical outcome
assessments have been used in clinical settings, often
without regard to their clinimetric quality.

Methods: We performed a literature review of tests
assessing attention/working memory and executive
domains in PD (tests on other domains are included in
an accompanying review). The selected tests were
evaluated for their clinimetric properties and
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categorized by a panel of experts as “recommended,”
“recommended with caveats,” “suggested,” or “listed”
according to the International Parkinson and Move-
ment Disorder Society Clinical Outcome Assessment
Scientific Evaluation Committee guidelines.

Results: A total of 30 tests were reviewed. Eight tests
were ‘“‘recommended,” including four tests assessing
attention/working memory abilities (WAIS-IV Digit Span,
Coding and Symbol Search subtests, and Trail Making
Test) and four tests assessing executive abilities (WAIS-
IV Similarities, Wisconsin Card Sorting Test, Fluency
Tests, and Stroop Color-Word Test). These tests demon-
strated good to excellent levels of reliability and validity,
have normative datasets, and are sensitive to change.
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Eight other tests were “recommended with caveats”,
eleven were “suggested,” and three were “listed.”

Conclusions: The recommended tests for attention/
working memory and executive functioning in PD can
guide PD cognitive assessment. Other tests were identi-
fied as potentially useful; however, caution is advised
due to their clinimetric limitations. Further validation stud-

.

ies are required for these tests. © 2025 The Author(s).
Movement Disorders published by Wiley Periodicals LLC
on behalf of International Parkinson and Movement Dis-
order Society.

Key Words: attention-executive functions; cognition;
Parkinson’s disease; psychometric properties; rating test

The diagnosis of Parkinson’s disease (PD) relies on
the presence of specific motor symptoms, but cognitive
decline is one of the most frequent non-motor symp-
toms (up to six times more common than in healthy
controls), often occurring in the early or even prodro-
mal stage of the disease and significantly impacting the
quality of life and increasing caregiver burden.'”

The fronto-striatal network-based dysexecutive alter-
ations represent the most predominant cognitive symp-
toms. The dorsolateral and medial prefrontal cortex
provides top-down regulation of attention, inhibition,
and cognitive control through connections with the
posterior cortex and subcortical structures which
include the striatum (caudate, putamen, or ventral stria-
tum), as well as the globus pallidus, substantia nigra,
and thalamic nuclei.*

Given the trajectory of the pathophysiological process
that characterize PD and their early effects on fronto-
striatal circuits, it is predictable that patients with PD
will develop attention/executive impairments that are
dependent on these systems.

Studies show that PD patients experience a range of
cognitive issues. These include non-executive cognitive
deficits, and the cognitive profile of PD varies in quality
and severity. This spectrum of impairment can range
from subjective cognitive decline (SCD) and mild cogni-
tive impairment (PD-MCI) to dementia (PDD). The
progression of cognitive deficits and time to onset of
dementia are also variable.®

To support clinicians, the International Parkinson
and Movement Disorder Society (MDS) provides guide-
lines for assessing cognitive statuses, including recom-
mendations for clinical outcome assessments (COAs).”*

Since these guidelines were published, several studies
have focused on early identification of the PD-MCI
phenotype, with the primary objective of identifying
specific cognitive profiles that are most indicative of
progression to PDD.”'® However, the heterogeneous
criteria used to define PD-MCI, the unclear methodo-
logical parameters, and the lack of robust discussion of
the clinimetric properties of the heterogenous tests/
scales proposed (and the even wider range of tests used
in studies), may have contributed to a poorly character-
ized PD-MCI profile."*

From a clinimetric perspective, a selected COA
should possess good reliability, validity, and, for the
neuropsychological tests, robust normative data. Fur-
thermore, it should be sensitive to early, subtle alter-
ations, capable of tracking change over time, and able
to evaluate the effects of cognition-enhancing treat-
ments. It is important to recognize that the most suit-
able instrument(s) may vary depending on the purpose
of the assessment. For instance, the tests best suited for
detecting subtle deficits may not be the same as those
most effective in measuring deficit progression, or the
outcome of treatments.''

In this MDS-commissioned review, the psychometric
properties of the attention/working memory and execu-
tive tests (see an accompanying review on language,
memory, and visuospatial functions) were investigated,
following similar procedures employed in the “global
scales” review for PD cognitive screening.'* These
assessments have the potential to aid in the identifica-
tion of PD-MCI or PDD in clinical settings.

Methods

Organization and Review Process

An international group of experts on neuropsycho-
logical assessment in PD was selected by the MDS
COA Program Scientific Evaluation Committee (SEC).
The group focused on reviewing attention/working
memory and executive COAs and was chaired by R.B.

A panel of 14 experts (O.B., D.M.C., B.C., ].C.D.-A.,
N.E., EF, EH, S.M.-H, AM,, G.S., BS., CS., A.T,,
G.].G.) conducted a thorough review and evaluation of
the measures assessing attention/working memory and
executive functions in PD. Each assessment was carried
out using a systematic procedure, with all evaluations
documented in a template provided by the MDS COA
program SEC, specifically tailored for the review of
neuropsychological assessments.

Each review included a detailed description of the
COAs, along with their properties, contemporary appli-
cations, psychometric properties, and an overall evalua-
tion of the suitability and applicability within a clinical
setting for PD patients. Initially, each scale or test was
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evaluated independently by two neuropsychologists,
followed by an additional review by the chair of the
group (R.B.). If there was disagreement, group discus-
sion was convened to facilitate a consensus. The final
decision was based on agreement of all expert panel
members. The recommendation criteria were adop-
ted from a previous review'” to include the catego-
ries “recommended,” “recommended with caveats,”
“suggested,” and “listed.” Oversight of the entire pro-
ject was provided by two liaisons (M.S., D.W.) who
also reviewed the project. Finally, the manuscript was
reviewed and approved by the MDS COA program
SEC chairs (M.S., M.H.S.T.), COA program directors
(T.A.M., A.S.F.), and the members of the MDS COA
program SEC.

Literature Search

A literature search was conducted using PubMed,
Web of Science, Medline, and Scopus for all publica-
tions from 1975 to December 2022. Keywords used
in the search contained “Parkinson*” and the terms
“cognit*” OR “test” OR “neuropsych*” OR “cogni-
tion” OR “cognitive deficits” OR “neuropsychological
assessment” OR “cognitive testing” OR “neurocognitive”
OR “neurocognitive assessment” OR “screening” OR
“evaluation.” Tests accepted for the review were those
included in published or in-press peer-reviewed articles
with full text in English available to the expert members.

Selection of COAs

The review examined COAs that are part of the diag-
nostic criteria for PD-MCI® or that have been used at
least once in PD research. It specifically addressed
assessments of attention/working memory and execu-
tive functions. Individual measures were considered for
inclusion if they are part of a multi-test battery but have
been independently used in PD for the cognitive func-
tions pertinent to this review. Assessments undergoing
re-standardization, unstandardized tests, or those that
are not commercially available were excluded from this
review. Furthermore, computerized neuropsychological
tests and assessments without an English version or
with copyright issues were also excluded, as these may
not be widely accessible in clinical settings.

Recommendation Levels

Each COA was categorized as follows: a test was
“recommended” if (1) it has been applied to PD
populations, (2) there are data on its use in studies
beyond the group that developed the test, and (3) it has
been studied clinimetrically in PD and found to be
valid, reliable, and sensitive to change. “Recommended
with caveats” indicates that the test’s properties were
generally found to be adequate, but some of the mea-
surement properties were not evaluated specifically at

r FRONTO-STRIATAL

NEUROPSYCHOLOGICAL TESTS IN PD
different stages of cognitive impairment in PD. A COA
was “suggested” if it had been applied to PD, but only
one of the other criteria was met. A test is “listed” if it
has been used in PD but does not meet the other two
criteria defined for recommended tests.

Results

Identified COAs and their Use in Clinical
Research

A total of 30 assessments of attention/working mem-
ory and executive function were identified, 16 of which
are recommended for use in the MDS Task Force guide-
lines for PD-MCI diagnostic criteria. After reaching a
consensus, the expert panel recommended eight COAs:
four assessing attention/working memory abilities and
four evaluating executive functions. These COAs have
shown good to excellent levels of reliability and valid-
ity, supported by normative datasets that span a wide
age range and demonstrate sensitivity to change.

Moreover, eight COAs were designated as “rec-
ommended with caveats,” primarily due to inadequate
psychometric quality or lack of sensitivity to change.
Eleven additional COAs were classified as “suggested”
level, and three were classified as “listed” (see Table 1).

Comprehensive and detailed clinimetric properties
regarding each COA are provided in Table 2 (only the
recommended COAs) and in the Supplementary Mate-
rials (comprising a table detailing all the other COAs
reviewed followed by all COA grids provided by
reviewers). Namely, reliability (internal consistency,
intra-rater, inter-rater and/or test-retest reliability);
validity (including construct and empirical validity indi-
ces); sensitivity to change (from longitudinal studies or
clinical trials); strengths and weaknesses; and level of
recommendation and justification are provided.'?

The following section provides a summary (test
description, strengths, and weaknesses) of the
recommended COAs.

Attention/Working Memory Domain

The Wechsler Adult Intelligence Scale, 4th edition
(WAIS-IV),"® was developed to evaluate intelligence
and cognition in adolescents and adults aged 16-
90 years, encompassing both normal and clinical
populations, and has been translated into multiple lan-
guages. The subtests of the WAIS-IV recommended in
this review (Digit Span, Coding, and Symbol Search),
have been used in the evaluation of PD, showing good
to excellent reliability and validity. These subtests are
supported by strong normative data based on large
samples. Each subtest provides a scaled score, by con-
verting the raw score into an age-corrected scaled score,
with a mean of 10 and a standard deviation of 3. These
scaled scores can subsequently be converted into
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TABLE 1  Overview of the clinical outcome assessments for each domain

investigated

Attention/working
memory domain

Executive domain

Recommended

* WAIS-IV Digit Span

¢ WAIS-IV Coding

* WAIS-IV Symbol Search
* Trail Making Test

Recommended with caveat

« WAIS-IV LNS

e SDMT

¢ Modified Levin’s PASAT
* Corsi Block Tapping

WAIS-IV Similarities
Wisconsin Card Sorting Test
Verbal Fluency Tests

Stroop Color-Word Test

Tower of London
10-Point Clock

Drawing Test

Frontal Assessment Battery

¢ WAIS-IV-Matrix Reasoning
* Jowa Gambling Task

Suggested
* Digit Ordering Test * Behavioral Assessment of the
* Visual Search Test Dysexecutive Syndrome
* Brief Test of Attention * Hayling Sentence
* TEA: Map Search/Visual Completion Test
Elevator * Brixton Spatial
 Serial Reaction Anticipation Test
Time Task * Design Fluency Test
« WMS-III-Digit Span
Listed

¢ Odd-Man Out Test
¢ WSM-III Mental Control

Abbreviations: LNS, Letter Number Sequencing; PASAT, Paced Auditory Serial
Addition Test; SDMT, Symbol Digit Modality Test; TEA, Test of Everyday
Attention; WAIS-IV, Wechsler Adult Intelligence Scale 4th edition; WMS-III,
Wechsler Memory Scale 3rd edition.

z-scores and percentile ranks, assuming near normal
score distributions. This allows for meaningful compar-
isons between the performance of the patient and the
normative population, as well as among other subtests.
Moreover, these subtests have demonstrated sensitivity
to changes associated with PD and have been employed
in research protocols within both PD and non-PD
populations. However, it is important to note that the
WAIS-IV is copyrighted (https://pearsonassessments.
com/), and access to the full battery must be purchased
to administer the subtests. In 2024, after the systematic
review, the WAIS-IV was superseded by the WAIS-5,'*
and was not yet independently used in PD. The WAIS-5
incorporates several different working memory tests
and has a modified factor structure compared with its
predecessor.

Digit Span Subtest

Test description. The Digit Span Subtest is a core
component of the WAIS-IV Working Memory Index

and is divided into three parts: Digit Span Forward
(DSF), Digit Span Backward (DSB), and Digit Span
Sequencing (DSS). It assesses auditory processing, atten-
tion, and encoding (mainly DSF), and auditory working
memory and mental manipulation (DSB and DSS). DSB
and DSS demand additional working memory load. In
the DSF, the patient is asked to repeat digits in the
order provided, whereas in the DSB subtest the digits
must be recited in the reverse order. Finally, with DSS,
patients are tasked with repeating the digits in ascend-
ing order. Each subtest starts with a relatively short
string of digits, which is progressively extended with
each successful trial until errors in recall are encoun-
tered. Each item is scored as either correct or incorrect,
with higher scores indicating better cognitive perfor-
mance. Estimates of working memory capacity may be
derived from the total score across all subtests, reported
as Working Memory Index, or the maximum span
achieved within each subtest. Administration time is
about 5-10 min.

Strengths and Weaknesses. This subtest, particu-
larly the DSB, has been used in PD research.'>'” It is
demonstrated to be sensitive to change with ageing and
PD-MCL'™' Outside of the PD field, it has been
included in research related to MCI and dementia due
to Alzheimer’s disease (AD), and several other neuro-
logical disease.?’?® Research-based alternate forms
exist,”” and it is quick and easy to administer. More-
over, as it requires a verbal response, there is minimal
motor component and it can be used across PD cogni-
tive stages,'>*® with this version reducing floor effects
so it can be administered into the advanced stages of
the disease. It is suitable for screening as it is sensitive
to subtle cognitive deficits in the early PD stages. How-
ever, as subjects receive different numbers of trials the
variance of the total correct score is high relative to
the mean and it is highly skewed. Such high variance
may reduce sensitivity to clinical abnormalities.”” Hear-
ing deficits (for test instructions) and language skills
must be taken into account during administration.

Coding Subtest

Test Description. The Coding Subtest is a core sub-
test of the WAIS-IV Processing Speed Index.'*'? In this
subtest, individuals are asked to record associations
between different symbols and numbers within time
limits. It evaluates attention and executive domains,
processing speed, visual-motor coordination, and visual
working memory. The administration time is 5-10 min,
and the test is scored on a continuum based on the
number of correct responses (maximum number of
items = 135). Higher scores reflect better cognitive
performance.
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Recommendation
level
Recommended

Clinimetric limitations

Standard deviation is broad

* Dopamine intake and motor severity
affect performance

Strengths
Parallel/alternates forms available

change
Yes

Sensitive to

Validity

validity also in

PD

divergent

Good
Good content

Reliability

Good

TABLE 2 Continued
Scale/test
4. VFTs/

[ FRONTO-STRIATAL NEUROPSYCHOLOGICAL TESTS IN PD
Strengths and Weaknesses. It is easy and quick to
administer and can be used across PD cognitive stages
of disease.’*? It is suitable for screening and is also
demonstrated to be sensitive to change (either over time
or due to treatment)’*>¢ and is predictive of cognitive
decline in PD and non-PD.?®?” Research-based alter-
nate forms exist.”® However, adequate vision, motor
abilities, and language skills (sufficient to understand
test instructions) must be present. As this subtest is
timed and requires fine hand movements, severe motor
disabilities associated with PD (such as tremor,
bradykinesia, or dyskinesia) can hamper its administra-
tion and interpretation.

Symbol Search Subtest

Test Description. Symbol Search is also a core sub-
test of the WAIS-IV Processing Speed Index.'® This
subtest evaluates visual information processing speed as
well as short-term visual memory, visual-motor coordi-
nation, cognitive flexibility, visual discrimination, atten-
tion, and concentration. During the subtest, the
examinee is allowed 2 min to scan a group of items
(ambiguous, geometric shapes) presented sequentially
as a row, and indicate whether one of the symbols in
the target group matches with those items. The overall
administration time is about 3—-4 min. The subtest is
scored on a continuum based on the number of correct
responses (maximum number of items 60) with higher
scores indicating better cognitive performance.

cases is difficult due to broad RClIs

* Loading partially on different

* Determining change in individual
domains

Some versions are free on website
e It is easy and quick to administer

MCI, and early dementia

(4-5 min)
* Good psychometric properties

Strengths and Weaknesses. Symbol Search is easy
to administer and can be used across PD cognitive
stages. It has been shown to be sensitive to changes due
to treatment,”® although there are no parallel forms
available. There have been relatively few studies specific
to the PD population. It is not suitable for screening.
The potential floor/ceiling effects should be further inves-
tigated. Additionally, individuals must have adequate
hearing (for test instructions), vision, motor abilities, and
language skills (to understand test instructions). Severe
motor disabilities, such as tremors, bradykinesia, or dys-
kinesia, can hinder the administration and interpretation
of this subtest, as it is time-based and requires precise
hand movements.

* Translated in different languages
* Applicable to PD normal cognition,

* It is extensively used in PD

and criterion
validity.
Mixed construct
validity: good
within
subtest, poor
between
subtest
validity

Trail Making Test (TMT)

Test Description. The TMT was developed in 1938
by Partington and Leiter as a “distributed attention”
test and published in 1949 as part of the Army Individ-
ual Test Battery.>” The test provides estimates of visual
search, visual attention, speed of processing, and men-
tal flexibility.*® TMT consists of two parts, A and B. In
both parts, the examinee is required to connect spatially
distributed target circles. In Part A, the target circles
each contain a number, and the task is to link them in

COWAT

PDD, Parkinson with dementia; RCI, Reliable Change Index; SCWT, Stroop Color-Word Test; TMT, Trail Making Test; VFT, Verbal Fluency Test; VST, Victoria Stroop Test; WAIS-IV, Wechsler Adult Intelligence Scale 4th edi-

Abbreviations: COWAT, Controlled Oral Word Association Test; H&Y, Hoehn and Yahr Scale; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MRI, magnetic resonance imaging; PD, Parkinson’s disease;
tion; WCST, Wisconsin Card Sorting Test.
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ascending order, from 1 to 235, as quickly as possible.
In Part B the participant is asked to alternate between
numbers and letters in ascending order and alphabetical
sequence as quickly as possible. Part B is often regarded
as an executive function measure due to rapid set
shifting between numbers and letters, monitoring for
speed of visual search, and elements of working mem-
ory. Performance indicators include the difference in
time to completion and error scores between Parts A
and B. Scores (ie, time in seconds, with lower scores
representing better performance) can be compared with
normative groups for determination of severity of
impairment.”* Some authors include a time limit
of 5 min on Part B. Administration time is about 5-
10 min.

Strengths and Weaknesses. The TMT is a widely
recognized standard test in neuropsychological test bat-
teries. It is relatively quick to administer. Poor perfor-
mance is a good predictor of conversion to PD-MCI
and to PDD*! and it is suitable for screening. Norma-
tive data are available across several countries/
languages and age and education groups.**** However,
it has no parallel versions but only comparable
forms.*>** It is in the public domain, although
copyrighted versions  (https://www.neuropsych.com/)
can be found. The risk of possible floor effects in more
advanced dementia patients should be investigated.
Moreover, as this test is timed and requires fine hand
movements, severe motor disabilities (such as tremor,
bradykinesia, or dyskinesia) can hamper its administra-
tion and interpretation in PD.

Executive Domain
WAIS-1V Similarities Subtest

Test Description. The Similarities Subtest is included
as a core test of the WAIS-IV Verbal Comprehension
Index. It evaluates both language abilities and executive
functions, particularly verbal abstract reasoning and
conceptualization. There is ongoing discussion about
whether language or executive functions are more
prominent in this assessment. For our classification, we
have opted to categorize this test under executive func-
tions. Similarities consists of 18 pairs of words. The
examinee is asked to identify the qualitative relation-
ship between the two words. Higher scores reflect bet-
ter cognitive performance; each item is scored on an
ordinal scale (0, 1, 2 points) based on the correctness of
the response, and the instrument has a maximum score
of 36. The test takes 10-15 min (including the instruc-
tions, the example, and items) and requires less time if
the discontinuation criterion is met (ie, three consecu-
tive failures).

Strengths and Weaknesses. It can be administered
across cognitive stages of the disease. It is commonly
included in research related to AD, MCI, multiple scle-
rosis (MS), Huntington’s disease, and others.*>™*” It is
suitable for screening as it is sensitive to subtle cognitive
deficits in the early PD stages and to MCI status.”!!
Additionally, it is sensitive to changes due to dopami-
nergic treatment.’>***’ As it is verbally administered,
and there are no motor or timed components, it is suit-
able for more advanced PD stages. It is relatively quick
to administer. However, it has no parallel forms and
there is a lack of validity studies in PD. It is not suitable
for screening. Scoring can be ambiguous and thus
potentially time-consuming. The risk of possible floor
effects in advanced dementia patients should be investi-
gated. For more detailed clinimetric properties see the
earlier WAIS-IV Subtests section.

Stroop Color-Word Test

Test Description. The Stroop Color-Word Test was
developed by John Ridley Stroop in 1935 and is used
to measure interference effects in sequential verbal reac-
tions.’° It evaluates mainly executive functions, in par-
ticular working memory, cognitive inhibition, and
flexibility, and speed of visual search. The Stroop Test
exists in several comparable versions.***! The Victoria
version, called the Victoria Stroop Test (VST), is a
shorter version of the original test (30 items for each
condition compared with 100 items) and a
psychometrically-sound version of Stroop’s original
task.’>*? VST is the most used in PD patients and thus
is assessed in this review. It takes approximately
3-5 min to administer. The VST includes three cards
presented in a fixed order: color dot naming (D), word
reading (W), both as control tasks, and incongruent
color-naming of color words (C) (such as the word red
printed in green ink), as interference task. The test
assesses response inhibition using two measures: Inter-
ference Effect (IE) and Error Score (ES). IE is a reaction
time score whilst ES is the number of errors. These
measures in each card are recorded, and the time differ-
ence and error between cards C and D is calculated. In
some versions each score is obtained by subtracting the
mean score of the two “control” tasks (reading neutral
words and colored dots naming) from the interference
task score, which is predicted by both conflict monitor-
ing and working memory; one can also calculate the
ratio score (color-word divided by color-naming)
(predicted by conflict monitoring alone).>>*

Strengths and Weaknesses. The Stroop Test is
widely utilized in diagnosing and researching executive
functions due to its ease of administration and diagnos-
tic importance.’® The Stroop Test has been translated
and validated in numerous languages with normative
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data available for a wide age range group (<20 to
>94 years)°>°%*>% and is highly sensitive in differenti-
ating several neurological diseases from the normal
population.””®* Poor performance is a good predictor
of conversion to PD-MCI and PDD.%28:43-58:63.64 [t jg
also suitable for screening and is sensitive to change
due to treatment in PD.****>°® The VST is in the public
domain, and users may make their stimuli (eg, Prague
Stroop test)’® or purchase them from the University of
Victoria, although at least one version has been
copyrighted (https://www.parinc.com). In addition, ade-
quate psychometric data, including reliability and valid-
ity, have been obtained for the VST.* There are no
parallel versions and many not completely comparable
versions and scoring methods. Gaze palsy can hamper
its administration. It may be difficult for patients with
troublesome dyskinesia. Moreover, it is not suitable for
people with certain types of color blindness or patients
with dyslexia, aphasia, hemianopsia, severe hypokinetic
dysarthria, and neglect. Finally, floor effects in
advanced dementia patients are observed.

Wisconsin Card Sorting Test (WCST)

Test Description. The WCST was developed in 1948
to assess perseveration, abstract reasoning, and set-
shifting in normal adult populations.®” It is now gener-
ally used to assess clinical populations.®® This test is
often viewed as the “gold standard” for examining
executive function in terms of cognitive flexibility and
attention/task switching, especially through the number
of perseverative errors—that is, category repetitions in
response to negative feedback.®” The test also gauges
strategic planning, working memory, response inhibi-
tion, and impulsive responses.” There is evidence that
the test reflects both automatic stimulus—response learn-
ing as well as higher-order concept/category formation/
learning.”' During the test, participants are presented
with four multidimensional stimulus cards featuring dif-
ferent colors, shapes, and numbers, and are required to
sort the cards based on an undisclosed rule. There are
two versions of the tests: a longer (20-30 min) version
(WCST-128) and a short version (WCST-64).”> Scores
on the two versions are generally similar but may not
be identical.”® A modified version’* with 48 deck cards
also exists aiming to minimize participant frustration;
at least 10 scores can be generated by the standard
WCST, but a measure of perseveration (errors) and
total categories achieved are generally the primary mea-
sures used.”> Normative data are utilized to assess
impairment and severity.

Strengths and Weaknesses. The WCST is widely
used to assess executive function.”® It has been trans-
lated into numerous languages with normative data
available for a wide age range group (6-89 years).”” >

r FRONTO-STRIATAL

NEUROPSYCHOLOGICAL TESTS IN PD
The WCST has been utilized in various neurological
patient groups and neurodevelopmental disorders.”>-%?
The WCST has been applied in a range of clinical and
research applications for PD,”” including those with
PD-MCI, mild Lewy body dementia patients (based
on the MMSE >19).8* While evidence in PD is lim-
ited, the WCST has shown sensitivity to treatment-
induced changes.®>*®¢ It is suitable for screening.
Multiple forms of the test are available, including a
computer-based version. However, it is copyrighted.
Additionally, the WCST-128 requires long adminis-
tration and can be impacted by PD medication use
and motor severity.

Verbal Fluency Test (VFT)

Test Description. The VFT, also known as the Con-
trolled Oral Word Association Test (COWAT), the
Controlled Oral Word Association (COWA), the Word
Fluency, the Letter Fluency, the FAS-Test, the Category
Fluency, the Phonemic Fluency, the Semantic Fluency,
Thurstone Word Fluency Test, and so on, is a widely-
used neuropsychological tool developed by Thurstone
(1938).%” It is considered a classical tool for neuropsy-
chological assessment,*® and explores various domains
such as word production, verbal fluency, word search,
semantic memory, mental lexicon, mental flexibility,
and retrieval from semantic memory. The test evaluates
an individual’s ability to generate as many words as
possible within a specified time frame, either from a
given letter of the alphabet (eg, English FAS; Dutch
DAT, KOM, or PGR; Spanish PMR) or from a seman-
tic category (eg, animal, fruit, color, vegetables, super-
market items) within a 1-min period. Less frequently
used fluency tests involve action verb generation, writ-
ing, or design tasks. Number of correct words is calcu-
lated. A more detailed scoring of the individual’s
performance such as perseverations, stuck in a set,
intrusions, paraphasias, spelling errors, clustering, and
switching have been proposed as valuable sources of
information.*>** Normative data are used to measure
impairment and severity.

Strengths and Weaknesses. It is easy to administer.
It is useful in PD populations since it shows high sensi-
tivity across all PD cognitive statuses.”®® There are sev-
eral versions of the tests. It has been translated into
numerous languages, and normative data are pro-
vided for a wide age range (6-89 years).*® The VFT is
useful for screening, and it is very sensitive to change
over time due to the progression of the disease and
due to interventions, such as deep brain stimulation
(DBS).*’?! However, depending on which version is
used, it can be free of charge, or be part of copyrighted
batteries,”>”® or require purchase from PAR (https:/
www.parinc.com/). Moreover, increasing evidence has
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made clear that cultural, linguistic, and sociod-
emographic factors influence performance on verbal
fluency.**?*?7 Finally, hypokinetic dysarthria severity
should be considered when interpreting VFT perfor-
mance in PD.”®

Discussion and Recommendations

This review provides critique and recommendations
of COAs that assess attention/working memory and
executive measures in PD. The MDS COA Program
SEC commissioned a subcommittee comprising a
panel of 14 expert neuropsychologists to investigate
the attention/working memory and executive mea-
sures used in PD, namely the COAs whose psycho-
metric properties could better contribute to cognitive
diagnostic accuracy. Namely, from a plethora of
30 COAs, 8 tests were recommended according to the
guidelines adopted in the review,'? including 4 tests
assessing mainly attention/working memory abilities
and 4 tests assessing mainly executive functions (see

Table 1).

Attention/Working Memory Domain

Overall, three of four recommended attention/
working memory tests (Digit Span, Coding, and Sym-
bol Search), are part of the WAIS-IV Processing
Speed and Attention/Working Memory indices, a
scale with excellent clinimetric properties including
normative data with an upper age limit to the 90s
and several language translations. In PD, the WAIS-
IV verbal span tasks, including Digit Span and Letter
Number Sequences WAIS-IV Subtest (which reached
the “recommended with caveats™ level), offer a poten-
tially straightforward and quick assessment of base-
line attention/working memory abilities. Evidence*®
shows that Digit Span Backward successfully distin-
guishes PD cognitive statuses (regardless of whether
ON or OFF medications). Moreover, the Digit Spans
involve minimal training, and do not necessitate good
motor abilities, whilst the other three recommended
tests (Coding, Symbol Search, and TMT) require
additional cognitive functions (eg, visual-motor coor-
dination, cognitive flexibility, visual discrimination,
attention, and concentration), are time-based, and
require fine hand movements possibly hampering
administration and making interpretation difficult if
motor dysfunction is present. In general, these issues
are quite common in several tests assessing attention/
working memory domain in PD (eg, the Symbol Digit
Modality Test [SDMT], which reached the “rec-
ommended with caveats” level) despite otherwise ade-
quate clinimetric properties. Future research should
be directed at developing more attention/working

memory tests that minimize the role of the aforemen-
tioned limitations.

Executive Domain

Executive dysfunction (EF) is perhaps one of the most
frequently present cognitive impairment in PD.”” Signif-
icant impairment in the VFT (semantic, phonemic, and
alternating), various measures of the WCST and the
Stroop Test (all recommended tests in this review), are
confirmed, by meta-analysis and reviews, being very
sensitive in detecting impairment in PD, relative to age-
matched HC.'1°%1°" However, in movement disorders
research, a major limitation in the accurate assessment
of those abilities is the severity of motor impairment.
For example, although altered WCST performance can
be considered a well-established neuropsychological
symptom in patients with PD, as it is present in non-
demented, non-medicated, and non-depressed PD, it
may also be linked to the severity of patients’ motor
symptoms.”>  Similarly, Stroop task performances
change as a function of two markers of disease severity
(ie, disease duration and levodopa medications),
supporting the concept that declining test performance
may be associated with more severe motor symptoms.
Of note, the version used (pen and paper vs. computer-
ized), the influence of multiple domains involved, and
the wider brain areas implicated, which may be only
partially sensitive to PD medications,'’? may contribute
to contradictory findings.'%%'%*

Interestingly, it has been proposed that motor severity
constitutes a confounding variable during neuropsycho-
logical testing, likely affecting performance, rather than
resulting entirely from underlying neuropathological
changes to dopaminergic systems.'?>'°¢ Further, under-
standing the complex impact of motor symptom thera-
pies in PD is highly relevant, as it may differentially
affect performance on cognition.'®* Future research
should be considered in this regard.

Conversely, the verbally administered fluency tests
and the Similarities subtest of the WAIS-IV should be
considered when exploring executive abilities in
advanced PD stages or when motor complications are
present. Specifically, the fluency tests, despite their sim-
ple and quick administration, provide the clinician with
valuable information on PD cognitive status,'’”'%% as
they are among the earliest cognitive changes in the dis-
ease and have low floor effects in advanced cognitive
stages.® Moreover, reduced verbal fluency is a potential
risk factor for the development of PDD.”!'0%!10 Of
note, unlike verbal fluency, Similarities subtest scoring
may be highly variable due to the examiner judgement
required for scoring. Furthermore, floor effects can be
observed in advanced dementia patients.

Finally, because of the influential role of sociod-
emographic  factors (eg, previous occupation,
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socioeconomic level, education, and premorbid intelli-
gence quotient [IQ]) on attentional-executive functions
test scores,''"'!2 cognitive measures with normative
data correcting for demographic factors may be pre-
ferred as part of a valid cognitive battery.

This review has some limitations. First, we did not
include the domain of social cognition. Although evi-
dence recognizes the role of social cognition as a possi-
ble early marker of cognitive decline,'’® the lack of
standardized instruments and the relatively recent focus
on this area have prevented their inclusion in our cur-
rent review. A future review is needed once the concep-
tual framework and measurement methods are more
developed. Second, although digital versions have been
developed for some of the included scales/tests, which
may appear similar to the original paper-and-pencil for-
mats, we decided to exclude them a priori, as they need
thorough validation before they can be used appropri-
ately (ie, reaching the appropriate level for critique and
recommendations). Third, journal readers should con-
sider that many of the recommended tests (eg, TMT,
Stroop Color-Word Test-) require involvement of multi-
ple cognitive domains with lack of expert consensus on
how best to categorize them. For this review, we
decided to list the main domain assessed by the test/
scale. A fourth limitation in neuropsychology is the lack
of culturally specific and culturally sensitive assessments
for PD and more broadly. Most tests are designed for
educated populations in Western countries, which can
significantly affect performance due to variations in cul-
ture, language, education, and literacy. Individuals from
non-Western cultures are often at a disadvantage, lead-
ing to misidentification of cognitive abilities. This can
result in impairment being overlooked and preserved
functions being mistakenly regarded as deficits. Conse-
quently, these individuals may not receive personalized
and effective treatment plans that cater to their unique
needs, emphasizing the need for culturally appropriate
neuropsychological assessments.''*

Conclusions

Understanding the nature and extent of executive/
attentive dysfunctions in PD is of critical importance, as
its presence in PD is related to reduced patient and care
partner quality of life'"> and predicts progression to
PDD.6*H16 112 Moreover, evidence indicates that all
forms of PD interventions (ie, pharmacotherapy, exer-
cise/physical therapy, and DBS) appear to impact
fronto-striatal functioning.'*® As such, clinimetric
investigation of the neuropsychological tools most com-
monly proposed for their assessment is crucial for a
broader understanding of the role of EF in PD.

Similar to the previous MDS review on global scales
for cognitive screening,'? in this review an expert

r FRONTO-STRIATAL
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international panel selected the recommended attention/
working memory and executive tests to guide the
assessment of fronto-striatal functioning in PD at differ-
ent stages (including PD-MCI or PDD). These rec-
ommended neuropsychological tests with high
psychometric qualities will enable clinicians to increase
PD cognitive diagnostic accuracy and facilitate research
to fill the gaps still present in this topic. ®
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