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ABSTRACT: Background: Cognitive impairment in
Parkinson’s disease (PD) is a key non-motor complica-
tion during the disease course.

Objectives: A review of detailed cognitive instruments to
detect mild cognitive impairment (PD-MCI) or dementia
(PDD) is needed to establish optimal tests that facilitate
diagnostic accuracy.

Methods: We performed a systematic literature review of
tests that assess memory, language including premorbid
intelligence, and visuospatial domains (for tests of attention
and executive functions see accompanying review) to deter-
mine suitability to assess cognition in PD. Based on in-depth
scrutiny of psychometric and other relevant clinimetric prop-
erties, tests were rated as “recommended,” “recommended
with caveats,” “suggested,” or “listed” by the International
Parkinson and Movement Disorder Society (IPMDS) panel of
experts according to the IPMDS Clinical Outcome Assess-
ment Scientific Evaluation Committee guidelines.

Results: We included 39 tests encompassing 48 out-
come measures. Seven tests (different versions or

.

~

subtests of the test counted once) were recommended,
including four for memory, one for visuospatial
domains, one for language (including three measures),
and one for estimated premorbid intelligence. Further-
more, 10 tests (12 measures) were “recommended
with caveats,” 11 were “suggested,” and 11 (15 mea-
sures) were “listed.”

Conclusions: Recommended neuropsychological tests in
memory, visuospatial functions, and language are proposed
to guide the assessment of cognitive impairment and its pro-
gression in PD-MCI and PDD, and for use in clinical trials to
stratify participants or as outcome measures. Novel mea-
sures being developed will need extensive validation research
to be “recommended.” © 2025 The Author(s). Movement Dis-
orders published by Wiley Periodicals LLC on behalf of Inter-
national Parkinson and Movement Disorder Society.
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Cognitive impairment in Parkinson’s disease (PD) is
one of the most common and important non-motor,
mental health issues,' which affect patients’ well-being,
caregiver burden, healthcare costs, severity of depres-
sive symptoms, and instrumental activities of daily liv-
ing.>” Cognitive impairment in persons with PD may
evolve either early or years after disease onset. It can
also develop more insidiously in the preclinical or pro-
dromal phase.®'* Cognitive impairment stages are con-
ceptualized as PD with mild cognitive impairment
(PD-MCI),'*'* a pre-dementia state, and as formal
dementia in PD (PDD).'*!'> The prevalence of cognitive
impairment ranges between 25% and 42.5% for PD-
MCI in newly diagnosed PD cases to the majority who
survive more than 10 years of disease progression, and
perhaps as many as 80% after 20 years from clinical
onset of the disease, developing PDD.”!!-16-1?

A dysexecutive syndrome has often been regarded as
a hallmark of the clinical phenotype of cognitive
impairment in PD. However, research shows that the
cognitive profile is heterogeneous and associated with
the disruption of multiple neurotransmitter systems and
the spread of Lewy bodies and neurites across many
brain structures. There may also be contributions from
non-synuclein pathology, including Alzheimer’s disease
(AD) and cerebrovascular disease. Indeed, deficits have
been found in memory, attention, visual perception,
visuospatial skills, and language.”’*° This broader
spectrum of impairments led to revisions and validation
of new diagnostic criteria for PD-MCI and PDD by the
International Parkinson and Movement Disorder Soci-
ety (IPMDS) study groups.'*'%-2¢

Neuropsychological assessment at the more detailed
level I requires a comprehensive examination of five
cognitive functions (attention and working memory;
executive functions; language; memory; and visuospa-
tial functions) with at least two tests per domain.'* It is
an optimal choice for reaching validity and diagnostic
accuracy when obtaining a diagnosis of PD-MCI or for
predicting the risk for the development of PDD.'?-*¢%%
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However, the most effective tests to evaluate each
domain in individuals with PD are unknown.

These tests should be appropriate for use in ran-
domized clinical trials, including stratification of
patients at enrolment or as an outcome measure
together with trials testing possible neuroprotective
therapies.?”*°

To address this, the IPMDS commissioned a review
to evaluate available tests that focus on language, mem-
ory, and visuospatial functions (see an accompanying
review on executive functions and attention). The psy-
chometric properties of tests’' were scrutinized as a
follow-up of the review of “global tests” for cognitive
screening, level I assessment, in PD under the IPMDS
Clinical Outcome Assessment (COA) Scientific Evalua-
tion Committee (SEC) guidelines.’* The selection of
tests was based on expert reviews of neuropsychologi-
cal tests used in PD and their psychometric properties
in this population.

Methods

Organization and Review Process

An international group of experts on neuropsychologi-
cal assessment in PD was selected by the IPMDS COA
SEC. O.B. chaired the group focused on reviewing lan-
guage, memory, and visuospatial function tests. Sixteen
experts selected, reviewed and critiqued measures evalu-
ating key aspects of these tests of cognitive function in
PD (S.B., D.M.C., B.C, A.C.G., ]JCD.A., AD., RF,
A.G,H.EH., HH, JK, B.L., LLS., M.S., R.B., G.J.G,,
ASF, T AM,, and M.H.S.T.). Each measure was evalu-
ated using the following systematic procedure: all
reviews were entered into a template provided by the
IPMDS COA SEC and adapted for neuropsychological
test review. Each test review encompassed the descrip-
tion of the test/scale, properties, contemporary use, psy-
chometric properties, and overall evaluation of the
suitability and applicability of the test in a clinical set-
ting, especially to PD patients. Each scale/test was
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independently evaluated first by two neuropsychologists,
and subsequently by the chair of the group. If the latter
disagreed with the reached level decision, provided by
each selected panel member, an intermediate-step discus-
sion about the recommendation level was requested and
an overall consensus was achieved. The final decision
was based on consensus among all expert panel mem-
bers. Two liaisons (M.S., D.W.) oversaw and reviewed
the overall project. Finally, the manuscript was reviewed
and approved by the IPMDS COA SEC chairs (M.S.,
M.H.S.T.), COA program directors (T.A.M., A.S.F.),
and members of the IPMDS COA SEC.

Literature Search

The current review followed guidelines and practices
introduced by the previous reviews of IPMDS task
forces.>** The literature search was done by using
PubMed, Web of Science, Medline, and Scopus for all publi-
cations from 1975 to December 2022. Keywords used in the
search contained “Parkinson*” and the terms “cognit*” OR
“test” OR “neuropsych*” OR “cognition” OR “cognitive
deficits” OR “neuropsychological assessment” OR “cogni-
tive testing” OR “neurocognitive” OR “neurocognitive
assessment” OR “screening” OR “evaluation.” Accepted for
the review were already-published or in-press peer-reviewed
articles available to the task force members covering lan-
guage, memory, and visuospatial function tests. Premorbid
intelligence tests were evaluated separately.

Selection of Tests

The tests included were those used in PD-MCI diagnostic
criteria'® or those used at least once in PD research and cov-
ering specifically memory, language, or visuospatial func-
tioning. Additionally, it could be a single specific measure in
a multi-test battery. The most recent versions of tests under-
going re-standardization, unstandardized tests, or (commer-
cially) unavailable measures were excluded. Computerized
neuropsychological tests were also excluded because they
would not necessarily be available in all clinical settings. The
final exclusion criterion was tests whose English version was
not available or had copyright issues. The committee
decided to include tests of premorbid intelligence separately,
which are also treated in this way in tables. Comparison to
premorbid level of functioning is a standard for defining the
presence and extent of cognitive impairment.>*

Recommendation Levels

The recommendation criteria were adopted from the pre-
vious reviews:?’ “recommended,” “recommended with
caveats,” “suggested,” and “listed.” Each test measure was
categorized as follows. A test was “recommended” if (1) it
had been applied to PD populations; and (2) there are data
on its use in studies beyond the group that developed the test;
and (3) it had been studied clinimetrically in PD and found
to be valid, reliable, and sensitive to change. “Recommended

r NEUROPSYCHOLOGICAL TESTS

RECOMMENDATIONS IN PD

with caveats” means the test’s properties were generally
found to be adequate, but some of the measurement proper-
ties were not evaluated specifically at different stages of cog-
nitive impairment in PD. A test was “suggested” if it had
been applied to PD populations, but only one of the other
criteria applied. A test is “listed” if it was used in the PD pop-
ulation, but did not meet the other two criteria defined for
recommended tests.>* Measures of premorbid intelligence
have been designed to be resistant to changes occurring as a
result of a psychiatric or neurological disorder.

Results

Identified Tests and Their Use in Clinical
Research

Reporting on tests follows (1) clinimetric properties,
including (i) reliability (internal consistency, intra-rater,
inter-rater and/or test-retest reliability); (ii) validity
(including construct and empirical validity indices);
(iii) sensitivity to change (from longitudinal studies or
clinical trials); (2) strengths and weaknesses; and
(3) level of recommendation and justification.’* The
order of and a concise evaluation of reviewed and rec-
ommended tests can be found in Table 1. For brevity,
only “recommended” tests are summarized below.

Memory Language

* Rey’s Auditory Verbal
Learning Test (RAVLT)

* Boston Naming Test
(BNT-60; BNT-30;
BNT-15)

California and Philadelphia
Verbal Learning Test (CVLT/
CVLT-II/CVLT3 and PVLT)
Hopkins Verbal Learning Test
(HVLT/HVLT-R)
Rivermead Behavioural
Memory Test (RBMT/
RBMT II/RBMT III)

Estimated Premorbid

Visuospatial Function Intelligence

* Wechsler Adult
Intelligence Scale
(WAIS-III/IV: Matrix
R easoning)

* National Adult Reading
Test NART/NAART/
NAART-R)

All other reviewed tests can be found in Table S1.

Overall, we identified 39 neuropsychological tests
encompassing 48 measures (including subtests or sub-
scales, but not counting as different upgraded versions
of the same measure) focused on language, memory, or
visuospatial function domains and that fulfilled the
inclusion criteria. The review found evidence to “recom-
mend” seven tests, one for language (all Boston Naming

Movement Disorders, Vol. 40, No. 5, 2025 797
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Test versions taken together as one test), four for mem-
ory, and one for visuospatial domains. Table 1 also
includes premorbid intelligence measures (taken
together as one test). Overall, based on the expert
panel’s full review of tests, 10 tests were “recommended
with caveats,” 11 “suggested,” and 11 “listed”; their in-
depth review and evaluation can be found in the
Supporting Information.

Memory Domain

Rey’s Auditory Verbal Learning Test (and Its
Alternate Versions)

Scale description. The Rey’s Auditory Verbal Learning
Test (RAVLT) is a commonly used neuropsychological test
of word list memory that uses 15 unrelated words. The origi-
nal version, a one-trial word list, was developed by the Swiss

psychologist, Edouard Claparéde. It has been translated into
English and copyrighted.®® Further, it has been adapted into
many other languages and modified by different groups,
resulting in variability in procedures used across different
studies.’*** More commonly, it consists of five learning tri-
als with list A, each in a fixed order during learning, and then
a free recall test, an interference trial with list B, subsequent
recall of list A, delayed recall of list A after 20 or 30 minutes,
and a recognition test.””** There are normative data studies
including regression-based-norms for different age groups
and languages.®>*!? The primary results include learning,
retention and recognition scores, and additional scores can
be generated (e.g., process scores or error type).>

Strengths and weaknesses. RAVLT is a very well-
established measure of memory functioning with a long
history and psychometric analyses indicating good or
excellent levels of reliability and validity (primarily del-
ayed recall). The RAVLT is sensitive to memory impair-
ment progression during PD course.

Recommendation level. The scale meets all required
criteria and is recommended. The RAVLT is suitable
for prevalence studies, for defining the level and profile
of memory impairment, treatment trials, biomarker
studies, and case—control studies.

California Verbal Learning Test, Including CVLT-II
and CVLT3 and CVLT Short Form and Philadelphia
Verbal Learning Test

Scale description. The California Verbal Learning Test
(CVLT) is a multi-trial learning, recall and recognition
word list test derived from the RAVLT.***° The original
version was created by Delis and colleagues®* in 1987 with
more recent refinements (CVLT-II, CVLT-short form
[CVLT-SF], and CVLT3) and is copyrighted.’*>® For the
CVLT, the 16 items are explicitly drawn from four seman-
tic categories (furniture, vegetables, animals, and trans-
port/travelling), which differentiates it from the RAVLT.
Performance on the whole test can yield a variety of mem-
ory indices.”*¢ In the late 1980s, Libon and colleagues®”

r NEUROPSYCHOLOGICAL TESTS
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developed the CVLT-SF, published in 1996, which was a
nine-word version with three categories (fruit, tools, and
clothing) that was better tolerated by patients, especially
those with severe neurological illness or dementia. The
CVLT was also adapted as the Philadelphia Verbal Learn-
ing Test (PVLT) including nine- or 12-word lists.’®>” The
latest full version, CVLT3, includes the United States-based
census data from 2015 and is stratified based on age, sex,
race/ethnicity, education level, and geographic region.®°

Strengths and weaknesses. CVLT is one of the most
used and well-established measures of memory function-
ing with robust evidence of reliability and especially pre-
dictive validity for the presence of PD-MCI. It is sensitive
to the progression of memory impairment in PD. The full
CVLT may be difficult for patients with PD dementia.
CVLT/CVLT-II/CVLT3/CVLT-SF are suitable for preva-
lence studies and also useful in clinical practice, treatment
trials, and correlation with biological markers, but are
not suitable for screening, as 12 words are too many.

Recommendation level. The scale meets all required
criteria and is recommended. One of the most used and
well-established measures of memory function with
robust evidence of reliability and especially predictive
validity for the development of PD-MCI in the long
term. CVLT is sensitive to memory impairment progres-
sion during PD course.

Hopkins Verbal Learning Test, Including HVLT-
Revised Version and Including Alternate Versions

Scale description. The original Hopkins Verbal Learning
Test (HVLT) version was published by Brandt®! in 1991.
The test was modelled after the RAVLT, CVLT-SF, and
PVLT and is copyrighted. The primary change from
RAVLT and CVLT was the use of 12-word lists (four words
drawn from each of three semantic categories, which are
four-legged animals, precious stones, and human dwellings)
plus the test contains six parallel forms, making it suitable
for repeated assessment.>® A delayed recall and recognition
trial was introduced for the revised version (HVLT-R).®*
Demographically corrected normative data exist for several
populations (eg, older, African-American, Latin American,
Australian, Czech, Chinese and Portuguese).**”

Strengths and weaknesses. HVLT can be used for
repeated assessments with six parallel forms that are con-
sidered interchangeable.”” HVLT is sensitive to the pro-
gression of cognitive impairment in PD; however, some
reliability and wvalidity indicators are only adequate.
HVLT suffers from practice effects when normal individ-
uals are given the same form after a 2-week interval.”!
HVLT/HVLT-R are suitable for prevalence studies and is
also useful in clinical practice, treatment trials, and corre-
lation with biological markers, but may not be suitable
for screening because of the use of 12-word list.

Recommendation level. The scale meets all required
criteria and is recommended. HVLT can be used for
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repeated assessments as the six parallel forms are con-
sidered interchangeable. HVLT is sensitive to the pro-
gression of cognitive impairment in PD and has very
good to excellent psychometric properties.

Rivermead Behavioural Memory Test, Story Recall
Subtest (Including RBMT 2, RBMT 3)

Scale Description. The Rivermead Behavioural Memory
Test (RBMT) battery was published in 1985 and was
devised as an ecologically valid memory test and was
updated in 2003 (RBMT 2) and 2008 (RBMT 3).”*7*
The subtest RBMT stories reflect a more common aspect
of episodic memory compared to list learning.'**®”> The
RBMT and RBMT-2 include 12 subtests and the
RBMT-3 includes 14 subtests assessing aspects of visual
and verbal recall and recognition, as well as immediate
and delayed everyday memory. The story recall subtest
consists of the auditory presentation of two news reports.
Participants are asked to reproduce as many literal details
as possible, both immediate (after each news report) and
delayed. The scoring of the RBMT and RBMT-2 story
recall includes two scoring systems: a screening score of
0 (fail) or 1 (pass) and a more detailed profile score
of 0 (abnormal), 1 (borderline), or 2 (normal) both
depending on the raw score for each news report (number
of correct details), both immediate and delayed. The
RBMT-3 scoring converts raw scores into a scaled score
with a mean of 10 and a standard deviation of 3. Percentile
ranks for scaled scores are also provided. All RBMT scores
are normed with a healthy control group stratified for age
and education”>"® The test is also available in several lan-
guages (eg, Dutch, German, Arabic, Spanish and Chinese).

Strengths and weaknesses. RBMT stories (primarily
delayed recall) are recommended by the IPMDS PD-
MCI diagnostic criteria study group.'® The scale has a
short administration time and has excellent psychomet-
ric properties. RBMT has been used in many interven-
tion studies, including the majority of deep brain
stimulation studies.””””® However, the rights for
adapting the scale may not be available from the sup-
plier in each country. Additionally, determining change
in individual cases is difficult because of incomplete reli-
able change indices.

Recommendation level. The scale meets all required
criteria and is recommended. RBMT is suitable for screen-
ing, prevalence studies, differential reasoning (etiological),
treatment trials, biomarker studies, and case—control
studies.

Language Domain
Boston Naming Test-60; Boston Naming Test-30;
Boston Naming Test-15
Scale description. Boston Naming Test (BNT)-15,
BNT-30, and BNT-60 are tests of confrontation nam-
ing in which items shown as line drawings must be

named spontaneously or after semantic or phonemic
cueing. BNT-15, BNT-30, and BNT-60 are for clarity
numbered separately and the BNT tests are considered
not as an evolution of the test (such as CVLT/CVLT-2),
but as different test versions. The most recent version is
the second edition from 2001 (BNT-2).””%¢ BNT items
were developed in 1983 and are identical for both versions,
except that “noose” was replaced by “boomerang” in
BNT-2.%" Therefore, studies of the BNT are deemed equiv-
alent to the BNT-2. There are also short-form versions of
the original 60-item BNT, the BNT-30, and BNT-15.5%%
The 30 and 15 refer to the number of stimulus items pres-
ented. There are three versions of the BNT-30 and four
versions of the BNT-15 available. The original BNT and
its versions are also copyrighted.

Strengths and weaknesses. BNT-15, BNT-30, and
BNT-60 are the most used measure of confrontation nam-
ing. It is well-validated and used in virtually all patient
populations in which cognitive assessment is indicated.
Norms available for specific populations are available
from several groups other than the test publisher.’®%°
Norms for older adult African Americans are available
from Mayo’s Older Americans Normative Studies.** PD
studies suggest acceptable sensitivity to the change in het-
erogeneous cohorts. However, no difference between
healthy controls and PD patients without dementia was
detected, indicating that the scale may not be suitable for
detecting language impairment in de novo patients or early
stages of PD. On the other hand, patients with more severe
cognitive impairment or dementia showed lower test per-
formance compared with PD patients with no cognitive
impairment.®® Test performance seems to be unaffected by
motor impairment. BNT-2 scores elicit ceiling effects and
have a non-normal distribution of scores.*® Because of the
negative skew (also true for the BNT-30 and BNT-15), the
BNT is most likely useful for identifying the presence of
impairment rather than the level of impairment.®*®” The
BNT-15 version was recommended for use in PD.”°

Recommendation level. BNT-2 is recommended
because it meets all required criteria to assess naming
abilities in PD patients. Sex-corrected normative values
are recommended for score interpretation in all ver-
sions. Evidence for the use of BNT-2 and BNT-15 sug-
gests that the BNT-30 version should also be suitable
for PD.

Visuospatial Domain

Wechsler Adult Intelligence Scale: Matrix
Reasoning

Scale description. This subtest of the Wechsler Adult
Intelligence Scale (WAIS) perceptual reasoning domain
evaluates nonverbal abstract problem-solving and induc-
tive reasoning behind visuospatial elements and is also
considered a measure of fluid intelligence.”! The test con-
tains 26 items differentiated into four types of nonverbal
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reasoning tasks: pattern completion, classification, anal-
ogy, and serial reasoning. The examinee views an array
of pictures with one missing square and selects the picture
that fits the array from five options (maximum = 26 points).
Test performance is proposed to be culture and language-
free, with no time limit.”>

Strengths and weaknesses. The Matrix Reasoning
(MR) is a core subtest of the perceptual reasoning index
scale, with MR included in the WAIS-III and WAIS-IV
versions. It shows good reliability. In PD, the criterion
validity of the WAIS-IV MR is not well explored, but has
been evaluated for previous test versions (WAIS-III,
WAIS-R). There is a high correspondence between
WAIS-IIT and WAIS-IV.”>”* The MR can be applied in
early and late PD disease stages. The sensitivity of change
for MR’ is good. However, further investigation for the
WAIS-IV tests perceptual reasoning subtests is needed.

Recommendation level. The MR WAIS-IV subtest
is recommended to assess perceptual reasoning in
PD. The WAIS-IV plays a central role in clinical prac-
tice. It has broad applicability to individuals ages 16 to
89 years. The reliability of the perceptual reasoning
subscale is good. The internal structure of the subtest
has been confirmed by factor analysis.

Premorbid Intelligence Domain

National Adult Reading Test; North American
Adult Reading Test-35

Scale description. The 50-item National Adult Reading
Test (NART), 61-item North American Adult Reading Test
(NAART)-Revised (NAART-R) (the North American Revi-
sion of the NART), and the NART-R United Kingdom
(UK revision) have been used most frequently. There are also
three abbreviated forms, the 17-Item NART (NART 17),
the Mini-NART (23 items) and the Short NART (which is
based on the first half of the NART) as well as the Cam-
bridge Contextual Reading Test that uses NART words
embedded in sentences to provide context for the exam-
inee.”®”” The NART’s 50 phonetically irregular words have
graded levels of difficulty, and accurate reading of these
words is used to estimate premorbid intellectual ability. The
total score is the sum of all items that are pronounced incor-
rectly. The fewer the number of incorrectly pronounced
words, the higher the estimate of premorbid intellectual abil-
ity, although estimates are poorer for intelligent quotients
(IQs) in the more extreme ranges.' % The test is copyrighted
by H. Nelson and is in the public domain. The scale has sev-
eral language adaptations into Dutch, French, Japanese,
Swedish, and Czech, and the original NART was adapted
for Australian English or American English versions
(AMNART) and may need modification for some non-
UK English-speaking countries.'?''?

Strengths and weaknesses. The NART/NAART are
quick measures to estimate premorbid verbal intelligence
free of sensitivity to early dementia stages.>* The use of
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the NART to estimate premorbid cognition changes the
proportion of patients diagnosed with level 1 IPMDS PD-
MCI criteria compared with assessment without this
information to minimize the influence of premorbid cog-
nitive ability and cognitive reserve concerning current
cognitive status.”” The addition of a premorbid IQ mea-
sure may complement other metrics used to diagnose PD-
MCL '

Recommendation level. The NART/NAART tests
meet the required criteria to assess premorbid cognitive
ability in PD patients and is recommended. These mea-
sures are intended to be resistant to moderate levels of
neurodegeneration so criteria regarding change are not
applicable in this instance. Overall, NART/NAART is
suitable for the assessment of premorbid verbal intellec-
tual ability.

Discussion and Recommendations

This review provides critique and recommendations of
tests that assess memory, language, and visuospatial
domains, as well as premorbid intelligence, across all
cognitive stages in PD (PD with normal cognition, PD-
MCI, and PDD).'*'>!1% The recommended tests show
robust psychometric evidence that makes them suitable
for differentiating PD-MCI and PDD from patients with
normal cognition. Tests recommended with caveats,
suggested, or listed are provided in Supporting Informa-
tion. The review summarizes the key psychometric prop-
erties of those tests listed as recommended, including
their validity, reliability, classification accuracy, and sen-
sitivity to change, as well as their clinimetric limitations.
Moreover, it provides information about recent develop-
ments in the applicability of these instruments for neuro-
psychological assessment in PD.

For consistency, we adopted the classification into
domains introduced by Litvan et al.'"* and grouped
these tests into Memory, Language, and Visuospatial
function domains (with attention/working memory and
executive functions being assessed in a parallel review).

Memory

In general, word list memory tests, such as RAVLT/
CVLT/HVLT-R that tap key memory processes (encoding/
retention/recognition) are sensitive with appropriate psy-
chometric indicators of validity, reliability, and sensitivity
to change in PD. They vary in the use of free recall only
(RAVLT), free recall and clustering (HVLT-R), free
recall and clustering plus cued recall as in CVLT-3 and
related versions. Similar findings apply to prose recall
measures with a delayed recall condition, such as
RBMT-III or earlier versions of the story recall subtest.
Further clinimetric analysis should be directed at promis-
ing tests minimizing the role of the executive and atten-
tional dysfunction in PD by using controlled learning
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and recall paradigms, such as Selective Reminding Test
(SRT) or Memory Binding Test (MBT). Controlled learn-
ing assures equal attention processing of all items, shows
that individuals can identify items by their cues, induces
all individuals to do the same processing, and ensures that
low recall is because of impairment of memory (not lim-
ited by attention, strategies, or depression) whereas con-
trolled cued recall assures attention to and equal testing
of all items, controls order of recall, all subjects recall all
items in the same order, equalizes the interval between
learning and recall, obviates need for interference before
recall, and prevents output order effects.

In the visuospatial memory domain, the Rey-
Osterrieth Complex Figure Test (ROCFT) is “suggested.”
However, of note is that the ROCFT cannot minimize
graphomotor or attentional-executive impairments and
their negative impact on visuospatial memory perfor-
mance (see also Table S1 for tests recommended with
caveats, such as WMS-IV logical memory or BVMT-R).

Future directions in research of memory tests in PD
should be directed to demonstrate a correlation with PD
cognitive biomarkers and their role in the detection of cog-
nitive deficits in the preclinical stages of PD and other syn-
ucleinopathies. The advantages and disadvantages of
computer-based versions of the instruments and computa-
tional capacities of digital technologies are not fully under-
stood and need to be examined in PD specifically.'"!

Language

In this domain, the BNT (including 60-, 15-, or 30-item
versions) is recommended, especially for more severely
impaired patients. However, additional research needs to
determine if language measures can be found that are sen-
sitive to preclinical or early stages of PD."'*!"? Verbal flu-
ency tests can be considered tests of either language or
executive function. For our purposes, they are covered as
tests of executive function in the companion review.

Overall, the major problem in language tests rec-
ommended for use in PD will be to limit motor confounds
(i.e., hypokinetic dysarthria) or relative insensitivity of
these measures to de novo or early stages of PD. In future,
a very dynamic evolution of scales for the measurement
of speech and language difficulties in PD with the use of
artificial intelligence (Al) and computational processing of
words and phrases can be expected including their corre-
lation with biomarkers in preclinical stages of PD.''*

Visuospatial Function

This broad domain consists of visuo-spatial, visuo-
perceptive, and visuo-constructive tests. We recommend
the WAIS-IV MR subtest (or earlier versions). See also
Table S1 for memory and visuospatial tests rec-
ommended with caveats, such as WAIS-IV Block
Design, ROCFT or Benton Judgment of Line Orienta-
tion (B-JoLO).

In sum, these measures are confronted in PD more
(ROCFT) or less (MR, B-JoLO) with the constraint of
how to limit motor or graphomotor confounds.''! Pro-
spectively, their correlation with biomarkers and improve-
ments with cognitive enhancing treatment must be
established. The computational power of digital technolo-
gies in these tests should be developed for PD patients.'!*

Premorbid Intelligence Estimation

These measures provide an estimate of premorbid IQ
only and not for language per se. However, the
premorbid intelligence measures play a significant role
by delineating the cognitive potential of patients and
were recommended.

It remains an open question whether other premorbid
intelligence measures, such as the Wechsler Test of Adult
Reading (WTAR) or the Test of Premorbid Functioning
(TOPF) will show better discriminative potential than
the NART or if these measures will be replaced by digi-
tally assisted technology using premorbid data long
before disease onset with perhaps more robust estimates
and higher ecological validity.

The limits of the current review must be fully acknowl-
edged. PD progression and disease stage are two of the
key principles regarding test selection for neuropsycho-
logical assessment of PD.?®''>!1® None of the “Rec-
ommended” tests are equally sensitive to PD progression
from the stage with no detectable cognitive impairment
to PDD. “Recommended” tests may have differential sen-
sitivity to PD-MCI phenotypes, including risky cognitive
profiles associated with progression to PDD."'” More-
over, the current review was not dedicated to the pro-
dromal stage of PD as represented by isolated rapid eye
movement (REM) sleep behavior disorder (iRBD),''®
which has in recent years become one of the prognostic
factors regarding premorbid cognitive decline in
a-synuclein disorders and may provide novel directions
for test development.''”'?° In addition, every test taps dif-
ferent processes (e.g., does the “memory” impairment in
PD involve primarily poor encoding, poor retention,
and/or poor retrieval?; does the “language” deficits in PD
primarily involve word production, retrieval, comprehen-
sion or hypokinetic dysarthria?). Indeed, in “Rec-
ommended” memory tests “acquisition” could be as
relevant as “retention” and “retrieval” or “susceptibility to
interference effects” in their ability to distinguish between
memory deficits. These questions are not captured by our
review. More specifically, no tests of visuospatial abilities
had high enough validity or reliability, or had not been
used with PD cohorts, to reach the “Recommended” level.
It can be argued that WAIS MR as the recommended
measure of visuospatial ability does not capture core
visuospatial function because it also involves abstract and
inductive reasoning skills (i.e., aspects of executive func-
tion). New normative data using current tests and the
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development of new tests in the visuospatial domain
should be considered and the tests should be validated for
use in PD.

Overall, all tests reviewed suffer from legal con-
straints, which means that many tests are not available
in many countries because of unresolved legal or busi-
ness issues, which result in the absence of translations
from English. Another important point is that copyright
is one issue, and cost is another. From seven (not cou-
nting NART) tests recommended, the cost associated
with the use of each starts from the lowest BNT-2 for
$145.00 up to $1599 necessary for the complete kit of
WAIS-IV, which may restrict their use in clinical care
and research.

One should also consider that the PD-MCI and PDD
criteria defined by the IPMDS differ in some respects
from other neuropsychiatric definitions (e.g., minor and
major neurocognitive disorders as defined by Diagnos-
tic and Statistical Manual of Mental Disorders, fifth
edition).

Our review sought to identify neuropsychological tests
most suitable for the assessment of PD cognitive impair-
ment at different stages (PD with normal cognition/PD-
MCI/PDD)"*!* thereby extending the previous IPMDS
review on global scales for cognitive screening.>” Specific
neuropsychological tests often provide a better balance
between sensitivity, specificity, and diagnostic accuracy
and are generally preferred over the global cognitive
screening scales, such as the Montreal Cognitive Assess-
ment or Mini-Mental State Examination.'” These neuro-
psychological tests have a high predictive value in the
detection of PD-MCI or PDD, minimizing false positive
rates. They enable the clinician to convert the raw scores
to interpretable normed scores according to age, educa-
tion, sex, and race given normative data that are avail-
able for these instruments in different populations and
countries.

In conclusion, after undertaking an in-depth review of
the advantages and disadvantages of cognitive tests,
including their psychometric properties in memory, lan-
guage, and visuospatial domains, we present a list of the
recommended tests for the assessment of PD cognition
across stages of impairment. In general, their sensitivity
to cognitive enhancing treatment, their correlation with
PD cognitive biomarkers, and their transformation into
computer-based versions using digital technology all
await improvement. The current review underlines a
strong need for further evidence on existing and new
instruments for the emerging era of translational neuro-
science for PD patients. @
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