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Objective: The recognition of the limits between normal and pathological aging is essential to
start preventive actions. The aim of this paper is to compare the Cambridge Neuropsychologi-
cal Test Automated Battery (CANTAB) and language tests to distinguish subtle differences in
cognitive performances in two different age groups, namely young adults and elderly cognitively
normal subjects.

Method: We selected 29 young adults (29.941.06 years) and 31 older adults (74.1£1.15 years)
matched by educational level (years of schooling). All subjects underwent a general assess-
ment and a battery of neuropsychological tests, including the Mini Mental State Examination,
visuospatial learning, and memory tasks from CANTAB and language tests. Cluster and dis-
criminant analysis were applied to all neuropsychological test results to distinguish possible
subgroups inside each age group.

Results: Significant differences in the performance of aged and young adults were detected
in both language and visuospatial memory tests. Intragroup cluster and discriminant analysis
revealed that CANTAB, as compared to language tests, was able to detect subtle but significant
differences between the subjects.

Conclusion: Based on these findings, we concluded that, as compared to language tests, large-
scale application of automated visuospatial tests to assess learning and memory might increase
our ability to discern the limits between normal and pathological aging.

Keywords: aging, neuropsychological tests, cluster analysis, discriminant analysis

Introduction

The increasing rate of chronic neurodegenerative diseases in the elderly, such as
Alzheimer’s disease (AD), is a global phenomenon. Because AD occurs in both deve-
loped and developing countries and contributes to 70% of all reported dementias,' it
has become a driving force in aging research. To reduce its impact on the public health
budget,>* early diagnosis and prevention of cognitive decline may be essential.* In
this context, the distinction between individuals who will maintain adequate cognitive
function into their later years and those on a trajectory to dementia is a fundamental
question being pursued.® It is essential to establish accurate and sensitive tools for
assessing the cognitive function and the neuropsychological screening of the aging
population.

The Mini Mental State Examination (MMSE)® is the most widely used cognitive
screening tool in both clinical settings and epidemiological studies.” However, the
MMSE is unable to detect subtle declines in cognitive aging.® It exhibits a ceiling
effect in healthy young or older adults and a floor effect in the oldest older adults.>™
Additionally, correcting the MMSE score for educational level influences these
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effects.” In contrast, evidence indicates that performances
on tests of episodic memory are significantly lower among
mildly impaired but non-demented individuals, who will
subsequently fulfill criteria for AD over time.'"!” In addi-
tion, it has been reported that lower performances on lan-
guage memory tests may predict cognitive decline. Indeed,
semantic memory,'” word and story recall, object naming,
and Boston Naming Test,'®!? as well as semantic, verb, and
letter fluencies,?® may be predictive for future dementia in
aged individuals with mild cognitive impairment. Moreover,
automated semantic indices or latent profile assessment
based on patterns of cognition from large samples may
distinguish preclinical phenotypes for AD.?'?* Finally,
automated visuospatial learning and memory tests have
also shown predictive value regarding future dementia of
the Alzheimer type.** Compared with traditional standard
methods, automated computer tests minimize floor and
ceiling effects, standardize the format of application, and
measure the speed and accuracy of responses with greater
sensitivity.?® Among the automated test batteries currently
in use, the Cambridge Neuropsychological Test Automated
Battery (CANTAB) is frequently applied to discriminate
between cognitively healthy aged adults and those in the
preclinical stages of future dementia.?*?’ For example,
baseline results from non-demented patients who underwent
the paired-associates learning test from the CANTAB were
found to correlate with preclinical AD.!7%2%2 However, less
has been done to compare the resolution of the CANTAB’s
automated neuropsychological tests with standard neurop-
sychological tests, in which a few automated scores and
normative comparison of raw test scores are available across
lifespan, and test/retest studies reported significant variabil-
ity across administrations.?’*%3! CANTAB is a nonverbal
visuospatial stimulus battery that employs touchscreen
technology to obtain nonverbal responses from participants.
It is quite adequate for cognitive assessment across cultures,
in both longitudinal and cross-sectional studies, with mini-
mal interference of the researcher or clinician during data
acquisition.*

Thus, in this study, we have carried out an exploratory
investigation to assess the performance of selected CANTAB
neuropsychological tests by adult (2040 years old) and aged
(=65 years old) individuals to distinguish intragroup episodic
memory performances.

To that end, all individuals were preliminarily submitted
to MMSE, and cognitively healthy individuals were selected
for language and CANTAB visuospatial memory tests. Clus-
ter and discriminant analyses were applied to the results of

each test in isolation or in combination to identify the best
choice to distinguish intragroup cognitive performances.
Finally, we tested the hypothesis that CANTAB indices
would correlate with performances on language tests that
assessed the corresponding cognitive domains.

Thus, we address two simple questions: 1) To what
extents do language and CANTAB tests, in isolation or
in combination, distinguish possible clusters of cognitive
performances in young adults and elderly normal subjects?
2) What is the relationship between performances on lan-
guage tests and CANTAB tests that assess corresponding
cognitive domains?

Methods
Study participants

We performed a cross-sectional neuropsychological evalua-
tion of 60 individuals grouped as older aged (74.1%1.15 years,
n=31) and young adults (29.9£1.06 years, n=29) with no his-
tory of head trauma, stroke, primary depression, or chronic
alcoholism. All participants had normal cognitive perfor-
mance when administered the MMSE, with the necessary
adjustments for education level according to the criteria for
the Brazilian population with the following cutoffs: illiter-
ate, 13 points; 1-7 years of schooling, 18 points; =8 years
of schooling, 26 points.** All patients who met these criteria
were assessed with selected language, visuospatial learning,
and memory tests, as well as the MMSE. The local Research
Ethics Committee (protocol No 3955/09) approved this study,
and all ethical recommendations in research involving human
subjects were observed.

Cognitive evaluation

We applied the MMSE®**3 followed by language tests on the
same day. The CANTAB test was administered separately
on another day. Trained investigators administered these
tests in an environment with adequate lighting and reduced
noise conditions.

Language assessment

The Boston Naming Test (shortened version) was admin-
istered and analyzed according to parameterized data for
Brazil,***¢ adopting a cutoff equivalent to the correct naming
of 12 of 15 possible figures.

Semantic (SVF) and Phonological Verbal Fluency (PVF)
tests were administered and computed using the following
cutoffs: <9 points for illiterate individuals, <12 points for
individuals with 1-7 years of schooling, and <13 points for
individuals with =8 years of schooling.’
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The Test of Narrative “Cookie Theft” was evaluated using
previously published criteria on the information content of
the image, including the number of key concepts, narrative
efficiency, number of units of information, the total number
of words, and the concision ratio (ratio of information units
to the total number of words).**3*

The Montréal d’Evaluation de la Communication is
a battery comprised of the following tests: Metaphors
(explanation and alternatives), Direct Speech Acts and
Indirect Speech Acts (explanation and alternatives), Lin-
guistic and Emotional Prosody, and Narrative Discourse
(partial retelling, total retelling, and full text comprehen-
sion). The Montréal d’Evaluation de la Communication
battery was administered and the performance measured
in accordance with guidelines validated for the Brazilian
population. 4!

Cambridge Neuropsychological Test
Automated Battery

The CANTAB focuses on three cognitive domains: work-
ing memory and planning, attention, and visuospatial
memory. Responses are via touchscreen and are largely
independent of verbal instruction. An XGA-touch panel
12-inch monitor (Paceblade Slim-book P120; PaceBlade
Technology, Hong Kong, People’s Republic of China)
was used to present all visuospatial stimuli for testing.
The monitor was controlled using CANTAB software
(Cambridge Cognition, Cambridge, UK) run on the slim-
book. All study participants were assessed individually.
We started with a motor screening task which introduced
the CANTAB touchscreen to the individuals. The motor
screening task provides a general assay that tests whether
sensorimotor or other difficulties limit the collection of
valid data from each participant. After touchscreen adapta-
tion, we selected a number of CANTAB tests as follows:
Rapid Visual Information Processing (RVP), Reaction
Time (RTI), Paired Associate Learning (PAL), Spatial
Working Memory (SWM), and Delayed Matching to
Sample (DMS). The RVP measure is sensitive to sustained
attention. In this test, a white box appears in the center of
the screen with digits from 2—9 in a pseudorandom order
at the rate of 100 digits per minute, and the subjects are
requested to identify target sequences of three digits and to
register responses using the press pad. RTI provides assays
of motor and mental response speeds, as well as measures
of movement time, reaction time, response accuracy, and
impulsivity. This test is divided into five stages that are
characterized by increasingly complex chains of responses.

PAL assesses visual memory and new learning. In this test,
six boxes are displayed on the screen, and they are opened
in random order to reveal the contents. One or more of
them will contain a pattern. The patterns inside the boxes
are then displayed in the middle of the screen one at a
time, and the participants must touch the box in which the
pattern was originally located. SWM measures the reten-
tion and manipulation of visuospatial information. In this
test, the participant must search the boxes on the screen to
find a blue “token” in each of a number of boxes, and use
them to fill an empty column on the right-hand side of the
screen; the number of boxes is gradually increased until it
is necessary to search eight boxes. DMS assesses forced
choice recognition memory for visual patterns, and tests
both simultaneous matching and short-term visual memory.
In this test, a complex visual pattern (the sample) is shown
to the participant, followed by four similar patterns after
a short delay. The participant must touch the pattern that
exactly matches the sample. For detailed information,
see http://www.cambridgecognition.com/clinicaltrials/

cantabsolutions/tests

Results

We subjected all test results from all participants to an initial
cluster analysis (tree clustering method, Euclidean distances,
and complete linkage). Cluster analysis encompasses a num-
ber of different classification algorithms applied to a wide
variety of research problems.*** They are mostly used when
one does not have an a priori hypothesis about which objects
belong to a specific cluster group. We applied this multivari-
ate statistical procedure to our sample of study participants
in combination (young adults + aged subjects) to search for
potential groups of distinct cognitive performances. After
that, similar procedures were applied to young adult and
aged groups in isolation to search for potential subgroups.
The performance groups suggested by cluster analysis were
further assessed through the performance of a discriminant
function analysis using Statistica 7.0 (Statsoft, Tulsa, OK,
USA). Discriminant function analysis is used to determine
which variables discriminate between two or more naturally
occurring groups. The strategy underlying this procedure is
to determine whether groups differ with regard to the mean
of a variable, and then to use that variable to predict group
membership. In the present study, we performed comparisons
between matrices of total variances and covariances. These
matrices were compared via multivariate F-tests to determine
whether there were any significant between-group differences
(with regard to all variables).
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Neuropsychologial performances across

life span: cluster and discriminant analysis
Figure 1 (A—C) illustrates four dendrograms resulting from
cluster analysis applied to isolated or combined neuropsy-
chological test results of the whole sample, including young
and older subjects. Note that, compared with all other pos-
sibilities of cluster analysis, either in isolation (Language,
Figure 1B) or in combinations of two (CANTAB + Language;
Figure 1C), the cluster analysis applied to CANTAB results
(Figure 1A) discriminated best between the performances of
young adults and older adults.

We applied this procedure to determine which neurop-
sychological tests, isolated or associated, provided the best
separation between the performance groups suggested by the
cluster analysis. Table 1 shows the results of probability den-
sity (P-values) after discriminant analysis. Note that “latency
values” on CANTAB RVP was by far the variable that best
contributed to cluster formation, in isolation (P=1.0x1071%)
or in combination (CANTAB + Language, P=4x107"%).
Although the cluster formation based on isolated language
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tests did not discriminate between age groups as well as
CANTAB in isolation (P=1x10"'%), metaphors (P=4x107%),
or emotional prosody (P=0.021), it contributed significantly
to cluster formation.

Figure 2 shows graphical representations of discrimi-
nant analysis to illustrate the best separation between
groups. As compared to isolated CANTAB (Figure 2A) or
Language (Figure 2B) isolated tests, discriminant analysis
of CANTAB and language tests results in combination
(Figure 2C) provided the best separation between young and
older adult’s performances. However, the CANTAB results
better distinguished young and older adults’ performances
than language tests. Note that RVP latency, concision ratio,
SWM strategy, and information units were the variables
that better contributed to cluster formation when combin-
ing language and CANTAB test results (Figure 2D). For
isolated CANTAB or language tests results, RVP latency
and metaphors results, respectively, were by far the variables
that best contributed to distinguish young and older adults’
performances (Figure 2D).
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Figure | Dendrograms from cluster analysis applied to isolated or combined neuropsychological test results.

Notes: These analyses revealed three main clusters of distinct performances with variable degrees of contribution from young and older adults as a function of the
neuropsychological test results submitted to the analysis. (A) Cluster analysis using CANTAB test results in isolation. Performances were mostly segregated into three
distinct clusters: two dominated mostly by aged subjects, and one mostly by young subjects. (B) Language test results in isolation. (C) CANTAB + Language test results in
combination. Note that cluster analysis using CANTAB test results in isolation revealed better distinction between young adult and older adult performances. Red and blue

colors distinguish older and young adults respectively.

Abbreviation: CANTAB, Cambridge Neuropsychological Tests Automated Battery.
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Table | Probability density values (P-values) from discriminant analysis to detect which neuropsychological tests best contributed to

cluster formation, either in isolation or in combination

Neuropsychological tests CANTAB + Language CANTAB Language
RVP latency 4x107'2 Ix10-1° -

RTI SAS NS 0.030 -

SWNM strategy 0.032 NS -
Concision 0.010 - NS
Information units 0.027 - NS
Metaphors - - 4x10°®
Emotional prosody - - 0.021

Abbreviations: CANTAB, Cambridge Neuropsychological Tests Automated Battery; MMSE, Mini Mental State Examination; NS, nonsignificant; RTI, reaction time;
RVP, Rapid Visual Information Processing; SAS, simple accuracy score; SWM, Spatial Working Memory.

Graphical representations in Figures 3 and 4 illustrate

individual performances and mean values of the neuropsy-

chological test results that were indicated by discriminant

analysis to be the best predictors for cluster formation.

Although the mean values of young and aged adults in these
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tests differed significantly, the dispersion of individual scores

revealed remarkable similarities between some of the young

and aged adults’ performances, particularly in the following

language tests: information units (4.4410.2 vs 3.4110.23,
mean + SEM), metaphors (40.8942.03 vs 35.58+1.67), and
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CANTAB |RVP latency 0.7839 | 0.2686 | 89.8554 | 0.0000|0.5598
RTI SAS 0.2434 |0.8652 | 5.1399 |0.0301|0.6856
Metaphors 0.5911 | 0.4055 | 49.8370 | 0.0000|0.9423

Language|Emotional 0.2809 | 0.8536 | 5.8330 |0.0213|0.8347
Prosody
RVP latency | 0.6202 |0.1867 | 126.3317| 0.0000|0.3895

CANTAB |Concision ratio| 0.1465 | 0.7904 | 7.6881 | 0.0096 |0.5120

+ SWM strategy | 0.1361 | 0.8506 | 5.0950 |0.0317|0.5751

Language|Information 0.1373 | 0.8430 | 54009 |0.0273|0.3624

units

Figure 2 Graphic representations of forward stepwise discriminant function analysis based on isolated (A, B) or combined CANTAB and Language (C) tests results.
Notes: Note that the combined results discriminated better between young and older adult’s performances. RVP latency, concision ratio, SWM strategy, and Information

units were the variables that better contributed to cluster formation (D).

Abbreviations: CANTAB, Cambridge Neuropsychological Tests Automated Battery; RTI, reaction time; RVP, Rapid Visual Information Processing; SAS, simple accuracy

score; SWM, Spatial Working Memory.
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Figure 3 Graphic representations of mean scores and dispersion from the language test performances of young and older adults.

Notes: Narrative results based on information units (A), concision ratio (B), metaphors (C), and emotional prosody (D) revealed different degrees of dispersion, although
the average values of older and young adults’ performances differed significantly. Mean values are indicated by black dots in both young (blue circles) and older (red circles)
groups. Note the smaller dispersion in the concision ratio results from the narrative tests.

emotional prosody (9.4110.4 vs 7.0610.45). These findings
suggest that CANTAB tests are able to distinguish subtle
differences in cognitive performances inside each group and
between groups more accurately.

Inaddition, the probability of error given correctly from delayed
matching to sample (DMS-PEGC) and total errors adjusted from
paired associates learning (PAL-TEA) tests results (not illus-
trated) revealed significant differences (two tailed #-test P<<0.05)
between young and older adult groups (PEGC =0.1320.03 vs
0.26+0.02 and TEA =16£1.66 vs 63.7517.46).

Cluster and discriminant analysis

for aged groups

Similar analysis was applied to isolated neuropsychological test
results for each age group. CANTAB, but not language tests,
distinguished subgroups in the aged group, and the variables

that best contributed to the clusters formation were RVP latency
(P=0.000009) and RVP A’ (signal detection measure of sensi-
tivity to the target) (P=0.01) and Euclidian distance above 500
units. When applied in combination, CANTAB and language
tests did not improve the distinction between subgroups.

Cluster and discriminant analysis

for young groups

Language or CANTAB tests were not able to distinguish
subgroups in the young group. Indeed, Euclidian distances
revealed subgroups much closer to each other (Euclidian
distances lower than 300 units).

A correlational matrix was employed to test for possible
linear correlations between CANTAB and language assess-
ments. No simple correlations were observed between the
test results.
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Figure 4 Graphic representations of mean scores and dispersion from CANTAB performances of young and older adults.

Notes: Results based on RVP latency (A), RTI simple (B), SWM strategy (C), revealed different degrees of dispersion, although the average values of older and young adults’
performances differed significantly. Mean values are indicated by black dots in both young (blue circles) and older (red circles) groups. Note the smaller dispersion in the
young adult’s performances on RTI simple from CANTAB.

Abbreviations: CANTAB, Cambridge Neuropsychological Tests Automated Battery; RTI, reaction time; RVP, Rapid Visual Information Processing; SWM, Spatial Working
Memory.

Discussion Cluster and discriminant analysis revealed that CANTAB
In the present work, we investigated to what extent language  tests could distinguish between the cognitive performances of
and CANTAB tests, in isolation or in combination, could age groups better than language tests, and no linear correla-
distinguish subtle differences in cognitive performances in  tions were observed between CANTAB and language results.
young adults and elderly normal subjects and whether such ~ We suggest that the use of large-scale automated visuospatial
performances on those tests correlated with each other.  teststo assess learning and memory from CANTAB improves
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the signal-to-noise ratio, expanding our ability to define the
limits between normal and pathological aging.

CANTAB versus language tests to detect

age-related cognitive decline

The decline in cognitive function during human aging is well
documented. This decline is apparent from tests of learning
and memory, executive functions, attention, and processing
speed.>** Neurophysiological and neuroanatomical evidence
obtained through brain imaging suggests that the earliest
brain changes occur in the prefrontal and temporal areas.
The prefrontal area involves impairments in executive and
planning functions, while the temporal areas involve memory
and learning.*’*® In this study, cluster analysis revealed that
selected CANTAB tests in isolation provided the best option
to distinguish between the performances of the whole sample.
In fact, the performances were mostly segregated into three
distinct clusters: two dominated mostly by aged subjects
and one mostly by young subjects (Figure 1A). Compared
with cluster analysis based on isolated CANTAB results, all
other dendrograms from both isolated (language tests) and
combined tests (CANTAB + Language), revealed a lower
degree of segregation.

In the specific case of aging, previous results from
CANTAB tests have revealed significant cognitive decline as
a function of age, limited to the SWM test (which assesses the
frontal lobe) and the PAL test (which evaluates both frontal
and the temporal lobe functions).” Although the CANTAB
DMS test also discriminated between the performances of
young and older adults (not illustrated), it did not do as well
as the PAL and SWM tests. However, because of its selectiv-
ity for temporal lobe function, lower performances of older
adults on the DMS test suggest that episodic memory is indeed
affected by age in our sample. In addition, the lower SWM
performance in the group of older adults confirmed previous
results using this test, demonstrating a decline in working
memory with increasing age.’***! In addition, and more
importantly because of their discriminative properties in the
cluster analysis, other CANTAB test results (RTI and RVP)
were also affected by aging, suggesting that reduced process-
ing speed (which appears to progress linearly with age) is
associated with increased latency and reaction time.*

Emotional and linguistic prosody

Although impairments in linguistic and emotional prosody
in healthy elderly individuals appear to be largely unrelated
to cognitive decline, their integrity may be relevant to
explore aging effects related to cognitive appraisal when

comparing young versus old adults and measure right
hemisphere cognitive decline in senescence.> In this work,
as expected, we did not find any linear correlation between
linguistic or emotional prosody scores and all other tests
scores. These results are in agreement with others*® which
demonstrate that the decline of linguistic and emotional
prosody in the elderly is not related to age-related cogni-
tive decline.

Interpretation of the affective state of others with respect
to both speech and emotional face recognition is an essential
component of normal psychosocial interactions. In agree-
ment with previous reports,**>>¥% our findings demonstrate
age-related decline in the perception of emotional prosody.
As expected, the healthy elderly individuals performed sig-
nificantly worse than young adults on tasks that assessed the
comprehension of affective prosody.

The linguistic prosody test is used to measure the capac-
ity to distinguish declarative statements and questions.
Statements are characterized by falling terminal pitch, and
questions by rising terminal pitch.*¢! Previous results dem-
onstrated age-related difficulties in interpreting linguistic
patterns,*® and the performance of older adults on linguistic
tasks with pitch contour patterns was less accurate than that
of younger adults, ie, more difficulty identifying questions
than statements.® In agreement with these results, the pres-
ent work confirms that, on average, young adults perform
better than older adults with respect to linguistic prosody
assessment. Similar to a previous report,® older adults had
slightly more impaired emotional prosody than linguistic
prosody compared with young adults.

Metaphors

Literal lexical-semantic comprehension is always neces-
sary in social communication, but it is not sufficient to
guarantee appropriate communication.®> Comprehension
of nonliteral implication is often essential to interpret
the implicit meaning in a sentence, which is not always
expressed explicitly.® Although no consensus has been
obtained regarding the decline in metaphor comprehen-
sion with aging,*® previous reports have demonstrated
that young adults make fewer mistakes in metaphor tests
than healthy older adults.” In agreement with these find-
ings, absolute numbers in the present report indicated that
older adults committed an average of 13% more errors on
the metaphor test than younger adults. As described for
emotional prosody, we detected no correlations between
performance on the metaphor test and age-related cognitive
decline in the present work.
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Another group of language functions was also impaired
by age. This finding is indicated by the lower scores of older
adults versus younger adults on the Boston Naming Test
(reduced version), linguistic prosody, and narrative tests
(main concepts, information units, and concision).

Boston Naming Test

The Boston Naming Test is able to assess the degree of
difficulty in finding words encountered by healthy elderly
individuals, as well as by individuals in the initial stages
of dementia.”! Although the results of the confrontational
Boston Naming Test (as applied in the present work) are
qualitatively affected by the cultural background, particu-
larly with regard to non-English-speaking populations, their
quantitative scores are not.”” Thus, as previously described
for non-native English speakers,’? our findings using the
Boston Naming Test version adapted to speakers of Brazilian
Portuguese” demonstrated significantly lower scores among
older adults than among young adults.

Narrative tests

In general discourse, comprehension abilities decline with
age™7 and appear to be influenced by executive functions.”
Age-related changes have also been reported in the production
of discourse, and a picture description task is frequently used
to reveal such decline. Nonpathological aging is typically
associated with dysfunctions of the prefrontal cortex.””’
Because discourse production is thought to depend on pre-
frontal cortical integrity, it has been proposed that the analysis
of narrative discourse structure may be a measure of executive
function in adults.”® Although we have not yet established
cutoff points for the Brazilian population using narrative
tests and large samples, we found (as previously described
in Ref. 79) that, on average, the narrative structure was
significantly impaired in older adults compared with young
adults. Older adults exhibited lower scores in main concepts,
information units, and concision than young adults.

CANTAB versus language tests: limits

of comparative analysis

To be reliable, neuropsychological tests must replicate results
in a systematic way when subjects are tested repeatedly. To
be valid, the tests must be able to identify individuals with
the same type of neuroanatomical change, who exhibit simi-
lar and consistent test performances for the same cognitive
domain and with the same sensitivity. To be specific, the tests
must be sensitive to the functional changes of interest, but not
to others.* Because these conditions were met and consistent

results were obtained for a number of selected tests intended
to assess the prefrontal and temporal lobes,**>' the CANTAB
was considered reliable in assessing the type and degree
of functional loss and the specificity of aging-associated
changes in the temporal and prefrontal lobes.*#! Because a
large number of individuals were assessed by the CANTAB,
it was possible to establish the degree of correlation between
the functional demand imposed by the selected tests and the
neural areas involved in those functions.*!

Although we do not yet have a large sample to define
the norms and cutoff points for the Brazilian population
using the CANTAB, this battery (originally designed to
compare monkey and human performances*# %) is largely
independent of cultural differences.'*3%#35 Indeed, our find-
ings are in agreement with a number of previous studies
with CANTAB?3%3%3! which confirm age-related cognitive
decline in selected tests for both temporal and prefrontal lobe
functions. Because the neuropsychological test results from
the CANTAB have been validated in many countries with
different cultures,’*18687 we suggest that the CANTAB may
be an adequate tool for transnational comparative studies of
both normal and pathological aging.

However, it is important to mention that the selected
CANTARB tests did not include verbal measures. Thus, com-
parative analysis with the language tests detailed in this paper
may have some limitations in the sense that similar cognitive
domains in the CANTAB and language tests are not necessar-
ily processed and retrieved using the same subjacent neural
networks and mechanisms.* In addition, possible correlations
between CANTAB subtests and traditional paper-and-pencil
neuropsychological tests demonstrated modest associations
when education and age were controlled for.?” In agreement
with these observations, our findings revealed no linear cor-
relation between the results of language and CANTARB tests
in the present work.

Finally, it has been suggested that familiarity with the
computer interface may influence performance on com-
puterized test batteries;* however, because the CANTAB
does not require any computer/technology knowledge, fre-
quent computer users do not gain any significant operative
advantage over users who are unfamiliar with computerized
automated tests.”

Although the number of individuals tested in the pres-
ent study does not encourage generalized conclusions, our
exploratory study strongly suggests that the CANTAB
test results in isolation may improve the signal-to-noise
ratio when distinguishing the performance of subgroups
both in young adults and the elderly better than language
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tests do. Because the language and CANTAB tests assessing
corresponding cognitive domains were not linearly
correlated, it is important that we increase our sample size
in order to be able to confirm and generalize these prelimi-
nary observations.
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