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Objective: To investigate optimal cutoff scores and the effects of normative adjustments on the performance of the Montreal Cognitive Assessment (MoCA) as a screening instrument for Mild Cognitive Impairment (MCI) and dementia due to
Alzheimer’s disease (AD-dementia). Methods: 499 adults 48 to 91 years-old enrolled
in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) and were administered
the MoCA during baseline. Participants were classified as either cognitively normal
(CN), MCI, or AD-dementia by clinical assessment. Receiver operating characteristic
(ROC) analyses were performed using raw MoCA scores, education-adjusted MoCA
scores, and a regression-based adjustment derived from the National Alzheimer’s
Coordinating Center data (NACC). Test performance characteristics were calculated
for various cutoffs after each normative correction method. Results: Areas under the
curve (AUC) were similar for raw, education-adjusted, and NACC-adjusted MoCA
scores, and demonstrated minimal improvement when adjustments of increasing
complexity were applied. Our results suggest that the optimal cutoff score for distinguising MCI is 24 and for distinguising AD-dementia is 22. Conclusions: This study
adds to the understanding of how normative adjustments affect the sensitivity and
specificity of the MoCA. Suggested corrections based on education alone do not yield
improved test characteristics, but small improvements are attained when a regression-based correction that accounts for age, sex, and education is applied. Furthermore, optimal cutoffs for distinguishing CN from MCI or CN from AD-dementia were
lower than previously reported. Optimal cutoffs to detect MCI and AD-dementia may
vary in different populations, and further study is needed to determine appropriate
use of the MoCA as a screening tool. (Am J Geriatr Psychiatry 2018; 00:1−10)
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Highlights
1 Our study examines optimal cutoff scores for the Montreal Cognitive Assessment
(MoCA) as a screening instrument for Mild Cognitive Impairment (MCI) and dementia due to Alzheimer’s disease (AD-dementia), as well as the effects of normative
adjustments on diagnostic classification.
2 The ability of the MoCA to classify diagnostic status was similar for raw, educationadjusted, and NACC-adjusted scores. Our results suggest that the optimal cutoff
score for distinguishing MCI is 24 and for distinguishing dementia is 22.
3 Further study is needed to determine appropriate use of the MoCA as a screening
tool, but the optimal cutoff score may be lower than the previously suggested threshold of 26.

OBJECTIVE
he Montreal Cognitive Assessment (MoCA)1 is
increasingly used by clinicians and researchers as
a brief screening measure to assess cognitive
impairment. MoCA scores range from 0 to 30 with
lower scores indicating decreased cognitive ability.
The MoCA has been described as more sensitive and
speciﬁc than other screening tools, such as the MiniMental Status Examination (MMSE)2 and uses an
established cutoff score for Mild Cognitive Impairment
(MCI) of < 26 with a 1-point adjustment for years of
education ( ≤ 12). However, the clinical utility of this
cutoff score and of normative adjustments to this
threshold is based on limited research.
To date, the MoCA has been used to quantify cognitive changes across a broad spectrum of neurocognitive
disorders including studies of MCI and Alzheimer's disease,2−5 cerebrovascular disease,5−7 Lewy Body disease8
and Parkinson's disease.9−13 The MoCA has also been
used to predict conversion from MCI to dementia.
Julayanont et al. assessed the discriminative ability of
the MoCA in predicting conversion from MCI to
dementia due to Alzheimer's disease (AD-dementia)
and found that MCI participants with lower MoCA
scores at the time of diagnosis were more likely to convert to AD-dementia over an 18-month period.4 Further,
the use of the MoCA in an MCI population demonstrated sensitivity to progression with decreased scores
over a 3.5-year period, as compared to healthy controls
whose scores remained stable.14
However, recent studies have indicated that the
recommended cutoff score of 26 or greater may have
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relatively low speciﬁcity and lead to a large false positive rate of cognitive impairment − regardless of population setting, age, or education.5,9,11,13,15,16 A
Cochrane review3 examined the diagnostic accuracy
of the MoCA for detecting dementia using the cutoff
of 26. The MoCA was reported to have good sensitivity for detecting dementia but with low speciﬁcity (a
cutoff of 26 would have incorrectly diagnosed »40%
of pooled study participants with dementia). The
authors concluded that this cutoff is likely too high
and that further research is needed to determine the
optimal cutoffs for detecting dementia and its subtypes. Further, the risk for excessive false positives
has been echoed in several recent studies including in
community samples of African Americans where concerns have been raised about the predictive value and
utility of the MoCA in diverse populations.17,18
The current study aimed to investigate the effects of
normative adjustments on performance of the MoCA
and to explore optimal cutoffs when using the MoCA
as a screening instrument for MCI and AD-dementia.

METHODS
Data used in the preparation of this manuscript
were obtained from the Alzheimer's Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.
edu) on 9/28/2014. ADNI was launched in 2003 as a
public-private partnership, led by Principal Investigator Michael W. Weiner, MD. The primary goal of
ADNI has been to test whether serial magnetic resonance imaging (MRI), positron emission tomography
(PET), biological markers, and clinical and
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neuropsychological assessment can be combined to
measure the progression of MCI and early AD. For
more information, see www.adni-info.org.
At the time of analysis, the ADNI-2 data set contained 499 adults, 48 to 91 years-old, with baseline
MoCA data: 188 cognitively normal (CN; excluding
subjective memory complaints), 163 MCI (excluding
early MCI), and 148 AD-dementia. This phase of the
ADNI study was utilized since the MoCA was not
administered in previous enrollment periods. The
MoCA was administered to all participants as part of
a larger cognitive battery during baseline study procedures. Detailed information describing diagnostic
criteria can be found at www.adni-info.org. Brieﬂy,
CN subjects had no memory complaints, normal
memory performance, and absence of impairment in
cognition or daily functioning. MCI subjects had a
subjective memory concern, abnormal memory performance, and preserved functional performance
such that a diagnosis of AD-dementia cannot be
made.19 AD-dementia subjects had a subjective memory concern, abnormal memory performance, and
functional impairment that met NINCDS/ADRDA
criteria for probable AD-dementia.20 The ADNI database also included early MCI (EMCI) subjects. EMCI
subjects had subjective memory concerns, mildly
abnormal memory performance, and no functional
impairment such that a diagnosis of AD-dementia
could not be made. Given that EMCI subjects neither
met criteria for MCI or CN and that these subjects do
not clearly ﬁt into a diagnostic group, they were
excluded from analyses.

Standard Protocol Approvals, Registrations, and
Patient Consents
All participants provided written informed consent. The study was approved by the institutional
review boards at all participating study sites.

Statistical Analyses
Statistical analyses were performed using SPSS
version 24.0 (IBM SPSS, Chicago, IL). Descriptive statistics were used to assess sample characteristics
(Table 1). Demographic characteristics were compared across diagnostic groups using Pearson chisquared or one-way ANOVAs with post-hoc
t-tests. The MoCA's diagnostic accuracy for MCI and
AD-dementia subjects was evaluated with receiver
operating characteristic (ROC) curve analyses. A nonparametric distribution was assumed. ROC analyses
were conducted to produce ROC curves for baseline
uncorrected MoCA scores. Follow-up ROC analyses
were performed using 1) the recommended education
adjustment proposed by Nasreddine et al.1 that consists of adding 1 point to the MoCA total score for
individuals with ≤ 12 years of education and 2) the
adjustment derived from the National Alzheimer's
Coordinating Center (NACC) data,21 which utilizes a
regression equation comprised of MoCA score, age,
sex, and education. NACC was developed in 1999 by
the National Institute on Aging/National Institutes of
Health to assist in the collaborative research of Alzheimer's disease by maintaining a large database of

TABLE 1. Participant Demographics

n
Age (M§SD)
Sex (% male)
Race (% caucasian)
Education (M§SD)
APOE Genotype (%)
e4 e4 +
e4/e4 +
CDRsb (M§SD)
MMSE (M§SD)
(min-max)
MoCA (M§SD)
(min-max)

CN

MCI

AD

df

F or x2

p-value

188
73.37 § 6.26
47.87%
88.30%
16.53 § 2.56
71.35%
25.41%
3.24%
0.04 § .14
29.02 § 1.26
(24-30)
25.66 § 2.37
(19-30)

163
71.99 § 7.73
52.76%
93.87%
16.50 § 2.59
43.21%
40.74%
16.05%
1.75 § 1.00
27.58 § 1.82
(24-30)
22.20 § 3.28
(14-30)

148
74.48 § 8.09
58.11%
91.22%
15.81 § 2.68
32.64%
47.22%
20.14%
4.54 § 1.68
23.07 § 2.09
(19-26)
16.93 § 4.53
(4-25)

2
2
10
2
4
2
2

4.51
3.49
9.74
3.82
59.22

720.17
517.16

0.011
0.175
0.464
0.023
< 0.005
< 0.005
< 0.005

2

268.51

< 0.005

CDRsb= Clinical Dementia Rating Scale - Sum of Boxes Score, MMSE= Mini-Mental State Examination, MoCA= Montreal Cognitive Assessment,
ANOVA for continuous outcomes presented as mean§standard deviation, chi-square test for categorical outcomes, df= degrees of freedom
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Data Availability Statement

years of education (YOE), and APOE e4 allele number
(Table 1). AD-dementia participants were slightly
older on average than CN and MCI participants
(Table 1). AD-dementia participants were less educated (M=15.8 YOE, SD=2.68) when compared to CN
(M=16.5 YOE, SD=2.56) and MCI (M=16.5 YOE,
SD=2.59) participants (Table 1). Less than one-ﬁfth of
each participant group had 12 or fewer years of education (10.6% of CN, 13.5% of MCI, and 16.9% of ADdementia). Across the groups, AD-dementia and MCI
participants were more likely to have APOE e4 alleles
(Table 1).

The data supporting the ﬁndings in this manuscript are available from the corresponding author
upon request.

MoCA Performance Characteristics - Raw Scores
(without education adjustment)

both clinical and neuropathological data. More
detailed information regarding NACC can be found
at www.alz.washington.edu.
The AUC measure represents the mean sensitivity
value for all possible values of speciﬁcity, with larger
AUC indicating better diagnostic accuracy. The optimal cutoff points were explored using the Youden's
index (J=sensitivity+speciﬁcity-1). Increasing Youden's index indicates higher combined sensitivity and
speciﬁcity.22

Distinguishing CN and MCI using Raw MoCA Scores

RESULTS

The raw MoCA total score performed signiﬁcantly
better than chance when distinguishing MCI from
CN participants (AUC = 0.80, z=15.66, p < 0.05). A
Youden's index of 0.50 indicated that a raw MoCA
score of 24 was optimal for maximizing test performance (see Table 2).

Participant Characteristics
188 CN, 163 MCI, and 148 AD-dementia participants were administered the MoCA at the baseline
visit. Diagnostic groups differed signiﬁcantly for age,

TABLE 2. MoCA Test Characteristics when Distinguishing CN from MCI at Various Cutoff Scores
No Correction
Cutoff Score
20
21
22
23
24
25
26
Education Correction
Cutoff Score
20
21
22
23
24
25
26
NACC Regression
z-Score
-1.5
-1.25
-1
-0.75
-0.5
-0.25
0
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Sensitivity

Specificity

Youden’s Index

Accuracy

18%
29%
40%
56%
66%
74%
84%

100%
98%
96%
89%
84%
69%
54%

0.18
0.27
0.36
0.45
0.5
0.43
0.38

60.97%
64.67%
66.38%
70.66%
67.81%
62.96%
58.69%

Sensitivity
17%
26%
39%
56%
65%
74%
84%

Specificity
100%
98%
96%
91%
85%
70%
55%

Youden’s Index
0.16
0.24
0.36
0.47
0.5
0.43
0.39

Accuracy
60.11%
63.82%
66.95%
71.51%
67.52%
63.82%
59.54%

Sensitivity
55%
65%
71%
77%
84%
88%
90%

Specificity
93%
87%
80%
69%
61%
51%
40%

Youden’s Index
0.48
0.52
0.51
0.45
0.45
0.40
0.30

Accuracy
75.21%
76.92%
75.78%
72.36%
71.23%
68.38%
63.53%
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TABLE 3. MoCA Test Characteristics when Distinguishing CN from AD at Various Cutoff Scores
No Correction
Cutoff Score
20
21
22
23
24
25
26
Education Correction
Cutoff Score
20
21
22
23
24
25
26
NACC Regression
z-Score
-2
-1.75
-1.5
-1.25
-1
-0.75
-0.5
-0.25
0

Sensitivity

Specificity

Youden’s Index

Accuracy

70%
78%
83%
89%
95%
98%
100%

100%
98%
96%
89%
84%
69%
54%

0.7
0.76
0.79
0.78
0.78
0.67
0.54

85.71%
88.10%
86.61%
85.71%
80.36%
73.21%
64.58%

Sensitivity
67%
76%
82%
88%
95%
98%
100%

Specificity
100%
98%
96%
91%
85%
70%
55%

Youden’s Index
0.66
0.74
0.79
0.79
0.8
0.68
0.55

Accuracy
84.23%
87.50%
87.20%
86.31%
80.65%
74.11%
65.48%

Sensitivity
80%
86%
89%
93%
98%
99%
100%
100%
100%

Specificity
97%
96%
93%
87%
80%
69%
61%
51%
40%

Youden’s Index
0.77
0.82
0.82
0.8
0.78
0.68
0.61
0.51
0.4

Accuracy
89.58%
91.37%
91.07%
89.88%
88.10%
82.14%
77.68%
72.62%
66.37%

Distinguishing CN and AD-dementia using Raw MoCA
Scores

Distinguishing CN and AD-dementia using educationadjusted MoCA Scores

The raw MoCA score performed signiﬁcantly better than chance when distinguishing AD-dementia
from CN participants (AUC = 0.97, z=60.50, p <
0.05). A Youden's index of 0.79 indicated that a raw
MoCA score of 22 was optimal for maximizing test
performance (see Table 3).

The education-adjusted MoCA score performed
signiﬁcantly better than chance when distinguishing AD-dementia from CN participants (AUC=
0.97, z = 69.22, p < 0.05). A Youden's index of 0.80
indicated that an education adjusted MoCA score
of 22 was optimal for maximizing test performance
(see Table 3).

MoCA Performance Characteristics − Education
Only Correction
Distinguishing CN and MCI using education-adjusted
MoCA Scores
The education-adjusted MoCA score performed
signiﬁcantly better than chance when distinguishing MCI from CN participants (AUC = 0.80,
z=15.72, p < 0.05). A Youden's index of 0.50 indicated that an education adjusted MoCA score of 24
was optimal for maximizing test performance (see
Table 2).
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MoCA Performance Characteristics - NACC (Age,
Sex, and Education) Regression Correction
Distinguishing CN and MCI using NACC regressioncorrected MoCA Scores
The NACC regression corrected MoCA score performed signiﬁcantly better than chance when distinguishing MCI from CN participants (AUC = 0.82,
z = 17.06, p < 0.05). A Youden's index of 0.52
indicated that an adjusted MoCA z-score of -1.25
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was optimal for maximizing test performance (see
Table 2).
Distinguishing CN and AD-dementia using NACC
regression-corrected MoCA Scores
The NACC regression corrected MoCA score performed signiﬁcantly better than chance when distinguishing AD-dementia from CN participants
(AUC = 0.98, z=81.28, p < 0.05). A Youden's index of
0.82 indicated that an adjusted MoCA z-score of -1.50
was optimal for maximizing test performance (see
Table 3).

CONCLUSIONS
The proposed MoCA cutoff score of < 26 was
initially validated to differentiate impaired cognition (MCI or dementia) from normal cognition.1
The suggested correction for educational achievement consisted of adding an extra point to the
total score for those individuals with less than or
equal to 12 years of education. The MoCA is
thought to have superior sensitivity and speciﬁcity
to distinguish normal cognition from cognitive
impairment when compared to other brief mental
status exams. This study examined the optimal
MoCA cutoff score for identifying cognitive
impairment when three different normative adjustments for patient demographics were applied.
Consistent with previous research, our analyses
suggest that the optimal threshold for classifying
cognitive impairment on the MoCA may be lower
than originally described.16,23−26 Speciﬁcally, the
results indicated that a cutoff of 24 was consistently best at distinguishing normal from abnormal
cognition. Our ﬁnding is consistent with the results
from another study where a threshold score of 24
demonstrated superior predictive value in a population with a high prior probability of cognitive
impairment.24
It is important to emphasize that even the
uncorrected MoCA score performed well as a
screening instrument for MCI and AD-dementia.
No apparent improvements in test characteristics
were gained when applying the one-point education correction as has been suggested.1 As
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mentioned previously, 10.6% of the CN group,
13.5% of the MCI group and 16.9% of the ADdementia group received the one-point correction.
After applying the education correction, the AUCs
for distinguishing MCI and AD-dementia remained
at 0.80 and 0.97 respectfully. For both uncorrected
and education corrected scores, a Youden's index
score of 0.50 suggests a MoCA score of 24 maximizes test performance for distinguishing MCI.
Furthermore, a Youden's index score of 0.80 suggests an education-corrected MoCA score of 22
maximizes test performance in distinguishing ADdementia.
The NACC regression correction yielded the best
improvement in test characteristics. The AUCs for
distinguishing MCI and AD-dementia were 0.82 and
0.98 respectfully. A Youden's index score of 0.52 suggests a MoCA adjusted z-score of -1.25 maximizes
test performance for distinguishing MCI from CN
and a Youden's index score of 0.82 suggests an
adjusted z-score of -1.50 maximizes test performance
for distinguishing AD-dementia from CN. At the
optimal cutoff of -1.25, the regression-based correction accurately classiﬁed 76.92% of subjects with
MCI. Additionally, the optimal cutoff of -1.50 accurately classiﬁed 91.07% of subjects with AD-dementia. This regression-based correction takes into
account age, sex, and education. For example, a 75year-old male with 18 years of education will fall at a
z-score of -1.36 with a score of 23. Whereas, a 75-yearold male with 8 years of education will fall at a zscore of -1.64 with a score of 19. In both of these
instances the individuals are scoring in the mildly
impaired range. Thus, very low educational attainment may be particularly important to consider when
evaluating the effects of normative adjustments on
screening cutoffs. We cannot directly compare z-score
cutoffs for the NACC regression (e.g. z-score of -1.5
or -1.25) with those that are adjustments to the total
score (e.g., 24 vs. 26). However, these ﬁndings suggest that incorporating more demographic variables
into MoCA corrections provide for better diagnostic
classiﬁcation.
The generalizability of our ﬁndings may be limited by characteristics of the ADNI sample. Speciﬁcally, the ﬁndings may not apply to non-amnestic
subtypes of MCI, or to other dementias. Thus, caution is warranted when applying demographic
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corrections to the MoCA in diverse populations.
For example, similar to the original MoCA sample1
the ADNI sample consists of individuals with
higher educational attainment than the general
population. Given this, it is somewhat difﬁcult to
ascertain the true beneﬁt of 1-point education correction in this sample. Furthermore, education
attainment levels may not always accurately indicate premorbid cognitive and functional abilities.1
For that reason, it is important that clinicians use
their best clinical judgment when interpreting the
results of the MoCA within patient samples that
diverge from the study populations. In contrast to
prior research, a strength of the present study is
that participants were clinically stratiﬁed as CN,
MCI, or AD-dementia by clinician judgment,
global CDR score and neuropsychological testing.
This allows for a more speciﬁc examination of the
utility of the MoCA for identifying the subtle cognitive impairment seen in patients with MCI.
A weakness of this study is low ethnic diversity in
the ADNI sample. However, our ﬁndings are consistent with ﬁndings from studies with diverse samples.17,18 Rossetti et al. (2011) found that Caucasian
participants achieved a signiﬁcantly higher MoCA
score than other racial groups, which did not accurately reﬂect differences in daily functioning or diagnosis.16,23−26 Further, research evaluating the MoCA
in clinical and non-clinical populations found that
internal consistency for the MoCA is better in clinical
samples than in community samples.27 Thus, clinicians should be cautious when applying these norms
to racially diverse and community populations.
Future research in more diverse population samples
is clearly needed to explore how different normative
corrections might affect test characteristics of the
MoCA score. Although, medical comorbidity is less
likely to bias our results since the ADNI sample participants are largely free of unstable medical, neurological, or psychiatric comorbidities, community
samples are not free of such comorbidities, limiting
the external validity of our results.
Overall, this study indicates that optimal cutoffs to
detect MCI and AD-dementia may be lower than previously described. Further, our ﬁndings suggest an
advantage to incorporating additional demographic
variables (sex, age, education), compared to a single
cutoff score or one-point education correction, when
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using a regression-based normative approach. The
NACC regression-based correction provided the best
performance of the MoCA score in distinguishing
MCI and AD-dementia from normal cognition. This
ﬁnding underscores the importance of developing
demographically informed norms for commonly
used brief cognitive screening measures such as the
MoCA.
However, we emphasize that clinicians should use
caution when applying any cutoff scores in diverse
populations that do not reﬂect characteristics of those
used in norming samples. Of particular concern is the
risk that dementia may be over-diagnosed in individuals with low educational attainment. We caution
that although screening measures are very useful in
determining which individuals may need further
diagnostic workups, such measures should never be
used alone to diagnose neurodegenerative disorders.
Overall, the need to detect individuals who require
further evaluation must be balanced with the desire
to prevent over-diagnoses and unnecessary costly
workups.
In summary, this study adds to the understanding
of how normative adjustments affect the test performance of the MoCA. Suggested corrections based on
education alone do not yield improved test characteristics, but small improvements are attained when a
regression-based correction that accounts for age, sex,
and education is applied. Furthermore, optimal cutoffs for distinguishing CN from MCI or CN from ADdementia were lower than previously reported. Optimal cutoffs to detect MCI and AD-dementia may
vary in different populations and further study is
needed to determine appropriate use of the MoCA as
a screening tool. Fig. 1
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for this project was funded by the Alzheimer's Disease
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FIGURE 1. ROC plots of baseline MoCA scores with various normative adjustments applied. Areas under the curve (AUC) were similar for ROC curves constructed with uncorrected MoCA scores, education adjusted scores, and NACC adjusted scores. There was a
slight improvement when adjustments of increasing complexity were applied.
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