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Brief cognitive battery in the diagnosis of
mild Alzheimer’s disease in subjects with
medium and high levels of education
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Abstract — There has been an increasing trend to utilize short cognitive batteries for the diagnosis of dementia.
Most of these batteries have been designed in countries with high standards of education and are less suitable
for populations with low levels of education. We developed a battery that has been previously shown to be high-
ly accurate in the diagnosis of dementia in individuals with low levels of education. The accuracy of this battery
for patients with higher levels of education is unknown. Objectives: To evaluate the accuracy of a brief cognitive
battery in the diagnosis of Alzheimer’s disease (AD) in subjects with medium and high levels of schooling, and
to develop a mathematical model that includes the most discriminative tests. Methods: Seventy-three mildly
demented patients with probable AD and 94 control subjects were evaluated. Sixty patients and 60 controls were
randomly selected to generate a mathematical model including the most discriminative tests of the battery using
logistic regression. The model was back-tested for the remaining sample of patients and controls. Results:
Delayed recall, learning and category fluency tests were included in a mathematical model that obtained an area
0f 0.917 in the ROC curve in the back-testing. Inter-rater reliabilities of these tests were high (kappa>0.8).
Conclusions: This model showed a high accuracy for the diagnosis of mild AD in patients with medium and
high educational levels. Future studies with more heterogeneously educated individuals are necessary to investi-
gate whether the educational level (number of years at school) should also be included in the model.
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Bateria cognitiva breve no diagnéstico de doenga de Alzheimer em fase leve em individuos com escolari-
dade média ou alta

Resumo — Existe crescente tendéncia de se utilizarem baterias cognitivas breves no diagndstico de deméncia. A
maioria destas tem sido idealizada em paises com altos niveis de escolaridade e é menos adequada para popu-
lagdes com baixa escolaridade. Desenvolvemos uma bateria que tem demonstrado alta acurécia no diagnéstico
de deméncia em individuos com baixa escolaridade, mas a acurdcia em individuos com escolaridade alta ainda
nao é conhecida. Objetivos: Avaliar a acurédcia de uma bateria cognitiva breve no diagndstico de doenga de
Alzheimer (DA) em individuos com escolaridade média ou alta, e desenvolver um modelo matemdtico que
inclua os testes mais discriminativos. Métodos: Setenta e trés pacientes com deméncia leve causada por DA
provavel e 94 controles foram avaliados com a bateria cognitiva breve. Sessenta pacientes e 60 controles foram
selecionados aleatoriamente para gerar um modelo matemdtico com os testes mais discriminativos, empregan-
do regressao logistica. Este modelo foi retro-testado na amostra remanescente de pacientes e controles.
Resultados: Os testes de memoria tardia, aprendizado e fluéncia verbal foram incluidos no modelo matemadtico
que obteve drea sob a curva ROC de 0,917 no retro-teste. A confiabilidade inter-examinadores destes testes foi
alta (kappa>0.8). Conclusoes: Este modelo apresentou alta acurdcia no diagndstico de deméncia leve na DA em
sujeitos com escolaridade média ou alta. Novos estudos com populagao com maior heterogeneidade educa-
cional sao necessédrios para investigar se os anos de escolaridade também devem ser incluidos no modelo.
Palavras-chave: doenga de Alzheimer, deméncia, diagnéstico, educagdo, bateria cognitiva breve, testes
neuropsicol6gicos.
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There has been an increasing trend to utilize short
cognitive batteries for the diagnosis of dementia. These
batteries of neuropsychological tests may be used in epi-
demiological studies or in the busy clinical settings by
specialists as well as by primary care physicians. Most,
however, have been developed and validated in developed
countries', thus not reflecting the reality in developing
and underdeveloped countries, where low education and
even illiteracy are common, especially among the elderly.
Particularly, batteries designed in developed countries
usually include items that rely on reading or writing abili-
ties, which are less suitable for populations with low lev-
els of education.

For several years we have been working on a cognitive
battery developed to evaluate subjects independent of
their educational level, and thus applicable to popula-
tions with heterogeneous educational background”’. In a
previous study, we showed that the performance of illite-
rate non-demented elderly subjects was higher in the
delayed recall test of our brief battery than in the Con-
sortium to establish a registry for Alzheimers disease
(CERAD) battery®. Subsequently, we showed that the
delayed recall test of our battery was also more accurate
than the equivalent test of the CERAD battery for diag-
nosing dementia in illiterates from an elderly cohort’.

On the other hand, a battery designed for diagnosing
cognitive impairment in subjects which are illiterate or
have low levels of education may not be applicable for
those with high educational levels.

Thus, this study aims at evaluating the accuracy of
this brief cognitive battery in the diagnosis of mild de-
mentia caused by Alzheimer’s disease (AD) in patients
with medium and high levels of schooling, as well as to
ascertain the most discriminative tests, and develop a
mathematical model that could be applicable in clinical
practice.

Methods
Subjects

All patients with mild dementia due to probable AD
according to NINCDS-ADRDA criteria®, who were evalu-
ated by two senior neurologists (RN and PC) and submit-
ted to a comprehensive neuropsychological battery by
two psychologists (CSP and HCF) were included. All had
laboratory examinations and CT or MRI of the head to
exclude other causes of dementia. For the diagnosis of
dementia, the neuropsychological battery consisted of the
Mini-mental state examination — MMSE®!?, the De-
mentia Rating Scale — DRS'"'?, visual reproduction’?, Rey
complex figure', logical memory", Rey auditory verbal
learning test'*", block design'¢, Hooper visual organiza-

tion test'’, Raven’s progressive matrices', Boston naming
test'®!, trail making test (A and B versions), Stroop color
test and phonemic verbal fluency (EA.S. test)'. Patients
were diagnosed as mildly demented when the DRS global
scores fell within the 110 to 122 range'?. Seventy-three
patients were included.

Ninety-four subjects were included in the healthy
control group. They were volunteers recruited among
spouses or friends of the patients or drawn from senior
citizen groups. A semi-structured questionnaire was used
to exclude those with memory or cognitive problems.
Subjects who were using medications that could have
interfered in the cognitive performance were excluded, as
well as those with a history of alcoholism or uncontrolled
chronic diseases. Normal control subjects were evaluated
with the MMSE and the DRS.

Demographic data of patients and control subjects
are shown in Table 1.

Procedures

The brief cognitive battery was administered to all
patients and controls, through the display of a sheet of
paper in which 10 simple objects were presented as line
drawings (shoe, house, comb, key, airplane, bucket, turtle,
tree, spoon and book)>*. First, the subject was asked to
name each drawing. The examiner scored the number of
correct identifications and naming of the drawn objects.
If the subject was able to properly name the drawn
objects, the identification was also deemed correct.
However, if the naming was incorrect, this could indicate
either failure in identification or in naming itself,
although this differentiation was usually straightforward.
For instance, if the patient named the airplane a fish, this
was clearly an identification problem. When naming was
incorrect or not remembered, the examiner provided the
correct names. Immediately after naming all objects, the
sheet of paper was removed from view, and the subject
was asked to recall the drawings (incidental memory).
The sheet of paper was then shown again for about 30
seconds, the patient was explicitly asked to memorize the
objects, and recall was requested immediately after pres-
entation. This latter procedure was performed twice, lead-
ing firstly to a score of immediate memory and then to a
score of what was called learning test. After an in-
terference period in which the category fluency test
(number of animals in one minute) and the clock draw-
ing test — CDT?® were performed, subjects were then asked
to recall as many items as they could, for no more than
one minute, where this constituted the delayed recall test.
As a final procedure, a sheet of paper with 20 drawings,
including the 10 previously presented along with 10
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Table 1. Demographic data and mean Mini-Mental State Examination (MMSE) and Dementia

Rating Scale (DRS) scores of patients with Alzheimer’s disease (AD) and control subjects.

Controls (N=94) AD patients (N=73) p
Age 71.1(6.4) 73.3(7.4) 0.050
Gender 37 M/57W 29 M/44W 0.911
Years of schooling (mean) 10.8 (4.5) 11.1 (4.7) 0.629
MMSE mean (SD) 27.4 (1.6) 23.2(3.0) <0.001
DRS mean (SD) 135.6 (6.1) 116.2 (3.9) <0.001

M, men; W, women.

added distractors was displayed. The score of this re-
cognition test was calculated by subtracting the number
of wrong from the correct responses. To summarize, the
brief cognitive battery consists of the identification, nam-
ing, incidental memory, immediate memory, learning,
delayed recall and recognition of 10 simple drawings as-
sociated with the category fluency test and CDT.

In order to verify the reliability of the battery, 22 eld-
erly controls were tested in the presence of two examiners
(RN and PC) who scored the subject independently. The
time taken to accomplish the battery was recorded for
each of these 22 subjects. Sixty patients and 60 controls
were randomly selected to generate a mathematical
model using logistic regression with the most discrimina-
tive tests of the battery. The generated model was back-
tested for the remaining sample of patients (n=13) and
controls (n=34).

ROC (receiver operator characteristic) curves were
used to evaluate the accuracy of each test. Inter-rater reli-
ability was evaluated using kappa values.

Comparisons between means of demographic data
were performed through the ¢ test or chi-square test when

appropriate. For comparisons of test scores of patients and
controls, the Mann-Whitney test was used. The value of
significance accepted was 0.05. The software package SPSS
for Windows 10.0 was used for the statistical analysis.

This study was approved by the Ethics Committee of
the Hospital das Clinicas of the University of Sao Paulo
School of Medicine. All subjects (or a relative, if neces-
sary) were informed about the study prior to the evalua-
tion, and informed consent was given.

Results

Patients and controls did not differ regarding the iden-
tification of the simple drawings (p=0.20), while all other
tests of the battery were different for the two groups.
Although naming was also different, 83.6% of the patients
were able to correctly name the 10 drawings. When the
whole sample was included, the delayed recall was the
most discriminative test to correctly identify patients and
controls. The areas under the curves (AUC), cut-off
scores, sensitivities and specificities are shown in Table 2.

In the randomly selected sample of 60 patients and 60
controls, multivariate analysis selected the delayed recall,

Table 2. Cut-off scores of the most discriminative tests for the whole sample.

Area under the curve (95% CI) Cut-off scores Sensitivity (%) Specificity (%)
Delayed recall test 0.931 (0.894;0.968) <6 82.2 90.4
Learning test 0.903 (0.857;0.948) <7 90.4 74.5
Verbal fluency 0.839 (0.778;0.900) <15 83.6 67.0
Immediate memory 0.890.(0.839;0.941) <7 90.4 77.7
Incidental memory 0.866 (0.812;0.920) <5 81.7 75.5
Recognition 0.903 (0.857;0.948) <8 90.4 74.5
Clock-drawing 0.769 (0.692;0.845) <9 77.8 72.3
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learning and category fluency tests to generate the model
below:

exp(12.642—(0.640 dr) — (0.794 1t) — (0.255 cf)
1 + exp(12.642—(0.640 dr) — (0.794 1t) — (0.255 cf)

Score=100 x

where dr=delayed recall test, lt=learning test and cf=
category fluency test, in which the higher the score, the
higher the probability of dementia. In the back-testing,
the model obtained an AUC-ROC of 0.917. The kappa
values of the inter-rater reliability were 1.0 for the learn-
ing test, 0.913 for the delayed recall test and 0.846 for the
category fluency test. The mean time to accomplish the
battery was 487.7 (£87.6) seconds, with a median of 470
seconds.

Discussion

This study showed that this brief cognitive battery is
highly accurate for the diagnosis of mild dementia in AD
patients with medium-high educational levels, confirm-
ing the findings obtained in illiterate and low educated
individuals. The inter-rater reliability was high, and the
time to accomplish, about 8 minutes in elderly individu-
als, is not long considering the many cognitive functions
that are evaluated.

A comparative advantage of this battery in relation,
for instance, to the CERAD, is its similar procedural ap-
plicability and validity, regardless of the educational level
of the subject or his or her level of mastering of the offi-
cial language of their country of residence. Because of the
possibility of using this battery for the evaluation of sub-
jects with wide educational background, we decide to
name it Brief Cognitive Battery — Unbiased by Education
(BCB-Edu) to emphasize this information.

Other brief batteries consisting of simple and rapid
tests have been proposed for dementia diagnosis. The
Mini-Cog is based on the delayed recall of three words
and on the CDT, having been used as a screening test’. In
a previous study, we found that non-demented illiterate
subjects have great difficulty in performing the CDT®.
While non-demented literate subjects obtained a median
of 9 on the CDT, the median for illiterates was 2.5°. At
least for our population, it is probable that the use of this
combination is not appropriate.

Another interesting test is the Memory Impairment
Screen, which is based on the delayed recall of four writ-
ten words that are encoded with semantic cues®'. How-
ever, its dependency on reading ability hampers its use for
low educated subjects or for immigrants unable to read in
the official language of their country of residence. More

recently, it has been reported that the combination of the
recall of a five-item name and address and category ver-
bal fluency (animals in one minute) had high sensitivity
and specificity for the diagnosis of dementia in a highly
educated study sample®.

Delayed recall tests are considered the best single tests
to diagnose AD***, while word generation tasks also have
shown high specificity and sensitivity for the diagnosis of
dementia®?%. The combination of the two types of tests,
as proposed by Kilada et al.*? and by the BCB-Edu, is like-
ly to prove very useful for the diagnosis of AD and other
types of dementia. However, the animal fluency test is
influenced by education, particularly by illiteracy, making
it necessary to use different cut-off scores for different
educational levels. For instance, while one study reported
that the best cut-off score to differentiate AD from nor-
mal controls was 15 in a study sample with high educa-
tion levels?, a recent Brazilian study reported that the
best cut-off for diagnosing dementia in illiterate subjects
is 9%7.

A few points deserve consideration. Firstly, as the time
to accomplish the BCB-Edu is higher than the most
recently proposed tests*??2, could only the three most
discriminative tests be used rather than all nine items
scored in the battery (identification, naming, incidental
memory, immediate memory, learning task, delayed
recall, recognition, category fluency and CDT)? As it is
clear from the application procedures, that the identifica-
tion, naming, incidental memory, and immediate memo-
ry steps are pre-requirements to the learning and delayed
recall steps, they cannot be eliminated.

It is possible that the recognition test and CDT could
be eliminated, reducing the procedure to about five min-
utes. However, as the clock-drawing, together with the
category fluency test, is included between the phase of
memorizing the 10 figures and their delayed recall, it
remains to be decided whether the exclusion of the CDT
would impact the delayed recall score. In a recent study,
the scores in a delayed recall test were not different when
the time delays between encoding and recall were either
two or four minutes®?, which makes plausible the sugges-
tion that the CDT be removed from the BCB-edu.

We were able to develop a mathematical model for the
diagnosis of dementia. However, it is necessary to study
whether this model is consistent when individuals with
low levels of education or illiterates are included. Future
studies should investigate whether the educational level
(number of years at school) should be included in the
model. Also, it will be necessary to develop a practical
instrument for calculating the final score at the clinic,
possibly using a palm-top or laptop.
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Finally, as suggested above, by not relying on auditory

reading or written material, BCB-Edu may allow reliable
cognitive evaluation of those elderly individuals who are
functional illiterates, or immigrants unable to read or to
write in the official language of their country of resi-
dence, an ever increasing trend in many developed coun-

tries®%,
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