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Abstract

BACKGROUND: Clinical monitoring of patients with Parkinson’s disease (PD) for cognitive
decline is an important element of care. The Montreal Cognitive Assessment (MoCA) has been
proposed to be a sensitive tool for assessing cognitive impairment in PD. The aim of our study was
to compare the responsiveness of the MoCA to decline in cognition to the responsiveness of the
Mini Mental State Examination (MMSE) and the Scales for Outcomes of Parkinson’s disease-
cognition (SCOPA-Cog).

METHODS: PD patients without dementia were enrolled at 6 North American movement
disorders centers between 2008 and 2011. Participants received annual evaluations including the
MoCA, MMSE, and SCOPA-Cog followed by formal neuropsychological testing. The gold
standard for change in cognition was defined as the change on the neuropsychological test scores
over the annual assessments. The Reliable Change Method was used to provide an estimate of the
probability that a given difference score would be obtained by chance. The sensitivity of the
MoCA, MMSE, and SCOPA-Cog to change was quantified using receiver operating characteristics
(ROC) curves.

RESULTS: One hundred seventeen patients were included in the analysis. Participants were
followed at mean intervals of 11 + 2 months for a median of 2 (maximum 5) visits. According to
the reliable change index, 56 intervals of cognitive testing showed a decline in global cognition.
ROC analysis of change in MoCA, MMSE, and SCOPA-Cog global scores compared to gold
standard testing found an area under the curve (AUC) of 0.55 (95% CI 0.48-0.62), 0.56 (0.48—
0.63), and 0.63 (0.55-0.70) respectively. There were no significant differences in the AUCs across
the tests. The sensitivity of the MoCA, MMSE, and SCOPA-Cog to change at various thresholds
for decline in scores reached a maximum of 71% for a cut-off of 1 point change on the SCOPA-
Cog.

CONCLUSION: Using neuropsychological testing as a gold standard comparator, the
performance of the MoCA, MMSE, and SCOPA-Cog for detecting decline in non-demented PD
patients over a 1-year interval is poor. This has implications for clinical practice; stable scores may
not be taken as reassurance of the absence of cognitive decline.

Introduction

Cognitive impairment in Parkinson’s Disease (PD) is associated with impaired functioning
and caregiver distress [1-4]. Clinical monitoring of patients with PD for cognitive decline is
an important element of PD care. For this purpose, cognitive scales covering multiple
cognitive domains are used. Two such instruments are routinely used: the Montreal
Cognitive Assessment (MoCA) and the Mini Mental State Examination (MMSE).

The MoCA has been proposed to be a practical and sensitive tool for assessing cognitive
impairment in PD [5, 6]. A study assessing cognitive decline and quality of life in patients
with PD determined that a decline in MoCA scores over a 3-year period can predict a
decline in quality of life [7]. The MoCA can detect mild impairment with less ceiling effect

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2020 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Faust-Socher et al.

Methods

Participants

Page 3

than the MMSE and includes executive function, complex visuospatial and language tasks
[8, 9]. In addition, its use as a sensitive tool to monitor cognitive changes over time has been
evaluated in different neurological conditions such as mild cognitive impairment,
Alzheimer’s disease and cerebrovascular disease [10-12] and recently also in people with
PD [13, 14]. The studies in PD are conflicting with respect to the comparative ability of the
MoCA and MMSE to detect change in cognition over time [13, 14]. A third such instrument,
the Scales for Outcomes of Parkinson’s disease-cognition (SCOPA-Cog), was designed for
research purposes. It covers the cognitive areas most affected by PD [15] and has been found
to be sensitive to detect cognitive deficits in PD [16]. However, a recent review on cognitive
tests in PD reported that there is not enough evidence regarding its responsiveness to
recommend its use for clinical trials [17].

Evidence for the responsiveness of the MoCA, MMSE, and SCOPA-Cog to change is scarce
and conflicting, and no studies to date have examined this using a gold standard of change.
In order to identify a preferred instrument for clinical monitoring, comparative evidence for
responsiveness to change over time is needed. The aim of our study was to compare the
responsiveness of MoCA, MMSE, and SCOPA-Cog to changes in cognition over time.
Given their component items, we hypothesized that the SCOPA-Cog would be most
responsive to change in global cognition and executive test performance followed by the
MoCA and that the MMSE would be least responsive.

PD patients without dementia were enrolled at 6 North American movement disorders
centers from 2008 through 2011. Inclusion criteria were:

1. Diagnosis of PD according to the UK PD Society Brain Bank criteria [18]
No planned medication changes over the following 3 weeks

A close contact available for collateral history (contact at least 2 times per week)

A won

No clinically significant depressive disorder (15-item Geriatric Depression Scale
score less than 5) [19]

o

No currently unstable psychiatric disorder

6. No significant functional impairment due to cognitive problems as assessed by
the Disability Assessment for Dementia [20]. The Disability Assessment for
Dementia assesses impairment on specific Activities of daily living (ADLSs) and
Instrumental Activities of Daily Living (IADLs), for example, managing
finances, grocery shopping.

7. English as a first language

Each participating institution received local IRB approval before study enrolment. Written
informed consent was obtained from all study participants and close contacts.

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2020 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Faust-Socher et al. Page 4

Assessments

Participants received annual clinical evaluations including the MoCA (version 7.1 at each
annual visit), MMSE and SCOPA-Cog followed 1-3 weeks later by formal
neuropsychological testing. The neuropsychological test battery was given and the
administrator was blinded to the scores on the MoCA, MMSE, and SCOPA-Cog. Two
neuropsychological tests for each of the 5 following cognitive domains (a total of ten tests)
were administered:

For Attention/working memory domain Wechsler Memory Scale-111 letter-number
sequencing test [21] and Delis Kaplan Executive Function System Color Word Interference
Color Naming test [22] were used. For the language 30-item Boston Naming Test [23] and
Delis Kaplan Executive Function System Verbal Fluency Category Fluency test [22] were
administered. Visuospatial function was assessed by Benton Judgment of Line Orientation
[24] test and Copy Trial of the Rey Complex Figure Test and Recognition Trial [25].
Memory tests included Rey Complex Figure Test and Recognition Trial Delayed Recall [25]
California Verbal Learning Test-11 Long Delay Free Recall test [26]. Finally, Executive
function was assessed using the Visual Verbal Test abbreviated 10-item version [27] and the
Trail Making Test B minus A [28].

To be eligible for inclusion in the current analysis, at least 2 evaluations (baseline and 1 year
follow-up) with MoCA, MMSE, SCOPA-Cog and neuropsychological test battery were
required. Thus, the analysis comprised of all subjects who were followed at multiple points.

Statistical Analysis

The gold standard for the definition of change in cognition is the change seen on
neuropsychological test scores over annual assessments. At each follow-up visit, the results
of the neuropsychological test battery were compared to the previous visit and the
participant was classified as either unchanged or changed during that interval. As there is no
established definition for clinically meaningful change in studies using a neuropsychological
test battery, the Reliable Change Method [29, 30] was used to provide an estimate of the
probability that a given difference score would be obtained by chance. The Reliable Change
Index (RCI) is calculated as the difference between the change in score for the individual
and the change in score for the entire cohort divided by the standard deviation of the change
in score for the entire cohort:

([X2 = X1] - [M2 — M1])/SED where:
X1 = individual baseline score,
X2 = the individual follow-up score,
M1 = normative mean baseline score,
M2 = normative mean follow-up score,
SED = Standard Error of the Difference, SED = (2*SEM2)1/2,
SEM = Standard Error of Measurement SEM = SD ([1-r]1/2),
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SD = pre-test SD
r = reliability coefficient [30].

An RCI less than —1.96 or greater than +1.96 was used to define reliable change and
indicates that the observed change falls outside the 95% CI for change. Reliable change was
determined as present or absent for each interval (baseline-year 1, year 1 — year 2, etc.) on
each of the 10 core tests (2 tests x 5 domains) for each subject. For the Visual Verbal Test,
Rey Complex Figure Test, Boston Naming Test and Trail Making Test the relevant test-retest
reliability data are not available and a change of more than 1.65 SDs was considered a
significant change.

The gold standard for global change (yes/no) in cognition was defined as RCI greater than
+1.96 or less than —1.96 on 2 or more tests. We also determined domain-specific cognitive
change. There are 2 cognitive tests in each domain; the RCI for the 2 tests was averaged and
this domain-specific average RCI was used to determine change in that domain. The
executive domain was of primary interest due to a high prevalence of impairment in this
domain in PD, as well as because it is variably represented across the tests being compared;
all other domain-specific comparisons were considered to be exploratory.

The change in score on the MoCA, MMSE, or SCOPA-Cog for each interval and the RCI
classification for the same interval formed pairs of observations for the analysis. Intervals
were the unit of observation and most commonly represented 1-year period. The sensitivity
of the MoCA, MMSE, and SCOPA-Cog to decline at various thresholds of differences in
scores (1 point decline, 2 point decline, etc.) was calculated. The results were quantified
using receiver operating characteristics (ROC) curves, with a larger area under the curve
(AUC) reflecting better responsiveness to change. AUC were compared according to the
method of DeLong et al. [31]. For the ROC analysis, improvement was classified as
unchanged.

Standardized effect size (SES, mean observed change/standard deviation of baseline scores)
and the standardized response mean (SRM, mean observed change/SD of the change in
scores) for each test (MoCA, MMSE, SCOPA-Cog) were also calculated as indices of
responsiveness.

One hundred thirty-nine participants were enrolled in the study. The longitudinal study is
ongoing; at the time of this analysis, 117 participants had a minimum of 2 and a maximum
of 5 evaluations and were thus included in this analysis. The mean interval between
evaluations was 46.45 + 9.85 weeks. Out of the 117 participants who were followed in the
first year, 104 participants continued follow-up for 2 years, 38 participants for 3 years and
24 for more than 3 years, resulting in 282 intervals for analysis. Reasons for dropout were:
insertion of deep brain stimulation (n7= 2), death (n7= 2), other medical conditions (7= 4).
Other participants provided no specific reason for discontinuation.

Baseline characteristics of the 117 participants are shown in Table 1. At baseline 44% of the
subjects were classified as PD-MCI according to the MDS task force level 11 criteria [32].
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The remainder were classified as having normal cognition (individuals with dementia were
excluded from the study).

Frequency of Change

According to the RCI (Table 2), 56/282 intervals across the years showed a decline in global
cognition and 14/282 intervals showed improvement. In each period, most of the patients
remained unchanged. Decline in the visuospatial domain (55/282 intervals) was most
frequent, whereas decline in the attention/working memory domain was least frequent
(18/282 intervals). V-S = Visuospatial.

Global Cognitive Change

The AUCs did not differ meaningfully when evaluated separately for each year of study
(baseline-year 1, year 1 — year 2, etc.); thus, the observations were curated into a single
database of 1-year intervals. ROC analysis of decline in MoCA, MMSE, and SCOPA-Cog
global scores compared to gold standard testing found an AUC of 0.55 (95% CI 0.48-0.62),
0.56 (0.48-0.63) and 0.63 (0.55-0.70) respectively (Fig. 1). There were no significant
differences in the AUC of the MoCA compared to that of the MMSE (p = 0.82) or SCOPA.-
Cog (p=0.14), nor for the SCOPA-Cog compared to the MMSE (p = 0.21). The sensitivity
of the MoCA, MMSE, and SCOPA-Cog to change at various thresholds of decline in scores
was low, reaching a maximum of 71% for a cut-off of 1 point change on the SCOPA-Cog
and was lower for the other tests (Table 3). Specificity greater than 80% was achieved for a
decline of 3 or more on the MoCA (87%), 2 or more on the MMSE (83%), and 4 or more on
the SCOPA-Cog (83%; online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000496454).

Domain-Specific Cognitive Change

Given our primary interest in the executive domain, since it is more highly represented in the
MoCA than in the MMSE, we performed an ROC analysis of MoCA, MMSE, and SCOPA.-
Cog executive domain change scores compared to gold standard testing (Fig. 2). The AUCs
were 0.59, 0.52, and 0.59 respectively (Table 4). The best sensitivity to decline was found
for a 1-point change of the Scopa-Cog: 62% (online suppl. Table 1). There were no
statistically significant pairwise differences in AUC across the 3 tests.

Areas under the ROC curves for the different cognitive domains are shown in Table 4. The
highest AUC was for the attention domain when comparing the MoCA to the gold standard
of neuropsychological testing. However, even this value was relatively low (0.64).

Other Indices of Responsiveness

Measures of internal responsiveness, the SES and the SRM were similar for all 3 tests:
MoCA (SES -0.344, SRM -0.615), MMSE (SES -0.386, SRM -0.602), SCOPA-Cog (SES
-0.352, SRM -0.733).
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Discussion

It is common in clinical practice to administer screening tests to determine the cognitive
abilities of patients with PD. The MoCA has been suggested by some to be a sensitive and
specific test for PD-associated mild cognitive impairment [6, 33, 34]. As a complement to
single episodes of testing, it is common to apply the tests serially to provide insight into the
trajectory of cognitive change. Given the widespread clinical use of the MoCA for
measuring cognition over time, understanding the performance of this test for detecting
decline is important. Using neuropsychological testing as a gold standard comparator, we
found that the performance of the MoCA, MMSE, and SCOPA-Cog for detecting
statistically significant decline in non-demented PD patients was poor. This has implications
for clinical practice; stable scores may not be taken as reassurance for the absence of
cognitive decline, as the sensitivity of all tests was low. High specificity can be achieved
with larger values of change on all 3 tests but not accompanied by reasonable sensitivity.

Only a few studies have evaluated sensitivity to decline in cognition of these cognitive tests,
with conflicting results. A previous 3-year longitudinal study of PD patients with different
cognitive status found that MMSE scores but not MoCA scores declined significantly in a
linear mixed effects model over time, suggesting that the MMSE was more sensitive to
cognitive decline [13]. Their results are in contrast with those of an 18-month prospective
longitudinal study looking at predictors for cognitive impairment in patients with early PD
[35]. This latter study concluded that the MoCA was more sensitive than MMSE in detecting
cognitive decline, based on a statistically significant decline in MoCA (but not MMSE)
scores over the period of observation. Another longitudinal study compared the
responsiveness to change of the MoCA and MMSE over 1 year in PD and in patients with
Dementia with Lewy Bodies [14]. Using Cohen’s D for change over time, they found a
similar and small effect size for both the MMSE and the MoCA. The 1-year mean change in
scores for the PD population was —0.33 (1.14) for MMSE and —0.30 (1.32) for the MoCA. In
a Chinese 30-month prospective study of cognitive changes in PD patients, the mean MMSE
score decreased by 2.05 points, and the MoCA score decreased by 2.56 points. They
concluded that the MoCA score registered a more obvious decline [36] (see Table 5 for a
comparison of previous studies to the present study).

To our knowledge, ours is the first study using a gold standard of cognitive change to assess
the responsiveness to change of commonly used measures of global cognition in PD. The
evaluation of responsiveness depends upon the choice of gold standard. We chose a
statistical criterion to define cognitive change, and it must be kept in mind that this is not
based on an assessment of clinically meaningful change. There are no widely accepted
methods for integrating the results on serial application of a neuropsychological test battery
into a single determination of changed or unchanged. We chose an RCI threshold of more
than 1.96 SD to define change, which is large compared to the threshold used by others who
have defined change as more than 1.65 SD [37]. However, smaller changes should be more
difficult to detect, and therefore allowing smaller changes to be defined as true change would
be expected to worsen the sensitivity performance.
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Limitations of our study include the selected nature of our cohort, recruited from an
academic center with a high level of education. This might be the explanation for the fact
that only a relatively small proportion of our cohort met criteria for reliable change.

High level of education has been found to be associated with cognitive reserve and a slower
rate of cognitive decline [38-40]. Previous studies that described changes in cognition of
non-demented PD patients re-assessed patients at longer intervals [6, 41], although some
were not able to detect meaningful changes even after durations as long as 17 months
between evaluations [36]. Despite the low proportion of individuals experiencing change,
our 95% Cls on measures of test performance rule out satisfactory sensitivity of the MoCA,
MMSE, and SCOPA-Cog to cognitive decline demonstrated by neuropsychological testing
over 1 year in the non-demented PD population. The implication of this is that, the absence
of decline on these screening tests may not mean that cognition is stable. Longer interval
studies could show better responsiveness to change in these screening tests. Some of our
participants’ performance on these tests improved with time, which has several possible
explanations. Practice effects are possible, particularly since alternative versions of the
MoCA were not employed. However, assessments were performed at least 1 year apart, so
the impact of practice effects is likely to be limited. This is another factor for reducing the
proportion of individuals declining. It is also recognized that cognitive impairment in PD
may represent a heterogeneous syndrome, not always reflecting a neurodegenerative process
(e.g., vascular component). Similar improvements over time were demonstrated in other
longitudinal studies using different patient populations. For example, a study of older adults
with MCI or who were cognitively normal (n= 106) used the MoCA to detect cognitive
change over 3.5 years [10]. Using an RCI cutoff of £1.73; 42% of MCI participants
significantly declined, 49% remained stable, and 9% demonstrated increased scores.
Another longitudinal study of the MoCA in healthy older adults demonstrated significant
improvements in MoCA scores over 1 and 4 years from baseline [42]. Improvement over
time in older adults has also been found in the MMSE literature [30]. Although a proportion
of the cohort improved, we did not examine the performance of the MoCA, MMSE, or
SCOPA-Cog to detect cognitive improvement. Our results do not reflect the ability of these
tests to detect clinically meaningful improvement in cognition in the context of clinical
trials. Indeed, several randomized controlled trials of cognitive interventions in PD have
incorporated the MoCA as an outcome measure and have shown improvement post
intervention at a group level [43, 44].

In summary, in this prospective longitudinal study comparing the responsiveness of MoCA,
MMSE, and SCOPA-Cog to decline in cognition over time, we detected poor responsiveness
when using a neuropsychological test battery as a gold standard. It is important not to
assume that patients with unchanging scores on these tests over 1-year intervals have stable
cognitive abilities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

ROC curves for change in Montreal Cognitive Assessment (MoCA), Mini Mental State
Examination (MMSE), and SCOPA-Cog scores using global cognitive decline in
neuropsychological testing as the gold standard.
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ROC curves for change in Montreal Cognitive Assessment (MoCA), Mini Mental State
Examination (MMSE), and SCOPA-Cog scores using executive domain change as gold
standard.

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2020 July 17.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Faust-Socher et al.

Table 1.

Baseline characteristics for patients with repeat visits

Total participants, 7 0.117
Age, years, mean (SD) 071.0(5.4)
Men, % 068.0
Years of education, mean (SD) 015.9 (2.5)
Premorbid 1Q, mean (SD) 113.4 (9.0)
MoCA score, mean (SD) 025.5 (2.9)
Scopa-Cog score, mean (SD) 027.9 (4.9)
MMSE score, mean (SD) 028.4 (1.8)
Percentage with normal cognition, % 066.1

Disease duration, years, mean (SD) 004.7 (4.0)
MDS-UPDRS Il score, mean (SD) 026.9 (11.0)

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2020 July 17.

Page 14



Faust-Socher et al. Page 15

Table 2.

Number of participants declining, improving, or remaining unchanged in each cognitive domain on

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

neuropsychological testing

Executive  Attention/ working memory  Language V-S Learning/ memory  Global

Baseline — Year 1

Declined 22 (19)* 010 (9) 25(21)  22(19) 28 (24) 27 (23)

Unchanged 82 (70) 104 (89) 88(75)  84(72) 80 (68) 87 (74)

Improved 13 (11) 003 (3) 04 (3) 11 (9) 09 (8) 03 (3)
Year 1 - Year 2

Declined 16 (15) 004 (4) 11(11)  15(14) 16 (15) 15 (14)

Unchanged 69 (66) 096 (92) 76 (73)  78(75) 82 (79) 80 (77)

Improved 19 (18) 004 (4) 17 (16) 11 (11) 06 (6) 09 (9)
Year 2 - Year 3

Declined 09 (24) 003 (8) 13 (35) 13 (35) 05 (14) 10 (27)

Unchanged 24 (65) 034 (92) 23(62) 19 (51) 31(83) 25 (68)

Improved 04 (11) 000 (0) 01(3)  05(14) 01 (3) 02 (5)
Year 3+

Declined 03 (13) 001 (4) 02(8)  05(21) 04 (17) 04 (17)

Unchanged 21 (88) 023 (96) 21(88) 18 (75) 20 (83) 20 (83)

Improved 00 (0) 000 (0) 01 (4) 01 (4) 00 (0) 00 (0)

Values expressed in parentheses are percentages.

*
Because of rounding up of numbers, some sums of percentages do not add to 100%.
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Table 3.

Sensitivity of MMSE, MoCA, and SCOPA-Cog to global cognitive decline at different thresholds of change in
scores

Threshold for decline  Sensitivity (95% CI)

MoCA MMSE SCOPA-Cog
-1 45 (31-59) 41 (28-55) 71 (56-82)
-2 38 (24-50) 29 (16-41) 54 (38-69)
-3 29 (16-41) 16 (7-28) 34 (21-48)
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Table 4.

Avreas under the ROC curves for domain-specific change

MoCA MMSE SCOPA-Cog
Executive change 0.59 0.52 0.59
Visuospatial change 0.60 0.53 0.58
Learning/memory change  0.49 0.45 0.56
Attention change 0.64 0.58 0.59
Language change 0.52 0.59 0.60
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Table 5.

Summary of previous studies evaluating sensitivity to decline using different cognitive tests

Authors Year Subjects Follow-up  Baseline characteristics, mean + SD

number for duration,

longitudinal years age, years education, disease UPDRS Il MMSE MoCA

analysis years duration,

years

Lessig et 2012 98 PD patients Upto3 068.8+1.02 015.3+2.6 06.745.4 026.4+11.9  027.5+2.3  00.24+3.6
al. [13]
Biundoet 2016 139 PD, 1 65.53+8.95 12.04+3.66 8.90+5.37  43.06+x14.54 027.5+2.34  24.53+3.9
al. [14] 14 DLBD (PD group)

patients
Huetal. 2014 155PD 15 67.8+9.4 013.6+3.5 01.5+1 026.8+11 027.4+2.4  024.9+3.4
[35] patients
Chen et 2016 102PD 2.5 64.32+9 09.71+4.06 6.43+455 18.76+x10.29 28.16+2.29 024.6+4.23
al. [36] patients
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