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Abstract

Objective—to examine the sensitivity and specificity of the Montreal Cognitive Assessment
(MoCA), a brief cognitive screening measure previously validated for use in Parkinson disease
(PD), and Alzheimer’s Disease-8 (AD8), an eight-item informant report used to screen for
dementia, but not yet validated for use in PD, to identify cognitive impairment in a sample of 111
patients with PD.

Methods—cognitive impairment was determined based on a battery of neuropsychological
measures, excluding the MoCA and ADS8. Classification rates of both the MoCA and ADS8 in
identifying cognitive impairment were examined using logistic regression and receiver operator
characteristic (ROC) analysis. Optimal cutoff scores were determined to maximize sensitivity and
specificity.

Results—the MoCA correctly classified 78.4% of participants (p<.001) and ROC analysis
yielded an area under the curve (AUC) of .82. A MoCA cutoff score of <25 yielded optimal
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sensitivity (.77) and specificity (.79) for identifying PD patients with cognitive impairment.
Similar analyses for the AD8 were statistically nonsignificant, although the classification rate was
70.5%, with an AUC of .50.

Conclusions—these results provide additional support for the MoCA, but not the ADS, in
identifying cognitive impairment in patients with PD.
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Introduction

Cogpnitive impairment is common in individuals with Parkinson disease (PD), although
studies of prevalence rates vary widely with ranges between 22% and 93% (Aarsland et al.,
2001, 2010; Dubois and Pillon, 1997; Muslimovic¢ et al., 2005; Pirozzolo et al., 1982;
Verbaan et al., 2007). Therefore, the identification of cognitive impairment in this population
is imperative to help determine the specific level and type of care patients might require. To
assist in this identification, there is a need for brief and valid screening measures for
cognitive impairment in PD that can be incorporated as part of routine clinical care. Once
validated for clinical use in this population, clinicians could then use the results of such
screeners to determine if recommending a comprehensive neuropsychological evaluation for
diagnostic clarification is indicated.

The Movement Disorder Society (MDS) Task Force for creating diagnostic procedures for
Parkinson disease with dementia (PD-D) originally recommended the use of the Mini
Mental State Examination (MMSE; Folstein et al., 1975) with a total score cutoff of <26 as
the most appropriate standard objective assessment of global cognitive functioning (Dubois
et al., 2007). Subsequent research evaluated the sensitivity and specificity of the MMSE to
screen for cognitive impairment in PD, with comparisons made to other brief
neuropsychological measures, such as the Montreal Cognitive Assessment (MoCA,;
Nasreddine et al., 2005). Hanna-Pladdy et al. (2010) found that the MoCA was more
sensitive than the MMSE in detecting cognitive decline in PD, but noted concerns that the
MoCA may over-identify cognitive impairment. Also, Dalrymple-Alford et al. (2010) found
that the MoCA, with a cutoff total score of <21 for PD-D and <26 for Parkinson disease with
mild cognitive impairment (PD-MCI), had superior discrimination properties over both the
MMSE and Scales for Outcomes in Parkinson disease-Cognition (SCOPA-COG; Marinus et
al., 2003). Similarly, Zadikoff et al. (2007) found that the MoCA, with a cutoff total score of
<26, was more sensitive than the MMSE in discriminating between PD without cognitive
impairment and PD-MCI. These investigators pointed specifically to the issue of ceiling
effects with the MMSE, which were less likely with the MoCA. Several other studies have
also shown support for the MoCA as a screening measure in the PD population (Chou et al.,
2010; Gill et al., 2008; Hoops et al., 2009; Nazem et al., 2009).

When the MDS task force revised their diagnostic criteria in 2012, they replaced the MMSE
with the MoCA to assess global cognitive function (Litvan et al., 2012). However, it should
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be noted that a recent longitudinal comparison of the MoCA and MMSE in PD populations
found that while the MoCA was more sensitive to the detection of early cognitive
impairment, the MMSE was more useful at tracking cognitive change over time (Lessig et
al., 2012).

In addition to brief neuropsychological tests, a potentially conjunctive technique to screen
for cognitive impairment is the use of informant-based reports of cognitive function. Using
informant-based report measures in conjunction with cognitive screening measures (e.g.,
MoCA) may increase the likelihood of detecting early stages of cognitive decling,
particularly in higher functioning individuals. Informant-based reports may be especially
useful in identifying cognitive change when there is no prior neurocognitive assessment with
which to compare. A useful informant-based measure is the Alzheimer’s Disease-8 (ADS;
Galvin et al., 2005), which is a brief eight-item questionnaire that can be administered in
under three minutes, with good psychometric properties that was designed to differentiate
between individuals with or without dementia. Items include questions that ask about
memory, orientation, judgment, and function (Galvin et al., 2005). The AD8 has been
validated as a self-report measure (Galvin et al., 2007a) and was found to have superior
discrimination properties when used in combination with other brief objective measures
(e.g., word recall list; Galvin et al., 2006). Also, Galvin et al. (2010) found that the AD8 had
better sensitivity for the screening of early-stage dementia relative to the MMSE, and it
discriminated between individuals with and without abnormal Pittsburgh compound B (PIB)
binding, a biomarker of Alzheimer’s disease (AD).

Both the MoCA and AD8 appeared in the Journal of the American Board of Family
Medicine’s recent Practical Guidelines for the Recognition and Diagnosis of Dementia
(Galvin and Sadowsky, 2012). Also, the utility of the MoCA and AD8 has been compared in
specific populations with known associations with cognitive disorders, including human
immunodeficiency virus (HIV; Overton et al., 2013). That study found the AD8 successfully
discriminated between participants with and without cognitive impairment, with 61%
sensitivity and 51% specificity, which slightly underperformed relative to the MoCA (with
sensitivity and specificity rates of 63% and 71%, respectively). To our knowledge, there has
been no examination of the utility of the AD8 to screen cognitive functions in PD. If the
ADB8 was found to be useful in identification of cognitive impairment in PD, the measure
could become a more standard part of clinical assessments for quick and easy early detection
of cognitive issues. Also, there has been no comparison of the AD8 and the MoCA in the
identification of cognitive impairment in PD. Thus, the purpose of the present study was to
assess the utility of both the MoCA and AD8 as brief screening measures for identifying
cognitive impairment in PD. We hypothesized that both the MoCA and AD8 would
significantly differentiate cognitively impaired from cognitively unimpaired PD patients.
Additionally, we hypothesized that the combined use of the MoCA and AD8 would
successfully discriminate cognitively impaired from cognitively unimpaired PD patients
above and beyond using either measure alone.
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Methods

Participants

The sample included 111 participants diagnosed with PD by a movement disorder specialist
at the University of Texas Southwestern Medical Center who were part of a larger
institutional review board-approved study that examined the psychometric properties of the
National Institutes of Health Toolbox. In brief, participants completed clinical, sensory,
neurologic, and neurocognitive assessments at three time points. The assessments included
objective measures administered by trained clinical neuropsychometricians, and informant-
based measures. The data used for this study was collected at the first study visit (baseline).

Participants in the study who were males and females between the ages of 39 and 89 years,
diagnosed with PD (asymmetric features including bradykinesia plus resting tremor and/or
rigidity), treated and responsive to dopaminergic therapy (dopamine agonists or levodopa)
for at least 30 days, able to complete assessments, had English as a first language, and were
willing and able to give informed consent and commit to three testing sessions. We excluded
those participants who had other known or suspected cause of parkinsonism, or any
significant features suggestive of a diagnosis of atypical parkinsonism, lifetime neurological
diagnosis other than PD, lifetime Diagnostic and Statistical Manual of Mental Disorders-1V,
Text Revision, Axis | psychiatric diagnosis other than major depressive disorder, current
alcohol and/or substance abuse or dependence within the prior 6-months, and/or any
unstable or clinically significant condition that could have interfered with completion of the
study assessments.

Materials and Procedure

The ADS8 (Galvin et al., 2005) was administered to a family member as part of the screening
process into the parent study, and the MoCA (Nasreddine et al., 2005) was administered to
participants as part of a larger neuropsychological battery that included the Rey Auditory
Verbal Learning Test (RAVLT; Schmidt, 1996), Brief Visuospatial Memory Test-Revised
(BVMT-R; Benedict, 1997), Trail Making Test (Reitan and Wolfson, 1995), three subtests
from the Wechsler Adult Intelligence Scale-Third Edition (WAIS-111; Letter-Number
Sequencing, Digit Symbol Coding, and Symbol Search subtests; Wechsler, 1997), and the
Peabody Picture Vocabulary Test-Fourth Edition (PPVT-4; Dunn and Dunn, 2007).
Neuropsychological variables of interest included MoCA and AD8 raw scores; the RAVLT
trials 1-5 total and delayed recall T scores; BVMT-R total recall and delayed recall T scores;
Trail Making Test part B total time T score; WAIS-I11 Letter-Number Sequencing, Digit
Symbol Coding, and Symbol Search scaled scores; and PPVVT-4 standard score. Normative
data for the RAVLT, BVMT-R, WAIS-I11 subtests and PPVVT-4 were derived from the test
manuals (referenced above). Normative data for the Trail Making Test part B were derived
from Revised Comprehensive Norms for an Expanded Halstead-Reitan Battery:
Demographically Adjusted Norms for African American and Caucasian Adults (Heaton et
al., 2004). These measures were selected from the larger battery to represent cognitive
domains commonly assessed in PD: learning and memory (RAVLT and BVMT-R), complex
visual scanning (WAIS-111 Symbol Search), cognitive flexibility (Trail Making Test part B
and WAIS-111 Letter-Number Sequencing), attention (WAIS-111 Digit Symbol Coding), and
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vocabulary (PPVT-4; Litvan et al., 2011). The AD8 was administered within 90
(median=39) days of formal cognitive assessment and included a subsequent review of each
item by a neurologist and the informant together to ensure accuracy of the information.
Specifically, the neurologist verified that items endorsed did in fact appear to be a function
of cognitive impairment rather than other causes such as motor impairment. The Unified
Parkinson’s Disease Rating Scale Part 11l—Motor Examination (UPDRS; Goetz et al., 2008)
was administered (at the same visit the AD8 was given), to obtain a measure of motor
function. The M.L.N.I. International Neuropsychiatric Interview Plus 6.0, Module A: Major
Depressive Episode (MINI; Lecrubier et al., 1997) was administered with the
neuropsychological battery, to obtain a measure of whether each participant qualifies for a
diagnosis of Major Depressive Disorder. Following the Level | recommendations by Litvan
et al. (2012), participants were classified as cognitively impaired if they had at least two of
nine demographically-adjusted test scores (excluding the MoCA and the AD8), from two or
more different tests in the battery, greater than or equal to one standard deviation below the
mean. It should be noted that full Litvan criteria for mild cognitive impairment was not
applied (e.g., requiring the presence of a cognitive complaint) as it was not our intention to
make a formal diagnosis of mild cognitive impairment, but rather to identify subjects who
had cognitive impairment on more detailed testing.

Statistical Analyses

Results

Statistical analyses were accomplished using Statistical Analysis System (SAS) version 9.3
(SAS Institute, Cary, NC), and the Statistical Package for Social Sciences, version 22 (SPSS,
Armonk, NY). Exploratory analyses were conducted to reveal relevant demographic
information, including means, standard deviations and ranges of age and education, as well
as percentages for gender and ethnicity. All relevant assumptions were tested. Classification
rates of both the MoCA and ADS in identifying cognitive impairment were examined using
logistic regression and receiver operator characteristic (ROC) analysis. Optimal cutoff scores
were determined to maximize sensitivity and specificity.

Participants (A=111) had a mean age of 65.19 years (SD=9.65, range: 39-91 years) and
mean education of 15.56 years (SD=1.88, range: 8-18 years). The majority of subjects were
male (72.1%) and Caucasian (88.3%). Ninety-one (82.0%) participants were on a levodopa
medication, 71 (64.0%) were on a dopamine agonist, 74 (66.7%) were on an MAO-B
inhibitor, and 28 (25.2%) were on entacapone. Also, seven (6.3%) participants were on
either modafinil or armodafinil, seven (6.3%) were on an acetylcholinesterase inhibitor, two
(1.8%) were on memantine, and one (0.9%) was on Adderall; medications were unavailable
for one participant. Table 1 provides additional sociodemographic and clinical
characteristics of the sample.

Using the criteria outlined above, 58 of the 111 participants (52.3%) were classified as
having impaired cognitive function. The cognitively impaired group was significantly older
[£(109)=2.63, p=.01], had slightly less years of education [#(100.15)=-2.35, p=.02], and
had higher UPDRS total scores [#(95.89)=2.78, p=.01] relative to the unimpaired group.
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There were no differences between groups in terms of PD duration, gender, Major
Depressive Disorder diagnosis qualification according to the MINI, or ethnicity (see Table
1). For the impaired group, performance on neurocognitive measures fell within the mildly
impaired to low average range for most variables. For the unimpaired group, performance on
neurocognitive measures fell within the average range, though there was a broad range of
individual scores (see Table 2).

Participants in the cognitively impaired group demonstrated lower MoCA scores [ M=21.90
(SD=3.55), range: 12—29] compared to the unimpaired group [M=25.74 (SD=2.57), range:
20-30]. Contrary to prediction, there was no significant difference between groups with
regard to the ADS8 total score [#(104)=-.20, p=.84], with a slightly higher mean total AD8
score in the unimpaired group [7=52; M=.54 (SD=.98), range: 0-5] compared to the
impaired group [7=54; M=.50 (SD=.99), range: 0-6], although the standard deviations were
large.

The MoCA correctly classified 78.4% of participants (p<.001) using logistic regression.
Neither age, gender, ethnicity, Major Depressive Disorder diagnosis qualification according
to the MINI, education, disease duration, nor the UPDRS total score significantly (a=.05) or
marginally (a=.15) contributed to the regression analysis. As such, those variables were
excluded from the final model. Receiver operator characteristic analysis yielded an area
under the curve (AUC) of .82 (see Figure 1) for the MoCA. Using a MoCA cutoff score of
<25 yielded optimal sensitivity (.77) and specificity (.79) for identifying PD patients with
cognitive impairment (p<.001). The sensitivity and specificity values for each cutoff score
are provided in Table 3.

The ADS, in combination with age, education, gender and disease duration, correctly
classified 70.5% of participants, but did not significantly contribute to the regression model
(p=.41). Age, education and gender significantly contributed (p=.01, .04 and .03
respectively), and disease duration marginally contributed (p=.11) to the regression analysis.
Thus, those variables were included in the final model. Receiver operator characteristic
analysis yielded an AUC of .50 for the AD8 (see Figure 2). We initially planned to assess the
combined utility of the MoCA and ADS in order to compare it to the independent efficacy of
each. However, because the AD8 did not significantly differentiate our impaired and
unimpaired groups, we did not analyze the combination of both instruments.

As a follow-up analysis, we examined the logistical regression models with cognitive
impairment defined as demographically-adjusted total score on two different neurocognitive
test variables less than or equal to 1.5 standard deviations, as well as less than or equal to
two standard deviations below the mean. Although the outcomes of the logistic regression
and ROC AUC analyses were not significantly different, the cell sizes between groups
became increasingly more discrepant. For this reason, results are reported only for
impairment defined using the original one standard deviation criterion.

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2017 July 25.
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Discussion

These results provide additional support for use of the MoCA in identifying cognitive
impairment in patients with PD, but not the AD8. Previous studies have shown similar ROC
AUC values (.79-.90) when they assessed the utility of the MoCA in the PD population
(Dalrymple-Alford et al., 2010; Gill et al., 2008; Hoops et al., 2009). However, the optimal
MoCA cutoff score of <25 in this sample was slightly lower than previous studies have
suggested (<26), which may be a function of the differences in criteria used to define
cognitive impairment across investigations (e.g., Dalrymple-Alford et al., 2010; Hoops et al.,
2009). Hoops et al. (2009) used a more conservative criteria of at least <1.5 (versus < 1in
the present study) standard deviations below the mean on neuropsychological tests in any
cognitive domain to define impairment, and emphasized sensitivity (.90) at the expense of
specificity (.53) in an effort to identify the optimal “screening cutoff.” Dalrymple-Alford et
al. (2010) used an even more conservative criterion of < 1.5 standard deviations below the
mean on any two neuropsychological tests in their battery, and also found an optimal total
score cutoff of <26. However, only PD-MCI patients were included in that group and the
authors reported no optimal cutoff score for their PD-MCI and PD-D participants combined,
whereas our study did not distinguish between the two groups. It is worth noting that our
cutoff was derived based on how well the MoCA was able to identify cognitive impairment
on a larger cognitive battery rather than a specific diagnosis of mild cognitive impairment,
which might explain our lower cutoff. Clinically, determining an optimal cutoff score in this
population will depend on whether the clinician wants to optimize sensitivity or specificity
as well as considering other factors that could impact test performance (e.g., level of motor
impairment, demographic factors).

Although none of the demographic covariates we incorporated significantly contributed to
the regression model, the optimal MoCA cutoff score might still differ as a function of such
variables. This may be especially true for education, as it has previously been found to be
significantly associated with MoCA score (Bernstein et al., 2011; Malek-Ahmadi et al.,
2015). Our sample size was too small to explore this possibility. However, future studies
should examine whether sensitivity/specificity results from ROC analyses differ by
education and/or other demographic factors.

The failure of the AD8 to yield utility in our sample may be due to several reasons. The AD8
scores were low in both groups and surprisingly, slightly higher in the unimpaired group,
which contributed to the poor discriminability in identifying cognitive impairment. Few
scores in both groups were above 2. In fact, 62.1% in the impaired group and 66.0% in the
unimpaired group had scores of 0. Our results were similar to those of Overton et al. (2013)
who found the AD8 AUC to be .56, when discriminating cognitively abnormal versus
normal individuals (as determined by neuropsychological test performance falling below a z-
score of -1 in at least two domains) diagnosed with HIV. This suggests the applicability of
the AD8 may be limited in diverse neurological samples and/or those with less severe
impairment.

The AD8 AUC of the present study was much lower than those reported in other studies that
assessed the utility of the AD8 in discriminating cognitively normal from demented
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(including “very mild” and “uncertain dementia”) participants (AUC=.77 — .94) which may
relate to the greater degree of deficits in their impaired groups, compared to our mildly
impaired PD sample (Galvin et al., 2010; Galvin et al., 2005; Galvin, Roe, Coats, & Morris,
2007a; Galvin, Roe, & Morris, 2007b; Galvin et al., 2006). In addition, Carpenter et al.
(2011) found the ADS8 yielded an AUC of .82 for discriminating cognitively impaired from
cognitively intact individuals over age 65 presenting to the emergency room. In contrast to
the aforementioned studies, and more similar to the present study, the AD8 scores in the
present study were relatively equal across groups. This may suggest that the utility of this
informant-based measure in a mildly impaired population is limited, particularly in the
context of a neurological disease that can also affect areas of functioning (i.e., motor ability).
In such instances, the AD8 may be less sensitive to cognitive problems than the MoCA,
which is not surprising, given the variability of subjective reports. Thus, objective
neuropsychological assessment, including brief screening measures, may detect cognitive
decline before it is functionally manifest and observable to others. This might be expected,
as the AD8 was not designed to detect MCI. However, the AD8 may have increased utility in
more impaired PD populations, such as PD-D.

Even though the AD8 asks the participant to indicate a “change in the last several years
caused by cognitive (thinking and memory) problems,” informants may over-estimate other
determinants (e.g., motor symptoms) of functional difficulty, thereby minimizing the decline
in cognitive abilities. Indeed, it may be difficult for an informant to accurately identify mild
cognitive problems when completing the AD8 in the PD population. For example, question
four asks if the informant has noticed a change in the patient’s ability of “learning how to
use a tool, appliance, or gadget (e.g., VCR, computer, microwave, remote control).” In this
case, an informant may be unable to accurately discern the cause of the problem and
inadvertently indicate “NO, No change” (in cognitive problems). The findings of this study,
in combination with the prior research of the poor utility of the AD8 in patients with HIV,
suggest that the AD8 may be more useful in populations with cortical rather than subcortical
neuropathology. However, additional research examining the AD8 in a more impaired PD
population is needed to fully assess its utility in this population.

It is important to reiterate that while the MoCA was developed as a screening measure for
both MCI and dementia, the AD8 was designed only to detect dementia. Furthermore, the
cognitively impaired group in this study was very mildly impaired (mean scores falling in
the low average to mildly impaired ranges), which may have made it more difficult for the
ADS to identify such subtle impairment.

Conclusion

The present study serves as an initial exploration of the utility of the AD8 to identify
cognitive impairment in the PD population. These results support the MoCA, but not the
ADS, as a valid, brief screening tool to detect cognitive impairment in PD. Thus, clinical
practice may benefit from the inclusion of the MoCA to screen for cognitive impairment in
PD populations. Including such a screening measure would help to advance integrated
healthcare by identifying which patients may require additional neurocognitive examination.
Overall, these results highlight the importance of objective (versus subjective) assessment
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for cognitive screening in PD and provide support for the utility of the MoCA for this
purpose.
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Key points

1 there is a need for brief and valid measures for the identification of cognitive
impairment in individuals with Parkinson disease (PD).

2. Results provide additional support for use of the Montreal Cognitive
Assessment (a brief cognitive screening measure previously validated for use
in PD), but not the Alzheimer’s Disease-8 (an eight-item informant report), in
identifying cognitive impairment in patients with PD.
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Figure 1.
Montreal Cognitive Assessment Receiver Operator Characteristic Curve
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Alzheimer’s Disease-8 Receiver Operator Characteristic Curve
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