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Abstract 

Background The use of a reliable remote cognitive screening test for older adults is crucial for the diagnosis of cogni-
tive impairment. This study aimed to translate and validate the audiovisual Montreal Cognitive Assessment (MoCA)for 
older adults in Brazil.

Methods One hundred and fourteen older adults were recruited from the community and demographic, functional, 
mood, and cognitive data were collected. Participants were classified into two groups: cognitively healthy or mild 
cognitive impairment (MCI). Statistical analyses were performed in order to assess the validity of the test and the cut-
off score.

Results The psychometric properties of the audiovisual MoCA showed good convergent validity. The audiovisual 
MoCA was represented as a unifactorial adjusted model, the composite reliability value was acceptable and a cutoff 
point of ≥23 reached adequate sensitivity and specificity at 0.77 and 0.92, respectively.

Conclusions The translated audiovisual MoCA is a valid and reliable cognitive screening test that can be adminis-
tered remotely in older adults in Brazil. The test demonstrated a great ability to discriminate older adults with MCI 
from cognitively healthy adults. Future studies should focus on validating the audiovisual MoCA using other target 
population groups in order to expand the use of this remote screening test.
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Background
Mild cognitive impairment (MCI), also called mild neu-
rocognitive disorder according to DSM 5 [1], is a tran-
sitional state between normal aging and dementia [2]. 

MCI is characterized by the presence of cognitive com-
plaints and cognitive impairment (memory and/or other 
domains), and preserved functional abilities [3, 4]. The 
conversion rate per year of people with MCI to Alzhei-
mer’s disease varies greatly from 12 to 31% depending on 
the study. This varied data can be explained by the source 
of subjects as the main factor, where studies with self-
selected participants found higher conversion rates to 
dementia [5, 6].

Differentiating cases of early dementia from MCI is 
essential, as there are currently studies involving inter-
ventions with lecanemab antibodies in cases of cogni-
tive impairment related to Alzheimer’s dementia. With 
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promising results, both for the delay of cognitive symp-
toms and the reduction of brain amyloid burden [7]. 
Given this therapeutic possibility that has recently been 
available, it has become increasingly important to have 
sensitive diagnostic support through tools to detect MCI. 
The Montreal Cognitive Assessment (MoCA) is a neu-
ropsychological tool, widely used by professionals in clin-
ical settings [8], created as a screening test to detect MCI. 
Among cognitive screening tests, the Mini-Mental State 
Examination (MMSE) and MoCA are considered the gold 
standards for detecting cognitive impairment. However, 
MoCA has greater diagnostic accuracy in discriminating 
between patients with MCI and Alzheimer’s disease [9, 
10] and it is recommended as a cognitive screening test 
for older adults by the Department of Cognitive Neurol-
ogy and Aging of the Brazilian Academy of Neurology 
[11]. In Brazil, the MoCA test was originally validated in 
2009 and the results showed good psychometric proper-
ties [12].

In recent years, telemedicine has proven to be relevant, 
especially after the COVID-19 pandemic [13] becoming 
part of routine clinical practice, considerably improving 
access to healthcare services in an effective and efficient 
manner [14]. Among the advantages of using videocon-
ferencing tools, is the possibility of screening the cogni-
tive performance of people with mobility restrictions, 
who live in distant areas or places without access to spe-
cialized professionals [15]. Video conferencing involves 
the synchronized transfer of visual and auditory informa-
tion, requires an efficient internet connection between 
the people involved and the software needed to carry out 
this type of assessment, does not require high costs and is 
easy to use.

Studies have demonstrated that cognitive screening 
instruments administered remotely have high psycho-
metric and diagnostic quality, being considered com-
parable to tests carried out in person [16]. Among the 
different versions of MoCA tests available [17, 18], there 
is the audiovisual MoCA version, which allows it to be 
applied remotely in telemedicine. The use of this version 
has been studied by some populations and the authors 
found that it is a valid alternative to face-to-face assess-
ment [19, 20]. However, the number of validation stud-
ies of the audiovisual MoCA in older adults is still scarce. 
Therefore, it is crucial that new research examines the 
sociodemographic, cultural and linguistic differences in 
the remote application of these instruments in the Bra-
zilian population, in addition to investigating the psycho-
metric quality [21].

Given the relevance of this instrument and the evi-
dence of its effectiveness in remote application in other 
countries, we sought to translate and validate the audio-
visual MoCA into Brazilian Portuguese, aiming for its use 

in telemedicine. Therefore, the objective of this study was 
to translate and validate the audiovisual MoCA, a cogni-
tive screening instrument, that contributes significantly 
to the differential diagnosis of Brazilian older adults who 
present some type of cognitive impairment, whether 
MCI or dementia.

Methods
The translation  and validation of the audiovisual ver-
sion of the MoCA in older adults in Brazil was carried 
out between July 2020 and October 2022, following two 
steps: 1) translation of the test and the establishment of 
content validity, and 2) the evaluation of test psychomet-
ric properties. This study followed the guidelines pro-
posed by Guillemin [22] and the recommendations of the 
American Psychological Association [23].

Translation and content validation
This study began after the authorization and an agree-
ment of terms between the author of the test [8] and the 
authors of the present study. The translation and con-
tent validation process consisted of six steps, which are 
described below:

Initial translation: two translations in Brazilian Por-
tuguese were produced independently by two bilingual 
researchers; one was certified as a sworn translator and 
was unfamiliar with the material translated and the con-
cepts involved; and the other was a bilingual specialist in 
neuropsychology who had extensive experience with cog-
nitive assessments.

Synthesis of the translations: the two translators dis-
cussed and elaborated a synthesis of the two trans-
lated versions, and a third researcher resolved any 
discrepancies.

Back translation: the Brazilian Portuguese translation 
was back-translated independently into English by two 
bilingual specialists in neuropsychology. The translators 
compared and discussed the two versions to obtain an 
agreed back-translated version.

Committee review: five experts were asked to evalu-
ate the Brazilian Portuguese MoCA audiovisual version 
independently for content validity. Most of the experts 
were female (80%), two were occupational therapists, 
two were psychologists, and one was a psychiatrist. 
The experts were invited by email to participate in the 
study, they were informed of the objectives and meth-
ods of the study and also about how to carry out the 
content validity assessment. After acceptance of par-
ticipation, an electronic form was sent by email. The 
experts were asked to record their scores on a 5-point 
Likert scale, ranging from 1 to 5. They compared the 
original and back-translated versions. For each item, 
the experts assessed independently the language clarity, 
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appropriateness, and understanding. The experts were 
also invited to provide additional comments on each 
scale item. The content validity coefficient was com-
puted to quantify content validity. A cutoff score of 0.90 
for each item was used to indicate a satisfactory level 
of language clarity of content, appropriateness, and 
understanding.

Pre-testing: the preliminary version of the Brazilian 
Portuguese audiovisual MoCA was applied to a sample of 
30 healthy older adults (aged 60 and over). Most of them 
were female (86%), and the mean age was 66 (stand-
ard deviation [SD], 5.38). The older adults were invited 
to participate in the study by email or by phone call, 
wherein they were informed about the objectives and 
methods of the study. The content validity assessment 
was performed through video call by a member of the 
research group, who read each item and asked the older 
adult to rate on a 5-point Likert scale, ranging from 1 to 
5. For each item, the older adults assessed independently 
the language clarity, appropriateness, and understanding 
and they were also invited to provide additional com-
ments on each scale item. The content validity coefficient 
was computed to quantify content validity. The cutoff 
score of 0.90 for each item was used to indicate a satisfac-
tory level of language clarity of content, appropriateness, 
and understanding.

Submission to the authors: at this stage, the final Bra-
zilian Portuguese and back-translated versions were sent 
to the authors of the original MoCA, who provided feed-
back and agreed with the final versions, and then pub-
lished the test on the official website MoCA - Cognitive 
Assessment [24].

Evaluation of psychometric properties of the MoCA
Participants
Participants were recruited from the community, through 
referrals from professionals in the field and posts on 
social media (Instagram and Facebook), between March 
2021 and October 2022. We invited older adults (aged 60 
or above) to participate in the study and included those 
who: 1) provided written informed consent; and 2) had 
a normal or corrected vision and hearing. Participants 
were excluded if they: 1) were diagnosed with dementia; 
2) were dependent on daily living activities; 3) had major 
medical disorders that precluded participation in the 
study; and/or 4) did not have access to the internet or a 
computer.

All subjects underwent an evaluation consisting of full 
medical clinical history, and assessments of cognition, 
functionality, and symptoms of anxiety and depression. 
Subjects were diagnosed according to DSM 5 [1, 25]. The 
diagnosis was confirmed by a trained psychiatrist (R.P.)

Instruments
Clinical history, cognitive, functionality, and symptoms 
of anxiety and depression assessments were collected by 
video call. The audiovisual MoCA was applied to assess 
six cognitive domains: attention (sustained attention 
task, subtraction task, digit span); executive functions, 
(trail-making test B, phonemic verbal fluency, verbal 
abstraction); visuospatial abilities (cube,  clock drawing); 
language (nomination, sentence repetition, phonemic 
verbal fluency as mentioned above); memory (delayed 
recall); and orientation .

The test begins with the short trail-making test, admin-
istered orally through screen sharing. In this segment, 
the examiner presents the short trail-making test and the 
example, followed by a request for the participant to indi-
cate the arrow’s next position while adhering to ascend-
ing and alphabetical orders (1 point). Subsequently, for 
the bed copy task, the examiner shares a model with the 
participant via screen sharing, and asks the participant 
to draw the model, after drawing the participant dis-
plays his own drawing on camera for scoring purposes (1 
point). This is succeeded by the clock drawing task, dur-
ing which participants exhibit their clock drawings on 
camera after drawing it (3 points). Naming is evaluated 
through the identification of three animal figures pre-
sented on the screen via screen sharing. (a horse, a tiger 
and a duck, totalling 3 points). Following this, attention is 
assessed with a forward and backward digit span task (2 
points), a letter tapping task (1 point) and a Serial 7-sub-
traction task (3 points). The participant is then instructed 
to repeat two complex sentences (2 points) and subse-
quently perform a phonemic fluency task (1 point was 
awarded if > 11 words were produced in one minute). 
Abstraction is assessed with a two-item similarity task (2 
points), and memory is evaluated by a delayed recall of 
a five-word list learned previously (5 points). During the 
two readings of the list, participants is instructed not to 
write down the words. Lastly, in the orientation subscale, 
standard administration involves participants inform-
ing the assessor of their current location and the date 
of the test day (6 points for the orientation subscore). 
The MoCA audiovisual incorporates additional aspects 
and instructions related to internet connection quality, 
camera activation, and guidance to avoid checking their 
watch or a clock, along with instructions for drawing a 
clock (more information about the differences between 
both versions of MoCA can be accessed in Supplemen-
tary Table 1 and detailed information about the instruc-
tions can be found in the website [23].

The score is obtained by adding the points of each suc-
cessfully completed task, ranging from 0 to 30 points, 
with higher scores indicating better cognitive perfor-
mance. An additional point is given to individuals with 
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12 or fewer years of education to correct for educational 
effects, as found in the original study [8].

The other neuropsychometric tests applied were: the 
Semantic Verbal Fluency (SVF) test, which consists 
of the generation of words in a limited amount of time 
starting with a semantic category [26]; the Rey Auditory 
Verbal Learning Test (RAVLT), which involves repeated 
auditory presentation and recall of a word list [27]; and 
the MMSE, which enables the quick assessment of spa-
tiotemporal orientation, attention, verbal memory, lan-
guage, and praxis [9].

To assess mood, we applied the Geriatric Anxiety 
Inventory (GAI), which consists of 20 agree/disagree 
items to evaluate anxiety symptoms [28], and the 15-item 
version of the Geriatric Depression Scale (GDS) to meas-
ure the symptoms of depression [29].

To determine functionality, we used the Katz Index of 
Independence in Activities of Daily Living, which ranks 
adequacy of performance in the activities of daily living 
[30].

Statistical analysis
Descriptive analyses were used for the sample characteri-
zation. The sample size of the CH and MCI groups was 
estimated for achieving acceptable estimates of sensitiv-
ity and specificity (minimum of 70%) using likelihood 
ratio contingency tables, considering a unilateral hypoth-
esis, and prevalence and ratio of false positives, consider-
ing Fleiss’s correction. The chi-squared (χ2) test and the 
two-sample t-test were performed to enable comparisons 
between the two groups. A one-way analysis of covari-
ance (ANCOVA) was performed to control for age and 
education with the scores of MoCA and MMSE.

Confirmatory factor analysis was conducted to pro-
vide further evidence of the factor structure of the audi-
ovisual MoCA. The analysis was implemented using 
the estimation method of Robust Diagonally Weighted 
Least Squares (RDWLS) [31, 32]. The additional fit 

measures used were: χ2; χ2/df; Comparative Fit Index 
(CFI); Tucker–Lewis Index (TLI); Standardized Root 
Mean Square Residual (SRMR); and Root Mean Square 
Error of Approximation (RMSEA). The χ2 values should 
not be significant; the χ2/gl ratio must be ≤5, prefer-
ably ≤3; the CFI and TLI values must be ≥0.9, preferably 
> 0.95; and the RMSEA values must be ≤0.08, preferably 
≤0.06, with a confidence interval (upper limit) of ≤0.10 
[32].

The convergent validity was determined through Pear-
son’s correlation analysis between MoCA and MMSE. 
The association between the audiovisual MoCA score 
and age, and the association between the audiovisual 
MoCA score and educational level, were also analysed 
through Pearson’s correlation, where r < 0.4 values rep-
resented weak correlation; 0.4 > r < 0.5, moderate corre-
lation; and r > 0.5, strong correlation [33]. Reliability was 
assessed through a composite reliability analysis of the 
factors, where a value > 0.70 is acceptable [34].

The diagnostic accuracy of the audiovisual MoCA 
for MCI and CH individuals was assessed through the 
receiver operating characteristic (ROC) curve analysis, 
and the area under the curve (AUC) was determined.

All statistical analysis was performed using version 28 
of the SPSS statistics software (IBM SPSS Statistics for 
Windows, NY: IBM Corp.) and Jeffreys’s Amazing Statis-
tics Program (JASP) version 0.16.4.

Results
Sample characterization
The translated audiovisual MoCA was applied to 114 
older adults via teleconference; 79 participants were cog-
nitively healthy and 35 were diagnosed as MCI.

In the total sample, the mean age was 69 (SD = 6.8), 
the majority of participants were female (81.6%), and 
the mean number of education years was 15.4 (SD = 3.9). 
Demographic and clinical information of participants are 
described in Table 1.

Table 1 Demographic and clinical information

MCI Mild cognitive impairment, M Mean, SD Standard deviation, MoCA Montreal cognitive assessment, MMSE Mini mental, GSD Geriatric Depression Scale, GAI 
Geriatric Anxiety Inventory, Katz index Independence in Activities of Daily Living

Subjects characteristics Total sample (n = 114) Cognitively Healthy (n = 79) MCI (n = 35) p-value

Age, years (SD) 69 (6.8) 67 (5.4) 73.4 (7.7) < 0.001

Female (%) 81.6 84.8 74.3 0.18

Education, years (SD) 15.4 (3.9) 16.2 (2.2) 13.6 (5.9) < 0.001

MoCA (SD) 24.9 (3.5) 26.5 (2) 21.5 (3.7) < 0.001

MMSE (SD) 27.1 (2.4) 28.2 (1.6) 25 (2.5) < 0.001

GDS (SD) 3.8 (2.4) 3.7 (2.9) 3.9 (2.4) 0.71

GAI (SD) 6 (3.7) 6.3 (3.3) 5.4 (4.4) 0.12

Katz index (SD) 5.9 (0.4) 5.9 (0.2) 5.8 (0.6) 0.18
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There was a significant difference in age, years of edu-
cation and cognition between healthy controls and the 
MCI group. The groups did not differ in terms of symp-
toms of depression and anxiety, as assessed by the GDS 
and GAI, respectively, and basic activities of daily living 
assessed by the Katz index. In conclusion, the MCI group 
was older, had a lower educational level, and worse cog-
nition and functionality in comparison to the cognitively 
healthy group.

To exclude the confounding factors of age and edu-
cation, we performed an ANCOVA analysis to control 
the effects of these variables on the MoCA and MMSE 
results. The average score of MoCA in the two groups 
differed significantly from each other (Table  1) and 
remained significant after controlling for the effects of 
education (F(1.111) = 64.622, p < 0.001, η2 = 0.368) and 
age (F(1.111) = 49.918, p < 0.001, η2 0.310). Similarly, 
the average score of MMSE in the two groups differed 
significantly from each other (Table  1) and remained 
significant after controlling for the effects of educa-
tion (F(1.88) = 41.610, p < 0.001, η2 = 0.321) and age 
(F(1.88) = 28.989, p < 0.001, η2 = 0.248).

Psychometric properties
To assess convergent validity, we performed a correlation 
between the audiovisual MoCA scores and the MMSE 
scores; we found a high positive correlation between 
the scores from both tests (r = 0.72, p < 0.001), indicating 
good convergent validity. Thus, to determine the factor 
structure of the audiovisual MoCA we carried out con-
firmatory factor analysis. Based on the original concep-
tual model proposed by the authors of the MoCA [8], 
which aims to screen global cognition, and in previous 
studies carried out by Duro [35] and Mai Do [36], we 

performed a one-factor model composed of six cogni-
tive domains (memory, visuospatial abilities, executive 
functions, language, orientation, and attention) which 
constituted a global factor “Global Cognition”. Table  2 
demonstrates the confirmatory factor analysis results.

The unidimensional structure showed contradic-
tory fit results, as this model had significant chi-square 
values and an RMSEA value of > 0.08. To better inspect 
the results, we evaluated the modification indices (MI), 
which showed high residual covariance between memory 
and orientation items (MI = 8.970). Figure  1 shows the 
structure, factor loadings, and residual variance of items.

By inserting this residual covariance in the model, there 
was an improvement in all fit indices (Table  2), as the 
RMSEA became acceptable (≤0.08), indicating excellent 
factorial adequacy. Subsequently, we performed a reli-
ability analysis using the composite reliability of the fac-
tors, and the results were acceptable (0.76).

Cutoff points
To assess the sensitivity and specificity of the audiovisual 
MoCA in discriminating the older adults with MCI from 
the CH adults, we performed ROC curve analysis. This 
resulted in a statistically significant curve, demonstrating 
that, when chosen randomly, 84.5% (CI 0.747–0.943) of 
the clinical cases will present scores lower than non-clin-
ical cases in the audiovisual MoCA (Fig. 2: AUC = 0.845, 
EP = 0.05; p < 0.000; 95% CI = 0.747–0.943).

The cutoff score that maximized sensitivity and 
specificity was 23/24 (i.e., scores up to 23 and from 24 
onwards), with a sensitivity of 0.77 and specificity of 0.92.

Finally, to investigate whether age or education affected 
the test scores, we performed a correlation analysis 

Table 2 MoCA confirmatory factor analysis results

χ2 Chi-square test statistic, df Degrees of freedom, χ2/df Relative Chi-square, CFI Comparative Fit Index, SRMR Standardized Root Mean Residual, TLI Tucker-Lewis Index, 
RMSEA Root mean square error of approximation

χ2(df) p χ2/df CFI TLI RMSEA (90% CI)

Original model 21.037 (9) 0.012 2.337 0.964 0.941 0.109 (0.048–0.170)

Adjusted model 12.007 (8) 0.015 1.500 0.988 0.978 0.067 (0.000–0.139)

Fig. 1 Confirmatory factor analysis model demonstrating the factor structure of the test
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between the audiovisual MoCA scores and years of edu-
cation (r = 0.364; p < 0.001); and the audiovisual MoCA 
scores and age (r = − 0.43; p < 0.001). The results showed 
a weak positive correlation for education, indicating that 
the scores were slightly affected by this variable, and a 
significant moderate, negative correlation for age, show-
ing that the higher the age, the lower the score found in 
the audiovisual MoCA test.

Discussion
The objective of this study was to translate and validate 
the MoCA in a audiovisual format in older adults in Bra-
zil. The final version of the test showed good, consistent 
psychometric properties and demonstrated a great ability 
to discriminate older adults with MCI from cognitively 
healthy older adults. Considering the rapid increase of 
the older adult population in several regions of the world, 
including Brazil [37], reliable and structured instru-
ments for cognitive screening that can be administered 
remotely are needed. Those instruments can contrib-
ute to the assessment of individuals with limited mobil-
ity or in regions of scarce resources. Through this study, 
we provide a validated tool for the remote screening of 

cognition which, in addition to the clinical implications, 
should generate new and relevant scientific data in the 
field of aging in Brazil.

Results of audiovisual MoCA and MMSE, showed 
a high correlation, indicating convergent validity with 
another test that measures the same construct. Although 
high correlation coefficients are expected, convergent 
validity analyszes from other studies that correlated the 
same tests have found great variability, with outcomes 
ranging from 0.65 to 0.93 [8, 10, 35, 38–40]. A MoCA val-
idation study conducted in Brazil [12] reported a similar 
result (r = 0.74) to ours.

Although several MoCA validation studies have 
been conducted in different languages and population 
groups, few performed the confirmatory factor analysis 
to assess the factor structure of the test. Our findings 
indicate that among older adults in Brazil, the remote 
audiovisual MoCA is represented as a unifactorial 
adjusted model. This model was originally proposed 
by the authors of the MoCA [8] and is composed of a 
global factor “Global Cognition” that includes six cog-
nitive domains (memory, visuospatial abilities, execu-
tive functions, language, orientation, and attention). 

Fig. 2 Representation of the ROC curve of the audiovisual MoCA in discriminating the older adults with mild cognitive impairment 
from the cognitively healthy older adults
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In our results, after inserting the residual covariance 
between memory and orientation, all factor loadings 
were within the acceptable range, demonstrating that 
this model is suitable. A study conducted by Duro et al. 
[35] also tested the one-factor model and found a simi-
lar result in the validation of the MoCA in Portugal, 
including adjusting the same correlation between the 
residual variances of memory and orientation. Another 
MoCA Vietnamese validation study also tested the 
same model, and the test performed statistically bet-
ter with covariances between language and executive 
functions [36]. Therefore, our results confirm the theo-
retical structure of the test, which considers MoCA an 
instrument for global cognitive screening [8].

The composite reliability of the factors was also accept-
able, indicating great internal consistency. Different from 
most MoCA validation studies that used Cronbach’s 
alpha value, we opted for composite reliability analysis 
due to the strong limitations of the use of Cronbach’s α 
[41–43], owing to its restrictive assumptions.

In addition, AUC values in the ROC curve proved to 
be satisfactory indicating the good accuracy of the audio-
visual MoCA for discriminating individuals with MCI 
from cognitively healthy. These results are in line with a 
previous meta-analysis of MoCA validation studies that 
determined the cutoff score for differentiating healthy 
aging from MCI as 23 [36], as opposed to 26 initially rec-
ommended by Nasreddine et  al. [8]. However, caution 
is needed when using this cutoff score, especially in the 
context of critical clinical decisions, as the MCI and cog-
nitively healthy groups differ significantly in terms of age 
and education. In this study, we performed an analysis of 
covariance to control the effects of these variables on the 
MoCA and MMSE results, and the difference between 
the groups remained even when controlling for age. A 
meta-analysis study on the re-examination of the MoCA 
cut-off score [44] discusses that MoCA performance has 
been shown to be influenced by age, years of formal edu-
cation, and cultural background and that it would be wise 
to consult normative data to improve accuracy in inter-
pretation of the MoCA cut scores.

In our study, the results of the remote audiovisual 
MoCA were influenced by age. As in other studies [15, 
45], older adults had lower scores than younger ones. This 
result is in accordance with other studies that have shown 
that the risk of MCI and cognitive decline increases with 
aging [46]. Age-related changes in brain structure and 
function can be associated with cognitive decline even in 
normal aging [47]. Therefore, such changes are expected 
to affect performance on the MoCA and other cognitive 
tests.

Finally, the audiovisual MoCA results were weakly 
affected by education level, as indicated by the authors 

of the test [8], we added one point to the total score for 
those individuals with low schooling to minimize the 
influence of education. Our findings, as well as other 
studies [40, 48, 49], support those of Nasreddine et al. [8]. 
A previous study on normative data for the audiovisual 
MoCA evaluated the influence of sociodemographic 
characteristics on performance in the test, finding robust 
correlations between education and age. Not only older 
individuals, but those with less education performed 
worse on the MoCA [8]. In addition to MoCA perfor-
mance, education has large effects on cognition in older 
age, even when controlling for genetic factors [50].

Some limitations of this study must be addressed. The 
clinical diagnosis of MCI was made based on the anam-
nesis, information about clinical conditions and the 
remote application of neuropsychological tests. Although 
there are studies in the literature that address the use 
of neuropsychological tests remotely, such as the study 
that determines the reliability of the Mini-Mental State 
Examination (MMSE) administration via telehealth [51] 
and another study that aimed to collect evidence of the 
validity of a remote cognitive battery that uses the same 
neuropsychological tests used in our study [52], to the 
best of our knowledge this is the first validation study 
of a remote cognitive test in Brazil, therefore it was not 
possible to apply validated tests, on the other hand, this 
point further highlights the relevance and innovation of 
this study.

Despite the fact that  we tried to diversify sociodemo-
graphic characteristics, our sample is mostly composed 
of participants with a high level of education and access 
to technological resources, which can be attributed to the 
characteristics of recruitment. Therefore, the generaliza-
tion of these results to other target populations should be 
done cautiously.

Another limitation is that it was not possible to carry 
out an in-person re-test with the validated paper-based 
MoCA version in order to compare the results intra-
subject. However, we must take into account that at the 
moment of the assessments we were in a critical period 
of the pandemic of COVID and social isolation with no 
prospect of returning to in-person services. With this, 
our investigation was the first online validation study 
aiming to enable a standardized application of cognitive 
screening tests.

Conclusions
The audiovisual MoCA is a valid and reliable cognitive 
screening test that can be administered in older adults 
through videoconference, which makes it possible to 
apply it even over great distances. Furthermore, this is an 
inexpensive and easy-to-use tool. The cutoff point of ≥23 
reached an adequate sensitivity of 0.77 and specificity of 



Page 8 of 9Carvalho et al. BMC Geriatrics           (2024) 24:10 

0.92. The findings of this study have a relevant impact 
both for scientific research and for the clinical area, since 
the MoCA test is the most widely used test for cognitive 
screening in older adults. Future studies should focus on 
validating the audiovisual MoCA to other target popula-
tion groups, as well as validating other tests commonly 
administered in older adults as remote screening tools to 
expand the repertoire of these tools and strengthen the 
growth of telemedicine.

Abbreviations
AUC   Area Under the Curve
CFI  Comparative Fit Index
CH  Cognitively Healthy
DSM  Diagnostic and Statistical Manual of Mental Disorders
GAI  Geriatric Anxiety Inventory
GDS  Geriatric Depression Scale
MoCA  Montreal Cognitive Assessment
MCI  Mild Cognitive Impairment
MI  Modification Indices
MMSE  Mini-Mental State Examination
RAVLT  Rey Auditory Verbal Learning Test
RDWLS  Robust Diagonally Weighted Least Squares
RMSEA  Root Mean Square Error of Approximation
ROC  Receiver Operating Characteristic
SD  Standard Deviation
SRMR  Standardized Root Mean Square Residual
SVF  Semantic Verbal Fluency

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 023- 04553-2.

Additional file 1: Table S1. Detailed differences between MoCA Full, 
face-to-face and Audiovisual MoCA.

Acknowledgements
We are grateful to the individuals who participated in this study. The cognitive 
training software used in this study and all technical support was provided to 
us free of charge by Posit Science, Inc.

Authors’ contributions
CMC: conceptualization, data collection, data analysis, writing and review. KRA: 
data collection, data analysis, writing. BCP: methodology, data collection. YGO: 
methodology, data collection. RGF: data collection, writing. EW: methodology, 
data collection. RP: project administration, supervision, review and editing. All 
authors read and approved the final manuscript.

Funding
This work was supported by Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (CAPES).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author (RP) on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the principles of the Declaration 
of Helsinki and approved by the Ethics Committee of the Instituto de Psiquia-
tria of the Universidade Federal do Rio de Janeiro (approval number: CAAE 
38114820.3.0000.5263. All participants provided informed consent before 
starting to participate in the research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 June 2023   Accepted: 1 December 2023

References
 1. American Psychiatric Association. Diagnostic and statistical manual of 

mental disorders. 5th ed. Porto Alegre: Artmed; 2013.
 2. Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin EH, et al. Mild 

cognitive impairment represents early-stage Alzheimer disease. Arch 
Neurol. 2001; https:// doi. org/ 10. 1001/ archn eur. 58.3. 397.

 3. Petersen RC. Clinical practice. Mild cognitive impairment. Arch Neurol. 
2001;58(3):397–405. https:// doi. org/ 10. 1001/ archn eur. 58.3. 397.

 4. Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, et al. 
International psychogeriatric association expert conference on mild cog-
nitive impairment. London, England: Mild cognitive impairment. Lancet; 
2006. https:// doi. org/ 10. 1016/ S0140- 6736(06) 68542-5.

 5. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern 
Med. 2004; https:// doi. org/ 10. 1111/j. 1365- 2796. 2004. 01388.x.

 6. Bruscoli M, Lovestone S. Is MCI really just early dementia? A systematic 
review of conversion studies. Int Psychogeriatr. 2004; https:// doi. org/ 10. 
1017/ s1041 61020 40000 92.

 7. van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al. 
Lecanemab in early Alzheimer’s disease. N Engl J Med. 2023; https:// doi. 
org/ 10. 1056/ NEJMo a2212 948.

 8. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, 
Collin I, et al. The Montreal cognitive assessment, MoCA: a brief screening 
tool for mild cognitive impairment. J Am Geriatr Soc. 2005; https:// doi. 
org/ 10. 1111/j. 1532- 5415. 2005. 53221.x.

 9. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician. J 
Psychiatr Res. 1975; https:// doi. org/ 10. 1016/ 0022- 3956(75) 90026-6.

 10. Freitas S, Simões MR, Alves L, Santana I. Montreal cognitive assessment: 
validation study for mild cognitive impairment and Alzheimer disease. 
Alzheimer Dis Assoc Disord. 2013; https:// doi. org/ 10. 1097/ WAD. 0b013 
e3182 420bfe.

 11. Smid S, Neto AS, Freitas KGC, Dourado MCN, Kochhann R, Barbosa BJAC, 
et al. Subjective cognitive decline, mild cognitive impairment, and 
dementia - syndromic approach: recommendations of the scientific 
Department of Cognitive Neurology and Aging of the Brazilian academy 
of neurology. Dement neuropsychol. 2022; https:// doi. org/ 10. 1590/ 
1980- 5764- DN- 2022- S101EN.

 12. Memória CM, Yassuda MS, Nakano EY, Forlenza OV. Brief screening for 
mild cognitive impairment: validation of the Brazilian version of the 
Montreal cognitive assessment. Int J Geriatr Psychiatry. 2013; https:// doi. 
org/ 10. 1002/ gps. 3787.

 13. Garfan S, Alamoodi AH, Zaidan BB, Al-Zobbi M, Hamid RA, Alwan JK. Tel-
ehealth utilization during the Covid-19 pandemic: a systematic review. Com-
put Biol Med. 2021; https:// doi. org/ 10. 1016/j. compb iomed. 2021. 104878.

 14. Hewitt KC, Rodgin S, Loring DW, Pritchard AE, Jacobson LA. Transitioning 
to telehealth neuropsychology service: considerations across adult and 
pediatric care settings. Clin Neuropsychol. 2020; https:// doi. org/ 10. 1080/ 
13854 046. 2020. 18118 91.

 15. Chapman JE, Cadilhac DA, Gardner B, Ponsford J, Bhalla R, Stolwyk RJ. 
Comparing face-to-face and videoconference completion of the Montreal 
cognitive assessment (MoCA) in community-based survivors of stroke. J 
Telemed Telecare. 2021; https:// doi. org/ 10. 1177/ 13576 33X19 890788.

 16. Brearly TW, Shura RD, Martindale SL, Lazowski RA, Luxton DD, Shenal 
BV, et al. Neuropsychological test administration by videoconference: a 
systematic review and meta-analysis. Neuropsychol Rev. 2017; https:// doi. 
org/ 10. 1007/ s11065- 017- 9349-1.

 17. Wong A, Nyenhuis D, Black SE, Law LSN, Lo ESK, Kwan PWL, et al. Mon-
treal cognitive assessment 5-minute protocol is a brief, valid, reliable, 

https://doi.org/10.1186/s12877-023-04553-2
https://doi.org/10.1186/s12877-023-04553-2
https://doi.org/10.1001/archneur.58.3.397
https://doi.org/10.1001/archneur.58.3.397
https://doi.org/10.1016/S0140-6736(06)68542-5
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1017/s1041610204000092
https://doi.org/10.1017/s1041610204000092
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1097/WAD.0b013e3182420bfe
https://doi.org/10.1097/WAD.0b013e3182420bfe
https://doi.org/10.1590/1980-5764-DN-2022-S101EN
https://doi.org/10.1590/1980-5764-DN-2022-S101EN
https://doi.org/10.1002/gps.3787
https://doi.org/10.1002/gps.3787
https://doi.org/10.1016/j.compbiomed.2021.104878
https://doi.org/10.1080/13854046.2020.1811891
https://doi.org/10.1080/13854046.2020.1811891
https://doi.org/10.1177/1357633X19890788
https://doi.org/10.1007/s11065-017-9349-1
https://doi.org/10.1007/s11065-017-9349-1


Page 9 of 9Carvalho et al. BMC Geriatrics           (2024) 24:10  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

and feasible cognitive screen for telephone administration. Stroke. 2015; 
https:// doi. org/ 10. 1161/ STROK EAHA. 114. 007253.

 18. Julayanont P, Tangwongchai S, Hemrungrojn S, Tunvirachaisakul C, 
Phanthumchinda K, Hongsawat J. The Montreal cognitive assessment—
basic: a screening tool for mild cognitive impairment in illiterate and 
low-educated elderly adults. J Am Geriatr Soc. 2015; https:// doi. org/ 10. 
1111/ jgs. 13820.

 19. Liboshi K, Yoshida K, Yamaoka Y, Eguchi Y, Sato D, Kishimoto M, et al. A 
validation study of the remotely administered Montreal cognitive assess-
ment tool in the elderly Japanese population. Telemedicine journal and 
e-health: the official journal of the American Telemedicine Association. 
2020; https:// doi. org/ 10. 1089/ tmj. 2019. 0134.

 20. Gagnon C, Olmand M, Dupuy EG, Besnier F, Vincent T, Grégoire CA, et al. 
Videoconference version of the Montreal cognitive assessment: norma-
tive data for Quebec-French people aged 50 years and older. Aging Clin 
Exp Res. 2022; https:// doi. org/ 10. 1007/ s40520- 022- 02092-1.

 21. Castanho TC, Amorim L, Zihl J, Palha JA, Sousa N, Santos NC. Telephone-
based screening tools for mild cognitive impairment and dementia in 
aging studies: a review of validated instruments. Front Aging Neurosci. 
2014; https:// doi. org/ 10. 3389/ fnagi. 2014. 00016.

 22. Guillemin F, Bombardier C, Beaton D. Cross-cultural adaptation of health-
related quality of life measures: literature review and proposed guidelines. 
J Clin Epidemiol. 1993; https:// doi. org/ 10. 1016/ 0895- 4356(93) 90142-n.

 23. American Educational Research Association, American Psychological 
Association, & National Council on Measurement in Education (Orgs.). 
(2014). Standards for educational and psychological testing. Washington, 
DC: AERA; 2014.

 24. MoCA - Cognitive Assessment. https:// mocac ognit ion. com/. Accessed in 
accessed September 29, 2023.

 25. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild 
cognitive impairment: clinical characterization and outcome. Arch Neu-
rol. 1999;56(3):303–8. https:// doi. org/ 10. 1001/ archn eur. 56.3. 303.

 26. Quaranta D, Piccininni C, Caprara A, Malandrino A, Gainotti G, Marra C. 
Semantic relations in a categorical verbal fluency test: an exploratory 
investigation in mild cognitive impairment. Front Psychol. 2019; https:// 
doi. org/ 10. 3389/ fpsyg. 2019. 02797.

 27. Schmidt M. Rey auditory verbal learning test: a handbook. Los Angeles, 
CA: Western Psychological Services; 1996.

 28. Pachana NA, Byrne GJ, Siddle H, Koloski N, Harley E, Arnold E. Develop-
ment and validation of the geriatric anxiety inventory. Int Psychogeriatr. 
2007; https:// doi. org/ 10. 1017/ S1041 61020 60035 04.

 29. Sheikh JI, Yesavage JA. Geriatric depression scale (GDS): recent evidence 
and development of a shorter version. Clinical Gerontologist: The Journal of 
Aging and Mental Health. 1986; https:// doi. org/ 10. 1300/ J018v 05n01_ 09.

 30. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness 
in the aged. The index of ADL: a standardized measure of biological and 
psychosocial function. JAMA. 1963; https:// doi. org/ 10. 1001/ jama. 1963. 
03060 12002 4016.

 31. DiStefano C, Morgan GB. A comparison of diagonal weighted least 
squares robust estimation techniques for ordinal data. Struct Equ Model. 
2014; https:// doi. org/ 10. 1080/ 10705 511. 2014. 915373.

 32. Li CH. Confirmatory factor analysis with ordinal data: comparing robust 
maximum likelihood and diagonally weighted least squares. Behav Res 
Methods. 2016; https:// doi. org/ 10. 3758/ s13428- 015- 0619-7.

 33. Hulley SB, Cummings SR, Browner WS, Grady D, Hearst N, Newman TB. 
Delineando a pesquisa clínica: uma abordagem epidemiológica. 2ª 
edição ed. Porto Alegre: Editora Artmed; 2003.

 34. Raykov T. Estimation of composite reliability for congeneric measures. 
Appl Psychol Meas. 1997; https:// doi. org/ 10. 1177/ 01466 21697 02120 06.

 35. Duro D, Simões MR, Ponciano E, Santana I. Validation studies of the 
Portuguese experimental version of the Montreal cognitive assessment 
(MoCA): confirmatory factor analysis. J Neurol. 2010; https:// doi. org/ 10. 
1007/ s00415- 009- 5399-5.

 36. Do M, Bui BKH, Pham NK, Anglewicz P, Nguyen L, Nguyen T, et al. Valida-
tion of MoCA test in Vietnamese language for cognitive impairment 
screening. JoGHNP. 2022; https:// doi. org/ 10. 52872/ 001c. 35656.

 37. Department of economic and social affairs. World social report 2023. In: 
Leaving no one behind in an ageing world. United Nations; 2023.

 38. Lee JY, Lee DW, Cho SJ, Na DL, Jeon HJ, Kim SK, et al. Brief screening for 
mild cognitive impairment in elderly outpatient clinic: validation of the 

Korean version of the Montreal cognitive assessment. J Geriatr Psychiatry 
Neurol. 2008; https:// doi. org/ 10. 1177/ 08919 88708 316855.

 39. Fujiwara Y, Suzuki H, Yasunaga M, Sugiyama M, Ijuin M, Sakuma N, et al. 
Brief screening tool for mild cognitive impairment in older Japanese: 
validation of the Japanese version of the Montreal cognitive assessment. 
Geriatr Gerontol Int. 2010; https:// doi. org/ 10. 1111/j. 1447- 0594. 2010. 00585.

 40. Serrano CM, Sorbara M, Minond A, Finlay JB, Arizaga RL, Iturry M, et al. 
Validation of the argentine version of the Montreal cognitive assessment 
test (MOCA): a screening tool for mild cognitive impairment and mild 
dementia in elderly. Dement Neuropsychol. 2020; https:// doi. org/ 10. 
1590/ 1980- 57642 020dn 14- 020007.

 41. Sijtsma K, Pfadt JM. Part II: on the use, the misuse, and the very limited 
usefulness of Cronbach’s alpha: discussing lower bounds and correlated 
errors. Psychometrika. 2021; https:// doi. org/ 10. 1007/ s11336- 021- 09789-8.

 42. McNeish D. Thanks coefficient alpha, we’ll take it from here. Psychol 
Methods. 2018; https:// doi. org/ 10. 1037/ met00 00144.

 43. Trizano-Hermosilla I, Alvarado JM. Best alternatives to Cronbach’s alpha 
reliability in realistic conditions: congeneric and asymmetrical measure-
ments. Front Psychol. 2016; https:// doi. org/ 10. 3389/ fpsyg. 2016. 00769.

 44. Carson N, Leach L, Murphy KJ. A re-examination of Montreal cognitive 
assessment (MoCA) cutoff scores. Int J Geriatr Psychiatry. 2018; https:// 
doi. org/ 10. 1002/ gps. 4756.

 45. Khatib N, El Harch I, Lamkaddem A, Omari L, Attiya N, Filali-Zegzouti 
Y, et al. The Moroccan MoCA test: translation, cultural adaptation, and 
validation. Appl Neuropsychol Adult. 2022; https:// doi. org/ 10. 1080/ 23279 
095. 2022. 21191 43.

 46. Visser PJ, Kester A, Jolles J, Verhey F. Ten-year risk of dementia in subjects 
with mild cognitive impairment. Neurology. 2006; https:// doi. org/ 10. 
1212/ 01. wnl. 00002 38517. 59286. c5.

 47. Murman DL. The impact of age on cognition. Semin Hear. 2015; https:// 
doi. org/ 10. 1055/s- 0035- 15551 15.

 48. Gil L, Sánchez CR, Gil F, Romero SJ, Burgos FP. Validation of the Montreal 
cognitive assessment (MoCA) in Spanish as a screening tool for mild 
cognitive impairment and mild dementia in patients over 65 years old in 
Bogotá, Colombia. Int J Geriatr Psychiatry. 2015; https:// doi. org/ 10. 1002/ 
gps. 4199.

 49. Luis CA, Keegan AP, Mullan M. Cross validation of the Montreal cognitive 
assessment in community dwelling older adults residing in the southeast-
ern US. Int J Geriatr Psychiatry. 2009; https:// doi. org/ 10. 1002/ gps. 2101.

 50. Fletcher J, Topping M, Zheng F, Lu Q. The effects of education on cogni-
tion in older age: evidence from genotyped siblings. Soc Sci Med. 2021; 
https:// doi. org/ 10. 1016/j. socsc imed. 2021. 114044.

 51. Ciemins EL, Holloway B, Coon PJ, McClosky-Armstrong T, Min SJ. Telemed-
icine and the mini-mental state examination: assessment from a distance. 
Telemed J E Health. 2009; https:// doi. org/ 10. 1089/ tmj. 2008. 0144.

 52. Vermeent S, Spaltman M, Elswijk GV, Miller JB, Schmand B. Philips Intel-
liSpace cognition digital test battery: equivalence and measurement 
invariance compared to traditional analog test versions. Clin Neuropsy-
chol. 2022; https:// doi. org/ 10. 1080/ 13854 046. 2021. 19745 65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/STROKEAHA.114.007253
https://doi.org/10.1111/jgs.13820
https://doi.org/10.1111/jgs.13820
https://doi.org/10.1089/tmj.2019.0134
https://doi.org/10.1007/s40520-022-02092-1
https://doi.org/10.3389/fnagi.2014.00016
https://doi.org/10.1016/0895-4356(93)90142-n
https://mocacognition.com/
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.3389/fpsyg.2019.02797
https://doi.org/10.3389/fpsyg.2019.02797
https://doi.org/10.1017/S1041610206003504
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1080/10705511.2014.915373
https://doi.org/10.3758/s13428-015-0619-7
https://doi.org/10.1177/01466216970212006
https://doi.org/10.1007/s00415-009-5399-5
https://doi.org/10.1007/s00415-009-5399-5
https://doi.org/10.52872/001c.35656
https://doi.org/10.1177/0891988708316855
https://doi.org/10.1111/j.1447-0594.2010.00585
https://doi.org/10.1590/1980-57642020dn14-020007
https://doi.org/10.1590/1980-57642020dn14-020007
https://doi.org/10.1007/s11336-021-09789-8
https://doi.org/10.1037/met0000144
https://doi.org/10.3389/fpsyg.2016.00769
https://doi.org/10.1002/gps.4756
https://doi.org/10.1002/gps.4756
https://doi.org/10.1080/23279095.2022.2119143
https://doi.org/10.1080/23279095.2022.2119143
https://doi.org/10.1212/01.wnl.0000238517.59286.c5
https://doi.org/10.1212/01.wnl.0000238517.59286.c5
https://doi.org/10.1055/s-0035-1555115
https://doi.org/10.1055/s-0035-1555115
https://doi.org/10.1002/gps.4199
https://doi.org/10.1002/gps.4199
https://doi.org/10.1002/gps.2101
https://doi.org/10.1016/j.socscimed.2021.114044
https://doi.org/10.1089/tmj.2008.0144
https://doi.org/10.1080/13854046.2021.1974565

	Translation and validation of the audiovisual version of the Montreal cognitive assessment in older adults in Brazil
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Translation and content validation
	Evaluation of psychometric properties of the MoCA
	Participants
	Instruments

	Statistical analysis

	Results
	Sample characterization
	Psychometric properties
	Cutoff points

	Discussion
	Conclusions
	Anchor 20
	Acknowledgements
	References


