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Abstract

Background—Clinicians and researchers commonly use global cognitive assessments to screen 

for impairment. Currently there are no published studies directly comparing the sensitivity and 

specificity of the MoCA and Mattis Dementia Rating Scale-2(DRS-2) in PD.

Objective—To identify the relative sensitivity and specificity of the MoCA and DRS-2 in PD.

Methods—The MoCA and DRS-2 were administered to training and validation cohorts. Cutoff 

scores were determined within the training cohort (n=85) to optimize sensitivity and specificity for 

cognitive impairment and were applied to an independent validation cohort(n=521).

Results—The MoCA was consistently sensitive across training and validation cohorts(90.0%, 

80.3%, respectively), whereas the DRS-2 was not(87.5%, 60.3%, respectively). In individual 

domains, the MoCA remained sensitive to memory and visuospatial impairments(91.9% and 

87.8%, respectively), whereas the DRS-2 was sensitive to executive impairments(86.2%).
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Conclusion—The MoCA and DRS-2 demonstrated individual strengths. Future work should 

focus on developing domain-specific cognitive screening tools for PD.

Keywords

Parkinson’s disease; cognitive impairment; Montreal Cognitive Assessment; Mattis Dementia 
Rating Scale-2

Introduction

Parkinson’s disease (PD) increases the risk of developing cognitive impairment (CI), 

resulting in higher healthcare costs and decline in quality of life(1). Cognition is often 

gauged using global assessments targeting a wide range of abilities(2). The Montreal 

Cognitive Assessment (MoCA)(3) and the Mattis Dementia Rating Scale-2 (DRS-2)(4) are 

two of the most commonly used global assessments, both of which are among the measures 

recommended by the Movement Disorders Society Task Force(MDS-TF) on mild cognitive 

impairment in PD(5). A recent comprehensive review further recommends the MoCA and 

DRS-2 over other global assessments in PD(6), however these measures have not been 

directly compared in the same cohort of PD patients. This knowledge is essential for 

designing clinical trials targeting therapies for cognitive symptoms in PD.

The pattern, extent, and severity of CI in PD is heterogeneous(5), with multi-domain 

impairment observed in up to 35% of newly diagnosed patients(7). While both the MoCA 

and DRS-2 assess multiple domains, it is unclear which measure is more sensitive to 

domain-specific impairments. Although the MoCA and DRS-2 are not intended to replace 

comprehensive neuropsychological testing(5), there are circumstances where 

neuropsychological evaluation is unavailable or impractical. Due to their brevity and ease of 

administration, the MoCA and DRS-2 are often used in clinics where there are limited 

financial resources or time restrictions(8) and in studies that include thousands of 

participants, such as consortium biomarker and genetic studies(9–11). Consequently, 

guidelines for interpreting the MoCA and DRS-2 subsections for domain-specific 

impairments would be of great benefit(12).

In prior work, we have shown that the MoCA is sensitive to global CI as well as executive, 

visuospatial, and memory domain-specific impairments in PD(12). Here, we expand on 

these findings and directly compare the sensitivity of the MoCA and DRS-2 for detecting 

global and domain-specific CI in two independent PD cohorts.

Methods

Subjects

A training cohort of 85 participants with idiopathic PD, as previously described(12)(Table1), 

was used to determine cutoff points that optimized sensitivity and specificity for global and 

domain-specific CI. A validation cohort of participants with PD from the Pacific Udall 

Center(PUC)(Table1) was used to test these cutoff points. PUC collected detailed 

clinical(13) and neuropsychological data from February 2010 until October 2015, as 

previously described(14). Of the 721 participants with cross-sectional cognitive data, 521 

Hendershott et al. Page 2

Mov Disord. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



who completed the MoCA, DRS-2, and cognitive battery were included(Table1). Of the 200 

participants excluded, 196 were not administered one or more tests and 4 were unable to 

complete a test due to CI. All participants provided written informed consent to participate 

in the study following protocols approved by the institutional review boards at each 

participating institution.

Measures

Using MDS-TF recommendations, the training cohort defined CI as scores ≥1.5 standard 

deviations below age-and education-matched normative values on at least two separate 

neuropsychological measures, regardless of domain(5). In the validation cohort CI was 

assigned at a clinical consensus conference and required evidence of subjective and observed 

cognitive decline(14).

In both cohorts PD with CI were further classified as having dementia if the CI was severe 

enough to interfere with daily activities(training cohort n=12, validation cohort n=79)(15). 

Additionally, the cognitively impaired groups were categorized by domain according to the 

tests with a score ≥1.5 standard deviations below age-and education-matched normative 

values(5). We divided the MoCA and DRS-2 into subsections according to published 

criteria(Table1)(3, 4, 16, 17).

Statistical Analysis

χ-squared and t-tests[Microsoft Excel and IBM SPSS Statistics version 23.0 (IBM Corp., 

Armonk, NY)] were used to examine demographic group differences.

We used logistic regression with global and domain-specific cognitive classification(PD with 

or without CI) as the dependent variable and MoCA or DRS-2 total or subsection score as 

predictor variables, each in separate models. The DRS-2 and MoCA were not used by either 

cohort when determining cognitive classification. We then used a receiver operating 

characteristic (ROC) in the training cohort to determine the cutoff point that optimized 

cognitive classification sensitivity and specificity. These optimal cutoff points were then 

applied to the validation cohort to determine the final sensitivity and specificity. For 

sensitivity and specificity, ≥80% was defined as high, 79%−60% as moderate, and <60% as 

low.

Results

Table 1 presents demographic data. In the training cohort, participants with CI were older, 

had longer disease duration, more severe motor score(18), and lower total MoCA and DRS-2 

score.

In the validation cohort, participants with CI were older, more likely to be male, had fewer 

years of education, more severe motor score(18), higher self-reported depression 

severity(19), and had lower total MoCA and DRS-2 scores.
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Global Impairment

Both the MoCA(p=0.003) and DRS-2(p=0.01) were unique predictors of CI in the training 

cohort. For the MoCA, a cutoff score of ≤26 provided 90.0% sensitivity and 71.1% 

specificity, which is consistent with previously published data(20, 21). For the DRS-2, a 

cutoff score of ≤138 provided 87.5% sensitivity and 68.9% specificity.

Cutoff scores established in the training cohort were used to test the validation 

cohort(Table2). The MoCA provided 80.3% sensitivity and 68.3% specificity. The DRS-2 

provided 60.3% sensitivity and 73.0% specificity. An exploratory ROC analysis for the 

validation cohort indicate that similar cutoff scores would have been selected if this cohort 

had been used as the training cohort (Supplemental Table3).

MoCA Subsections

In the training cohort, all MoCA subsections significantly predicted domain specific 

impairment(12). The visuospatial and memory subsections provided high sensitivity(93.3% 

and 84.6%, respectively) and low specificity(45.7% and 56.5%, respectively); this remained 

true in the validation cohort(Table2).

DRS-2 Subsections

In the training cohort, only the executive and attention subsections significantly predicted 

domain-specific impairment. The executive subsection provided high sensitivity(84.8%), and 

low specificity(50.0%); this remained true in the validation cohort(Table2).

Discussion

Both the MoCA and DRS-2 were shown to be sensitive screening tools for CI in PD. 

Comparing across cohorts, the MoCA maintained high sensitivity in both the 

training(90.0%) and validation(80.3%) cohorts using a cutoff of ≤26/30, whereas the DRS-2 

showed more variable sensitivity(87.5% in training cohort and 60.3% in validation cohort) 

using a cutoff of ≤138/144. Within the validation cohort, the visuospatial and memory 

subsections of the MoCA remained highly sensitive(87.8% and 91.9%, respectively), 

whereas the executive subsection of the DRS-2 remained highly sensitive(86.2%) to 

impairments.

Identifying CI in PD

Both the MoCA and DRS-2 were significant predictors of CI in PD; however, only the 

MoCA maintained reasonable sensitivity for detecting global CI across cohorts. The 

MoCA’s sensitivity and specificity in both cohorts was similar to previously published 

literature(20, 21), suggesting broad generalizability of our findings. In contrast, the 

sensitivity of the DRS-2 dropped from 87.5% to 60.3% when the determined 

cutoff(≤138/144) was applied to the validation cohort. Interestingly, this cutoff was lower 

than those previously published in PD(≤139/144 and ≤140/144)(22, 23). While sensitivity is 

improved somewhat at higher cutoffs, the specificity approaches 50%(Supplemental Table2). 

Clinically this inconsistency is important because the DRS-2 is often used as a cognitive 

screening tool, particularly for deep brain stimulation assessments(24), and as a cognitive 
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outcome measure for several PD clinical trials(25, 26). The instability of the DRS-2 draws 

into question its ability to successfully categorize PD participants as with or without CI.

Markers of PD Domain-Specific CI

These results suggest that the MoCA and DRS present different strengths in identifying 

domain-specific impairment. Within the MoCA, the visuospatial and memory subsections 

display high sensitivity in both cohorts; the DRS-2 executive subsection displayed high 

sensitivity in both cohorts. This information would be relevant for investigators who are 

interested in examining PD participants with these specific cognitive deficits. For example, 

functional neuroimaging studies may want to recruit participants who are highly likely to 

have particular CI of interest for study. Using only the MoCA or DRS-2 subsections as a 

screening tool, they can recruit a concentrated cohort of PD patients with visuospatial, 

memory, or executive functioning impairment without the time and expense of performing 

complete neuropsychological testing on all potential participants. Given the heterogeneity of 

PD CI, such screening could help reduce sample size and false negative results. Further, 

recent genetic studies have identified potential genotype-cognitive phenotype associations 

within these domains. For instance, heterozygous mutations in the glucocerebrosidase gene 

are associated with more severe visuospatial impairments(27). By contrast, the APOE ε4 

allele is associated with lower episodic memory, even in PD patients without dementia(28). 

While extensive neuropsychological testing is preferred for validation of these findings, the 

expense and logistics of testing thousands to tens-of-thousands of patients for genetic studies 

is an extraordinary challenge.

Methodological Considerations

Neuropsychological measures and the identification of CI differed between cohorts. The 

Stanford battery included more neuropsychological tests than the PUC battery. Additionally, 

CI in the training cohort was categorized based entirely on neuropsychological outcomes, 

while the validation cohort relied on neuropsychological and clinical data presented during 

consensus case conference. The validation cohort had a higher proportion of participants 

with CI(Table1). This is likely because the validation cohort participants tended to be older, 

have had a longer disease duration, and were at a more advanced Hohen-Yahr stage, and all 

of these factors increase the risk of CI in PD(1, 29).

However, when the ROC analyses were rerun using just neuropsychological data without 

consensus information, the results remained the same; the MoCA displayed consistent 

sensitivity(81.6%) and the DRS-2 displayed more variable sensitivity(68.2%).

Neuropsychological tests are not always process-pure. In this study we categorized Trails B 

and Stroop in the executive domain, whereas in other studies we and others have categorized 

these tests as measures of attention/working memory(5, 12). We did not find that re-

categorization of these tests as attention/working memory substantially changed the primary 

results.

Several MoCA and DRS-2 subsections are derivatives of common neuropsychological tests, 

however, there are notable differences in test scoring and length which may result in global 

assessments failing to capture cognitive fatigue(30).
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Conclusions and Future Directions

Together these data demonstrate that although both tests can sufficiently screen for PD CI, 

the MoCA provides more consistently high sensitivity than the DRS-2. Further, the MoCA 

and DRS-2 present different strength in identifying domain-specific impairment. However, 

our data also suggests that use of the MoCA and DRS-2 in this way will likely lead to some 

patients falsely being identified as impaired, since the specificity for domain-specific 

impairments was low. We hope that similar analyses will be applied to longitudinal PD 

cohorts, so we can better understand the limitations and advantages of the MoCA and 

DRS-2 in the identification of PD domain-specific impairments over time. Further, efforts 

should be made to develop new cognitive screening tools that are both sensitive and specific 

for identifying domain-specific CI in PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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