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Abstract

Background—The recently proposed Movement Disorder Society (MDS) Task Force diagnostic

criteria for mild cognitive impairment in Parkinson’s disease (PD-MCI) represent a first step

towards a uniform definition of PD-MCI across multiple clinical and research settings. Several

questions regarding specific criteria, however, remain unanswered including optimal cutoff scores

by which to define impairment on neuropsychological tests.

Methods—Seventy-six non-demented PD patients underwent comprehensive neuropsychological

assessment and were classified as PD-MCI or PD with normal cognition (PD-NC). Concordance

of PD-MCI diagnosis by MDS Task Force Level II criteria (comprehensive assessment), using a

range of standard deviation (SD) cutoff scores, was compared to our consensus diagnosis of PD-

MCI or PD-NC. Sensitivity, specificity, positive and negative predictive values were examined for

each cutoff score. PD-MCI subtype classification and distribution of cognitive domains impaired

were evaluated.

Results—Concordance for PD-MCI diagnosis was greatest for defining impairment on

neuropsychological tests using a 2 SD cutoff score below appropriate norms. This cutoff also

provided the best discriminatory properties for separating PD-MCI from PD-NC, compared to

other cutoff scores. With the MDS PD-MCI criteria, multiple domain impairment was more

frequent than single domain impairment, with predominant executive function, memory, and

visuospatial function deficits.

Conclusions—Application of the MDS Task Force PD-MCI Level II diagnostic criteria

demonstrates good sensitivity and specificity at a 2 SD cutoff score. The predominance of multiple

domain impairment in PD-MCI with the Level II criteria suggests not only influences of testing

abnormality requirements, but also the widespread nature of cognitive deficits within PD-MCI.
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Introduction

Mild cognitive impairment in Parkinson’s disease (PD-MCI) has been increasingly

recognized as a state of cognitive decline that is beyond that expected with normal aging,

but does not meet dementia criteria 1, 2. Although historically described with different

criteria, PD-MCI is common, occurring in 20-50% of patients 2, 3 and may reflect a

transitional state that precedes dementia in PD 4-6. Recent efforts have focused on

developing specific and standardized diagnostic criteria for PD-MCI since prior studies

varied greatly in definitions used 2, 3, 7, 8. As such, a Movement Disorder Society (MDS)

Task Force proposed diagnostic criteria for PD-MCI in order to enhance clinical and

research efforts on identifying clinical characterizations of PD-MCI, predictors of

conversion to dementia, and patients who might benefit from early intervention studies, not

only in single-site PD cohorts but across multiple clinical and research sites 9. The MDS

Task Force criteria delineate inclusionary and exclusionary features for PD-MCI and

provide the clinician or researcher with two diagnostic methods: an abbreviated assessment

(Level I) or comprehensive assessment (Level II), which can also classify PD-MCI subtypes

as single or multiple domains impaired. For Level II criteria, the MDS Task Force

recommends formal neuropsychological testing that includes at least two tests for each of

the five cognitive domains (i.e., attention/working memory, executive function, language,

memory, visuospatial function). Impairment should be present on at least two

neuropsychological tests, represented by either two impaired tests in a single cognitive

domain or one impaired test in two different cognitive domains and may be demonstrated in

one of three ways: performance approximately 1-2 standard deviations (SD) below

appropriate norms, significant decline demonstrated on serial cognitive testing, or significant

decline from estimated pre-morbid levels.

The proposed MDS PD-MCI diagnostic criteria represent an essential first step towards a

uniform definition of PD-MCI across multiple clinical and research settings but await field

study of applicability and validation. Several questions for Level II criteria regarding

definitions of impairment on neuropsychological tests remain unanswered, including the

optimal SD cutoff score below appropriate norms to use. These issues are important to

investigate in the validation of the MDS PD-MCI criteria as they can affect the sensitivity of

detecting PD-MCI and ultimately, the clinical care and counseling of such patients and their

potential eligibility in research studies 10-12. Studies examining the MDS PD-MCI Task

Force criteria are emerging but at present, have utilized a 1.5 SD cutoff below appropriate

norms in their application of Level II criteria 5, 13, 14. Other PD studies highlight how

different cutoff scores, number of tests, and cognitive domain representation can influence

the characterization of PD-MCI 11, 12. These studies, however, were published prior to the

MDS PD-MCI Task Force criteria and differ in the cognitive domains and tests studied.

Accordingly, the aim of our study was to examine one of the unresolved issues raised during
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the development of the MDS Task Force criteria, namely optimal SD cutoff scores for

determining impairment and its effect on PD-MCI characterization and subtype.

Subjects and Methods

Subjects

Seventy-six non-demented PD subjects were recruited from the Rush University Movement

Disorders clinic as part of a prospective study of clinical and neuroimaging markers of PD

cognitive impairment 15. All PD subjects were examined by a movement disorders

neurologist (J.G.G.) and met United Kingdom PD Society Brain Bank criteria 16. Subjects

had a disease duration of ≥ 4 years, were on stable medication regimens, and examined in

optimal motor state. Exclusionary criteria were: PD dementia by MDS criteria 1, atypical or

secondary parkinsonism; severe or unstable depression; anticholinergic medications (e.g.,

trihexyphenidyl, benztropine, tricyclic antidepressants); other medical or neurological

causes of cognitive impairment (e.g., seizures, strokes, head trauma); or contraindications to

MRI (e.g., cardiac pacemaker/defibrillator, surgical clips, foreign metallic implants). The

study was approved by the Rush University Institutional Review Board, Chicago, IL, and

participants provided written informed consent.

Evaluations

Subjects underwent detailed, comprehensive clinical and neuropsychological evaluations

including: 1) demographics, disease-related features, and medications, 2) interview with the

patient and informant including clinical impressions of the patient’s general cognitive

function, decline, and functional abilities 17-19, and 3) neuropsychological testing of

cognitive function and mood 20, 21. Cognitive assessments included the MiniMental State

Examination (MMSE) 22 and the following individual tests grouped into 5 cognitive

domains based on MDS Task Force recommendations and prior studies 6, 9, 13, 14, 23: (a)

Attention and working memory (Digit span forwards 24, Letter Number Sequencing 24,

Symbol Digit Modalities 25, Trail making Test-A 26), (b) Executive function (Clock

Drawing Test 27, Controlled Oral Word Association Test 28, Digits backwards 24,

Progressive matrices 29, Trail making Test-B 26, (c) Language (Boston Naming Test 30,

Category fluency test of animal naming in 1 minute 30, Similarities 24), (d) Memory (3 trials

of word list learning, delayed recall, and recognition from the Consortium to Establish a

Registry for AD [CERAD] 30, Logical Memory I and II prose passages 31, total free recall

and delayed recall from Free and Cued Selective Reminding Test (FCSRT) 32, figure

learning and delayed recall for Figure Memory 33), and (e) Visuospatial function (Clock

Copying Test 27, Judgment of Line Orientation 34, pentagons from MMSE 35). Raw scores

for cognitive tests were transformed to z-scores based upon normative data from healthy,

cognitively normal controls examined at our center 36, 37. Composite scores for each

memory test (e.g., CERAD, Logical memory, etc) were computed by averaging individual

subcomponent z-scores (e.g., list learning, delayed recall), which avoided over-representing

the number of memory test subcomponents comprising this domain. The 5 cognitive domain

scores were calculated by averaging z-scores for neuropsychological tests within each of the

specific domains.
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Cognitive classification

Cognitive classification was determined in a systematic, uniform step-wise process and

consensus conference based on methods used at our center 38. Briefly, subjects were

classified independently as PD-MCI or cognitively normal (PD-NC) by each of the raters, a

neurologist specializing in movement disorders and neuropsychiatry [J.G.G.], senior

neuropsychologist administering the tests [B.B], and senior consulting neuropsychologist

[G.T.S.]), based on their respective project role (clinical interview/exam, semi-structured

interview and neuropsychological testing, and review of neuropsychological testing). Each

subject’s information was reviewed in a consensus conference and a final clinical judgment

of cognitive status made. This consensus diagnosis was then compared to the MDS Task

Force PD-MCI Level II (comprehensive assessment) criteria regarding neuropsychological

test impairment 9. Subjects categorized as PD-MCI by the MDS Task Force met the

proposed inclusionary and exclusionary criteria for PD-MCI as well as specific guidelines

for Level II classification, including impairment present on at least 2 neuropsychological

tests, represented by either 2 impaired tests in one cognitive domain or one impaired test in 2

different cognitive domains. For this study, impairment was examined across different SD

cutoffs relative to appropriate normative values to determine the influence of the different

cutoff scores (i.e., 1 SD, 1.5 SD, 2 SD below appropriate norms as per MDS PD-MCI

criteria as well as an exploratory lower limit of 2.5 SD to capture an extended range) on PD-

MCI diagnosis. PD-MCI subjects underwent subtyping according to MDS PD-MCI criteria

as either PD-MCI single-domain or PD-MCI multiple-domain. Non-demented PD subjects

who did not fulfill the MDS PD-MCI criteria were classified as PD-NC.

Statistical analyses

Statistical analyses were performed using SAS 9.1 (Institute Inc., Cary, NC). We compared

the clinical features of the PD-NC and PD-MCI subjects using t-tests, Mann-Whitney U, and

Chi-square tests, as appropriate. We calculated sensitivity, specificity, positive and negative

predictive values, and receiver operating curves (ROC) with area under the curve (AUC)

and 95% confidence intervals (CI) and compared diagnostic classification of PD-MCI using

MDS PD-MCI Task Force Level II criteria for each SD cutoff score (i.e., 1, 1.5, 2, 2.5 SD)

below norms to the classification of PD-MCI by consensus diagnosis criteria. Cohen’s kappa

coefficient was calculated to examine the concordance between the 2 PD-MCI

classifications at each SD cutoff score. Descriptive statistics were used to characterize PD-

MCI subtypes as single and multiple domains impaired and examine clinical

characterization. Statistical significance was set at p<0.05.

Results

Clinical characteristics of the PD-MCI cohort

Table 1 depicts the demographic and clinical features of our PD cohort as defined by

consensus diagnosis. Compared to the PD-NC subjects, the PD-MCI subjects had worse

motor severity as measured by MDS-UPDRS Part III motor examination score (p=0.02) and

Hoehn and Yahr stage (p=0.03). The groups were similar regarding age, education, sex, PD

duration, medication usage, and mood rating scales. Cognitive performance was worse in

PD-MCI subjects compared to PD-NC subjects, consistent with group definitions.
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Classification function and concordance

The sensitivity and specificity of the MDS PD-MCI Level II criteria for accurate

classification of PD-MCI vs. PD-NC relative to the consensus diagnosis varied across the

different SD cutoff scores used to define impairment on neuropsychological tests (Table 2).

The best sensitivity and specificity measures were achieved using the cutoff of 2 SD below

norms, with 85.4% and 78.6%, respectively. The other cutoff scores compromised either

specificity, such as with 1 and 1.5 SD below norms (21.4% and 60.7%, respectively), or

sensitivity, such as with our exploratory analyses of 2.5 SD below norms (58.3%). Positive

and negative predictive values were optimal at the cutoff of 2 SD below norms with 87.2%

and 75.9%, respectively and lower for the other cutoff scores. ROC analyses revealed an

AUC value of 0.9 for the 2 SD cutoff score (Figure 1). Concordance between the two PD-

MCI classification methods was highest for the 2 SD cutoff score, demonstrating good

agreement (kappa = 0.64 [0.46-0.81]), but for all other cutoff scores, only fair to moderate.

At the MDS PD-MCI Level II 2 SD cutoff score, 47/76 (61.8%) of subjects were diagnosed

as PD-MCI, whereas 48/76 (63.2%) of subjects were classified as PD-MCI by consensus

diagnosis.

PD-MCI subtype classification

Using the MDS PD-MCI Level II criteria, multiple domain impairment was more frequent

than single domain impairment for all SD cutoff scores. With the 2 SD cutoff score, multiple

domain impairment occurred in 43/47 (91.5%) subjects and single domain impairment, in

4/47 (8.5%) subjects. The number of multiple domains impaired ranged from 2-5 with

34.9% subjects having 3 domains and 32.5% subjects having 4 domains impaired (Figure 2).

When single domains were impaired, they included: executive function (n=1), memory

(n=1), and visuospatial function subtypes (n=2). Regardless of the SD cutoff score,

executive function was the most frequently impaired cognitive domain. For the 2 SD cutoff

score, the cognitive profile was represented by deficits in executive function (78.7%),

followed by memory (70.2%) and visuospatial function (70.2%), attention/working memory

(59.6%), and language (48.9%) (Table 3).

Discussion

Our study demonstrates several findings. First, the MDS PD-MCI Task Force Level II

diagnostic criteria can be applied in clinical research settings and provide a reliable

diagnosis of PD-MCI, with good concordance with PD-MCI classification by consensus

diagnosis criteria. Second, PD-MCI impairment was best defined using a cutoff of 2 SD

below norms in our cohort. Third, multiple domain impairment was more common than

single domain PD-MCI, using all SD cutoff scores, with predominantly executive

dysfunction.

This study represents a first step in the application and validation of the MDS PD-MCI

Level II criteria and in addressing one of the criteria’s unresolved issues, specifically SD

cutoff scores used to define neuropsychological test impairment. Compared to other SD

cutoff scores, the 2 SD cutoff score below norms provided the best discriminative properties

for classifying subjects as PD-MCI with good concordance with our consensus PD-MCI
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classification. While most studies of MCI, either in PD or non-PD populations 10, 39-41, have

utilized 1 SD, 1.5 SD, 1.96 SD, or 2 SD cutoff scores, we extended our score analyses to a

lower limit of 2.5 SD below norms, and thus, on the other extreme end, confirm that the 2

SD cutoff score below norms provides the best PD-MCI diagnostic classification. Moreover,

a normative cutoff score of 1 SD may identify 16% of healthy individuals as impaired,

assuming that measures are normally distributed in healthy populations, and thus, has been

considered too liberal to permit meaningful specificity in the assessment of cognitive

decline 10. While the MDS PD-MCI Task Force Level II diagnostic criteria recommend a

broad definition of impairment ranging between 1-2 SD below norms, to avoid missing the

diagnosis of PD-MCI in high-functioning people, our study suggests that the 1 or 1.5 SD

cutoff scores are too inclusive and sacrifice specificity. Therefore, at present, we would

recommend a more conservative 2 SD cutoff below norms for defining PD-MCI by MDS

PD-MCI Level II criteria. As our PD cohort had a mean age of 72.7 (6.0) years and mean

education of 15.3 (3.2) years, examination of this cutoff in PD-MCI cohorts with different

levels of education and diverse backgrounds may provide additional insights and further

refinement of the criteria.

To the best of our knowledge, our study is the first to examine this issue with the MDS PD-

MCI Level II criteria. Few studies have examined the recently published MDS PD-MCI

criteria, but those in the literature thus far have applied a 1.5 SD cutoff score below norms.

In addition, these studies explored different issues from our study, namely the demonstration

of a decline from pre-morbid levels, requirement of cognitive complaints, inclusion of 2

tests abnormal per domain 14 or the discriminatory power of individual neuropsychological

tests 13. Other recent studies, prior to the MDS PD-MCI criteria, affirm that the issue of

defining impairment cutoff scores is an important and influential one regarding the

frequency and characterization of PD-MCI, with PD-MCI estimates varying from

approximately 10-90% using cutoffs of 1 SD, 1.5 SD, or 2 SD below norms 2, 3, 11, 12, 42-44.

These studies, however, also varied in other features including number of cognitive domains

assessed (range 3-5), number of tests per domain (range 2-7), number of abnormal tests per

domain required (i.e., 1 test abnormal per 1 or 2 cognitive domains or 2 tests abnormal per 1

or 2 cognitive domains), educational level of participants (mean 11-16 years), and definition

of PD dementia 1, 45. Moreover, application of more liberal or conservative cutoff scores

may have additional clinical and research significance, beyond cross-sectional frequency

estimates. In studies of non-PD populations, MCI diagnostic approaches influenced

estimates of MCI stability or progression to dementia, in general and by subtype

categorization 39, 40. This may have particular relevance in advancing our understanding of

PD-MCI subtype differences and selecting PD-MCI patients for trials of therapies to halt or

slow conversion to PD dementia.

Classification of PD-MCI into subtypes is important for exploring whether impairments in

different cognitive domains have distinct underlying neurobiological substrates and clinical

courses. In our cohort, PD-MCI multiple domain impairment was more frequent than single

domain impairment, which is similar to a recent report of PD-MCI subtype distributions

using the MDS PD-MCI Task Force Level II diagnostic criteria 14. This PD-MCI subtype

distribution of greater multiple domain impairment persisted despite use of different SD

cutoff scores in our study, though the 2 SD cutoff score classified the greatest number of
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subjects as having single domain impairment. These findings differ from older studies,

including our prior work 36, which reported greater single domain impairment, either

nonamnestic 4, 42-44, 46, 47 or amnestic subtypes 3. Potential reasons for the greater frequency

of PD-MCI overall and in multiple domain impairment include differences in PD-MCI

diagnostic criteria, number of tests, number and type of cognitive domains, PD duration

(prevalent vs. incident cases), and populations (clinic-based vs. community).

Of the cognitive domains impaired in our current study, executive function was most

frequently affected, followed by memory and visuospatial function, at the 2 SD cutoff score.

Multiple combinations of cognitive deficits occurred in PD-MCI multiple domain subtype.

Distributions and combinations of domains impaired did not appear to be driven by the

number of individual cognitive tests within each domain. In most PD-MCI studies, to date,

cognitive domains have been variably weighted with 2-7 tests per cognitive domain 11-13.

Excessive or imbalanced number of tests per domain may bias PD-MCI classification 9, and

fewer than 2 tests per domain also may be inadequate for diagnosis and subtyping 10. The

MDS PD-MCI criteria recommend at least 2 tests per domain with impairment demonstrated

on at least 2 neuropsychological tests as either 2 impaired tests in 1 cognitive domain or 1

impaired test in 2 different cognitive domains, but the optimal number of tests per domain

and number of tests impaired per domain remain areas that may merit additional study. The

optimal grouping of tests in domains also has been debated; some tests have potentially

overlapping features (e.g., executive components of visuospatial tests), and others may be

sensitive to deficits in more than one area (e.g., category fluency and frontal or temporal/

posterior cortical dysfunction 6, 23).

Compared to PD-NC subjects, our PD-MCI subjects had worse motor function but did not

differ regarding age, education, PD duration, and medications used for motor and non-motor

features (e.g., hallucinations, sleep, mood). Several studies demonstrate an association

between older age and lower education levels and PD cognitive impairment 3, 6, 48, but this

association was not found in other studies 14, 42, 43, 47, 49. Although our PD-MCI subjects

were slightly older and had slightly fewer years of education than PD-NC subjects, this was

not statistically significant and may relate to demographic patterns or sample size. The

association of worse cognitive function and greater motor severity is in keeping with other

studies, which also link these two features to shared neurobiological substrates, increased

dementia risk, and earlier onset of dementia in PD 4, 6, 50-52. Longitudinal follow-up studies

of our PD cohort will permit examination of their cognitive and motor progression.

Our study has several notable strengths including our well-defined PD cohort, diagnoses by

experienced specialists in movement disorders and neuropsychology, comprehensive clinical

and neuropsychological assessments, as well as the application of the recently published

MDS PD-MCI Task Force Level II criteria. Limitations include our university setting,

sample size, and high educational levels, which may affect generalizability. While our

cohort size is smaller than several large, community-based or multi-center PD-MCI

cohorts 3, 14, 42, 44, it is comparable to other PD-MCI studies in clinic-based

populations 13, 43, 47, 53. Educational levels of PD cohorts vary in the literature, depending

on the country and setting, ranging from mean ~ 9-11 years 13, 42, 48 to ≥ 15 years 14, 43, 54,

the latter, comparable to our cohort. Future studies, however, with larger PD-MCI cohorts
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representing different educational levels, disease durations, and PD-MCI subtypes will be

needed to further characterize PD-MCI. At present, there is no “gold standard” to validate

the diagnosis of PD-MCI, and studies of this are in beginning phases. As such, in order to

examine the issue of optimal SD cutoff scores, we compared the MDS PD-MCI Level II

criteria to our consensus diagnosis, using a systematized approach similar to those applied in

aging and dementia studies 38, 55. Future studies with longitudinal follow up of PD-MCI

subjects will permit the examination of stability or progression of PD-MCI and the use of

the MDS PD-MCI criteria to predict PDD. These studies will help establish the sensitivity/

specificity and optimal SD cutoff scores for the MDS PD-MCI criteria in predicting PDD.

We conclude that the MDS PD-MCI Task Force Level II criteria can be readily applied in

the clinical research setting and that consideration should be given for using a 2 SD cutoff

score below norms in the diagnosis of PD-MCI. The development of these criteria mark a

first step in creating a uniform definition of PD-MCI that can be used in multiple centers and

for interventional trials, and further validation of our observations in larger and diverse

cohorts will be important steps in the testing and application of the MDS PD-MCI criteria.
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FIG. 1.
The receiver operating characteristic curve is illustrated for a classification of mild cognitive

impairment in Parkinson’s disease (PD-MCI) using Movement Disorder Society PD-MCI

Level II criteria at different standard deviation (SD) cutoff scores.
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FIG. 2.
Mild cognitive impairment in Parkinson’s disease (PD-MCI) multiple domain impairment

subtypes are illustrated according to Movement Disorder Society PD-MCI Level II criteria

at a cutoff of 2 standard deviations (SD). Frequency counts of PD-MCI subtypes and

specific cognitive domains affected are illustrated. Lang indicates language; Mem, memory;

VS, visuospatial function; EF, executive function; A/WM, attention/working memory.
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Table 1

Demographic and clinical features of the PD cohort

PD-NC, n=28 PD-MCI, n=48 p value

Demographics

Age, y 72 ± 6.5 73.2 ± 5.8 0.41

Male, n (%) 20 (71.4) 39 (81.3) 0.32

Education, y 15.5 ± 2.8 15.1 ± 3.4 0.55

PD duration, y 8.7 ± 2.9 9.7 ± 4.4 0.24

Motor features

MDS-UPDRS Part III Motor score 31 ± 8.9 36.8 ± 11.3 0.02

Hoehn and Yahr stage, median (range) 2.0 (2-3) 2.0 (2-5) 0.03

Medications

LEDD, mg/d 821.6 ± 492.1 736.8 ± 395.5 0.41

Dopamine agonist, n (%) 16 (57.1) 18 (37.5) 0.10

Sleep medication, n (%) 5 (17.9) 15 (31.2) 0.20

Antidepressant, n (%) 5 (17.9) 10 (20.8) 0.75

Cognitive enhancing medications, n (%) 2 (7.1) 4 (8.3) 1

Antipsychotic, n (%) 1 (3.6) 2 (4.2) 1

Cognitive and neuropsychological features

Cognitive decline by patient, informant, or clinician, n (%) 21 (75) 48 (100) 0.001

CDR Global score, median (range) 0 (0-0.5) 0.5 (0-0.5) <0.0001

Functional Assessment Questionnaire, median (range) 0 (0-5) 2 (0-11) 0.001

MMSE scores 28.6 ± 1.1 27.7 ± 1.7 0.005

Attention/working memory domain -0.32 ± 0.58 -1.3 ± 0.85 <0.0001

Executive function domain -0.33 ± 0.62 -1.52 ± 0.97 <0.0001

Language domain -0.15 ± 0.72 -0.81 ± 0.65 <0.0001

Memory domain -0.23 ± 0.51 -1.33 ± 0.70 <0.0001

Visuospatial domain -0.21 ± 0.77 -1.48 ± 1.77 <0.0001

Hamilton depression rating scale 5.1 ± 3.1 6.1 ± 3.9 0.27

Beck anxiety inventory 8.4 ± 6.3 7.3 ± 7.8 0.56

Results are expressed as mean (SD), unless otherwise noted. Abbreviations: CDR = Clinical Dementia Rating Scale, LEDD = levodopa equivalent
daily doses, MDS-UPDRS = Movement Disorder Society-Unified Parkinson’s Disease Rating Scale, MMSE = Mini-Mental State Examination
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