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ARTICLE

Is the Mini-Mental State Examination
the best cognitive screening test for less
educated people?

O mini-exame de estado mental é o melhor teste de rastreamento cognitivo para
individuos com menor escolaridade?

Luis Felipe SCARABELQOT', Mariane de Moraes MONTEIRQ', Mauren Carneiro da Silva RUBERT?, Viviane de
Hiroki Flumignan ZETOLA'

ABSTRACT

Mini-Mental State Examination (MMSE) results are strongly influenced by educational level. The Brief Cognitive Screening Battery (BCSB)
isan alternative assessment tool that provides more accurate results in individuals with less education. Objective: Our aim was to compare
the MMSE and BCSB as screening tests. Methods: The MMSE and BCSB were assessed in 112 participants by two evaluators blind to the
other test’s result. Participants were classified according to their level of education. The influence of education level was analyzed using
the Kruskal-Wallis and multiple comparison tests. Results: Scores of the MMSE (p < 0.0001) and the clock-drawing test (p < 0.0001) were
influenced by education level but the delayed recall test score was not (p = 0.0804). The verbal fluency test (p = 0.00035) was influenced only
by higher educational levels. It took three minutes less to apply the MMSE than to apply the BCSB (p < 0.0001). Conclusions: These findings
suggest that the delayed recall test and the verbal fluency test of the BCSB are better than the MMSE and clock-drawing test as tools for
evaluating cognition in people with limited education.
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RESUMO

Os resultados do Mini-Exame de Estado Mental (MEEM) sao consideravelmente influenciados pelo nivel de escolaridade. A Bateria Breve
de Rastreio Cognitivo (BBRC) é uma ferramenta de rastreamento cognitivo alternativa que fornece resultados mais acurados em individuos
com menor nivel de escolaridade. Objetivo: Comparar o MEEM e a BBRC como testes de rastreamento cognitivo. Métodos: 112 participantes
foram submetidos ao MEEM e a BBRC por 2 avaliadores cegos para o resultados do outro teste. Os participantes foram classificados
de acordo o nivel de escolaridade. A influéncia do nivel de escolaridade foi analisada utilizando o teste de Kruskal-Wallis e o teste de
comparacoes multiplas. Resultados: As pontuacdes do MEEM (p < 0,0001) e do teste do desenho do relégio (p < 0,0001) foram influenciadas
pelo nivel de escolaridade, porém o teste de memoria tardia nao sofreu influéncia do nivel de escolaridade (p = 0,0804). O teste de fluéncia
verbal (p = 0,00035) foi influenciado apenas pelos niveis educacionais mais altos. A aplicacdo do MEEM levou 3 minutos a menos que a
da BBRC (p < 0,0001). Concluséao: Os achados desse estudo sugerem que o teste de memoria tardia e o teste de fluéncia verbal da BBRC
sao mais adequados que o MEEM e o teste do desenho do relégio como ferramentas para avaliacao cognitiva em populacdes com menor
nivel educacional.

Palavras-chave: Deméncia; cognicao; transtornos cognitivos; meméria.

Mild cognitive impairment (MCI) is a condition that in individuals aged 65 years or older and that it increases
lies between the normal aging-associated cognitive decline ~ with age'.
and dementia. It involves a degree of cognitive decline that Within this context, various cognitive tests are avail-
is not sufficient to impair an individual's daily living activi-  able for the screening and diagnosis of MCI and early-stage
ties. It is estimated that the prevalence of MCI is 1020%  dementia. The Mini-Mental State Examination (MMSE)
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is the most commonly used test®. The MMSE has a sensitiv-
ity of 62.7% and a specificity of 63.3% when used to detect
MClI in healthy individuals®. It is important, however, to take
into account age, gender and education in the interpreta-
tion of MMSE scores, especially in populations with lower
educational levels*’.

Another less commonly used instrument is the Brief
Cognitive Screening Battery (BCSB). The BCSB consists of
the following tests: identification and naming of 10 common
objects from drawings (sensitivity: 50%; specificity: 96.66%);
incidental recall (sensitivity: 90%; specificity: 83.33%), imme-
diate recall and learning of these images; the clock-drawing
test (sensitivity: 90%; specificity: 83.33%); semantic verbal flu-
ency test based on naming animals (sensitivity: 96.66%; spec-
ificity: 93.33%); delayed recall (sensitivity: 93.33%; specificity:
96.66%) and recognition of the drawings used in the first test
when presented among other drawings (sensitivity: 93.33%;
specificity: 90%)°".

Scores on the MMSE, the verbal fluency test and the
clock-drawing test differ between literate and illiterate indi-
viduals without dementia. On the other hand, this differ-
ence is not observed on the BCSB delayed recall test scores®.
The BCSB is a highly accurate method for the diagnosis of
Alzheimer’s disease in both illiterate and literate individuals®.

We hypothesized that education influences the perfor-
mance of individuals more significantly on the MMSE than
on the BCSB.

For the purpose of testing this hypothesis, the major
objective of this study was to compare the influence of edu-
cational levels on the MMSE and BCSB scores.

METHODS

This was a cross-sectional observational study of 112
healthy individuals aged between 60 and 80 years, who
attended outpatient clinics of the Hospital de Clinicas of
the Federal University of Parana, located in Curitiba, Brazil.
Participants were randomized by a simple randomization
technique. Ten patients were chosen per day from a list of
patients who attended the outpatient clinics that day. These
selected patients were addressed, then were included or not
in the study according to the inclusion and exclusion crite-
ria and their acceptance of the consent terms. All the indi-
viduals performed both tests and each test was conducted
by a different evaluator blind to the other test’s results (the
MMSE was always conducted by evaluator 1 and the BCSB
was always conducted by evaluator 2). We chose this design
to minimize measurement bias. Patients attending neu-
rology and psychiatry outpatient clinics were excluded,
as were those using barbiturates, benzodiazepines, anticho-
linesterases, antipsychotics and thyroid hormones, because
these criteria could predict the presence of major cognitive
declines or neurologic or psychiatric comorbidities that could

impact cognitive functioning'. Therefore, these patients
were excluded, to minimize the risk of including cognitively
impaired individuals. However, we did not perform any diag-
nostic test for the exclusions, because we aimed to mimic the
reality of a primary care context in which accurate diagnos-
tic testing might not be available. The study was approved
by the Human Research Ethics Committee of the Hospital de
Clinicas of the Federal University of Parana.

Participants were categorized on the basis of their educa-
tion (group 0: illiterate; group 1: 1-4 years of education; group
2: 5-8 years of education; group 3: more than eight years of
education). The MMSE was administered to all participants
according to the procedure described by Brucki et al.'' and
the BCSB was assessed as described by Vitiello et al.’.

Scores for the various components of the BCSB were cal-
culated separately and only the scores for the delayed recall
test, clock-drawing test and verbal fluency test were used in
the analysis. These tests were chosen from the BCSB because
they evaluate important cognitive domains impaired in MCI
and dementia, such as memory in the delayed recall test,
executive function and language in the verbal fluency test,
and visuospatial skills in the clock-drawing test. They were
chosen instead of the other tests because they had the high-
est sensitivity and specificity in the domain they evaluate.
If we included all the tests in the analysis, the results would
have been redundant and less reliable'*"*. However, the time
taken to apply the whole BCSB was used in the application
time analysis.

For the analysis we used cut-off points proposed for the
Brazilian population. The cut-off points for the MMSE were
as follows: 20 for group 0; 25 for group 1; 26 for group 2; 28 for
group 3'. The cut-off points for the BCSB tests analyzed in
our study were: delayed recall test: 6; verbal fluency test: 13".
We did not analyze performance on the clock-drawing test
based on cut-off points because participants who refused to
perform that test were excluded from its analysis.

Statistical analysis was carried out using R Statistical
Software, 2016. Test administration times were compared
using the Mann-Whitney test. The effects of educational level
were assessed using the Kruskal-Wallis test and pairwise
multiple comparisons.

RESULTS

Table 1 shows the educational profile of the sample.
Eighty participants (71%) were women. Median assessment
times for the MMSE and BCSB were respectively 5 and 8 min-
utes (p < 0.0001).

Table 2 presents a group comparison of median scores on
the MMSE, delayed test, clock-drawing test and verbal flu-
ency test. Regarding the MMSE scores, all the pairwise com-
parisons between groups were significant (p < 0.0001), except
for the comparison between groups 1 and 2 (p = 0.1189).
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Table 1. Distribution of participants by level of education.

Level of education

Groups

Total Relative (%)
Group 0 10 9
Group 1 44 39
Group 2 29 26
Group 3 29 26
Total 112 100

Similarly, pairwise comparisons of scores on the
clock-drawing test were also significant (p < 0.0001) except
for the comparison of groups 1 and 2 (p = 0.082). Fifteen par-
ticipants (13%) refused to draw the clock and were therefore
excluded from this analysis. The distribution of refusals by
education group was as follows, group 0: n = 6 (60%); group 1:
n =6 (14%); group 2: n = 2 (7%); group 3:n = 1 (3%).

Pairwise comparison revealed that the performance of
group 3 on the verbal fluency test was different from that
of all the other groups: vs. group 0: p = 0.0032; vs. group 1:
p=0.0003; vs. group 2: p = 0.0001. All the other groups had sim-
ilar verbal fluency test scores: group 0 vs. group 1: p = 0.5596;
group 0 vs. group 2: p = 0.9618; group 1 vs. group 2: p = 0.435.

Delayed recall test scores were similar in all groups
(p =0.0804).

DISCUSSION

The median MMSE scores in our sample are comparable
to those reported by Brucki et al.': illiterates, MMSE = 20;
1-4 years of education, MMSE = 25; 5-8 years of education,
MMSE = 26.5; over eight years of education, MMSE = 28.
However, there is some debate about which cut-off points
should be used for the MMSE. Brucki et al."' suggested that
the cut-off points should be analyzed for each individual
separately, whereas Bertolucci et al.'* suggested values of 13
(illiterates), 18 (1-8 years of education) and 26 (more than
eight years of education), and Almeida et al.'® suggested 20
as a cut-off for illiterate individuals. In a study that compared
illiterate and literate individuals, the median MMSE scores
were 21 and 26.5 for illiterate and literate participants respec-
tively®. In summary, the analysis of MMSE scores has sub-
stantially changed over time.

Education significantly influences MMSE scores and has
been reported to be the most important determinant of vari-
ance in performance on the test''®. Therefore, most of the
Brazilian studies on the MMSE performed between 1998 and
2013 used educational criteria to define cut-off points'. Our
results also suggest that education is a decisive element in
MMSE performance. Thus, the lack of standardization for
the MMSE, shown by the significant variability of the scores
among different educational levels, impairs its validity"’.
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Table 2. Median scores for the MMSE and for the BCSB
selected tests for analysis (delayed recall test, clock-drawing
test and verbal fluency test).

Median score

Test

Group O Group1 Group2 Group3 p-value
MMSE 21 23 23 26 <0.0001
Delayed recall 7 8 7 38 0.0804
test
Clock-drawing 4 8 9 9 <0.0001
test
Verbal fluency 12 14 12 18 0.00035

test
MMSE: Mini-mental state examination; BCSB: Brief cognitive battery.

As discussed previously, the weaknesses of the MMSE
have gradually become more apparent. Therefore, the urge to
provide an assessment of cognition better than the MMSE,
which is valid for the entire Brazilian population, became
even more evident. The BCSB has become the more appro-
priate option for that purpose. The tests that make up the
BCSB have been studied since 1994. In fact, the accuracy of
the selected tests for the BCSB is high, and comparable to
that of the MMSE".

Our study suggests that education more significantly
influences the MMSE than the BCSB in our population. Our
sample showed that the delayed recall test scores did not
vary with levels of education. Nitrini et al.” reported that illit-
erate and literate participants, and participants with little
education and standard education, obtained similar scores
on the BCSB delayed recall test. They concluded that, unlike
the MMSE, the delayed recall test is not educationally biased®.

The effect of educational level on the verbal fluency test
that we observed was due to the performance of the group
with more than eight years of education. This is consistent
with another study, which reported that individuals with
more than eight years of education spoke approximately six
more words than individuals with less education'®. Another
study also found a significant difference between the verbal
fluency scores of illiterate and literate participants®. In our
sample, participants with more than eight years of schooling
spoke between four and six more words than participants in
the other groups.

In our sample, educational level influenced performance
on the clock-drawing test. Previous studies have also reported
that individuals with more education perform better than
those with less education'*”. It should be noted, however,
that our analysis of the clock-drawing test was impaired by
the high rate of refusals to perform the test, especially in the
illiterate group. In most cases the refusal was due to lack of
knowledge and embarrassment about having their drawings
evaluated. This indicates a limitation for the clinical use of
the clock-drawing test in individuals with less education.

We found that the MMSE took three minutes less to
assess than the BCSB. The median assessment time for the



BCSB in our sample, eight minutes, is similar to the median
times reported in other studies’. The three-minute differ-
ence in application time is not a barrier to the clinical use
of the BCSB.

While the BCSB takes longer to apply, tests that mini-
mize educational bias, such as the delayed recall test of the
BCSB, are more appropriate to the Brazilian context. The
heterogeneity of the Brazilian population makes it difficult
to standardize scores on tests that are influenced by the
educational level.

Besides the fact that our sample was selected from
outpatient clinics from a tertiary health service, the pro-
portion of each education group was compatible to the
profile of users of the Brazilian public health system,
as stated by Ribeiro et al.”: up to three years of educa-
tion (groups 0 and 1): 41.9%; four to seven years (group 2):
24%; over eight years (group 3): 34.1%. The small number
of illiterates in our sample made the observations in this
group less reliable, but that number can be justified by
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