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Abstract

Background—Mild cognitive impairment in Parkinson’s disease (PD-MCI) is common and

increases the risk for dementia. Establishing distinct PD-MCI cognitive subtypes could be

valuable for eventually predicting those most likely to convert to dementia. To date, however, the

study of PD-MCI subtypes has not yielded consistent results among cohorts.

Objective—To determine whether there are distinct cognitive subtypes among participants

diagnosed with PD-MCI in the Pacific Northwest Udall Center Clinical Consortium.

Methods—We cognitively subtyped 95 patients with PD-MCI using the Movement Disorders

Society Task Force diagnostic guidelines. Psychometric test scores were then subjected to

principle components factor analysis to determine whether similar cognitive subgroups could be

identified using statistical methodology.

Results—Multiple-domain PD-MCI was diagnosed in 95% of the sample, and a range of

cognitive impairments were noted. Factor analysis yielded seven factors, and demonstrated

overlap of phonemic verbal fluency on two factors, as well as the loading of verbal fluency on the

same factor as a visuospatial measure; however, these factors did not partition the sample into

distinct cognitive subtypes.

Conclusions—Separation of cognitive subtypes based on the current PD-MCI criteria, or via

statistical methods, may not provide sufficient information to describe distinct PD groups. Future

efforts to validate the PD-MCI criteria and identify combinations of genetic or other risk factors

for cognitive impairment are warranted.
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INTRODUCTION

Cognitive impairment in Parkinson’s disease (PD) is common and can substantially impact

the quality of life for patients with PD.1, 2 Early detection of dementia may permit patients,

caregivers, and physicians to plan adequately for the future, monitor symptoms more

closely, and to adjust treatment decisions as necessary.3 However, efforts to identify the

prevalence and characteristics of mild cognitive impairment in PD (PD-MCI) have been

limited by the same issues that have challenged the study of MCI in Alzheimer’s disease;

namely, variations across studies in terms of diagnostic criteria and methodology.4

The heterogeneity of cognitive impairment in PD presents additional challenges. Given the

near ubiquitous nature of cognitive disability in PD, the identification of cognitive subtypes,

with the ultimate goal of determining those that may predict subsequent cognitive decline

and dementia, has been a recent focus of PD-related research.5-7 Different trajectories have

Cholerton et al. Page 2

Mov Disord. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



been suggested for those with mild executive impairments, which are fairly pervasive in PD

and which may remain stable for years, and those with cognitive impairments that indicate

possible underlying posterior cortical deficits (e.g., semantic fluency, visuospatial deficits),

which may herald the impending onset of more significant cognitive decline, including

dementia.8-10 Attempts to describe discrete groups may be impeded by the heterogeneity of

cognitive impairments and progression in PD patients. Further, there is disagreement in the

literature as to the ideal methods for assessing cognitive impairment in PD.4

Given the methodological difficulties associated with identifying PD-MCI and its subtypes,

substantial efforts toward standardizing diagnostic criteria for PD-MCI and its subtypes have

been recently undertaken,11 and are now being implemented in several cohorts. Despite the

benefits of having a standard set of criteria with which to diagnose PD-MCI across studies,

these criteria nonetheless have yet to be validated. Recent studies have demonstrated the

prevalence of PD-MCI and initial longitudinal outcomes using these criteria;12-15 however,

although larger validation studies are currently underway,16 the extent to which the subtype

criteria adequately represent the underlying cognitive processes in these patients is not

currently well-understood.

The current study aims to determine whether there are distinct cognitive subtypes among

participants diagnosed with PD-MCI in the Pacific Northwest Udall Center (PANUC)

Clinical Consortium, a large observational cohort with comprehensive clinical and cognitive

assessments.17 The cohort was classified using the Movement Disorders Society (MDS)

Task Force PD-MCI diagnostic guidelines for cognitive subtypes; unique to this study, we

examined whether statistical methodology could be used to independently identify similar

cognitive subtypes in the cohort.

METHODS

Participants

Participants from the PANUC Clinical Consortium were enrolled using methods previously

described.17 Briefly, the PANUC Clinical Consortium is comprised of prevalent cohorts of

participants with idiopathic PD assembled at the University of Washington/VA Puget

Sound, Oregon Health Sciences University/VA Portland, and the University of Cincinnati.

The “Main” sample consists of participants who volunteer to undergo detailed clinical and

neuropsychological evaluation. The “Genetics” sample is a larger cohort designed to

generate the greater number of blood samples required for genetics projects and other

biomarker efforts. In the current study, only participants from the Main sample were

included because they underwent the more extensive battery of neuropsychological

measures required to apply the MDS Task Force guidelines for PD-MCI subtypes. In

addition, participants underwent comprehensive clinical examination that incorporated

assessment of motor symptoms, focused past medical history, environmental exposures, and

family history. Information concerning activities of daily living was gathered from both the

patient and caregiver; a structured formal Clinical Dementia Rating score was assigned.

Motor and cognitive diagnoses were adjudicated at regular diagnostic conferences. All

participants met the United Kingdom Parkinson’s Disease Society Brain Bank (UKBB)

clinical diagnostic criteria for idiopathic PD.18 Exclusion criteria included failure to meet
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UKBB criteria for PD or history of other neurologic disorders that would significantly

impact cognition, e.g., large-vessel stroke or severe traumatic brain injury.

For the current analyses, cross-sectional baseline data from those participants diagnosed

with PD-MCI at clinical consensus conference were included (n=142). Of these, 20

participants did not complete at least two measures across five cognitive domains due to

sensory impairments, motor difficulties, fatigue, or other intermediary factors, and 27 did

not meet the PD-MCI criteria specified by the MDS Task Force as described below due to

slight differences between the PANUC diagnostic criteria for MCI17 and the MDS criteria

(final n=95). Table 1 summarizes the demographic features, clinical scores, and

neuropsychological performances for included and excluded participants.

Standard protocol approvals, registrations, and patient consents—The

institutional review boards at all institutions approved the study, and all subjects (or their

legal surrogates) provided written informed consent.

Cognitive diagnosis

Participants were assigned to one of the following cognitive diagnostic categories based on

clinical and neuropsychological information: Parkinson’s disease dementia,19 PD-MCI, or

no cognitive impairment by a consensus panel of movement disorder and cognitive

specialists.

PD-MCI was diagnosed according to the MDS Task Force Level 2 criteria:11 1) observed

objective cognitive decline defined by performance that is at least one standard deviation

below the published normative mean on two or more tests across five specified cognitive

domains (described below); 2) reported/observed cognitive decline by the clinician,

participant, or collateral; and 3) cognitive impairments that are not sufficient to substantially

interfere with activities of daily living. The Task Force criteria permit individual centers to

set their own method for determining level of cognitive impairment; one such method

includes those who fall between 1-2 standard deviations below the normative mean. A less

restrictive level of impairment (one standard deviation) was used in the PANUC cohort in

order to allow diagnosis of PD-MCI in highly educated individuals who have notable

cognitive complaints but milder impairments on testing. Participants were further divided

into cognitive subtypes according to the Task Force criteria: 1) single-domain subtype,

which requires impairment on two tests within only one of the five cognitive domains; and

2) multiple domain subtype, which requires impairment on at least one test across more than

one cognitive domain. The domains were further described according to which of the five

cognitive domains specified by the MDS Task Force (described below) were impaired.

The excluded participants in the PD-MCI sample met MDS PD-MCI Level 1 criteria.11

According to the Task Force criteria, those diagnosed according to Level 1 criteria do not

have sufficient data to determine cognitive subtype (single or multiple), and thus were not

included in the current analyses.
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Neuropsychological assessment

Cognitive domains assessed were chosen according to the criteria specified by the MDS

Task Force, and included learning and memory (Hopkins Verbal Learning Test-Revised

[HVLT-R],20 Logical Memory subtest from the Wechsler Memory Scale-Revised),21

executive (phonemic verbal fluency,22 clock drawing test23), attention/working memory

(Digit Symbol subtest from the Wechsler Adult Intelligence Scale-Revised,24 Letter-

Number Sequencing subtest from the Wechsler Adult Intelligence Scale-III,25 Digit Span

subtest from the Wechsler Adult Intelligence Scale-Revised,24 Trailmaking Test26),

language (animal and vegetable category [semantic] fluency,27 Boston Naming Test28), and

visuospatial (Judgment of Line Orientation,29 cube copy30,31). Global cognitive function

was assessed by the Mini Mental State Examination (MMSE),32 Montreal Cognitive

Assessment (MoCA),33 and Dementia Rating Scale-2 (DRS-2).34

Analyses

Descriptive statistics (e.g., means, standard deviations, and ranges) were calculated for

demographic, clinical, and neuropsychological test scores. The prevalence of MDS Task

Force cognitive subtypes (single domain, multiple domain) and the prevalence of

impairment across individual cognitive domains (learning/memory, attention/working

memory, executive, language, and visuospatial) were further described by frequency

estimates. T-tests and Fisher’s exact test were used to determine differences in mean

performance between included and excluded groups. A principal components factor analysis

(PCFA) was performed independently from the pre-specified cognitive domains delineated

by the MDS Task Force criteria in order to collapse the 17 domain-specific psychometric

test scores (Table 2) into a smaller number of independent factors that account for most of

the variation and the underlying correlation pattern. Raw psychometric test scores were

adjusted for age at visit, duration since disease diagnosis, years of education, and sex using

linear regression, and the standardized residuals were included in the PCFA for those

subjects with complete psychometric testing and demographic data. The initial PCFA

components as linear combinations of the psychometric tests were extracted with an eigen-

value threshold of 1 or greater. These components or factors were then rotated using a

varimax orthogonal rotation and interpreted by considering only those variables with a

factor loading magnitude ≥|0.40|. Factor scores for each of the rotated components were

calculated as weighted sums of the individual psychometric tests and represent the

underlying cognitive domains characterized by the strong factor loadings of particular

cognitive tests. We used the factors to determine whether there were cognitive subgroups

represented by the clustering of data between cognitive domain factors using scatterplots.

All analyses were conducted using Stata 12 (Stata Corp., College Station, TX).

RESULTS

Cognitive subtypes according to MDS Task Force criteria

The majority of cognitive impairments identified in the sample were in the learning/memory

and attention/working memory domains (Figure 1). When subtypes were defined using the

MDS PD-MCI criteria (single vs. multiple domain), 95% of participants were identified as

having multiple-domain PD-MCI. Those with the multiple domain subtype demonstrated a
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diverse collection of impairments across cognitive domains, although working memory and

learning/memory were features common to many of the subgroups (Figure 2).

Principle components factor analyses

An independent principle components factor analysis performed on the sample extracted

from 17 standardized residual test scores the following seven factors which were

characterized by the cognitive tests with strongest factor loadings: 1) attention/processing

speed, 2) fluency/visuospatial 3) contextual declarative memory, 4) working memory/

executive, 5) list-learning declarative memory, 6) construction and 7) language. These seven

factors accounted for 72% of the total variance. Phonemic verbal fluency loaded on more

than one factor (Factors 2 and 4). See Table 2 for PCFA results.

Figure 3 demonstrates that, while seven factors were identified, the factors did not

characterize distinctly separate cognitive groups.

DISCUSSION

The current study demonstrates an apparent lack of distinct cognitive subtypes among

patients diagnosed with PD-MCI using both methods described by the MDS Task Force and

independent statistical methodology. Subtype categorization using the diagnostic methods

specified by the MDS Task Force for PD-MCI yielded a sample that was largely identified

as having multiple-domain PD-MCI, consistent with other recent investigations that reported

92-93% of PD-MCI participants were diagnosed with the multiple-domain subtype when

using the MDS Task Force criteria.12, 13 These findings are in part due to the constraints

imposed by the specific Task Force criteria: if only one test within a domain is required to

produce a multiple-domain diagnosis and two tests within a domain are required for a

single-domain diagnosis, then by definition most participants will be diagnosed with

multiple-domain subtype. Alternatively, other diagnostic methods have identified single-

domain MCI as being more prevalent in the PD population.6, 7, 35 Thus, results from the

current study and others using the MDS Task Force criteria suggest that these criteria may

lead to a high prevalence of multiple-domain MCI in PD patients. Indeed, in our sample and

others,13, 14 when impairment on two tests were required within each domain for the

multiple domain subtype, a much higher prevalence of the single domain subtype was found

(Table e-1).

Interestingly, however, when statistical methods were employed to evaluate cognitive test

performance in PD-MCI participants, the resulting seven factors did not partition the sample

into distinctly identified cognitive subgroups. These findings are consistent with results

reported to date using the MDS Task Force recommendations, and support the higher

prevalence of multiple-domain MCI found when implementing the Task Force criteria.

Thus, our independent statistical methods help to validate our clinical findings. The lack of

distinct cognitive subgroups may be a function of impairments in frontally-mediated abilities

(which range from simple attention to higher order executive functions) that are frequently

seen in patients with PD.36, 37 As demonstrated in the current study, a majority of PD

patients have some type of impairment on tests that measure attention/working memory,
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skills generally considered to be mediated by anterior/subcortical regions which in turn may

influence many other more posterior-mediated functions.

The factor analytic methods used in this study produced interesting results, including the

finding that visuospatial skills and verbal fluency (particularly semantic fluency) loaded on

the same factor. This is not an intuitive outcome; different brain regions are thought to

underlie performance on these measures. Interestingly, however, both semantic fluency and

visuospatial impairment have been identified as possible precursors to more rapid cognitive

decline and dementia.10, 38-40 It has been suggested that, while executive cognitive

impairments may arise as a result of dopamine depletion, vascular insults, and other

subcortical pathology in PD, more cortically-based deficits are required for the onset of

dementia.9 Thus, although subjects are likely to exhibit multiple impairments that do not

partition into distinct cognitive subtypes per se, it is possible that impairments on these

specific tasks may identify those most likely to progress. Longitudinal measurement in the

cohort will provide additional information concerning performance on specific cognitive

tests and progression to dementia.

Importantly, our PCFA results do not completely support the division of tests into the five

cognitive domains identified by the MDS Task Force. For example, some cognitive tests

measure multiple cognitive functions beyond their purported primary assessment domain

(e.g., phonemic fluency is both a measure of language and executive ability), while others

do not fit neatly into the cognitive domains to which they are typically assigned (e.g., the

clock drawing test loaded on a construction factor but did not load with the other executive

measures). In addition, frontally-mediated functions include a wide range of abilities that

encompass simple attention, concentration, working memory, and higher-order executive

abilities, such as reasoning, abstraction, and task-switching. It is not always possible to

disentangle these functions from each other: higher order functions require lower-level

abilities. Thus, the division of cognitive domains into “executive” and “attention/working

memory” may be arbitrary. Indeed, our “executive” measures tended to load on factors not

always associated with executive abilities (and thus may account for the lower than expected

prevalence of impairment on this domain as defined by the Task Force criteria), while

“attention/working memory” measures loaded on separate factors (“attention/processing

speed” and “working memory/executive”). Future endeavors may seek either to redefine the

cognitive domains or to redistribute the measures among the domains.

Given the results of the current study, it is unlikely that cognitive subtypes alone will

provide substantial information concerning those participants most at risk for cognitive

decline. It is possible, however, that a combination of test performance profile and some

other disease marker will eventually permit identification of those likely to develop

dementia. For example, motor subtype (tremor-dominant vs. postural instability/gait

disturbance) has been implicated in the progression of cognitive symptoms, such that those

with postural instability/gait disturbance may be more likely to progress rapidly to

dementia.7, 41, 4243 Additionally, genetic factors have been implicated in cognitive

performance,9, 44, 45 as have biomarkers for neurodegeneration, vascular impairment, and

beta-amyloid.8, 40, 46, 47 Importantly, the study of cognitive impairment may require analysis

of test performance on a continuum rather than trying to place individual patients/subjects
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into distinct categories. Thus, future PD-related research should focus on developing

algorithms that take multiple disease factors and longitudinal test performance into

consideration when determining those most at risk for dementia.

A primary limitation of the study is its cross-sectional design; longitudinal study will permit

a better understanding of which tests and impairment domains are suggestive of more rapid

cognitive progression. In addition, despite the MDS Task Force’s development of

operational methods for the identification of MCI in PD cohorts, the criteria allow for

variability across sites in terms of setting an appropriate level of impairment. Because the

PANUC cohort has higher than average estimated premorbid abilities, we have found that

setting a less restrictive level of impairment permits diagnosis of highly educated individuals

who have notable cognitive complaints but seemingly milder impairments on testing.

Differences in level of impairment can result in prevalence rates that vary between 9-93%,48

and thus, our results may differ from others due to such variations in methodology.

However, we believe that including patients who meet these less restrictive requirements

will ultimately provide a greater breadth of information concerning the onset, course, and

variability of PD-MCI.

The PANUC battery also incorporates a greater number of measures in the attention/

working memory domain. This domain is comprised of several functions (visual attention,

auditory attention, task switching, working memory, etc.) subserved by discrete areas in the

frontal lobes which may be affected differentially in PD. Inclusion of measures that assess

these multiple functions increases the likelihood that early changes in frontally-mediated

abilities will be detected on formal testing; however, it may also artificially increase the

prevalence of impairments in this domain. In addition, we did not incorporate our measure

of premorbid ability into the current analyses (resulting in a reduced number of included

participants); recent research suggests this creates even greater variability and is difficult to

apply across populations.13 Finally, the clinical diagnostic guidelines remain to be validated,

and the requirement for the inclusion of extensive testing may increase the likelihood of

spurious findings. Indeed, the proportion of participants who were excluded from the current

study due to inability to complete the entire battery suggests that some reduction in total

number of tests required may be necessary in this population. As these subjects had been

identified as having PD-MCI by an expert diagnostic panel using fewer tests, it is thus

unclear to date whether the large number of tests required by the Task Force are necessary

for a valid diagnosis of PD-MCI in research populations.

These results provide evidence that separation of groups based purely on cognitive

subtyping may not provide sufficient information for determining distinct PD groups that

may be useful for longitudinal study. However, combining cognitive test performance with

other factors, such as genetic profile, imaging, biomarkers, and/or motor subtype may

eventually prove to be the best method for identifying those most likely to rapidly progress

to dementia. Future endeavors to validate the PD-MCI criteria and to identify combinations

of disease features that most strongly determine risk for cognitive progression should be

undertaken.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Percentage of PD-MCI participants in the PANUC Clinical Consortium with impairment by cognitive domain
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Figure 2. Number of participants diagnosed with single- and multiple-domain PD-MCI subtypes in the PANUC Clinical Consortium
Abbreviations: MEM: Learning/Memory WM: Attention/Working Memory EXEC: Executive VS: Visuospatial LANG:

Language. Percentages in the table are based on the total number of participants with Multiple Domain PD-MCI. Total

percentage does not equal 100 due to rounding.
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Figure 3. Pairsplot of 7 factors based on PCFA of 17 psychometric scoresa in the PANUC cohort
A matrix of all possible two-dimensional scatterplots for the seven factor scores obtained from PCFA. Each data point

represents an individual subject’s pair of factor scores (based on the horizontal and vertical axes). Given all possible

configurations of pairwise factor scatterplots, there is a lack of any distinct clustering of subjects.
aPCFA was implemented on the standardized residuals from the linear regression of the raw scores adjusted for age at visit,

education, disease duration, and gender
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Table 1
Demographics and neuropsychological test scores for PANUC clinical consortium
participants diagnosed with PD-MCI

Included sample (n=95) Omitted sample (n=47)

Mean (sd) Range Mean (sd) Range

Education (years) 16.2 (2.4) 12-23 16.6 (2.7) 11-24

Age at visit (years) 63.4 (9.4) 36.2-81.3 69.1 (1.2)*** 52.2 – 85.1

Disease duration (years) 4.9 (4.8) 0.08-19.6 5.7 (5.9) 0.13 – 25.8

MDS-UPDRS, motor
subscale 24.0 (10.9) 7 - 66 24.2 (11.2) 3 - 66

Hoehn & Yahr 2 (median) 1 - 3 2 (median) 1.5 - 4

GDS 5.6 (1.6) 2 - 14 5.8 (1.4) 4 - 9

Gender 67.4 (% male) 74.5 (%male)

MoCA 24.4 (2.4) 17 - 29 25.1 (2.3) 20 - 29

MMSE 27.8 (1.6) 24 - 30 28.0 (1.7) 24 - 30

DRS-2 137.4 (5.9) 103 - 143 137.3 (5.5) 121 - 144

Shipley-2 33.8 (3.6) 21 - 40 35.3 (2.2)** 30 - 39

Mean raw score
(sd)

Raw score
range

Mean raw
score (sd)

Raw score
range

Mean z-score
(sd) Z-score range

Mean z-score
(sd) Z-score range

HVLT-R immediate 21.8 (4.3)
−0.99 (0.95)

13 - 32
−3.07 - 1.3

22.0 (4.2)
−0.70 (0.86)

14 - 34
−2.38 – 1.64

HVLT-R delayed 6.4 (3.8)
−1.49 (1.85)

0 - 12
−5.45 - 1.38

7.2 (3.3)
−0.81 (1.6)*

0 - 12
−4.94 – 1.38

Logical Memory I 10.8 (3.7)
−0.90 (0.93)

1 - 20
−3.47 - 1.52

12.8 (3.1)**

−0.23 (0.68)**
2 - 17

−2.42 – 0.73

Logical Memory II 9.5 (3.8)
−0.86 (0.93)

0 - 17
−3.14 - 0.97

10.5 (3.4)
−0.43 (0.73)*

2 - 17
−2.41 – 1.0

Clock Drawing 8.4 (1.6)
−0.25 (0.70)

4 - 10
−2.15 - 0.46

‡
‡

‡
‡

Phonemic verbal fluency 40.8 (12.01)
0.14 (0.99)

21 - 81
−1.9 - 3.6

40.0 (12.5)
0.34 (0.97)

17 - 68
−2.17 – 2.51

Trailmaking, Part A 33.1 (12.74)
−.32 (1.03)

12 - 83
−3.98 - 1.22

34.3 (20.6)
−0.14 (1.3)

15 – 150
−6.54 – 1.4

Trailmaking, Part B 91.1 (45.6)
−.42 (1.05)

32 - 300
−4.59 - 1.12

88.4 (42.4)
−0.21 (0.99)

36 - 207
−3.45 – 0.88

Digit Symbol 44.1 (11.2)
−0.76 (0.96)

17 - 75
−2.96 - 1.93

44.3 (7.2)
−0.39 (0.62)*

30 – 59
−1.69 – 1.06

Letter Number
Sequencing

9.3 (2.2)
0.06 (0.84)

0 - 15
−3 - 2

9.2 (2.0)
0.21 (0.83)

4 - 13
−2.0 – 1.33

Digit Span, forward
length

6.9 (1.0)
0.04 (0.88)

4 - 8
−2.33 - 1.27

6.9 (0.9)
0.21 (0.75)

6 - 8
−0.66 – 1.27

Digit Span, reverse
length

4.7 (1.1)
−0.31 (0.93)

2 - 7
−2.5 - 1.91

4.9 (1.2)
−0.09 (0.92)

2 – 7
−2.38 – 1.46

Animal fluency 19.0 (5.26)
−0.44 (0.90)

7 - 34
−2.61 - 2.12

20.4 (4.8)
0.02 (0.76)**

8 – 31
−1.92 – 1.74
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Mean raw score
(sd)

Raw score
range

Mean raw
score (sd)

Raw score
range

Mean z-score
(sd) Z-score range

Mean z-score
(sd) Z-score range

Vegetable fluency 12.9 (3.81)
−0.62 (0.84)

5 - 22
−2.46 - 1.31

13.6 (4.7)
−0.28 (0.98)*

3 – 25
−2.53 – 1.95

Boston Naming Test 28.2 (1.9)
0.15 (0.66)

19 - 30
−2.41 - 0.83

28.4 (1.7)
0.34 (0.58)

23 – 30
−1.71 – 1.05

Judgment of Line
Orientation

11.8 (2.6)
1.06 (2.18)

5 - 15
−2.45 - 3.99

12.4 (2.2)
1.30 (1.98)

5 - 15
−2.45 – 3.99

Cube Copy 15.9 (4.7)
−1.06 (2.03)

2 - 10
−7.09 – 0.74

‡
‡

‡
‡

Abbreviations: sd=standard deviation, MDS-UPDRS=Unified Parkinson’s Disease Rating Scale, Movement Disorder Society revision,
GDS=Geriatric Depression Scale, MoCA=Montreal Cognitive Assessment, MMSE= Mini Mental State Examination, DRS-2=Dementia Rating
Scale-2, HVLT-R=Hopkins Verbal Learning Test-Revised

*
p < 0.05

**
p<0.01

***
p<0.001 all p values based on t-test comparisons between included and excluded groups

‡
10 point clock scores and 20 point cube scores not available for these participants
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