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Abstract The Montreal Cognitive Assessment (MoCA)

is a rapid screening battery, also including subtests to

assess frontal functions such as set-shifting, abstraction and

cognitive flexibility. MoCA seems to be useful to identify

non-amnestic mild cognitive impairment (MCI) and sub-

cortical dementia; it has high sensitivity and specificity in

distinguishing MCI from mild Alzheimer’s Disease. Pre-

vious studies revealed that certain items of MoCA may be

culturally biased and highlighted the need for population-

based norms for the MoCA. The aim of present study was

to collect normative values in a sample of Italian healthy

subjects. Four hundred and fifteen Italian healthy subjects

(252 women and 163 men) of different ages (age range

21–95 years) and educational level (from primary to uni-

versity) underwent MoCA and Mini Mental State Exami-

nation (MMSE). Multiple linear regression analysis

revealed that age and education significantly influenced

performance on MoCA. No significant effect of gender was

found. From the derived linear equation, a correction grid

for MoCA raw scores was built. Inferential cut-off score,

estimated using a non-parametric technique, is 15.5 and

equivalent scores were computed. Correlation analysis

showed a significant but weak correlation between MoCA

adjusted scores with MMSE adjusted scores (r = 0.43,

p \ 0.001). The present study provided normative data for

the MoCA in an Italian population useful for both clinical

and research purposes.
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Introduction

Many brief screening measures of general cognitive status

have been developed in response to the need for early

detection of cognitive deterioration in primary care set-

tings. Such screening tests are expected to be relatively

quick, easy to administer, score and interpret [1].
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Among the cognitive screening tests, the Mini Mental

State Examination (MMSE [2]) is likely the most commonly

used instrument for detecting cognitive deterioration [3].

However, it has been underlined that MMSE makes a large

use of verbal material, is not sensitive to subtle cognitive

impairments and may fail to identify cognitive defects in

frontal/executive, attention or visuospatial domains [3, 4].

On the basis of the above considerations, Nasreddine

et al. [3] developed the Montreal Cognitive Assessment

(MoCA) covering eight cognitive domains: short-term and

delayed verbal memory, visuospatial abilities, executive

functions, attention, concentration, working memory, lan-

guage, orientation to time and place. With respect to

MMSE, MoCA includes several tasks with visuospatial

material, together with tasks and procedures specifically

assessing frontal/executive functions and attention [5], and

long-term memory [3]. Nasreddine et al. [3] reported that a

cut-off \26 was the best balance between sensitivity and

specificity for identifying cognitive deterioration in the

course of mild cognitive impairment (MCI) and Alzhei-

mer’s disease (AD). Moreover, MoCA has been reported to

be a sensitive tool for screening patients with non-AD

dementia such as the behavioral variant of Frontotemporal

Dementia [6], dementia associated with Parkinson’s Dis-

ease [7], and vascular dementia [8].

In administering MoCA, however, it should be taken into

account that several items may be culturally biased, and this

implies the strong need to employ population-based norms

[9]. MoCA has been translated in Italian by Pirani et al. [10],

but until now no normative study has been performed in

Italian population. The present study was designed to pro-

vide normative data for MoCA stratified by age, education

and sex in a sample of Italian healthy subjects. According to

the statistical procedures adopted for most neuropsycho-

logical tests carried out on Italian population [11], inferential

cut-off scores for MoCA and for each cognitive domain

were calculated and a transformation of raw scores into

equivalent scores (ES) was proposed.

Materials and methods

Subjects

Participants were recruited in different districts of Italy

(most of them in Naples, Milan and Siena) and were

enrolled in the study if they had no current or past history

of neurologic or psychiatric diseases (e.g., alcohol or drug

abuse, depression or major psychiatric diseases, brain

injury, stroke and dementia).To avoid enrolment of a

‘‘super-normal sample’’ that may not represent the general

population, individuals with mild hypertension and well-

compensated type II diabetes were not excluded. However,

we excluded from analysis participants who achieved an

age-and education-adjusted MMSE score below the normal

cut-off [12], to reduce probability of enrolling individuals

with possible diffuse cognitive impairment, as it has been

done in previous normative studies on Italian neuropsy-

chological tests [e.g., 13–15].

All participants took part in the study on a voluntary

basis after having provided their written informed consent

and without receiving any reward. This enrolment proce-

dure resulted in a sample of 415 healthy Italian subjects

(252 women and 163 men), covering a wide age range

(21–95 years), and representing all levels of formal edu-

cation (from primary school to university). Mean age of the

whole sample was 56.82 years (18.8), mean formal edu-

cation was 11.13 years (4.76). The distribution of the

sample for age and education is reported in Table 1.

Procedure

All participants were tested individually in a quiet room.

All of them first underwent the Italian version of MoCA

[10], and then completed the Italian version of MMSE [12].

MoCA consists of 12 subtasks exploring the following

cognitive domains: (1) memory (score range 0–5), assessed

by means of delayed recall of five nouns, after two verbal

presentations; (2) visuospatial abilities (score range 0–4),

assessed by a clock-drawing task (3 points) and by copying

of a cube (1 point); (3) executive functions (score range

0–4), assessed by means of a brief version of the Trail

Making B task (1 point), a phonemic fluency task (1 point),

and a two-item verbal abstraction task (2 points); (4)

attention, concentration and working memory (score range

0–6), assessed by means of a sustained attention task

(target detection using tapping; 1 point), a serial subtrac-

tion task (3 points), and forward and backward span tasks

for digits (1 point each); (5) language (score range 0–6),

assessed by a naming task with low-familiarity animals (3

points), repetition of two syntactically complex sentences

(2 points) and the abovementioned phonemic fluency task;

(6) temporal and spatial orientation (score range 0–6),

assessed by means of structured queries (i.e., ‘‘Tell me the

year, month, exact date, and day of the week; Tell me the

name of this place, and which city it is in’’) (6 points).

MoCA total score ranges from 0 (worst performance) to

30 (best performance).

Statistical analysis

Statistical analysis was performed following the procedure

adopted by Capitani et al. [16]. Several multiple regression

analyses were performed to assess the relative influence of

demographic variables (i.e., gender, age, educational level)
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on the participants’ total MoCA score and domain sub-

scores. The effects of age and educational level (expressed

as years of schooling) were explored after several transfor-

mations (e.g., logarithmic, quadratic). Gender, age and

education were entered into a multiple linear regression

analysis to partial out their possible overlapping effect. The

results of the multiple regression analyses were entered into

a regression equation to calculate a correction factor for each

subject of the sample. Adjusted scores were obtained by

adding or subtracting the contribution of concomitant vari-

ables from the original scores. After correcting all the raw

scores, the adjusted scores were ranked from the worst to the

best and a non-parametric procedure [17], with a set of

confidence at 95 %, has been used to estimate unidirectional

limits of tolerance that discriminate a score as normal or

abnormal according to falling within the highest 95 % or

within the lowest 5 % of the normal population [16, 18].

Cut-off value was defined the score at which or below

which the probability that an individual belongs to the

normal population is less than 0.05 [18].

Adjusted scores were then converted to a five-point

interval scale, from 0 to 4 equivalent scores [11]. The five-

point interval scale was divided as follows: 0 = scores

equal or lower than the outer tolerance limit (5 %);

4 = scores higher than the median value of the whole

sample; 1, 2 and 3 were obtained by dividing into three

equal parts the area of distribution between 0 and 4 [11].

The same procedure was used to estimate the outer

tolerance limits for the different cognitive domains asses-

sed by the MoCA.

To allow adjustment of the raw scores of newly tested

individuals according to demographic variables, a correc-

tion grid was built for any combination of age level (by

10-year steps) and educational level (according to the

Italian schooling system).

Results

Table 2 shows descriptive statistics of demographic

aspects, MMSE, total MoCA score and MoCA domain

subscores. Mean MoCA total score was lower in older and

less educated subjects (Table 3).

The square root of education years and the logarithmic

transformation of the age [log(100 - age)] were used for

the total score and for all cognitive domain subscores, but

for the domain orientation where age was not transformed.

After such transformations, the final regression model for

the total MoCA score included age and education but not

gender, accounting for 48 % of the total variance. The

linear regression analyses for the domain subscores

revealed that gender significantly affected memory and

attention only, whereas education significantly affected all

six cognitive domains, and age significantly affected all

cognitive domains but attention (Table 4).

For a sample of 415 subjects and using non-parametric

procedure, outer and inner tolerance limits are defined by

values corresponding to the 14th and 29th worst observa-

tions. The outer tolerance limit obtained, or cut-off point,

for the total MoCA score was 15.5; while inner tolerance

limit was 17.54. Adjusted MoCA scores lower than or

equal to 15.5 can be considered abnormal because the

Table 1 Demographic

distribution of the sample
Age (years)

20–29 30–39 40–49 50–59 60–69 70–79 80– Total

Education (years) M F M F M F M F M F M F M F

1–3 – – – – – – – – – 1 – 3 2 6 12

4–5 – – 1 – 1 2 3 3 2 10 6 16 5 14 63

6–8 7 7 8 11 5 7 2 7 10 14 13 18 2 10 121

9–13 9 6 5 6 11 7 10 10 8 16 10 13 2 2 115

[13 5 12 7 15 9 11 7 15 8 6 2 2 3 2 104

Total 21 25 21 32 26 27 22 35 28 47 31 52 14 34 415

Table 2 Descriptive statistics

Mean Standard

deviation

Median Range

Age 56.82 18.8 59 21–95

Education 11.13 4.76 13 1–21

MMSE raw score 28.01 2.36 29 17–30

MMSE adjusted

score

27.79 1.76 28.1 23.85–30

MoCA raw score 21.98 4.22 23 9–30

Cognitive domains

Memory 1.77 1.55 2 0–5

Visuospatial

abilities

2.54 1.09 3 0–4

Executive functions 2.48 1.26 3 0–4

Attention 4.98 1.27 5 0–6

Language 4.93 1.11 5 0–6

Orientation 5.90 0.35 6 3–6
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region of tolerance includes also the value of the 14th worst

observation [16]. Adjusted MoCA scores higher than 17.54

indicate a normal performance, while intermediate scores

(15.5–17.54) indicate a borderline performance, which in

our study was obtained by 3.6 % of the sample.

We applied the abovementioned procedure to estimate

outer tolerance limits for each domain subscore. The ES,

the number of subjects included within each ES (density)

and the cumulative frequency of subjects comprised from 0

to 1, 2, 3 and 4 are shown in Table 5. It is important to note

that the outer tolerance limit for the memory subscore was

negative, thus not allowing to apply any correction for this

cognitive domain. Moreover, several adjustment factors

computed for the domain subscores of visuospatial abilities

and executive functions were larger than the respective

outer tolerance limits, thus hindering applicability of these

domain subscores to some combinations of age and

education.

To allow adjustment of the raw scores of newly tested

individuals according to demographic variables, a correc-

tion grid was built for the most frequent combinations of

age (by 10-year steps) and educational level (according to

the Italian schooling system). When the correction grid

does not allow to make adjustments because individuals

have demographic characteristics not included in the grid,

it is useful to use the regression equations to estimate the

adjusted scores (Table 6).

Analysis of the correlation coefficient between adjusted

total MoCA score and MMSE adjusted scores revealed a

statistically significant, but moderate, positive correlation

(r = 0.43, p \ 0.001).

Discussion

The present study is the first to provide age-, education-

and sex-stratified normative data for the Italian version of

MoCA, obtained from a large sample of healthy subjects

recruited in different regions.

The mean total MoCA score of 21.98 points found in

our study was lower than the mean score for the normal

control in the original study (27.4) [3], but close to that

reported in a Japanese population study on older subjects

(21.8) [19], and to that reported in a Portuguese study

(24.7) [20]. Moreover, in the present study, a cut-off of

15.5 points is suggestive for presence of cognitive decline,

Table 3 Total MoCA mean scores (±SD) by age and education

Education (years) Age (years)

20–29 30–39 40–49 50–59 60–69 70–79 80– Total

1–3 – – – – 22 16.6 (1.1) 12.5 (2.6) 14.3 (3.7)

4–5 – 13 16.6 (3.7) 19.8 (3.6) 18.8 (4.3) 17.6 (4.1) 16.2 (2.9) 17.5 (3.8)

6–8 21.2 (3.3) 21.5 (3.7) 22.1 (3) 21.6 (3.4) 21.2 (3.4) 20.4 (3) 18.5 (3.5) 20.9 (3.4)

9–13 23.9 (2.5) 25.4 (1.8) 23.9 (2.3) 22.8 (3.2) 23.8 (2.4) 21.4 (2.9) 24.7 (2) 23.4 (2.8)

[13 25.7 (2.4) 25.6 (2.3) 25.7 (1.7) 24.5 (2.2) 24 (3.2) 25.5 (1) 25.2 (2.2) 25.2 (2.3)

Total 23.7 (3.2) 23.9 (3.7) 23.7 (3.2) 23 (3.3) 22.2 (3.7) 20 (3.7) 17.8 (4.9) 21.9 (4.2)

Table 4 Multiple linear regression and beta unstandardised coefficients for the total Montreal Cognitive Assessment (MoCA) score and for the

cognitive domain subscores

Cognitive domains R R2 F P Beta (unstandardised coefficients)

Gender Age Education

Total MoCA score 0.699 0.489 131.018 \0.05 ns 4.228a 3.201a

Domain subscores

Visuospatial abilities 0.546 0.298 58.082 \0.05 ns 0.892a 0.637a

Executive functions 0.582 0.338 70.017 \0.05 ns 0.654a 0.879a

Attention 0.460 0.212 36.780 \0.05 -0.332a ns 0.675a

Language 0.604 0.365 78.695 \0.05 ns 0.753a 0.755a

Orientation 0.293 0.086 12.888 [0.05 ns -0.004a 0.063a

ns not significant
a The value of the Student’s t associated with the Beta coefficient is statistically significant at a = 0.05
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and this value is far from the cut-off reported in the original

study (26) [3]. These discrepancies may depend on possible

selection bias for the non-population-based samples in the

original study and/or on cultural and linguistic artifacts

when the original MoCA has been translated into the

Italian version.

Notwithstanding the relatively lower scores observed in

the present sample, our findings are consistent with the

previous studies in several ethnic groups [9, 19, 20], as they

show that the total MoCA score is significantly affected by

age and schooling. The lack of the effect of gender on the

total MoCA score was also consistent with previous Por-

tuguese [20] and Japanese [19] normative studies.

Since MoCA allows to evaluate different cognitive

domains, for the purpose of detecting cognitive impair-

ments related to both cortical and subcortical dementias

[3], here we provided normative data for all cognitive

domain subscores and evaluated the possible effects of

socio-demographic variables on them. Previous normative

studies did not provide such data, so possible comparison

data are not available at the moment. We observed that

educational level influenced performance on all cognitive

domains, while age influenced the performance in all

subdomains but attention. The influence of age and edu-

cation on cognitive performances is consistent with the

previous reports [16]. Most normative studies, indeed,

demonstrate that age and education must be taken into

account when evaluating raw scores obtained by old and/or

less educated individuals. This is particularly exemplified

by the huge effect of illiteracy on performance on neuro-

psychological tasks [21], some of which cannot be

administered to people without any formal education. In

the present study, we did not enroll individuals without any

formal education since they are very few in Italian samples,

and would likely require different administration and

scoring procedures [21].

Gender was found to influence the attention and the

memory domain subscores. In the former domain, females

performed poorer than males; whereas in the latter, females

achieved higher scores than males. The findings about a

female advantage in the memory subscore appear to be

consistent with Italian normative data for the serial position

curve test [11] and with other studies reporting a female

advantage in verbal memory tasks, such as recall of word

lists, paired-associate learning [22], story recall [23] and

Rey’s word list learning test [24, 25]. However, it should

be remembered that we did not provide the correction grid

for memory domain because all demographic variables

entered in the final regression model did not explain data

variability sufficiently.

As for the attention domain, the present data appear to

be consistent with those reported in the Italian normative

study on a paper-and-pencil digit cancelation test (atten-

tional matrices [11]), but in general, there are limited and

divergent empirical evidences about gender differences on

attentional tests (e.g., [26, 27]).

Our findings about correlation between MoCA and

MMSE scores indicated a significant but moderate corre-

lation between the two instruments, consistent with the idea

that they evaluate partially different aspects of cognitive

functioning [3].

In conclusion, the present study provided normative data

for MoCA and cut-off values to identify possible cognitive

Table 5 Equivalent scores (ES) for total adjusted Montreal Cogni-

tive Assessment (MoCA) values and its cognitive domains

ES Interval Cumulative frequency Density

Total MoCA score

0 B15.5 14 14

1 15.51–18.28 46 32

2 18.29–20.25 112 66

3 20.26–22.23 208 96

4 [22.23 415 207

Cognitive domains

Visuospatial abilities

0 B0.76 14 14

1 0.77–1.35 46 32

2 1.36–1.96 112 66

3 1.97–2.52 208 96

4 [2.52 415 207

Executive functions

0 B0.44 14 14

1 0.45–1.10 46 32

2 1.11–1.92 112 66

3 1.93–2.53 208 96

4 [2.53 415 207

Language

0 B3.08 14 14

1 3.09–3.87 46 32

2 3.88–4.42 112 66

3 4.43–5.12 208 96

4 [5.12 415 207

Orientation

0 B5.03 24 24

1 5.04–5.92 61 37

2 5.93–5.94 124 63

3 5.95–5.98 208 84

4 [5.98 415 207

Attention

0 B2.42 19 19

1 2.43–3.56 54 35

2 3.57–4.46 119 65

3 4.47–5.21 208 89

4 [5.21 415 207
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decline. For this purpose, it is important to underline that

demographic (i.e., age and education) aspects significantly

influence performance on MoCA and domain subscores,

and that specific reference values must be applied when

using MoCA in research and clinical contexts. The total

MoCA scores seem to be suitable for screening MCI in

community health care [3], but use of memory domain

subscore appears to be hampered by the limited score

Table 6 Correction grid for

total MoCA score and its

cognitive domains according to

age and education

Values marked by (a) should be

taken cautiously because they

were obtained by extrapolation

from the formulas below

Formulas for exact direct

calculation

adjusted MoCA score = raw

MoCA score -

4.228 9 [log10(100 - age) -

1.58] - 3.201 9 [square root

(years of education) - 3.25];

adjusted visuospatial abilities

score = raw visuospat. a.

score - 0.892 9 [log10(100 -

age) - 1.58] -

0.637 9 [square root (years of

education) - 3.25]; adjusted

executive functions

score = raw executive f.

score - 0.654 9 [log10(100 -

age) - 1.58] -

0.879 9 [square root (years of

education) - 3.25]; adjusted

attention score = raw attention

score ? 0.332 9 [sex -

0.60] - 0.675 9 [square root

(years of education) - 3.25];

adjusted language score = raw

language score -

0.753 9 [log10(100 - age) -

1.58] - 0.755 9 [square root

(years of education) - 3.25];

adjusted orientation

score = raw orientation

score ? 0.004 9 [age -

56.82] - 0.063 9 [square root

(years of education) - 3.25]

j Test is not applicable to these

groups

Education (years) Age (years)

20–29 30–39 40–49 50–59 60–69 70–79 80–

Total MoCA score

1–3 4.75a 5.01a 5.31a 5.68a 6.14 6.75 7.69

4–5 2.39a 2.65 2.96 3.32 3.78 4.40 5.33

6–8 0.72 0.98 1.28 1.65 2.11 2.72 3.66

9–13 -1.41 -1.15 -0.85 -0.48 -0.02 0.58 1.52

[13 -3.41 -3.15 -2.85 -2.48 -2.02 -1.41 -0.47

Cognitive domains

Visuospatial abilities

1–3 j j j j j j j

4–5 0.46a 0.51 0.58 0.65 0.75 j j

6–8 0.12 0.18 0.24 0.32 0.42 0.55 0.74

9–13 -0.29 -0.24 -0.17 -0.10 0 0.12 0.32

[13 -0.69 -0.63 -0.57 -0.49 -0.40 -0.27 -0.07

Executive functions

1–3 j j j j j j j

4–5 j j j j j j j

6–8 0.34 0.38 0.43 j j j j

9–13 -0.24 -0.20 -0.15 -0.09 -0.02 0.06 0.21

[13 -0.79 -0.75 -0.70 -0.64 -0.57 -0.48 -0.33

Language

1–3 1.19a 1.23a 1.29a 1.35a 1.43 1.54 1.71

4–5 0.63a 0.68 0.73 0.80 0.88 0.99 1.15

6–8 0.24 0.28 0.34 0.40 0.48 0.59 0.76

9–13 -0.26 -0.21 -0.16 -0.09 -0.01 0.09 0.25

[13 -0.73 -0.68 -0.63 -0.56 -0.48 -0.37 -0.21

Orientation

1–3 -0.01a 0.02a 0.06a 0.10a 0.14 0.18 0.22

4–5 -0.05a -0.01 0.02 0.06 0.10 0.14 0.18

6–8 -0.09 -0.05 -0.01 0.02 0.06 0.10 0.14

9–13 -0.13 -0.09 -0.05 -0.01 0.02 0.06 0.10

[13 -0.17 -0.13 -0.09 -0.05 -0.01 0.02 0.06

Attention (male)

1–3 1.05a 1.05a 1.05a 1.05a 1.05 1.05 1.05

4–5 0.56a 0.56 0.56 0.56 0.56 0.56 0.56

6–8 0.20 0.20 0.20 0.20 0.20 0.20 0.20

9–13 -0.24 -0.24 -0.24 -0.24 -0.24 -0.24 -0.24

[13 -0.66 -0.66 -0.66 -0.66 -0.66 -0.66 -0.66

Attention (female)

1–3 1.39a 1.39a 1.39a 1.39a 1.39 1.39 1.39

4–5 0.89a 0.89 0.89 0.89 0.89 0.89 0.89

6–8 0.54 0.54 0.54 0.54 0.54 0.54 0.54

9–13 0.09 0.09 0.09 0.09 0.09 0.09 0.09

[ 13 -0.33 -0.33 -0.33 -0.33 -0.33 -0.33 -0.33
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distribution observed in our sample, at least on the present

Italian version of the test.
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