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Abstract

Cognitive impairment is one of the earliest, most common, and most disabling non-motor
symptoms in Parkinson’s disease (PD). Thus, routine screening of global cognitive abilities is
important for the optimal management of PD patients. Few global cognitive screening instruments
have been developed for or validated in PD patients. The Mini-Mental State Examination
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(MMSE), Montreal Cognitive Assessment (MoCA), and Dementia Rating Scale-2 (DRS-2) have
been used extensively for cognitive screening in both clinical and research settings. Determining
how to convert the scores between instruments would facilitate the longitudinal assessment of
cognition in clinical settings and the comparison and synthesis of cognitive data in multicenter and
longitudinal cohort studies. The primary aim of this study was to apply a simple and reliable
algorithm for the conversion of MoCA to MMSE scores in PD patients. A secondary aim was to
apply this algorithm for the conversion of DRS-2 to both MMSE and MoCA scores. The cognitive
performance of a convenience sample of 360 patients with idiopathic PD was assessed by at least
two of these cognitive screening instruments. We then developed conversion scores between the
MMSE, MoCA, and DRS-2 using equipercentile equating and log-linear smoothing. The
conversion score tables reported here enable direct and easy comparison of three routinely used
cognitive screening assessments in PD patients.

Keywords
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Non-motor symptoms, including cognitive impairment, are common in patients with
Parkinson’s disease (PD). Cognitive impairment is one of the earliest, most common, and
most disabling non-motor symptoms in PD. A range of cognitive domains are impaired in
PD patients, including visuospatial, executive, attention, and memory abilities.2 The long-
term prevalence of PD dementia (PDD) is approximately 80%.57 Mild cognitive impairment
(MCI) has been reported in 20% to 30% of nondemented established PD patients,® and MCI
is observed in 15% to 20% of newly diagnosed untreated PD patients.®

For these reasons, routine cognitive screening is important for the optimal management of
PD patients. Although detailed neuropsychological testing is the gold standard for assessing
specific neuropsychological functions, such extensive assessment is time consuming, and
the use of briefer screening instruments for global cognition is a more practical approach in
clinical care. Few global cognitive screening instruments have been developed for or
validated in PD patients.10 The ideal screening instrument for cognitive impairment in PD
should be brief, simple to administer, sensitive to subtle changes in cognition, unaffected by
motor and visual problems, and able to evaluate a full range of cognitive domains.210

The 30-point Mini-Mental State Examination (MMSE)! traditionally has been the most
commonly used cognitive screening instrument in both clinical and research settings,
because it can be administered in 5 minutes. However, the use of the MMSE in PD has been
questioned!9.12 for lacking sensitivity to detect subtle cognitive deficits and providing
inadequate assessment of executive abilities.2-13-16

The Montreal Cognitive Assessment (MoCA)Y/ is also a brief 30-point cognitive screening
instrument that can be administered within 10 minutes. The MoCA was shown to be more
sensitive in detecting MCI in a group of healthy controls, MCI patients, and Alzheimer’s
disease (AD) patients (sensitivity of 90%) compared with the MMSE (sensitivity of 18%).17
Among PD patients who scored above the MMSE cutoff point for cognitive impairment
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(only those with a population-based age- and education-adjusted MMSE score in the top
75th percentile were included), 52% were impaired according to the recommended MoCA
cutoff score (<26).18 This is likely because the MoCA more thoroughly assesses executive
abilities and is more challenging (ie, more items on memory recall subtest). Thus, the MoCA
appears to be a superior screening instrument for cognitive impairment in PD compared with
the MMSE 12.18-20

Another widely used and more comprehensive cognitive screening instrument is the
Dementia Rating Scale-2 (DRS-2),2! which takes 20 to 30 minutes to administer. The
DRS-2 is divided into five subscales: Attention, Initiation/Perseveration, Construction,
Conceptualization, and Memory.21 The original DRS demonstrated better convergent and
divergent validity compared with the MMSE or a battery of cognitive tests selected to assess
specific deficits reported in PD,22 and a more recent study of the DRS-2 demonstrated high
sensitivity (92%) and specificity (91%) to discriminate PD patients with from those without
dementia.23

Because the MMSE, MoCA, and DRS-2 are all still widely used in PD, we perceived the
need to develop a method for converting the score from one instrument to the other two.
Such conversion will facilitate both the longitudinal assessment of cognition in clinical
settings and the comparison and synthesis of cognitive data from multicenter and
longitudinal cohort studies. A recent study calculated a simple algorithm for the conversion
of MoCA to MMSE scores in MCI patients and patients with AD.24 Such an algorithm has
not been applied in PD patients. This must be done separately for PD, because the cognitive
profile in PD differs from that of AD,25 and the relative performance on the MMSE and
MoCA will likely differ in the two disease states. The primary aim of this study was to
develop and apply a simple and reliable algorithm for the conversion of MoCA to MMSE
scores in PD patients, and a secondary aim was to apply the algorithm for the conversion of
DRS-2 to both MMSE and MoCA scores.

Study Population

A convenience sample (ie, those patients willing and able to complete a time-consuming
research protocol) of 360 patients with idiopathic PD,28 with a focus on non-demented
patients, were recruited prospectively from the Parkinson’s Disease and Movement
Disorders Center at the University of Pennsylvania and the Parkinson’s Disease Research,
Education and Clinical Center at the Philadelphia Veterans Affairs Medical Center from
2007 through 2014 as part of ongoing studies examining cognitive performance in PD. From
this cohort, patients were assigned to three different cohorts, based on which cognitive
screening tests were assessed at similar time points (ie, within 6 months of each other); 197
PD patients underwent both the MMSE and the MoCA, 254 both the MMSE and the DRS-2,
and 256 both the MoCA and DRS-2. The Institutional Review Board at each participating
institution approved the study, and written informed consent was obtained from subjects
before study participation.
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Basic demographic and clinical information, including the Unified Parkinson’s Disease
Rating Scale motor examination and Hoehn & Yahr stage (higher score indicating greater
severity of motor symptoms or disease severity),2’ were obtained. In addition, the 15-item
Geriatric Depression Scale was administered to measure severity of depressive symptoms.28

Trained research staff administered the MMSE, MoCA, and DRS-2, without randomized or
consistent ordering. Both the MMSE and MoCA scores range from 0 to 30, with higher
scores indicating better cognitive functioning. The raw MoCA scores include the 1-point
education correction for patients with 12 years or less education. The DRS-2 scores range
from 0 to 144, with a higher score indicating better cognition.

In addition, data concerning PD medication use were collected, including daily dose of
levodopa (.-dopa), dopamine agonist use, or .-dopa equivalent daily dose for .-dopa plus
other PD medications,?9 depending on the cohort. For the MMSE-MoCA cohort, .-dopa
equivalent daily dose data were not available, and information about the daily dose of .-dopa
was not available for the MMSE-DRS-2 cohort nor for the MoCA-DRS-2 cohort. Patients
were encouraged to take their regularly scheduled PD medications during the assessment
process so they would be evaluated in their “on” state.

Statistical Analysis

Results

Statistical analysis for the demographic characteristics was performed in IBM SPSS (version
22).30 Data are expressed as means * standard deviation or median for the continuous
variables and as a percentage for the categorical variables.

To convert from one test score to another, we used the equipercentile equating method.3!
This method has been used to equate numerous standardized tests, such as the conversion of
the Telephone Interview for Cognitive Status score to MMSE score32 and MoCA score to
MMSE score in MCI and AD patients.2 A comprehensive explanation of equipercentile
equating is described elsewhere2431; in summary, scores from two different measures are
considered as equivalent if their corresponding percentile ranks are equal. The strength of
this method is that the equated scores always fall within the range of possible scores; a
limitation is that this method can lead to an irregular distribution of scores. A log-linear
transformation33 of each instrument’s raw score before the equipercentile equating is
required to smooth the raw scores and to create a normal distribution without irregularities
that are attributable to sampling. Log-linear transformation enhances the equating
accuracy.3! The equitation calculations and log-linear smoothing were performed in the R
statistical program, using the “equate” library.3

Demographic and Clinical Characteristics

Demographic and clinical details for the three cohorts are listed in Table 1. In general, the
three cohorts were representative of PD patients seen in specialty care settings (ie, mild to
moderate disease severity) in that they were predominately male and elderly.
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MMSE, MoCA, and DRS-2 Distribution

The distribution of the test scores for all of the cognitive screening tests in all three cohorts
was negatively skewed, but the distribution profiles for each test in different cohorts were
approximately the same (Supplemental Data Fig. S1).

MoCA to MMSE Conversion

Figure 1 presents the MoCA score with the equivalent MMSE score. For example, a score of
26 on the MoCA is equivalent to a score of 29 on the MMSE, with both of these sores
falling at approximately the 50" percentile rank.

Table 2 presents the conversion results for each possible MoCA score in a table. Because the
lowest raw MoCA score was 10 in the MMSE-MoCA cohort, the equivalent MMSE scores
for raw MoCA scores lower than 10 are extrapolations and not based on actual data. A lower
MoCA score was equivalent to a higher MMSE score, suggesting that the MoCA has greater
sensitivity, less of a ceiling effect, but more of a floor effect, compared with the MMSE.

Figure 2 presents the scatterplot for MoCA and MMSE scores in individual patients. For
example, a raw individual score of 20 on the MoCA is equal to a range of raw scores (24—
30) on the MMSE.

DRS-2 to MMSE and DRS-2 to MoCA Conversion

A conversion score between the DRS-2 and MMSE (Supplemental Data Table S1) and
between the DRS-2 and MoCA (Supplemental Data Table S2) was calculated in the same
fashion. For example, a score of 120 on the DRS-2 is equivalent to a score of 23 on the
MMSE and to a score of 18 on the MoCA.. Figure 2 represents the scatterplots for MMSE,
MoCA, and DRS-2 scores in individual patients.

Discussion

In this study, we developed an algorithm for the interconversion of MoCA, MMSE, and
DRS-2 scores for PD patients, using equipercentile equating and log-linear smoothing. Our
conversion tables enable direct and easy comparison of scores on the three instruments.
Because the MMSE, MoCA, and DRS-2 are all extensively used in the cognitive assessment
of PD patients in both clinical and research settings, conversion scores may facilitate the
continuity of cognitive tracking in the clinic and the comparability of data on global
cognition in longitudinal and multicenter studies.

To our knowledge, this is the first study on the conversion of cognitive screening
instruments in a cohort of patients with PD. A recent study calculated a simple algorithm for
the conversion of MoCA to MMSE scores in MCI patients and patients with AD,24 but the
cognitive profile in PD differs from that of AD,2%:3% so a specific effort to do the same for
PD was needed. For instance, AD patients have more pronounced memory and language
impairments, whereas PD patients show a “subcortical profile” with more severe impairment
in executive function, attention, and visuospatial skills than AD patients.3>-37 The MMSE
primarily assesses memory and language abilities, whereas the MoCA assesses a broader
range of cognitive domains, including executive and visuospatial functioning.
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For these reasons, we expected a difference in the MoCA-MMSE conversion scores for PD
and MCI/AD patients. However, the conversion scores are rather similar. For example, a
MoCA score of 23 is equivalent to an MMSE score of 27 in PD patients and an MMSE
score of 28 in AD/MCI patients. To our knowledge, no studies exist that examine the
conversion between the DRS-2 and the MoCA or MMSE.

Several limitations should be noted. First, the distribution of the scores on all three cognitive
screening tests was negatively skewed, suggesting that the number of patients with marked
cognitive impairment was relatively low. Therefore, the interpretation of the conversion of
lower scores should be done with caution, particularly because the minimum observed score
on the MoCA was 10. This may have an adverse impact on the ability to generalize our data
to patients with PDD and dementia with Lewy bodies. Additional studies are necessary to
confirm our results and to explore the conversion scores in a sample with more severe
cognitive dysfunction. Second, patients were recruited from specialty care centers, where
most were male, highly educated, had mild to moderate PD, and were mostly without
dementia (although some patients with dementia were included), which limits generalization
to the overall PD population and to less well educated and more severe disease cohorts.
Educational level is important, because this variable is known to impact both MoCA and
MMSE performance.38:39 Third, the cognitive screening tests used to assess the cognition of
the PD patients were all English versions, and, as a result, the generalizability of our
conversion scores is limited. Fourth, analysis of MoCA and MMSE subcategories might
provide more insight into the cognitive profile of PD patients, although these data were not
available for the cohorts in this study. Finally, we did not have sufficient detailed cognitive
tests or apply diagnostic criteria for MCI or dementia to most patients in this cohort, so
comparing the discriminant validity of the three instruments was not possible. However, this
was not the stated goal of these analyses, it has been done previously in PD,19:20 and our
analyzing participants as a single cohort is similar to what was done previously, when
healthy controls and MCI and AD patients were examined as a single group.2

The high prevalence of cognitive impairment in PD8 and its evolution to PDD long-term in
most patients,*? profoundly affects functioning,*! quality of life,2 caregiver burden,*3 and
health economics.** Therefore, the assessment of global cognitive abilities on a regular
basis, starting at the time of diagnosis, is important for the optimal management of patients
with PD. Indeed, annual assessment of cognition has been proposed as a quality care
indicator for the management of patients with PD*® and adopted by the American Academy
of Neurology.#® In addition, multiple ongoing longitudinal multicenter cohort studies in PD
include global cognitive tests. In these studies, a variety of instruments can be used, and in
some cases over time one instrument can substituted for another. The results of our study
showing how scores of three commonly used cognitive assessments can be converted should
help standardize the longitudinal assessment of cognitive function in a clinical setting and
also facilitate the comparison and synthesis of cognitive data from multicenter and
longitudinal cohort research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Corresponding raw scores and percentages. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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FIG. 2.
Scatterplots of raw Mini-Mental State Examination (MMSE), Montreal Cognitive

Assessment (MoCA), and Dementia Rating Scale-2 (DRS-2) scores. Blue lines represent
90% Confidence Intervals for individual values. Outer lines represent 90% Confidence
Intervals for individual values. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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TABLE 1

Demographic and clinical characteristics, and performance on cognitive tests

Cohorts

Clinical Characteristics MMSE-MoCA (n=197) MMSE-DRS-2(n=254) MOoCA-DRS-2 (n = 256)
Age,y 67.1+95 71375 70.4+8.1
Sex, % male 67.0% 70.5% 69.1%
Education, y 16.4+28 159+25 16.1+24
PD duration, y 6.9+5.1 6.7+5.3 8.0+79
UPDRS-2 Motor@ 241+112 236+115 263+14.4
Hoehn & Yahr stageb 2.0 2.0 25

1 10.8% 4.8% 3.5%

15 14.9% 1.2% 2.7%

2 37.9% 48.0% 41.8%

25 14.9% 17.9% 21.9%

3 16.4% 21.0% 19.1%

4 4.6% 5.6% 8.6%

5 0.5% 1.6% 2.3%
Treatment

Levodopa dosage, mg/d 524.4 +415.1 — —

Dopamine agonist use, % yes 50.8% 49.0% 49.0%

LEDD, mg/d — 716.7 +487.9 728.3 +495.9
GDS-15 score 3132 33+31 3.0+3.0
Cognition

MMSE score [range] 27.7 £ 2.7 [12-30] 26.8 + 3.5 [10-30] —

MoCA score [range] 24.7 + 4.2 [10-30] — 23.7 +5.0 [6-30]

DRS-2 score [range] —_ 132.1 +12.0 [74-144] 133.0 + 13.9 [20-144]

Time between assessments, d 43.4 +38.8 73+275 13.9+24.9

Values are mean + SD or median for continuous variables and % for categorical variables.

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; DRS-2, Dementia Rating Scale-2; UPDRS-2, Unified
Parkinson’s Disease Rating Scale; LEDD, L-dopa Equivalent Daily Dose; GDS-15, Geriatric Depression Scale.

aMMSE—MOCA: n =197; MMSE-DRS-2: n = 252; MoCA-DRS-2: n = 256.

bMMSE—MOCA: n =195; MMSE-DRS-2: n = 252; MoCA-DRS-2: n = 256.
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TABLE 2

Conversion table for possible MoCA score to MMSE score?

Raw MoCA score

Equivalent MM SE score
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30

6

9
11
12
13
14
15
15
16
17
18
18
19
20
21
22
22
23
24
25
26
26
27
28
28
29
29
30
30
30

a . .
Scores in gray are extrapolated data; Scores in black are real data.
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