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Abstract

Objectives: While various short variants of the Montreal Cognitive Assessment (MoCA) have 

been developed, they have not been compared among each other to determine the most optimal 

variant for routine use. This study evaluated the comparative performance of the short variants in 

identifying mild cognitive impairment or dementia (MCI/dementia).

Design: Baseline data of a cohort study.

Setting: Alzheimer’s Disease Centers across the United States.

Participants: Participants aged ≥50 years (n=4,606), with median age 70 (interquartile range 

65–76)

Measures: Participants completed MoCA and were evaluated for MCI/dementia. The various 

short variants of MoCA were compared in their performance in discriminating MCI/dementia, 

using areas-under-the-receiver-operating-characteristic-curve (AUC).

Results: All seven short variants of MoCA had acceptable performance in discriminating MCI/

dementia from normal cognition (AUC 87.7–91.0%). However, only two variants by Roalf (2016) 

and Wong (2015) demonstrated comparable performance (AUC 88.4–88.9%) to the original 

MoCA (AUC 89.3%). Among the participants with higher education, only the variant by Roalf 

(2016) had similar AUC to the original MoCA. At the optimal cut-off score of <25, the original 

MoCA demonstrated 84.4% sensitivity and 76.4% specificity. In contrast, the short variant by 

Roalf (2016) had 87.2% sensitivity and 72.1% specificity at its optimal cut-off score of <13.

Conclusions and Implications: The various short variants may not share similar diagnostic 

performance, with many limited by ceiling effects among participants with higher education. Only 

the short variant by Roalf (2016) was comparable to the original MoCA in identifying MCI or 

dementia even across education subgroups. This variant is one-third the length of the original 

MoCA and can be completed in <5 minutes. It provides a viable alternative when the original 

MoCA cannot be feasible administered in clinical practice, and can be especially useful in non-
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specialty clinics with large volume of patients at high-risk of cognitive impairment (such as those 

in primary-care, geriatric, and stroke-prevention clinics).

INTRODUCTION

Detailed neuropsychological testing plays an essential role in the diagnosis of mild cognitive 

impairment (MCI) and dementia.1 However, it can be time-consuming and may not be well-

suited for routine use outside of specialized memory clinics. As such, it has often been 

replaced by brief cognitive tests in the diagnostic evaluation of MCI and dementia, with the 

Montreal Cognitive Assessment (MoCA)2 being among the most widely-used tests.3 MoCA 

has many desirable characteristics. Compared to the traditionally popular Mini-Mental State 

Examination (MMSE), MoCA is freely available (at www.mocatest.org), has been translated 

into multiple languages, includes more robust measures of visuospatial and executive 

function, and has better diagnostic performance than MMSE in detecting MCI.2,3 

Nevertheless, its administration time is still less than ideal and can remain prohibitive in 

many non-specialty clinics with high patient load and limited resources – it requires up to 15 

minutes to administer even in the healthy population and can be almost two times longer 

than the administration time of MMSE.4–8

Consequently, various abbreviated versions of MoCA4–7,9–11 have been developed in the 

literature to reduce its administration time, by excluding items which contributed minimally 

to the overall diagnostic performance. As shown in Table 1, at least seven different versions 

of abbreviated MoCA have been published to date. While most of them have been shown to 

be useful in the diagnosis of MCI and dementia, they have not been compared among each 

other. It is uncertain which of these versions is most optimal for routine use, that is, having 

the least number of items while remaining comparable to the original MoCA in its 

diagnostic performance. This study sought to provide more conclusive evidence – using a 

large sample – on the comparative performance of the various short variants of MoCA in the 

diagnosis of MCI and dementia.

METHOD

Study population

This study is based on the baseline data of the National Alzheimer’s Coordinating Center 

(NACC) cohort.12 It included individuals who: (1) were recruited from the Alzheimer’s 

Disease Centers across the United States from March 2015 (the date when MoCA was first 

introduced in the NACC database) to May 2018; (2) age ≥50 years; (3) completed MoCA at 

baseline; and (4) completed standardized assessments to evaluate for the presence of MCI or 

dementia. Research using the NACC database was approved by the University of 

Washington Institutional Review Board.

Measures

MoCA2 is a widely-used cognitive assessment tool. It assesses cognitive functions in the 

following seven domains: Visuospatial/Executive, Naming, Attention, Language, 

Abstraction, Delayed recall and Orientation. The test has a maximum score of 30 with 

higher scores corresponding to better cognition.
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The diagnoses of normal cognition, MCI or dementia were made based on all available data, 

with majority of the diagnoses made via consensus conference (in 88.1% of the participants) 

and the remainder made by single clinicians. MCI was diagnosed using modified Petersen 

criteria;13 while dementia was diagnosed with McKhann (2011) criteria14 with further 

classification into the primary etiologies of Alzheimer’s dementia,14 vascular dementia,15 

dementia with Lewy Bodies,16,17 frontotemporal lobar degeneration,18–21 or other 

etiologies.

Statistical analyses

Area under the receiver operating characteristic curve (AUC) was computed to assess the 

performance of each MoCA variant in discriminating the baseline diagnoses of MCI and 

dementia from normal cognition. The analysis was conducted for the whole sample, as well 

as stratified for the education subgroups (≤12 years of education; and >12 years of 

education). AUC of the MoCA variants were compared to that of the original MoCA via a 

non-parametric approach,22 with Bonferroni adjustment of the p-values to account for 

multiple comparisons. Additionally, a sensitivity analysis was also conducted to assess the 

performance of the variants in discriminating dementia from non-dementia. All analyses 

were conducted in Stata (version 14).

RESULTS

The total sample size was 4,606, comprising 48.7% normal cognition, 24.0% MCI and 

27.3% dementia. Among the participants with dementia (n=1,259), 69.3% had the primary 

etiology of Alzheimer’s dementia, 0.7% had vascular dementia, 5.2% mixed Alzheimer’s/

vascular dementia, 5.5% dementia with Lewy Bodies, 16.3% frontotemporal lobar 

degeneration, and 2.9% due to other or unknown etiology. The flow diagram related to 

participant selection is presented in Figure 1, while the participant characteristics are shown 

in Table 2.

Table 3 shows the diagnostic performance of the MoCA variants in discriminating MCI and 

dementia from normal cognition (stratified by educational attainment). All the seven short 

variants of MoCA demonstrated acceptable AUC (ranging from 87.7% to 88.9%). However, 

only the variants by Roalf (2016)5 and Wong (2015)6 had AUC which were not significantly 

different from that of the original MoCA in identifying MCI and dementia. Most of the 

MoCA variants demonstrated comparable AUC (to the original MoCA) among participants 

with ≤12 years of education, but had poorer AUC among those with >12 years of education. 

Notably, only the variant by Roalf (2016)5 demonstrated similar AUC to that of the original 

MoCA in discriminating MCI and dementia among participants with >12 years of education.

Table 4 presents a summary of the optimal cut-off scores for the MoCA variants in 

identifying MCI and dementia. The original MoCA demonstrated 84.4% sensitivity and 

76.4% specificity at the optimal cut-off score of <25. Most of the MoCA variants had 

acceptable levels of sensitivity and specificity (>70%) at their respective optimal cut-off 

scores. In particular, the short variant by Roalf (2016) had 87.2% sensitivity and 72.1% 

specificity at its optimal cut-off score of <13 (out of the maximum score of 16). Detailed 
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results on the sensitivity and specificity statistics of each MoCA variant are further presented 

in Supplementary Material 1.

A sensitivity analysis was conducted to evaluate the performance of the MoCA variants in 

discriminating dementia from non-dementia. All the short variants of MoCA had 

significantly lower performance than the original MoCA in discriminating dementia from 

non-dementia, especially among participants with >12 years of education (Supplementary 

Material 2). At the optimal cut-off score of <22, the original MoCA demonstrated 83.9% 

sensitivity and 82.9% specificity in discriminating dementia from non-dementia 

(Supplementary Material 3). All the MoCA variants maintained the minimally-acceptable 

levels of sensitivity and specificity (>70%) at their respective optimal cut-off scores. 

Detailed results on the sensitivity and specificity statistics of each MoCA variant in 

identifying dementia are further presented in Supplementary Material 4.

DISCUSSION

This study provided the confirmatory evidence – using the largest sample to date in the 

literature related to short variants of MoCA (n=4,606) – on the comparative performance of 

the various short variants in the diagnosis of MCI and dementia. Although all the short 

variants of MoCA had acceptable diagnostic performance, only the variant by Roalf (2016)5 

had comparable performance to that of the original MoCA in discriminating MCI and 

dementia from normal cognition even across education subgroups. In contrast, all the short 

variants had relatively lower performance than the original MoCA in discriminating 

dementia from non-dementia, albeit by small margins of difference in the AUC.

Overall, the short variant by Roalf (2016)5 presents as a viable alternative for detection of 

MCI and dementia when the original MoCA cannot be feasible administered in routine 

clinical practice. This short variant comprises 8 items – which is only one-third the length of 

the original MoCA – and may be completed in less than 5 minutes.5 It can be especially 

useful in non-specialty clinics (such as in primary care, geriatric, and stroke prevention 

clinics), which provide care to large volume of patients at high-risk of cognitive impairment 

(due to the presence of multiple risk factors such as diabetes mellitus, cardiovascular 

diseases and advancing age) but have comparatively less resources than specialized memory 

clinics to administer cognitive tests. Potentially, the routine administration of this short 

variant can have a health-systems impact – it can facilitate early detection of cognitive 

impairment in non-specialty clinical services and improve patients’ access to timely 

preventive interventions, such as those related to risk factor modifications23 and cognitive 

training.24 Such practice is consistent with the recent consensus recommendations by the 

International Association of Gerontology and Geriatrics, on the need for active case-finding 

and timely interventions for early cognitive impairment.25

It is understandable why most of the short variants of MoCA can have poorer diagnostic 

performance, especially among participants with higher educational attainment. Having 

fewer test items in the cognitive tests, the short variants may be less sensitive to more subtle 

changes in cognition, which can result in ceiling effects especially among those with higher 

education. Notwithstanding this limitation, the short variant by Roalf (2016)5 still 
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maintained similar performance to MoCA in identifying MCI and dementia, which may 

possibly be explained by how this short variant was previously developed. Compared to the 

other short variants, the variant by Roalf (2016)5 was developed through more rigorous 

methods – using item response theory and simulated computerized adaptive testing in a large 

sample (n=1,850) – and hence allowed the selection of items within the original MoCA 

which are most discriminative of participants with varying cognitive function.5 Moreover, 

this short variant by Roalf (2016)5 also has an additional strength where its scores can be 

mapped to those of MMSE using a recently published conversion table.8 As such, the scores 

from this short variant may be easily converted to those of MMSE, which can facilitate the 

comparison of scores across clinical sites that administer the two different tests. 

Notwithstanding the strengths of this variant, one may still need to apply some caution when 

using it to discriminate dementia from non-dementia, considering its relatively lower 

performance in this respect.

Several limitations should be considered. First, the participants in this study involved those 

who volunteered at the Alzheimer’s Disease Centers. Hence, the findings on the optimal 

MoCA variant are more applicable to the typical healthcare services (where patients often 

voluntarily present themselves), rather than community settings. Second, most of the 

participants who volunteered at the Alzheimer’s Disease Centers had higher educational 

attainment (with half of them having at least a bachelor’s degree, or 16 years of education), 

compared to patients in the usual clinical settings. To address this limitation, the study 

analyses had also been stratified by education subgroups; of which the results provided some 

indication that the choice of the short variant may probably be less consequential among 

those with lower educational attainment, as the ceiling effects (which are often evident 

among highly educated individuals) may possibly be less of a problem among those with 

lower educational attainment. Third, majority of the participants with dementia (69.3%) had 

the primary etiology of Alzheimer’s dementia. Although such large proportion of 

Alzheimer’s dementia is consistent with what is expected of the older population with 

dementia, the findings may not necessarily apply to participants with other primary 

etiologies of dementia. Fourth, in a small proportion of the participants (11.9%), the 

diagnoses of MCI and dementia were made primarily by single clinicians. They may not 

necessarily be as accurate as those made via consensus conference. Fifth, the identified short 

variant from this study is intended to expand the range of brief cognitive tests that clinicians 

can choose from in the diagnosis of cognitive impairment, and can be especially useful in 

clinical services which have already been familiar with the administration of MoCA. It is not 

intended as a replacement to the other equally-useful brief cognitive tools,25 such as the 

Mini-Cog26 and the Saint Louis University Mental Status (SLUM) examination.27

CONCLUSIONS AND IMPLICATIONS

In conclusion, the various short variants of MoCA may not share comparable performance to 

the original MoCA in the diagnosis of MCI and dementia, with many limited by ceiling 

effects among participants with higher education. Among all, the variant by Roalf (2016)5 

may be the best alternative when the original MoCA cannot be feasibly administered in 

clinical services with high patient load and limited resources for cognitive testing (such as in 

primary care, geriatric, and stroke prevention clinics).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant enrolment and exclusion details.
NACC, National Alzheimer’s Coordinating Center; MoCA, Montreal Cognitive Assessment.
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Table 1.

Overview of the short variants of MoCA that were evaluated in this study

Items in the 
original MoCA MoCA variant (by author and year)

Roalf (2016)5 Wong (2015)6a Horton (2015)7 Bezdicek (2018)4 Dong (2016)9b Bocti (2013)10 Mai (2013)11

1. Visuospatial/
Executive – Trails ✓ ✓ ✓

2. Visuospatial/
Executive – Cube ✓

3. Visuospatial/
Executive – 
Clock drawing

✓ ✓ ✓

4. Language – 
Naming (lion)

5. Language – 
Naming 
(rhinoceros)

✓

6. Language – 
Naming (camel)

7. Memory – 
Registration (first 
trial)

✓

8. Attention – 
Digit span 
forward

9. Attention – 
Digit span 
backward

✓

10. Attention – 
Tap at letter A

11. Attention – 
Serial 7s ✓ ✓ ✓

12. Language – 
Repetition (John)

13. Language – 
Repetition (cat) ✓

14. Language – 
Fluency ✓ ✓ ✓ ✓ ✓

15. Abstraction – 
Train ✓ ✓

16. Abstraction – 
Watch ✓ ✓ ✓ ✓

17. Delayed recall ✓ ✓ ✓ ✓ ✓ ✓ ✓

18. Orientation – 
Date ✓ ✓ ✓

19. Orientation – 
Month ✓ ✓ ✓

20. Orientation – 
Year ✓ ✓ ✓

21. Orientation – 
Day ✓ ✓ ✓

J Am Med Dir Assoc. Author manuscript; available in PMC 2020 August 01.
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Items in the 
original MoCA MoCA variant (by author and year)

Roalf (2016)5 Wong (2015)6a Horton (2015)7 Bezdicek (2018)4 Dong (2016)9b Bocti (2013)10 Mai (2013)11

22. Orientation – 
Place ✓ ✓ ✓ ✓

23. Orientation – 
City ✓ ✓ ✓

MoCA, Montreal Cognitive Assessment.

a
the items in this variant are scored differently from the original MoCA – Registration (maximum 5 points, based on the first trial), Fluency 

(maximum 9 points, with 0.5 points for each correct answer), Orientation (maximum 6 points), and Delayed recall (maximum 10 points, with 2 
points for each spontaneous recall, and 1 point for cued recall or recognition).

b
based on the 5-minutes protocol proposed by the National Institute of Neurological Disease and Stroke–Canadian Stroke Network

J Am Med Dir Assoc. Author manuscript; available in PMC 2020 August 01.
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Table 2.

Characteristics of the study participants at baseline (n=4,606)

Variable Overall sample
(n=4,606)

Normal cognition
(n=2,240)

MCI
(n=1,107)

Dementia
(n=1,259)

Age, median (IQR) 70 (65–76) 69 (65–74) 72 (67–78) 71 (63–77)

Female sex, n (%) 2,655 (57.6) 1,456 (65.0) 546 (49.3) 653 (51.9)

Years of education, median (IQR) 16 (14–18) 16 (15–18) 16 (14–18) 16 (13–18)

Ethnicity, n (%)

 White 3,675 (79.8) 1,681 (75.0) 881 (79.6) 1,113 (88.4)

 African American 624 (13.5) 372 (16.6) 156 (14.1) 96 (7.6)

 Others/Unknown 307 (6.7) 187 (8.4) 70 (6.3) 50 (4.0)

MoCA total score, median (IQR) 24 (19–27) 27 (25–28) 23 (20–25) 15 (11–20)

IQR, interquartile range; MCI, mild cognitive impairment; MoCA, Monteral Cognitive Assessment.
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