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ABSTRACT: Background: Vascular cognitive impairment (VCI) post-stroke is frequent but may go undetected, which highlights the
need to better screen cognitive functioning following a stroke. Aim: We examined the clinical utility of the Montreal Cognitive
Assessment (MoCA) in detecting cognitive impairment against a gold-standard neuropsychological battery. Methods: We assessed
cognitive status with a comprehensive battery of neuropsychological tests in 161 individuals who were at least 3-months post-stroke.
We used receiver operating characteristic (ROC) curves to identify two cut points for the MoCA to maximize sensitivity and specificity at
a minimum 90% threshold. We examined the utility of the Symbol Digit Modalities Test, a processing speed measure, to determine
whether this additional metric would improve classification relative to the MoCA total score alone. Results: Using two cut points, 27% of
participants scored ≤ 23 and were classified as high probability of cognitive impairment (sensitivity 92%), and 24% of participants scored
≥ 28 and were classified as low probability of cognitive impairment (specificity 91%). The remaining 48% of participants scored from 24
to 27 and were classified as indeterminate probability of cognitive impairment. The addition of a processing speed measure improved
classification for the indeterminate group by correctly identifying 65% of these individuals, for an overall classification accuracy of 79%.
Conclusions: The utility of the MoCA in detecting cognitive impairment post-stroke is improved when using a three-category approach.
The addition of a processing speed measure provides a practical and efficient method to increase confidence in the determined outcome
while minimally extending the screening routine for VCI.

RÉSUMÉ : Des méthodes pour améliorer le dépistage des déficits cognitifs d’origine vasculaire au moyen de l’Évaluation cognitive deMontréal.
Contexte : Bien que fréquents à la suite d’un AVC, les déficits cognitifs d’origine vasculaire (DCV) peuvent toutefois passer inaperçus, ce qui met en
évidence la nécessité de mieux évaluer les fonctions cognitives des patients qui en sont victimes. Objectif : Nous nous sommes penchés sur l’utilité
clinique de l’Évaluation cognitive de Montréal (MoCA) dans la détection des déficits cognitifs en comparaison avec une batterie de tests de référence.
Méthodes : Nous avons évalué l’état cognitif de 161 patients au moyen d’une batterie exhaustive de tests neuropsychologiques. À noter qu’au moins 3
mois s’étaient écoulés depuis leur AVC. Nous avons utilisé des courbes caractéristiques de la performance d’un test (ROC curves) pour identifier deux
seuils pathologiques (cut points) du MoCA, et ce, afin de maximiser sa sensibilité et sa spécificité à un seuil minimum de 90 %. Nous avons aussi examiné
l’utilité du Symbol Digit Modalities Test, un test de vitesse cognitive de traitement, pour déterminer dans quelle mesure il nous permettrait d’améliorer la
classification des patients par rapport au seul score total du MoCA. Résultats : En fonction de deux seuils pathologiques, 27 % des participants ont obtenu
≤ 23 et ont été considérés comme hautement susceptibles de souffrir de déficits cognitifs (sensibilité 92 %) alors que 24 % des participants ont obtenu ≥ 28
et ont été considérés comme étant très peu susceptibles de souffrir de ces mêmes déficits (spécificité 91 %). C’est donc dire que les autres participants
(48 %) ont obtenu des scores de 24 à 27. Il a été du coup impossible de déterminer la probabilité qu’ils soient atteints de déficits cognitifs. L’ajout du test de
vitesse cognitive de traitement évoqué ci-dessus a permis d’améliorer la classification de ce groupe indéterminé en identifiant correctement 65 % des
individus, l’exactitude d’ensemble de la classification atteignant les 79 %. Conclusions : L’utilité duMoCA dans la détection de déficits cognitifs à la suite
d’un AVC est bonifiée lorsqu’on utilise une approche dite des « trois catégories » (three-category approach). L’ajout du test Symbol Digit Modalities Test
constitue en somme une méthode pratique et efficace pour augmenter la confiance dans un résultat déterminé tout en élargissant minimalement la routine
de dépistage des DCV.
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Cognitive impairment post-stroke can result in significant
physical and psychological consequences for the individual.
Stroke is one of the leading causes of adult disability, and in the
past decade, hospitalization due to stroke-related cognitive
impairment has increased by 35%.1 However, as many as
77% of individuals with stroke-related cognitive impairment
may go undiagnosed by cognitive screening measures.2 The
Montreal Cognitive Assessment (MoCA)3 is a widely used
cognitive screening measure and has been recommended by
the National Institute of Neurological Disorders and Stroke-
Canadian Stroke Network for use with stroke populations.4

Although cognitive impairment varies depending on stroke
location and severity, several studies have found that indivi-
duals with cerebrovascular conditions are most likely to be
impaired on MoCA items involving executive functions, fluen-
cy, recall, and attention.5–7

Despite the MoCA’s demonstrated use for cerebrovascular
conditions, it lacks a processing speed metric, a function often
affected in stroke populations.8,9 Speed of information processing
can be easily assessed by tests that can be administered in under
2 minutes. The Symbol-Digit Modalities Test (SDMT)10 is a
widely used test of processing speed that requires visual scan-
ning, psychomotor speed, attention, and learning. Dong and
colleagues11 demonstrated that when the MoCA was supplemen-
ted with the SDMT, it improved accuracy for vascular cognitive
impairment (VCI) screening.

Traditionally, a single cut point of 26 is used on the MoCA to
form dichotomous classifications of impaired or not impaired.3

An alternative method12–14 uses two cut points to classify
individuals as low, indeterminate, or high probability of cogni-
tive impairment. This allows for greater certainty of those
classified as low or high probability of impairment, but leaves
a subgroup whose classification is unknown and requires further
assessment. Indeed, in the vascular sample studied by Swartz
and colleagues14, a sizeable 62% scored in this indeterminate
range.

THE PRESENT STUDY

In the present study, we sought to confirm and expand on
previous findings of the clinical utility of the MoCA in detecting
cognitive impairment using a diagnostic accuracy study design.
First, we aimed to validate Swartz and colleagues’14 three-
category classification approach against a gold-standard neuro-
psychological assessment in a different sample of vascular
pathology, post-acute ischemic stroke. A detailed comprehensive
neuropsychological battery with standardized tests was used
to assess and characterize cognitive impairment.3,4,17 Second, to
improve diagnostic classification and reduce the number of
people in the indeterminate category, we conducted two addi-
tional analyses. First, based on the literature showing specific
deficits in executive function and processing speed in vascular
pathology,5–7 we examined whether subdomain scores on the
MoCA would provide additional predictive utility over and above
the total score. Second, we included the SDMTwith the MoCA to
determine whether adding a simple, rapidly acquired measure of
processing speed improved predictive utility. Screening con-
ducted in the acute phase can result in reversible cognitive

impairment,15 as such, we sought to examine cognition at a more
stable time point post-stroke.

METHOD

Participants

This study was approved by the Research Ethics Boards at
Baycrest Health Sciences and at York University. Participants
were part of the Ontario Neurodegenerative Disease Research
Initiative (ONDRI), a longitudinal, multidisciplinary research
study investigating common profiles among five neurodegenera-
tive conditions.16 The cerebrovascular disease (CVD) cohort
was used in the present cross-sectional study. All participants
completed various assessment platforms including genomics,
neuroimaging, ocular function, and gait and balance, as well as
neuropsychological testing. Demographic, clinical, and neuro-
psychological data obtained from the baseline assessment were
used for this study. All participants were administered the MoCA
as part of the screening procedure, and the neuropsychological
battery (including the SDMT) was administered within 8 weeks
of initial screening with the MoCA. If the participant had recently
completed the MoCA for clinical purposes, efforts were made to
administer alternate forms. Post-data collection, MoCA data
underwent a rigorous cleaning and curation process that was
overseen by a clinical neuropsychologist. Cleaning ensured that
values were in range and that items were scored consistently.
A working group of four individuals (including three neuropsy-
chologists) highly familiar with the MoCA was established to
reach a consensus and resolve any inconsistencies in scoring that
required subjective judgment (i.e. Abstraction, Verbal Fluency).
Neuropsychology data underwent rigorous monitoring and
preprocessing.17 All ONDRI data underwent a data evaluation
procedure using multivariate outlier detection to identify anoma-
lous observations, providing guidance on additional areas of
possible error.18

All participants provided informed consent and met extensive
eligibility criteria for the larger ONDRI study.16 Participants in
the CVD cohort were post-acute ≥ 3 months and also met the
following inclusion criteria: (a) proficient in speaking and under-
standing English, with self-ratings of 7 or more (corresponding to
“good”) for both speaking and understanding English on the
Language Experience and Proficiency Questionnaire,19 (b) 8 or
more years of formal education, (c) post-acute ischemic stroke or
silent stroke that was documented on MRI or CT, (d) mild-
moderate stroke severity defined by scores of 0–3 on the modified
Rankin Scale1 (MRS),20 and (e) a MoCA score of at least 18.
Exclusion criteria included a history of dementia prior to the
stroke, large cortical strokes, severe cognitive impairment, apha-
sia, inability to write, or severe functional disability limiting
ability to perform the assessment. Data versions 2018SEP18 and
2018AUG17 were used for this study.

Participant Characteristics

Participant characteristics are provided in Table 1. There were
161 participants with 32% women and 68% men. Participants’
age ranged from 54 to 85 years and were in their late 60s on
average and had some university education (M = 14.6 years).
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Assessments

MoCA

The MoCA is a screening tool that assesses multiple cognitive
domains and is completed in under 10 minutes.21 Individuals
with ≤ 12 years of education are given an additional point up to a
maximum score of 30.3

Symbol-Digit Modalities Test

The SDMT is a measure of processing speed and incidental
learning.10 Participants are shown a key at the top of the page that
pairs nine symbols with corresponding digits (1–9). They are then
presented with rows of just symbols below for which they use the
key to write the corresponding digit. The score is the total number
of items filled in correctly in 90 seconds (max= 110). Uchiyama
and colleagues22 added an incidental learning component to the
test featuring 15 symbols in which all 9 original symbols are
included at least once. Participants are asked to fill in the number
associated with each symbol from memory, without the assistance
of the key, immediately following the coding trial. The score is the
number of items recalled correctly (max= 15). If a symbol is
presented more than once and the participant responds correctly on
one trial and incorrectly on another, they receive a point for the
correct trial. Overall, two scores are obtained for the SDMT:
coding and learning. For those with a physical impairment poten-
tially impacting performance (e.g., tremor, paralysis, weakness, or
injury), an oral version of the test is administered. Eight individuals
(5%) were administered the oral version of the SDMT, and the
remaining 153 (95%) completed the written version.

Neuropsychological Assessment

The neuropsychological assessment consisted of a standardized
battery administered to all participants. For the purpose of

characterizing areas of cognitive impairment in individual parti-
cipants, the tests were categorized into five cognitive domains
based on a principle component analysis as shown in Table 2. Test
scores were normalized based on age and/or education using
published norms and converted to standardized scores (z-scores,
t-scores, scaled scores, and/or percentiles), in most cases. Partici-
pants were deemed cognitively impaired on the neuropsychologi-
cal battery if they obtained a standardized score that was lower
than 1.5 standard deviations (SDs) below the normative mean on at
least two test scores within one or more domains.23 On two tests
(SDMT incidental learning; Semantic Probe), normative data were

Table 1. Participant Characteristics (n= 161)

n M (SD) Mdn Range

Age, years 69.2 (7.4) 68.9 54–85

Education, years 14.6 (2.9) 14.0 8–20

Sex ratio (male:female) 110:51

Individuals with subclinical stroke 26 (16%)

Time since stroke, months 11 2–421

Modified Rankin Score 1.0 (0.8) 1.0 0–4

Total NIHSS 0.7 (1.0) 2.0 0–20

MoCA score 25.2 (3.0) 26.0 18–30

Symbol Digit Modalities Test

Coding 36.1 (10.9) 37.0 4–61

Learning 6.5 (4.5) 6.0 0–15

Generalized Anxiety Disorder-7
Scale

2.5 (3.9) 1.0 0–20

QIDS-SR – Depressed mood
domain

0.3 (0.6) 0.0 0–3

Note. MoCA=Montreal Cognitive Assessment; NIHSS =National Institutes of Health Stroke Scale; NP impairment= impaired status on neuropsy-
chological battery; QIDS-SR =Quick Inventory of Depressive Symptoms - Self Report.

Table 2. Neuropsychological Battery

Domain Tests included

Speed Symbol-Digit Modalities Test; Trail Making Test Parts A and B;
DKEFS Color-Word Interference Test Color Naming, Word
Reading, Inhibition, and Switching; DKEFS Verbal Fluency
Letters and Categories

Memory Rey Auditory Verbal Learning Test Immediate Recall, Delayed
Recall, Recognition Hits; Brief Visuospatial Memory Test -
Revised Immediate Recall, Delayed Recall, Recognition
Discrimination

Visuospatial WASI-II Matrix Reasoning; Judgment of Line Orientation
(split-half); Visual Object and Space Perception Battery
Incomplete Letters

Language WASI-II Vocabulary; Boston Naming Test (15-item version);
Test of Adult Word Finding Verb Naming; Boston Diagnostic
Aphasia Examination-III Semantic Probe

Attention Wechsler Adult Intelligence Scale-III Digit-Span Forward,
Backward, and Total

Note. DKEFS=Delis-Kaplan Executive Functions System; WASI-II=
Wechsler Abbreviated Scale of Intelligence – II.
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not available, so we derived cutoff scores based on the available
data while taking into consideration the test designs and estimated
false-positive rates. To minimize fatigue, participants were offered
breaks at scheduled intervals (approximately every 30–45minutes
of testing). Participants were permitted to take rest breaks as
needed throughout the test session. In addition, participants were
required to take a substantial break (i.e., at least 30minutes) if
testing continued for more than 3 hours. If any participant was
unable to finish the testing in one session, additional sessions were
scheduled on subsequent days.17

Statistical Analyses

Multiple linear regression analyses were performed to calcu-
late the effects of age, education, sex, and depression on MoCA
scores. To determine diagnostic accuracy, we identified indivi-
duals with a positive MoCA result (i.e., an impaired score,< 26)
versus a negative result (i.e., a normal score, ≥ 26) and compared
this to their performance on the neuropsychological tests. We
then used receiver operating characteristic (ROC) curve analyses
to maximize sensitivity and specificity to a) determine an optimal
single cut point and b) to determine two cut points: the lowest
value that achieved at least 90% sensitivity and the highest value
that achieved at least 90% specificity. Participants scoring below
the high sensitivity cut point were classified as high probability
for cognitive impairment, and participants scoring above the high
specificity cut point were classified as low probability. Partici-
pants scoring between the two cut points were classified as
indeterminate or unknown probability of cognitive impairment.
Positive and negative likelihood ratios, predictive values, and
overall classification accuracies were calculated for all cut point
analyses.

To improve classification for the indeterminate group, a
second analysis was conducted using discriminant function
analysis.24,25 A predictive model was built to correctly classify
participants as impaired or not impaired as determined by their
performance on the neuropsychological battery. We examined
two sets of variables to create two separate discriminant func-
tions. First, we examined the predictive value of distinct MoCA
subdomain items, rather than the total MoCA score, to deter-
mine if the distributed weighting of subdomains would better
predict group membership relative to the coarser single score.
Second, we examined the utility of the SDMT, paired with the
total MoCA score, to determine whether the additional metrics
of processing speed and incidental learning would improve
diagnostic accuracy relative to the MoCA total score alone.
Participants from the high and low probability of cognitive
impairment groups were used first as the learning data to
develop the discriminant functions, and then the models were
tested on the indeterminate group. The cross-validated classifi-
cation method was used to indicate the final number of cases
correctly identified by each function. This method employs the
leave-one-out technique in which one case is systematically held
out and the discriminant analysis is performed on the remaining
sample. Then, the excluded case is classified into one of the
groups based on the discriminant function and the procedure is
repeated on each case of the sample until all cases are classified.
This results in a more conservative estimate of the number of
cases correctly identified by the function.25 All statistical anal-
yses were conducted in SPSS Version 22.0.

RESULTS

Neuropsychological Data

Of the 161 participants, 95 (59%) met the criteria for cognitive
impairment (≥ 1.5 SD below the normative mean on ≥ two test
scores in at least one domain) on the neuropsychological battery.
Forty-six participants (29%) were impaired in two or more cogni-
tive domains, and 6 (4%) were impaired in three or more domains.

MoCA Performance

The mean MoCA score was 25.2 (3.0), with 75 (47%)
participants scoring below the traditional cut point of 26 and
86 (53%) participants scoring at or above 26. In a multiple
regression model (R2= .069, p< .001) with age, sex, years of
education, and depression as main effects, only age was a
significant predictor of MoCA scores, where older participants
(β =−0.106, p < .001) had lower MoCA scores. Sex (β = .068,
p= .891), years of education ( β= .093, p= .243), and depression
scores ( β =−.212, p = .596) did not significantly predict MoCA
scores. Table 3 presents a count of the number of participants
who were cognitively impaired or intact based on the neuro-
psychological battery as a function of MoCA score.

Next, we examined neuropsychological performance of the
MoCA-negative (≥ 26) and MoCA-positive (≤ 25) groups. Of
the 86 individuals in the MoCA-negative group, 34 (40%) were
impaired in at least one neuropsychological domain. Regarding
the areas of impairment, 26 (30%) participants demonstrated
impaired speed, 19 (22%) had impaired memory, 2 (2%) had
impaired visual spatial processing, 1 (1%) had impaired
language, and 1 (1%) had impaired attention. Of these 34 who
were impaired on at least one domain, 12 (35%) were impaired
in two or more domains, and 2 (17%) of those 12 participants
were impaired in three or more domains on the neuropsycho-
logical battery.

Table 3. Number of Participants Impaired vs. Not Impaired on
the Neuropsychology Battery as a Function of MoCA Score

MoCA Score Impaired (n) Not impaired (n)

18 3 0

19 7 0

20 5 0

21 4 1

22 9 0

23 11 4

24 12 4

25 10 5

26 14 8

27 12 13

28 5 13

29 3 10

30 0 8

Total 95 66

Note. MoCA=Montreal Cognitive Assessment.
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Of the 75 individuals in the MoCA-positive (≤ 25) group,
61 (81%) were impaired in at least one of the neuropsychological
domains. Thirty-nine (52%) were impaired in speed, 49 (65%)
were impaired in memory, 10 (13%) were impaired in language,
1 (1%) was impaired in visual spatial, and no individual was
impaired in the attention domain. Of these 75 individuals,
34 (45%) were impaired in two or more domains, and
4 (12%) of those 34 were impaired in three or more domains.

Diagnostic Accuracy Analysis

Using the traditional cut point of 26, the MoCA’s sensitivity
was 64% and specificity was 79% in the present sample. Our
ROC analysis indicated that the optimal single cut point, which
maximized sensitivity and specificity, was 27. The optimal two
cut points were 27 (to maximize sensitivity at 92%) and 24 (to
maximize specificity at 91%). All results involving cut points are
summarized in Table 4. Using two cut points, 27% of participants
scored ≤ 23 and were classified as high probability for cognitive
impairment, and 24% of participants scored ≥ 28 and were
classified as low probability for cognitive impairment. The
remaining 48% of participants scored in the intermediate range
of 24 to 27 and were classified as indeterminate probability for
cognitive impairment. Figure 1 displays the proportion of indi-
viduals in each category and their cognitive status based on the
neuropsychological assessment.

Discriminant Function Analysis

MoCA subdomain scores

Eight MoCA variables were created by grouping scorable
items into their respective cognitive domains, including atten-
tion (10 points), immediate recall (10 points), delayed recall
(15 points), visual construction (5 points), abstraction (2 points),
fluency (25 points), object naming (3 points), and orientation
(6 points). With participants from the high and low probability
of cognitive impairment groups, the discriminant function
using MoCA variables was significant, Λ = .57, χ2(8) = 43.67,
p < .001, accounting for 43% of between-group variability. The
structure matrix correlation coefficients reveal the strength of
each variable in the model with the function. Items of attention
(r = .61), immediate recall (r = .34), delayed recall (r = .55),

language fluency (r = .53), visual construction (r = .48),
abstraction (r = .45), and orientation (r = .30) were significant
group predictors, whereas object naming was not, r < .30.25 The
cross-validated classification showed that overall, 65 of
83 (78%) cases in the high and low groups were correctly
identified based on the predictors in the model. Next, in order
to test the predictive utility of the model, we conducted a
discriminant function analysis on the indeterminate MoCA
group alone. The discriminant function for the indeterminate
group was not significant, Λ = .87, χ2 (8) = 10.15, p = .254, and
accounted for 13% of between-group variability.

Symbol-Digit Modalities Test

The SDMT was removed from the neuropsychological battery
before conducting these analyses to avoid issues of circularity.
There were 33 (21%) individuals who were impaired on the
SDMT in our full sample, and two participants no longer met
criteria for cognitive impairment on the neuropsychological
battery when the SDMT was removed.

We entered two subscores from the SDMT in the discriminant
function analysis, a coding subscore (normative-based z-score)
and a learning subscore (raw total score). Using the high
and low probability of cognitive impairment groups, the discrim-
inant function was significant, Λ= .44, χ2 (3) = 65.01, p< .001,
accounting for 56% of between-group variability. Analysis of the
structure matrix scores revealed that the MoCA total score
(r= .88), SDMT coding score (r= .62), and SDMT learning
score (r= .52) were all significant group predictors. The cross-
validated classification showed that overall, 69 of 83 (83%) cases
were correctly identified. Next, we tested this model for
the indeterminate group alone. This discriminant function
analysis was also significant, Λ = .88, χ2 (3) = 9.62, p < .022,
accounting for 12% of between-group variability. Analysis of the
structure matrix revealed that the SDMT coding score, SDMT
learning score, and the MoCA total score were all significant
predictors of group membership for the indeterminate group,
rs= .89, .62, and .51, respectively. The cross-validated classifica-
tion showed that overall, 51 of 78 (65%) cases were correctly
identified for this group. Thus, across the entire sample, 127/161
(79%) cases were correctly identified as determined by perfor-
mance on the larger neuropsychological battery.

Table 4. Diagnostic Accuracy Analysis and Optimal Cut Points

Diagnostic Characteristics Traditional Cut Point ≥ 26 Single Optimal Cut Point ≥ 27
Two Optimal Cut Points

Sensitivity: ≤ 27
Specificity: ≥ 24

Sensitivity 64% 79% 92%

Specificity 79% 67% 91%

PPV 81% 77% 89%

NPV 60% 69% 79%

+LR 3.02 2.37 5.42

−LR 0.45 0.32 0.18

Individuals correctly identified 113 (70%) 119 (74%) 76/83 (92%)

Note. +LR= positive likelihood ratio; −LR= negative likelihood ratio; NPV= negative predictive value; PPV= positive predictive value.
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DISCUSSION

The present study evaluated the clinical utility of the MoCA
by using a three-category approach to maximize classification for
cognitive impairment and combining it with the SDMT. First, we
tested two cut points that maximize the MoCA’s sensitivity and
specificity to higher than 90% for post-acute stroke individuals.
This means that the cognitive status determined by performance
on the neuropsychological battery was correctly identified by
using the MoCA total score for more than 90% of individuals
within the low and high probability of cognitive impairment
groups. However, we were still uncertain of the probability of
cognitive impairment for almost half of our sample in the
intermediate group. We found that pairing the SDMT, a brief
test of processing speed, with the MoCA improved classification
for the indeterminate group, such that most cases in that group
(65%) were correctly identified. Examining individual subdo-
mains of the MoCA did not significantly improve its ability to
discriminate cognitive impairment for the indeterminate group.

Our findings confirm and extend those of Swartz and col-
leagues,14 who reported similar cut points (23 and 27) and a
large indeterminate group in a sample of 400 individuals from a
stroke clinic. The slightly different samples in the two studies
(post-acute stroke vs. individuals referred to a stroke prevention
clinic) suggest that the cut points are generalizable, at least
within populations with vascular-related concerns. We expand

on these previous findings by demonstrating improved diagnostic
accuracy when adding a measure of processing speed to the
MoCA.

Processing speed is affected in many neurological disor-
ders8,27 and has been identified as a possible reason for the
MoCA’s reduced sensitivity for vascular-related cognitive im-
pairment.2,7 The addition of the SDMT to the MoCA directly
addresses this issue by including a domain likely to be impaired
in this population. This approach was first demonstrated by Dong
and colleagues11 who demonstrated improved accuracy of VCI
screening by supplementing the MoCA with the SDMT. Our
study further refines this approach by introducing a staged
method whereby the SDMT is administered to individuals scor-
ing in the intermediate range on the MoCA (24–27) and whose
cognitive status is therefore not certain after assessment with the
MoCA alone. The SDMT also measures other cognitive domains
in addition to processing speed, including divided attention,
learning, working memory and complex visual scanning.10,27

Because the test uses both verbal and nonverbal materials, the
SDMT incidental learning trial may be even more sensitive to
subtle memory problems than other memory measures utilizing a
single kind of material. Although some studies have reported
impaired verbal and nonverbal learning in vascular dementia,28

the use of the incidental learning trial has not been implemented
in other studies using the SDMT.7,11,28

Potentially eligible participants
(n = 175)

Withdrew consent (n = 8)

Eligible participants
(n = 169)

Excluded(n = 6)
No study partner (n = 1)
Unable to tolerate MRI (n = 3)
MRI contraindication (n = 2)

Index testMoCA
(n = 161)

MoCA-positive (≤ 23),
High probability of CI

(n = 44)

MoCA-negative (≥ 28),
Low probability of CI

(n = 39)

MoCA-indeterminate (24-27),
Inconclusive probability of CI

(n = 78)

NP assessment
CI (n = 8)

Normal cognition (n = 31)

NP assessment
CI (n = 39)

Normal cognition (n = 5)

NP assessment
CI (n = 48)

Normal cognition (n = 30)

Figure 1: Flow Diagram of Participant Classification by the MoCA (Index) and Neuropsychological Assessment
(Reference).
Abbreviations: CI, cognitive impairment; MoCA, Montreal Cognitive Assessment; NP, neuropsychological assessment.

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Volume 47, No. 6 – November 2020 761

https://doi.org/10.1017/cjn.2020.121 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2020.121


There are a number of clinical implications of our findings.
Where clinical resources are limited and to avoid unnecessary
referrals, employing an additional 90-second processing speed
measure such as the SDMT can increase confidence in detecting
cognitive impairment post-stroke. This approach is both practical
and efficient as an addition to a screening test. When patients
score in the intermediate range (24–27) on the MoCA and score
more than 1.5 SDs below normative data on the SDMT coding,
they are highly likely to have cognitive impairment and do not
require further testing. The SDMT is an easily administered and
quickly scored test with age-and education-corrected norms that
are readily available and provide sensitive information that can be
reliably used to triage patients. To optimize the use of the SDMT
incidental learning component in this manner, there is a need for
age- and education-corrected norms. Ideally when there are
concerns about cognition, testing should occur after the acute
phase, which is typically 3 months post-stroke, when cognition
has stabilized and is less likely to fluctuate.15 The screen can be
conducted in either specialized stroke clinics, general practi-
tioner’s office, or any setting where individuals who have had
a stroke in the past (> 3 months) are now concerned about
cognitive complaints and need to be triaged for more specialized
care. In a clinical setting, false positives may pose a costly
outcome when busy clinics and expensive treatments are used
for individuals who do not need them. Similarly, false negatives
can be detrimental in providing appropriate treatment for those
who most need it. As such, the three-category approach to
identify individuals with and without cognitive impairment di-
rectly addresses these issues by effectively triaging individuals
who are at low, indeterminate, and high probability of cognitive
impairment.

There are some caveats to our design that should be noted.
First, participants may have been higher functioning than those
typically seen in the general clinic by virtue of the study
requirements: they had to have sufficient motor, language, hear-
ing, and visual functioning to complete neuropsychological
testing. Similarly, only individuals who scored ≥ 18 on the
MoCA were included, and as such we were unable to test
diagnostic accuracy across the full range of cognition post-stroke.
Additionally, we used a definition of cognitive impairment that
includes those with even mild impairment, namely, ≥ 1.5 SD on
two or more tests in a single domain. Thus, there would be a
higher prevalence of cognitive impairment in our sample than in
other studies that use a more conservative definition (i.e., ≥ 2
SD). Lastly, the cognitive domains used in our definition of
cognitive impairment were based on a principal components
analysis conducted on this sample, which restricts the generaliz-
ability of the results to other diseases.

CONCLUSIONS

The MoCA’s sensitivity and specificity are maximized to
higher than 90% by using two cut points to stratify post-stroke
individuals into groups of low, indeterminate, and high proba-
bility of cognitive impairment. This is a practical and efficient
method to increase certainty of classification for the indetermi-
nate group while also expanding the domains assessed by pairing
the MoCA with the SDMT. This process has the potential to
improve the efficiency of limited and expensive resources, which
is an important goal within the healthcare system.
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