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Education does not equally influence all the Mini Mental
State Examination subscales and items: inferences from a
Brazilian community sample
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Abstract

Objective: Mini-Mental State Examination cutoffs have been presented
for schooling levels to screen cognitive impairment. However, items may
behave differently with regards to education. The objective of this study
was to examine the impact of education on MMSE subscales and items.
Method: Community—dwelling participants aged 65 years or more
(n =990, females = 637, age = 74.1 years, range 65-108) were stratified
as illiterate (n = 373), 1-8 (n = 540), 9-12 (n = 63), and more than
12 years of schooling (n = 14) and were screened with MMSE and
Pfeffer Functional Activities Questionnaire. To make the Mini-Mental
State Examination items comparable, each item was transformed into
z scores. Multiple linear regression was used to estimate the effect
of schooling on MMSE subscales and items controlling for age, sex,
and activities of daily life. Results: Temporal and space orientation,
attention/calculation, repetition, reading, writing, and drawing scores
improved as education increased, but not memory registration, three
step command, and naming. Reading and writing displayed the largest
coefficients, whereas education exerted no influence on naming and
three step command tasks. Conclusion: Education does not exert an
important effect on naming, three step command, memory registration,
and delayed recall. As memory is a key factor for diagnosing dementia,

these items could be considered despite education.
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Resumo

Objetivo: Virios pontos de corte foram propostos para o Mini Exame
do Estado Mental para rastrear cognicio. Entretanto, os itens podem se
comportar diferentemente dependendo da educacdo. O objetivo deste
estudo foi examinar o impacto da educagio nas subescalas e itens do Mini
Exame do Estado Mental. Método: Participantes com idade de 65 anos
ou mais e residentes na comunidade (n = 990, feminino = 637, idade =
74,1 anos, 65-108) foram estratificados como analfabetos (n = 373), 1-8
(n = 540), 9-12 (n = 63), e mais de 12 anos de escolaridade (n = 14) e
Jforam rastreados com Mini Exame do Estado Mental e com Questiondrio
de Atividades Funcionais de Pfeffer. Para tornar os itens do Mini Exame
do Estado Mental compardveis, cada item foi transformado em escore z.
Regressio linear milltipla foi usada para estimar o eféito da escolaridade
nos subitens do Mini Exame do Estado Mental controlando para idade,
sexo e atividades de vida didria. Resultados: Orientagio temporal ¢
espacial, atengdolcdlculo, repetigio, leitura, escrita e desenho melhoraram
a medida que a escolaridade aumentava, mas nio registro, comando em
trés etapas e nomeagio. Leitura e escrita tiveram os maiores coeficientes,
enquanto a edducagio nio influenciou na nomeagio ou comando em trés
etapas. Conclusdo: Educacio nio exerce efeito importante em nomeagio,
comando em trés etapas, registro de memdria e memdria tardia. Sendo
memdria fator-chave para diagnosticar deméncia, esses itens podem ser
considerados apesar da educagdo.
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Introduction

The Mini-Mental State Examination (MMSE)! is viewed as a
mandatory test to screen for cognitive impairment and dementia
in the various clinical and community settings. Despite its known
qualities as a quick and good instrument to assess the overall
cognitive state, there is still an ongoing debate on the several
shortcomings of this test regarding its appropriateness to recognize
dementia with good sensitivity and specificity, either in low or
in highly educated subjects.*®> Numerous studies have provided
different cutoff scores for cognitive impairment according to age
and education both in developed and in developing countries.**
In Brazil, most studies have examined the psychometric properties
of the MMSE only in clinical settings,”” providing cutoff
points ranging from 12 to 19 for illiterate elderly. However, the
instrument may behave differently in community samples of older
adults.>!° Normative data with the percentile distribution may be
more suitable to prospectively examine cognitive impairment and
decline, considering those at the 5% or 10" percentile as impaired
or at greater risk of having dementia.'"** A recent study'® with
a large community based sample showed that it is inadequate to
use means and standard deviations to set cutoff points for the
MMSE given that the distribution of the scores is not normal,
but is rather skewed to the right, even when the participants were
stratified for age and schooling level. This is in line with previous
observations that the MMSE scores are not normally distributed
and, therefore, these data would need statistical methods other
than multiple linear regression models and discriminate analysis
to be properly understood.'

A qualitative approach to the MMSE items may provide
additional information on subtle changes which can be further
examined with other neuropsychological tests designed to

1517 Patients with

cover a broader range of cognitive abilities.
mild cognitive impairment, for instance, tend to score above
the established cutoff points of the MMSE.">'® There is a
need to inform clinicians about the size of the impact of
sociodemographic variables on the MMSE scores, rather than
just setting cutoff scores for education.'® Several studies have
identified and confirmed five domains within the MMSE,*?°
namely, orientation, registration, attention and calculation,
recall and language. Albeit it has already been well established
that education may exert a major effect on the total score of the
MMSE,>*!° Jones and Gallo? and other authors' have found
that the MMSE is construct valid to all the educational levels,
although the internal consistency reliability was higher among
those with less education.?! These authors hypothesized that
the MMSE would relate equivalently to external variables such
as sex, functionality, occupational status, and physical health,
and would also display equivalent internal characteristics across
education but the results did not confirm their assumptions.?'
These findings were further extended to study samples
comprising illiterates, as in publications which assessed MMSE
in developing countries.'*!? The purpose of the present study is
to examine the impact of education on each item of the MMSE
in such a population in Brazil. We hypothesized that not all of

the MMSE items would have the same impact from educational
level to the final score. In this case, at least some of the items
could hold a good validity to screen for cognitive impairment
regardless of the subject’s educational background.

Method

1. Participants and setting

Participants with more than 65 years of age from a project to
evaluate the prevalence of dementia in Santo Antonio de Pddua, Brazil
were screened with the MMSE' and the Pfeffer Functional Activities
Questionnaire (PFAQ).?* Santo Antonio de Pddua is located in the
state of Rio de Janeiro, southeast of Brazil, and has approximately
4,614 individuals with more than 60 years of age (11.92% of the
total population) from a total of 38,692 inhabitants.” The elderly
living in nine sections of the city were consecutively included from
May/2000 in an observational cross-sectional study. Seven hundred
and forty six subjects were evaluated in the community. The other
subjects (n = 529) were evaluated at a public neurology outpatient
unit. The available data was joined into one group because both
groups share the same demographic, social, educational, and age
characteristics.”* The original database included 1,275 subjects.
For the present study, subjects with more than 65 years of age were
selected from the database complying with the cutoff age to define
old age. This would make comparisons with other studies more
accurate. Those with less than 65 years of age (n = 230) or with
hearing and visual impairments and/or clinical unstable disorders
(n = 10), which would make the examination impossible, were
excluded from this study. These impairments and disorders were
investigated by using a structured questionnaire designed by
the authors. Also, four subjects were not able to ascertain their
age and 41 other subjects were excluded because of incomplete
recorded data.

The subjects’ age, gender and educational level were recorded
following a direct question regarding these data. The level of
activity of daily living was assessed (ADL) by the PFAQ,*
providing operational descriptions of various functional levels.
Performance in all activities is assessed by 10 questions with the
score ranging from 0 to 3, according to increasing severity. The
maximum possible score is 30. Functional capacity level varies
from 1 (normal) to 7 (severely incapacitated). Subjects scoring
higher than 5 are defined as having functional impairment.

The MMSE is a brief screening test for cognitive capabilities. It
evaluates orientation (spatial and time), attention, concentration,
memory, calculation, language, and praxis. The score ranges from
0 to 30, and the higher the score, the better is the performance.
The MMSE structure includes 16 binomially scored items (time
orientation, space orientation, naming, repetition, reading,
writing, and drawing) of which time and space orientation may be
contracted so as to be scored on an ordinal scale, ranging each one
from 0-5. The other items are scored ordinally, namely memory
registration, attention/ calculation, and delayed memory.'* In
this study, we used a Brazilian version of the MMSE and only
scored the serial sevens as the item for attention/concentration

and calculation.”
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2. Statistics

The R software® was used for data analysis. Relative frequencies
were calculated for categorical variables. Statistical significance of
the difference between the categories was evaluated by chi-squared
test. Means and standard deviations were estimated for continuous
variables and scores of three subscales (time orientation, space
orientation, and naming) and eight single items of the MMSE.
Scores for the three subscales and the eight items were also
calculated according to education categories. The statistical
significance of the differences among the various education
categories was calculated using the Kruskal-Wallis test. In order
to make the MMSE items comparable, each item was transformed
into z scores, i.e., the mean was subtracted from each value of a
determined variable and the result was divided by one standard
deviation. Multiple linear regression was used to estimate the
effect of schooling on each item of the MMSE controlling for age,
sex, and activities of daily life (ADL). The regression coefficient
estimate represents the variation in standard deviations in the z
score for each level of schooling as compared to the baseline level,
i.e., illiteracy. Marginal effects can be easily derived by subtracting
the value of the previous level from the coefficient of a given level
of schooling. In this study, a lower statistical significance was
expected for the highest level of schooling because there were
only a few subjects in this category who were included in the
study population. P-values < 0.05 were considered statistically
significant. Those values between 0.06 and 0.10 were considered
of borderline significance.

3. Ethics

The study was approved by the Ethics Committee of the Institute
of Psychiatry of the Universidade Federal do Rio de Janeiro
(n0.1127/2005), and the participants signed the informed consents.

Results

Nine hundred ninety subjects were interviewed and 637 (64%)
were women. The mean age of the population was 74.1 years,
ranging from 65 to 108. Women were older than men, with a
borderline statistically significant difference in years (74.4 vs. 73.5,
p = 0.06). The sample was stratified for schooling (years of formal

MMSE subscales/item scores and education

Table 1 - Demographic Profile of the sample and MMSE
subscales and item scores (n = 990)

Variable Mean or n SD* or %
Gender
Male 353 35.6%
Female 637 64.4%
Education (years)
lliterate 373 37.7%
1-8 540 54.5%
9-12 63 6.4%
> 12 14 1.4%
Age 741 6.8%
MMSE subscales and items
scores
Time orientation (0-5)** 3.2 1.5
Space orientation (0-5) 4.0 1.2
Memory registration (0-3) 2.8 0.5
Attention/calculation (0-5) 2.0 2.0
Delayed Memory (0-3) 2.0 1.0
Naming (0-2) 2.0 0.2
Repetition (0-1)
0 50%
1 50%
Three step command (0-3) 2.7 0.7
Reading (0-1)
0 50%
1 50%
Writing (0-1)
0 64.4%
1 35.6%
Drawing (0-1)
0 60%
1 40%
ADL 5.1 8.3

* Standard deviation of the mean
** Range of possible scores

education) as follows: illiterate (n = 373), 1-8 (n = 540), 9-12 (n =
63), and more than 12 years of schooling (n = 14). More women
were illiterate than men (41% vs. 32%, p = 0.004).

The profile of the sample and the MMSE scores and respective
standard deviations (SD) are depicted in Table 1.

Table 2 - MMSE subscales and items scores according to education, not controlled by sex, and activities of daily living. Data

expressed as Mean (standard deviation) (n = 990)

MMSE subscales and items llliterate 1-8 years 9-12 >12 Kruskall Wallis
scores n=373 n =540 n=63 n=14 p-value
Time orientation 2.57 (1.39) 3.46 (1.37) 4.36 (1.25) 3.93 (1.59) 0.001
Space orientation 3.31(1.33) 429 (1.04) 4.84 (0.74) 4.93 (0.27) 0.001
Memory registration 2.76 (0.62) 2.90 (0.36) 2.97 (0.18) 3.00 (0.00) 0.001
Attention/calculation 0.74 (1.32) 2.46 (1.95) 4.40 (1.40) 4.28 (1.49) 0.001
Delayed memory 2.06 (1.03) 1.90 (1.02) 1.81(0.80) 2.00 (0.88) 0.01
Naming 1.94 (0.29) 1.97 (0.22) 1.97 (1.77) 1.93 (0.27) 0.36
Repetition 0.42 (0.49) 0.53 (0.49) 0.74 (0.44) 0.71 (0.47) 0.001
Three step command 2.61(0.71) 2.68 (0.66) 2.79 (0.44) 2.86 (0.36) 0.13
Reading 0.96 (0.29) 0.63 (0.48) 0.90 (90.29) 0.93(0.27) 0.001
Writing 0.52 (0.22) 0.47 (0.49) 0.92 (0.27) 1.00 (0.00) 0.001
Drawing 0.12 (0.32) 0.42 (0.49) 0.80 (0.39) 0.75 (0.45) 0.001
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Table 3 - Standardized coefficients of educational categories for different items of the Mini Mental Exam, adjusted for gender, age, and

functional status (n = 990)

Subscale Education Coefficient* SE** p-value
Time orientation lliterate: n = 373 Reference
1-8: n = 540 0.46 0.05 < 0.0001
9-12: n=63 0.93 0.10 < 0.0001
>12:n=14 0.73 0.20 0.0002
Space orientation lliterate: n = 373 Reference
1-8: n = 540 0.65 0.05 < 0.0001
9-12: n=63 1.00 0.10 < 0.0001
>12:n=14 1.11 0.21 < 0.0001
Memory registration lliterate: n =373 Reference
1-8: n = 540 0.23 0.06 0.0004
9-12: n=63 0.26 0.13 0.049
>12:n=14 0.36 0.26 0.155
Attention/calculation lliterate: n = 373 Reference
1-8: n = 540 0.73 0.05 < 0.0001
9-12: n=63 1.64 0.1 < 0.0001
>12:n=14 1.57 0.21 < 0.0001
Delayed memory lliterate: n = 373 Reference
1-8: n = 540 -0.23 0.06 0.0002
9-12: n =63 -0.44 0.13 0.0005
>12:n=14 -0.18 0.25 0.47
Naming lliterate: n = 373 Reference
1-8: n =540 0.06 0.07 0.39
9-12:n=63 -0.02 0.14 0.90
>12:n=14 -0.14 0.27 0.59
Repetition lliterate: n = 373 Reference
1-8: n =540 0.18 0.07 0.006
9-12:n =63 0.51 0.14 0.0002
>12:n=14 0.50 0.26 0.06
Three step command lliterate: n = 373 Reference 0.70
1-8: n =540 0.02 0.06 0.52
9-12:n =63 0.08 0.13 0.32
>12:n=14 0.25 0.25
Reading lliterate: n = 373 Reference
1-8: n =540 1.01 0.05 <0.0001
9-12: n =63 1.45 0.11 < 0.0001
>12:n=14 1.56 0.21 < 0.0001
Writing lliterate: n = 373 Reference
1-8: n = 540 1.71 0.06 < 0.0001
9-12: n=63 1.71 0.1 < 0.0001
>12:n=14 1.94 0.22 < 0.0001
Drawing lliterate: n = 373 Reference
1-8: n = 540 0.59 0.06 < 0.0001
9-12:n=63 1.33 0.12 < 0.0001
>12:n=14 1.31 0.26 < 0.0001

* Adjusted for age, sex, and Activities of Daily Living; **SE = Standard Error.

The mean and respective standard deviations (SD) scores of
MMSE subscales and items according to education are shown in
Table 2. There is a marked significant difference in scores according
to duration of education when these data are not controlled by
age, sex, and ADL, except for the delayed memory, the naming,
and the three step command tasks.
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Table 3 shows the influence of education on the three subscales
time orientation, space orientation and naming and the eight
single items of the MMSE, controlled for age, sex, and ADL.
As mentioned before, the variable was standardized in order to
allow the comparison of the effects of education on each item,

taking into account that the ranges of each item are different (see
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column 1 in Table 1). So, the coefficient expresses the change in the
scores (measured in standard deviations) which may be observed
on a given item for each category of education as compared to
the lowest educational level. Noteworthy, temporal and space
orientation, attention/calculation, reading, writing, and drawing
scores improved as the level of education increased. Reading and
writing, and drawing items displayed the largest coefficients,
whereas there was no evidence that education exerted influence
on naming and on the three step command tasks. Memory
registration and repetition items were also influenced by education,
but this association was weaker than the ones found for the items
mentioned before. There was an unexpected inverse association
between education and the delayed recall item.

Discussion

This study presents data on the contribution of categories
of educational achievement to the scores of MMSE subscales
and items with a special focus on lower educated community-
dwelling elderly from a developing country. The items that
were most influenced by the effect of education were attention/
calculation, reading, writing, and drawing. Education exerted a
weaker influence on the repetition and on the memory registration
items, whereas no effect was found on naming and on the three
step command. These findings are in line with previous research
wherein subjects with lower education made more mistakes on
serial subtraction (attention/calculation), repetition, writing, and
drawing tasks although the magnitude of group differences on each
item performance was small.?* Another study, however, found that
the repeating and naming items were also biased by the level of
education.” These results have been extensively commented by
Jones and Gallo® regarding the similarities and differences of their
findings. One of the possible reasons for the differences from our
own findings may be the clinical setting in Teresi’s study, as cited
by Jones and Gallo.*

Our study has included illiterate subjects whose scores were
used as reference to the coefficients of the other educational
categories. Education is not the only important factor for all
of the tasks contained in the MMSE. Years of education or
educational milestones do not account for all of the cognitive
reserve and abilities in elderly subjects, although it has been also
demonstrated that cognitive reserve associated to educational
attainment mediates the symptom presentation and the clinical
picture of the stages of Alzheimer’s disease.”** An interesting study
which was able to retrieve data from survivors of the Scottish
Mental Survey in 1932 found no association between features
of the sentence writing component of the MMSE and current
cognitive ability, functional ability or depression score. However,
raters were able to correctly estimate the IQ of the participants.'®
Nonverbal and visual-constructive abilities are learnt and applied
not only according to innate abilities but also as a response to the
needs of the individual to adapt to the environment. Some of
the skills which are necessary in order to cope with the everyday
challenges in a city are continuously practiced without any formal

education and cultural background certainly plays a role in the
development of these skills. This may be one of the possible
explanations why certain MMSE items simply do not show any
difference dependent on the level of educational achievement.
On the other hand, abilities like attention/calculation, reading,
writing, and drawing are learnt early in school and are trained as
years of formal education evolve, and for that matter education
is a key factor for mastering these tasks. As mentioned before,
cultural differences may also intervene to change some scores
from right into wrong in the MMSE. In India, Tiwari et al.*” have
compared the Hindi version of MMSE with the Hindi Mental
State Examination (HMSE) so as to determine the applicability
of this instrument in illiterate and literate subjects in that cultural
background. They describe that the illiterate group scored
highly on naming, memory registration, and repetition, whereas
they have scored low on orientation to place, time, attention
and calculation, reading, writing, and copying. Cross-cultural
comparisons between developing countries which still have large
proportions of illiterate elderly subjects could provide more data
on the influence of culture to the development of cognitive skills.

Memory impairment is an axial symptom for the diagnosis of
dementia. This feature is measured by the memory registration
and by the delayed memory items of the MMSE. In our study,
these two items showed a relatively weaker improvement in
scores as education increased, even after controlling for age, sex,
and ADL. Even though an unexplainable negative correlation
occurred between the delayed memory scoring and education
level, the correlation was rather weak. Also, despite the fact that
this association achieved statistical significance, they were not at
all comparable to the highly significant p values of the other items.
So, it is conceivable to explain this finding as a type 1 error, i.c.,
a false positive finding due to chance.

Clinically, this might convey an important message that a low
score on these two items may be a positive sign of impending
impairment, regardless of the educational background. Indeed,
Braekhus et al.,'* in a quite different educational and cultural
environment, came to the conclusion that two of the items
pertaining to space orientation, as well as naming, reading,
and memory registration actually performed poorly to detect
dementia at a 23/24 cutoff. They also showed that a 12-item
version of the MMSE would still have a good discriminant
power for detecting cognitive impairment and dementia.
Our study shows that some of the same items commented
in Braekhus et al.'" study (naming and memory registration)
do not have a marked influence from years of education. It
is conceivable to present the hypothesis that items which do
not directly associate with educational levels could yield more
reliable data related to suspicion of dementia in subjects with
different levels of education. Also, as the three items which
showed no relationship with education are the ones with the
highest mean and the lowest variability in our study, it could be
that an effect of education would show up in a sample including
more cognitively impaired subjects.
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Recent studies in Brazilian community-dwelling elderly, both
with lower income and low education levels, have confirmed the
MMSE as a structure valid instrument'® and have also shown that
it presents several limitations when screening populations with
low educational and low socioeconomic levels. Scazufca et al.?
showed that many participants with no formal education did
rate several MMSE items incorrectly, yielding lower sensitivity
and specificity estimates of dementia than the ones found for
higher educated subjects in a community based population. It is
certainly difficult to rely solely on the MMSE scores as the only
screening measure of possible dementia in such a population,
and the use of activities of daily living scales together with
MMSE is able to improve the ascertainment of a case. In our
study, we also controlled association between education and
MMSE for ADL, besides sex and age. The relation between
education and the MMSE scores remained significant for some
but not all the items. The different impact of education on
each item may also lead to interpretations on clinical grounds.
Based on this finding, it is conceivable to present the hypothesis
that items that focus on memory performance in the MMSE
remain important to screen for dementia in all educational
levels, including illiterate subjects, regardless of the MMSE
total score. These items are rather simple questions and do not
seem to be much dependent on the cognitive reserve generated
by formal education. On the other hand, items that make use
of writing, reading and calculation skills are more prone to be
influenced by education level.

This study has some limitations that should be acknowledged. We
did not have sufficient information on the exact duration of education
for each subject. This is mainly due to the fact that the subjects lacked
documents to prove their educational attainment and gave rough
estimations of the number of years they spent in school. Based on their
answer, we were able to categorize them into the former levels of basic
education in Brazil, 1-8 years, 9-12, and more than 12 years. Also,
we did not have enough subjects at the highest level of education, a
fact that may be explained by the economic and social characteristics
of the region and of the town where the subjects live.” The findings
for this category need to be interpreted with caution due to the low
accuracy generated by the small number of subjects.

To the best of our knowledge, this is the first study in Brazil to
examine the impact of education on MMSE subscales and items.
Education does not exert a homogeneous effect on items that sum
up to 11 to the total MMSE score (naming, three step command,
memory registration, and delayed memory). Also, as memory is a
key factor to make a diagnosis of dementia, the results point that
at least memory registration and delayed memory can be used to
screen subjects not taking education into account for that matter.
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