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ABSTRACT 

Background: Diagnostic investigation of demen- 
tia is based on a series of tests which lie the 
neuropsychological evaluations. The Montreal 
Cognitive Assessment (MoCA) was developed 
as an instrument to recognize Mild Cognitive 
Impairment (MCI) and initial cases of Alzhei- 
mer’s disease. The present study aims to eva- 
luate the predictive value of Brazilian MoCA test 
version in a sample of elderly above 5 years of 
education. Methods: Cross-sectional study with 
136 elderly, above 60 years old at least 5 years of 
education. Diagnostic criteria is based on clini- 
cal and neuropsychological data classified Alz- 
heimer’s disease n = 52, MCI n = 45 e normal 
controls n = 39. MoCA test was compared with 
Cambridge Cognitive Examination, Mini-Mental 
State Exam, Verbal Fluency, Clock Drawing Test, 
Geriatric Depression Scale and Pfeffer Func- 
tional Activities Questionnaire. Accuracy was 
evaluated by receiver operating characteristic 
(ROC) curve analyses. Pearson correlation co- 
efficient was used to compare the MoCA with the 
other tests. It was also used logistic regression 
analysis to identify the main risk factors for the 
diagnostic groups. Results: MoCA was the best 
test to differentiate Alzheimer’s disease cases 
from MCI with 86.5% sensitivity and 75.6% 
specificity. Furthermore, analyzes of correlation 
test showed that MoCA correlates robust way of 
already validated with other tests and wide 
application in Brazil. Conclusions: It can be con- 
cluded that MoCA is a good screening tool for 

investigation of MCI among the elderly in Brazil 
with over 5 years of schooling. Studies with 
larger numbers of participants are needed to fur- 
ther validate the test also for elderly people with 
low education. 
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1. INTRODUCTION 

Aging is a process where significant losses occur in 
physical and cognitive abilities of the individual and 
those changes do not interfere with the functionality to 
perform their activities [1,2]. Some of the cognitive 
losses are not compatible with normal aging and can be 
related to demential diseases that also have an evolution. 

In spite of the forgetfulness for recent events are an 
early diagnostic sign for Alzheimer’s disease (AD) [3-7], 
declines in memory established by neuropsychological 
assessment (according to age and educational level) that 
does not interfere with basic activities (ADL) and in- 
strumental (IADL’s) daily life give rise to a new cons- 
truct, called Mild Cognitive Impairment (MCI) [8-12]. 
MCI is an important target of recent research because it 
can increase the probability of the clinical frame evolute 
to dementia. Hence, MCI is considered as a transitional 
phase between the cognitive decline and dementia [13- 
16]. Petersen (2001) suggests a conversion rate of 10 to 
15% of MCI that progresses to AD. 

International Classification of Disease (ICD-10) ad- 
dresses the issue of cognitive impairment in order to 
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differentiate this condition from demential frame and 
suggests some features to characterize them such as: a) 
the general criteria for other disorders must not be sa- 
tisfied; b) change in cognitive function (memory, atten- 
tion, concentration, language, etc.) for at least two weeks, 
reported by the patient or informant; c) this decline 
must be present in neuropsychological; and d) should 
not be met criteria for another disorder or dementia 
[17,18]. 

The diagnostic criteria of MCI referring to memory 
decline and/or other cognitive functions (performance on 
cognitive tests must be less than one standard deviation 
below when compared to patients with the same age and 
education), not having difficulties in performing func- 
tional daily living activities and does not meet the 
diagnostic criteria for dementia [19-21]. In April 2011, 
the National Institute on Aging and Alzheimer’s Asso- 
ciation published recommendations for the diagnostic 
criteria of the MCI such as evidence of cognitive im- 
pairment (proven in psychological testing and confirmed 
by an informant or family with daily contacting with the 
patient) [22,23]. Furthermore, there may be impairment 
in one or more cognitive domains (such as attention, 
concentration, executive function, etc.), nevertheless 
preserving the functional abilities and cognitive changes 
should be mild and not necessarily indicate dementia. All 
these changes are considered in addition to clinical his- 
tory and also levels of education and patient age. MoCA 
test is a brief screening instrument that evaluates a range 
of cognitive functions (executive function, visuospatial, 
naming, memory recall, attention, language, abstract 
thought and orientation), necessary aspects for the MCI 
and dementia diagnosis [24-29]. The estimated test time 
of application is about 20 minutes, the maximum score is 
30 points, and the cutoff for MCI is 26 points and a score 
above 26 is considered normal testing. Furthermore, it 
should be considered in the interpretation of the final 
score of this test, the educational level of the patient. 
These cutoff points are related to patients with less 
than 12 years of educational level [24]. Hence, the pre- 
sent study aims to evaluate the predictive value of 
Brazilian MoCA test version for the Differential Diag- 
nosis of Mild Cognitive Impairment and Alzheimer’s 
disease in a sample of elderly with less than 5 years of 
education. 

2. METHODS 

2.1. Participants 

The cross-sectional study involved 136 elderly treated 
at the Institute of Geriatrics and Gerontology Jundiai, 
aged above 60 years, of both sexes and with at least 5 
years of schooling. 

The diagnostic criteria for dementia were based on 

DSM-IV criteria for Alzheimer’s disease in the NINDS- 
ADRDA [16] and performed by a Gerontologist. For the 
diagnosis of MCI Petersen (2001) criteria were con- 
sidered. The inclusion criteria for the elderly normal 
controls (NC) group were patients who score above the 
cutoff point on neuropsychological tests, have no symp- 
toms of dementia, GDS score of less than 6 and not have 
commitment to perform activities of daily living. After 
clinical evaluation and neuropsychological assessment, a 
patient informant or a family member with daily contact 
were interviewed to report possible symptoms or re- 
levant information about behavioral changes. The 
patients participated in the survey own free will, ac- 
cording to the Research Ethics Committee approval 
54/2011. 

From the total of 136 participants, 52 elderly (38.2%) 
received a diagnosis of Alzheimer’s disease, 45 (33.1%) 
of Mild Cognitive Impairment and 39 elderly (28.7%) 
were part of the NC. It was found that the vast majority 
corresponded to females, 89 (65.4%) women, and the 
average age was equal to 75.74 years (min = 60, max = 
92, standard deviation [SD] = 7, 38). The sample has a 
higher number of elderly people with high educational 
levels, with 80 participants (58.8%) with over 9 years of 
study. 

2.2. Instruments and Analysis Procedures 

All patients undergone detailed clinical history and 
neuropsychological assessment. The applied neuropsy- 
chological tests were: Cambridge Cognitive Examination 
(CAMCOG) (Roth, 1986), Mini-Mental State Exami- 
nation (MMSE) [11], Clock Drawing Test (CDT) Men- 
dez (1992) and Shulman (1993) scale, MoCA Brazilian 
version [29], Verbal Fluency Test (VF) [6], Geriatric De- 
pression Scale (GDS) shortened 15-item [29] and Pfeffer 
Functional Activities Questionnaire (PFAQ) [25]. 

Categorical variables and the scores evaluated ac- 
cording to the best cut-off points (established by the 
ROC curve) were studied by the chi-square or Fisher 
exact test. Logistic regression was performed based on 
cutoff points of the ROC curve with variable selection 
criterion stepwise. The dependent variables were the risk 
factors for AD studied in relation to MCI (independent 
variable). 

3. RESULTS 

Analyzes were performed by means of ROC curve 
(receiver operating characteristic) and the results show 
that the highest value of AUC (Area Under the Curve) 
was founded in MoCA. In other words, MoCA test is the 
most effective to differentiate the groups MCI from NC. 
The sensitivity and specificity was equal to 82.2% and 
92.3%, respectively (Tables 1 and 2, Figure 1). We 



J. M. Montiel et al. / Advances in Aging Research 2 (2013) 121-129 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

123

compared the sensitivity and specificity values of MoCA 
test with other tests. It appears that the MoCA was 
different from GDS, the TDR Mendez and Shulman’ 
scale, with significantly different sensitivity. The MoCA 
was the best test capable of differentiating MCI from 
NC. 

The same test was important to differentiate the NC 
from AD group, with 98.1% sensitivity and 100% spe- 
cificity (Table 3, Figures 2 and 3). We also compared 
the values of the sensitivities and specificities of MoCA 
test with other tests. We observed that MoCA was dif- 
ferent from all the other tests, with significantly different 
sensitivity (being the MoCA, the largest) and higher spe- 
cificity. In other words, MoCA is superior to other instru- 
ments in differentiating AD from NC. 

To be considered a transitional phase for dementia, 
MCI has been the target of numerous studies where the 
main objective is to find an effective test for diffe- 
rentiating patients with AD from MCI. Results showed 
MoCA was the instrument with the highest AUC, with 
82.9% sensitivity and 75.6% specificity (Table 4). It can 
be inferred from the presented data that for elderly with 
more than 5 years of educational level, MoCA has better 
diagnosis accuracy in differentiating MCI and AD from 
NC. It is observed that MoCA was different from all the 
other tests (except PFAQ), showing sensitivity statis- 
tically different from the mentioned (being the MoCA, 
the largest) and/or higher specificity, and the MoCA 
higher than others in differentiating AD from MCI. The 
analysis showed that MoCA cutoffs points presented to 
differentiate the diagnostic groups were: a score below 
21 points for AD and greater than 21 points for MCI. 
The cutoff point that distinguishes MCI from NC was 
25. 

That done, we performed a multiple logistic regression 
analysis adopting the stepwise selection variables me- 
thod, considering the following independent variables: 
education, age, MoCA, CAMCOG, MMSE, Mendez,  
 
Table 1. Characteristics between diagnostic groups with res- 
pect to age, gender and education.  

 NC MCI AD p 

Age (years) 71.82 (±6.89) 76.60 (±7,06) 77.92 (±6.97) *0.185

Gender     

Female 74.4% 60% 63.5% **0.358

Male 25.6% 40% 36.5%  

Education     

Group 1: 5 to 8 
years 

30.8% 51.1% 40.4% **0.040

Group 2: >9 
years 

69.2% 48.9% 59.6%  

*p = t de student; **p = x2. 

Shulman, GDS, PFAQ, VF animals, fruits and words 
with the letter “M”. The dependent variables were 
diagnostic group of AD and MCI in order to identify the 
main factors that can identify and separate these groups. 

We identified that elderly with MoCA <21 points is 
15.4 times more likely to have AD than MCI, PFAQ 
scores ≥6 points is 8.1 times more likely to MCI than AD 
and verbal fluency (animals version) scores ≤14 points is 
5.2 times more likely to MCI than DA (Table 5). In other 
terms, for differential diagnoses we suggest that, for peo- 
ple with over 5 years of schooling, subjective memory 
complaint coupled with evidence of cognitive decline in 
MoCA and the verbal fluency test animals version, in 
addition to activities of daily living impairment, separate 
cases of dementia (AD) from MCI. 

4. DISCUSSION 

The MoCA test has been validated for the Portuguese 
in preliminary studies with 14 patients with individuals 
aged between 52 and 78 years [28,29]. The Brazilian ver- 
sion showed good psychometric properties and signifi- 
cant capacity to differentiate cases of MCI from AD and 
normal controls [12]. The Arabic version found a sensi- 
tivity of 92.3% and specificity of 85.7% for the MCI [27]. 
A Taiwanese version made with 207 seniors showed a 
cutoff of 23/24 points for the MCI, with good sensitivity 
and specificity of 92% and 78% respectively [29]. A re- 
cent study by Freitas (2011) was compared to the predic- 
tive value of MoCA and MMSE in the diagnosis of AD. 
The results showed that the test MoCA showed greater 
ability to predict MCI and AD frames compared to 
MMSE. In this study, it was established a 17 cutoff point 
for AD and 22 points for MCI. Both studies by Freitas 
(2011) and Tsai (2011) concluded that MoCA is a more 
precise instrument with better psychometric properties 
when compared to MMSE with high sensitivity and 
specificity for both MCI and to AD diagnosis. 

In our research the best result of MoCA in the dif- 
ferential diagnosis between the three groups in question 
(NC, MCI and AD) is highlighted the role of education. 
Clearly the number of study years provides a cognitive 
reserve that acts as a protective mechanism of dementia 
and affects performance on cognitive tests. According to 
Parente (2009) and Nitrini (2009), schooling influences 
cognition performance in elderly, what corroborates 
the results of this research where the highest per- 
centage of high educational level (over 9 years) was 
found in NC (individuals without cognitive impair- 
ment). 

Considering MoCA test, data from this survey showed 
that the majority of their items can differentiate the three 
diagnostic groups. MoCA was developed as an assess- 
ment tool for MCI diagnostic and mild cases of dementia   
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Table 2. Cutoffs created by BOW ROC methodology to differentiate between MCI and NC.  

 MCI NC Sensibility Specificity 

 n n IC 95% IC 95% 
AUC p 

MOCA        <0.0001 

<25 37 3 82.2% 92.3% 0.943  

≥25 8 36 71.1% 93.4% 83.9% 100.0%   

CAMCOG n n      <0.0001 

<92 30 4 66.7% 89.7% 0.8621  

≥92 15 35 52.9% 80.4% 80.2% 99.3%   

GDS n n      0.2044 

≥2 27 18 60.0% 53.8% 0.5729  

<2 18 21 45.7% 74.3% 38.2% 69.5%   

MMSE n n      <0.0001 

<29 36 7 80.0% 82.1% 0.8322  

≥29 9 32 68.3% 91.7% 70.0% 94.1%   

Mendez n n      0.0049 

<20 30 14 66.7% 64.1% 0.6781  

≥20 15 25 52.9% 80.4% 49.0% 79.2%   

PFAQ n n      <0.0001 

≥1 34 9 75.6% 76.9% 0.7752  

<1 11 30 63.0% 88.1% 63.7% 90.1%   

Shulman n n      0.0045 

<5 29 13 64.4% 66.7% 0.6658  

≥5 16 26 50.5% 78.4% 51.9% 81.5%   

AUC = area under the curve. chi-square/*Fisher’s exact test. 

 

 

Figure 1. ROC curve to identify MCI from NC. 
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Table 3. Cutoffs created by BOW ROC methodology to differentiate between AD and NC.  

AD NC Sensibility Specificity 
 

n n IC 95% IC 95% 
AUC p 

MOCA        <0.0001 

<23 51 0 98.1% 100.0% 0.9993  

≥23 1 39 94.3% 101.8% 100.0% 100.0%   

CAMCOG n n      <0.0001 

<90 47 1 90.4% 97.4% 0.9712  

≥90 5 38 82.4% 98.4% 92.5% 102.4%   

GDS n n      0.4232 

≥3 23 14 44.2% 64.1% 0.5754  

<3 29 25 30.7% 57.7% 49.0% 79.2%   

MEEM n n      <0.0001 

<29 48 7 92.3% 82.1% 0.9522  

≥29 4 32 85.1% 99.6% 70.0% 94.1%   

Mendez n n      <0.0001 

<19 33 4 63.5% 89.7% 0.8119  

≥19 19 35 50.4% 76.5% 80.2% 99.3%   

PFAQ n n      <0.0001 

≥2 46 6 88.5% 84.6% 0.9453  

<2 6 33 79.8% 97.1% 73.3% 95.9%   

Shulman n n      <0.0001 

<5 43 13 82.7% 66.7% 0.8141  

≥5 9 26 72.4% 93.0% 51.9% 81.5%   

AUC = area under the curve. chi-square/*Fisher’s exact test. 

 

 

Figure 2. ROC curve to identify AD from NC. 
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Table 4. Cutoffs created by BOW ROC methodology to differentiate between AD and MCI.  

AD MCI Sensibility Specificity 
 

n n IC 95% IC 95% 
AUC p 

MOCA        <0.0001 

<21 45 11 86.5% 75.6% 0.9006  

≥21 7 34 77.3% 95.8% 63.0% 88.1%   

CAMCOG n n      <0.0001 

<85 36 9 69.2% 80.0% 0.8053  

≥85 16 36 56.7% 81.8% 68.3% 91.7%   

GDS n n      0.5464 

≥4 18 13 34.6% 71.1% 0.4968  

<4 34 32 21.7% 47.5% 57.9% 84.4%   

MEEM n n      <0.0001 

<26 36 11 69.2% 75.6% 0.791  

≥26 16 34 56.7% 81.8% 63.0% 88.1%   

Mendez n n      0.0015 

<19 33 14 63.5% 68.9% 0.6865  

≥19 19 31 50.4% 76.5% 55.4% 82.4%   

PFAQ n n      <0.0001 

≥6 38 11 73.1% 75.6% 0.8026  

<6 14 34 61.0% 85.1% 63.0% 88.1%   

Shulman n n      0.0404 

<5 43 29 82.7% 35.6% 0.6983  

≥5 9 16 72.4% 93.0% 21.6% 49.5%   

AUC = area under the curve. chi-square/*Fisher’s exact test. 

 

 

Figure 3. ROC curve to identify MCI from AD.  
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Table 5. Risk factor to diferentiate AD from MCI. 

Variable OR IC 95% p 

MoCA < 21 15.4 4.6 52.6 <0.0001

PFAQ ≥ 6 8.1 2.4 27.4 0.0007 

VF animals version 5.2 1.3 21.9 0.0232 

 
[17,20,22,23]. When compared to the MMSE (one of the 
most widely used screening instruments worldwide) 
MoCA has more memory items in the assessment, and 
includes aspects of executive function and a more struc- 
tured language subitem [7,20]. In this research it became 
clear the best diagnostic accuracy of the MoCA com- 
pared to MMSE, CAMCOG, VF and CDT which con- 
firms other mentioned studies above. Other researches 
also indicate the effectiveness of MoCA as a tool to aid 
in the differential diagnosis of MCI. Dong (2012) ana- 
lyzed 230 elderly patients with MCI and their results 
showed that the MoCA showed an area under the curve 
significantly higher when compared to MMSE, respec- 
tively with 0.92 and 0.84 indexes. This information 
corroborates the data of this research where detection of 
the three diagnostic groups was evaluated by MoCA bet- 
ter than the other cognitive instruments. 

Nasreddine (2005) presents a discussion of MoCA 
considering educational level and suggests cutoff points 
to subjects with more than 12 years of education and the 
present study analyses elderly with more than five years 
of education and the data presented for elderly with more 
than 5 years of educational level points out that MoCA 
has better diagnosis accuracy in differentiating MCI and 
AD from NC at this educational level. Hence, the results 
of present research extends validity of MoCA to dif- 
ferentiate diagnostic groups with patients that presents 
lower educational levels than already studied in litera- 
ture. 

Another study that strengthens the hypothesis that the 
MoCA is an effective tool for the diagnosis of cognitive 
impairment was conducted by Markwick (2012) observ- 
ing that, even in patients with cognitive impairment, the 
MMSE were normal while MoCA scores pointed to de- 
cline. The results pointed evident decline in the subtests 
of MoCA, and the conclusion reached was that MoCA 
appears to be a more sensitive screening tool for early 
detection of cognitive decline. This data is consistent 
with findings in this study where the MoCA was the test 
with higher sensitivity and specificity in differentiating 
MCI cases from AD and NC. The educational level also 
reinforces the hypothesis of a better performance in the 
MoCA compared to other instruments, since the sample 
corresponds to elderly people over five years of study. 

Siedlecki (2009) argues that cognitive reserve is strong- 
ly correlated with executive functions. Because it is a 

screening test that covers key aspects of cognition and 
allows assessment of executive functions, MoCA has 
presented itself as an effective tool for elderly high edu- 
cational level and that presents mild cognitive decline. 

The present research shows an increased risk for AD 
when patients scoring below 21 points in MoCA, pre- 
senting more than 6 points in PFAQ and also submit a 
score less than 14 points in FV test animals version. This 
information corroborates the researches of Amieva (2008) 
and Argimon and Stein (2005) that discusses language as 
a marker for cognitive decline. The results with the Pear- 
son correlation pointed to a strong coefficient between 
MoCA and other instruments already validated and 
widely used in Brazil. CAMCOG, MMSE and MoCA 
presented a correlation equal to 0.81 and 0.86, respec- 
tively. Data from this study show a stronger correlation 
when compared to the study of Memória, Yassuda, Na- 
kano e Forlenza (2012) who found a correlation of the 
MoCA, MMSE and CAMCOG equal to 0.82 and 0.74, 
respectively. The robust and significant correlation be- 
tween the MMSE, CDT, CAMCOG and FV suggests that 
the MoCA seems to be an appropriate test to be applied 
in the elderly with more than 5 years of study and the 
results of present study suggest that it is better than all 
other in predicting demential frames and MCI. 

5. CONCLUSION 

The results presented suggest that MoCA test proved 
to have predictive value to differentiate NC, MCI and 
AD. It seems a good screening tool for mild cognitive 
impairment among elderly with less than 5 years of 
schooling in Brazil. One limiting factor for this study 
was the small number of patients and be included only 
elderly over 5 years of schooling. Studies with larger 
samples are needed to further validate the test also for 
elderly people with low education. 
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