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Naming and verbal learning in adults with
Alzheimer’s disease, mild cognitive impairment
and in healthy aging, with low educational levels

Nomeacéo e aprendizagem verbal na doenca de Alzheimer, no comprometimento
cognitivo leve e no envelhecimento sadio com baixa escolaridade

Lilian Cristine Hibner"?, Fernanda Loureiro®, Bruna Tessaro’, Ellen Cristina Gerner Siqueira’, Gislaine
Machado Jerénimo’, Irénio Gomes?, Lucas Porcello Schilling*

ABSTRACT

Language assessment seems to be an effective tool to differentiate healthy and cognitively impaired aging groups. This article discusses the
impact of educational level on a naming task, on a verbal learning with semantic cues task and on the MMSE in healthy aging adults at three
educational levels (very low, low and high) as well as comparing two clinical groups of very low (0-3 years) and low education (4-7 years) patients
with Alzheimer’s disease (AD) and mild cognitive impairment (MCI) with healthy controls. The participants comprised 101 healthy controls,
17 patients with MCl and 19 with AD. Comparisons between the healthy groups showed an education effect on the MMSE, but not on naming
and verbal learning. However, the clinical groups were differentiated in both the naming and verbal learning assessment. The results support the
assumption that the verbal learning with semantic cues task is a valid tool to diagnose MCl and AD patients, with no influence from education.
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RESUMO

A linguagem tem se mostrado uma ferramenta eficiente para diferenciar grupos de idosos saudaveis dos com deficiéncias cognitivas. O
artigo objetiva discutir o impacto do nivel educacional na nomeacao, na aprendizagem verbal (AV) com pistas semanticas e no MEEM no
envelhecimento saudavel em trés niveis de escolaridade (muito baixa: 0-3 anos, baixa: 4-7 anos e alta: >8 anos) e em dois grupos clinicos
de escolaridade muito baixa e baixa (Doenca de Alzheimer — DA — e Comprometimento Cognitivo Leve - CCL), comparados a controles
saudaveis. Participaram 101 controles, 17 CCL e 19 DA. Comparacdes entre grupos saudaveis demonstraram um efeito da escolaridade no
MEEM, mas nao nas tarefas de nomeagao e de AV. Considerando as comparagoes entre os grupos clinicos, tanto a nomeagao quanto a AV
os diferenciaram. Os resultados corroboram a pressuposicao de que a tarefa de AV com pistas seméanticas € valida para diagnosticar CCL e
DA, nao sendo influenciada pela escolaridade.

Palavras-chave: aprendizagem verbal; doenca de Alzheimer, disfuncao cognitiva.

A growing increase in the aging population has been
observed over the past decades. Between 2015 and 2050, the
number of older people living in higher income countries is
predicted to increase by only 56%, compared to 138% in upper
middle income countries, 185% in lower middle income
countries, and by 239% (more than triple the increase) in low
income countries'.

Approximately 46.8 million people worldwide were liv-
ing with dementia in 2015. This number will almost double

every 20 years'. Education appears to play a crucial role in the
increase of dementia, and language has been indicated as an
effective way to assess cognitive decline.

The aim of this article is to compare the performance
of healthy and clinical aging groups in a naming and a ver-
bal learning task with semantic cues, as well as in the Mini
Mental State Examination (MMSE), considering the impact
of their educational level. More specifically, the objectives
are twofold: firstly, to analyze performance in naming, verbal
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learning and the MMSE in healthy aging groups distributed
over three different educational levels (very low, low and high
level), and secondly, to analyze performance in the same
tasks in low and very low educational level groups diagnosed
with mild cognitive impairment (MCI) and Alzheimer’s dis-
ease (AD), compared to a healthy aging group.

The impact of educational level in the assessment
of naming and verbal learning

Although education is a very important factor when eval-
uating cognitive decline, most of the available evidence on
linguistic and other cognitive abilities has been assessed in
highly-educated AD and MCI participants.

Connor et al.? investigated the relationship between
naming performance in the Boston Naming Test, age, edu-
cation and gender. Their results showed that less educated
women had the poorest performance in the Boston Naming
Test, though the authors claim that such results may not be
universal. Welch et al.? participants with 12 or more years
of education had better performances in naming com-
pared with participants with less than 12 years of educa-
tion. However, this difference was only found when elderly
groups were compared, whereas, in younger groups, the
education effect was not found. Ashaie and Obler* adminis-
tered a culturally-adapted naming task to a rural low educa-
tion Indian cohort and found no education effect with age.
However, when comparing illiterates with educated partici-
pants, they found educated individuals at an advantage in
the naming task.

Low levels of schooling may obscure the diagnosis of cog-
nitive decline, which shows the necessity of task adaptation
to this population®S.

Naming and verbal learning in cognitive impairment
This section presents theoretical and experimental data
on naming and verbal learning in MCI and AD.

Naming and semantic memory

The main concern in the elderly is to depict when an alter-
ation is considered normal within a healthy aging framework
and when it signals the onset of dementia. One of the tasks
aimed at establishing this cut-off is word retrieval, which is
frequently best assessed through naming tasks’. Several the-
ories have emerged to explain word retrieval processes in the
brain. One of them is the Node Structure Theory?®, which pos-
its that there is a network of interconnected nodes hierarchi-
cally organized into a semantic, a phonological and an ortho-
graphic system. In picture naming, the pictorial stimulus first
activates semantic nodes, which then transmit excitation to
the lexical representations of the word; then the phonological
representations are activated to produce the word. There are
three factors that influence a transmission deficit between
the phonological, lexical and semantic levels: the frequency
with which a word is used, recency of use (the amount of
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time passed since the word had last been used), and aging’.
In healthy aging, a tip-of-the-tongue state is quite common,
occurring when the connections to the phonological system
are weakened, and providing a phonological tip, in general,
solves the problem’. However, in dementia, semantic errors
are more common than phonological errors, suggesting
a degradation of the semantic system itself or an impaired
access to it.

Silagi et al.'® confirmed an increase in the number of
errors in naming tasks as AD progresses. The most common
types of errors in the naming tasks were semantic parapha-
sias and non-responses (classified as pure anomia), which
seemed to be related to loss of semantic information.

A criticism of many of the studies on semantic memory
in MCI and AD is over task design, which has not always
observed psycholinguistic criteria on stimuli construction,
disregarding variables such as categories (words that repre-
sent possible examples of a concept, for instance, “birds”),
polysemy (words with more than one meaning, for instance,
“fan”, in English), prototypicality (the level at which a word is
representative of its category; for instance, a canary is more
prototypical for the category of “bird” than a penguin), age
of acquisition (the age at which a word has been acquired),
familiarity (the level at which entities in a particular category
resemble one another in a number of ways), frequency (the
frequency of which a word is used in communication, read-
ing or writing material), living versus nonliving (elements
which refer to animate items or manufactured/man-made
items), among other variables. Moreover, there is a lack of
validated instruments to assess language and other cogni-
tive constructs in low educated individuals, which has been
addressed, for instance, by Brazilian research developed by
Mansur et al.", and Miotto et al.”%.

Verbal learning and episodic memory

Impairment in episodic memory is a symptom most
commonly observed in MCI with an amnestic etiology, and
in AD. The Free and Cued Selective Reminding Test (FCSRT)*
is one of the tests most adapted to evaluate episodic memory
and is recommended by the International Working Group™.
It evaluates the ability to learn words that are presented with
a semantic cue to control for memory encoding. The FCSRT
has both pictorial and word versions, with the pictorial ver-
sion suitable for populations with low socioeconomic status,
who are generally illiterate or have a low literacy. A review
of studies administering versions of the selective reminding
task, including its use in Brazilian studies, can be found in
Bordignon et al.”.

Auriacombe et al.'® assessed the validity of the FCSRT in
predicting dementia two and five years after an initial evalu-
ation in a population-based cohort over the age of 65 partici-
pating in the French Three-City (3C) study. They concluded
that high FCSRT scores were useful to rule out dementia.
Dubois et al.”” considered free and cued recall measures as



valid clinical markers of the clinical phenotype of AD, to be
adopted, among other scales, to distinguish between pre-
clinical and prodromal AD. Similarly, Teichmann et al.’® pos-
tulated that the FCSRT appeared to be a sensitive tool for
diagnosing typical AD among other neurodegenerative dis-
eases with a sensitivity of 100% and a specificity of 75%. The
authors argued that the FCSRT reliability could minimize
false non-AD diagnoses in the spectrum of atypical AD bio-
marker-positive degenerative diseases.

Lemos et al.” administered the FCSRT to three groups:
control group (C) (n = 101), MCI group (n = 100), and AD
group (n = 70). The mean age and educational level median
were, respectively, (M = 70.22; 4[4.11]), (MCI = 71.08; 4[4.9])
and (AD = 72.63; 4[4.11]). They concluded that the FCSRT
was a very useful tool to identify memory impairment on
the AD spectrum and to differentiate between AD and MCI
groups, compared with controls. Both the immediate and
the delayed recalls demonstrated a significant impairment
in the two clinical groups. None of the demographic char-
acteristics, including education, showed a significant effect
on the results.

Grober et al.* compared participants performances in the
FCSRT and in the MMSE, to identify mild dementia among
Spanish-speaking Latino participants. The participants were
112 elderly, 24 of whom were diagnosed with dementia, with
a mean of 7.36 years of education. The FCSRT, especially its
free recall component, showed higher sensitivity and speci-
ficity than the MMSE in detecting mild dementia. For partic-
ipants without dementia, the MMSE scores were associated
with years of education, while free recall scores were not.
These results suggested that the FCSRT could be considered
an effective tool for dementia screening in individuals with
varying levels of education.

Aiming at verifying whether education could have an
impact in healthy populations, we compared the perfor-
mances of three healthy groups in a naming and a ver-
bal learning task, adapted from the FCSRT. Moreover, we
aimed to investigate the influence of low educational levels

by comparing the performances of healthy and cognitively
impaired populations (AD and MCI) in these same tasks.

METHOD

The studywas approved by the Ethics Research Committee
at the Pontifical Catholic University of Rio Grande do Sul, in
Porto Alegre, Brazil, protocol number 21006913.0.0000.5336,
following Resolution 466/12.

Participants

All participants gave formal consent before the testing, and
received no financial compensation for their participation. The
study included 137 individuals (101 healthy, 17 MCI, 19 AD).

The healthy participants were classified into three educa-
tional groups (Table 1 shows their sociodemographic charac-
teristics). Healthy controls with low education were recruited
by community health agents and interviewed and tested by
the research group, while the healthy highly educated group
was selected from meeting groups and community centers
for the elderly.

Clinical patients were receiving treatment at a neurologi-
cal clinic in a public hospital in the metropolitan area of Porto
Alegre, Brazil. All the participants had a low education level
(Table 1). In the very low educational level groups (healthy and
clinical), a small number of illiterate elderly were included, as
the tasks did not require reading ability. Moreover, individuals
with zero to three years of formal education may present as
functionally illiterate or, on the contrary, they may have devel-
oped reading/writing abilities from self-training

Exclusion criteria for healthy and clinical groups were the
self-reporting of a previous stroke, brain tumors or psychiat-
ric disorders such as bipolar disorder or schizophrenia, cur-
rent or past alcohol or drug abuse history, or under-corrected
auditory or vision difficulties. The AD patients with a score
equal to or higher than 3 in the Clinical Dementia Rating
were excluded.

Table 1. Descriptive information of healthy and clinical participants.

. N Age
Groups Years of schooling Malo Feralo 0 Mean SD o
Healthy
Very low education 0-3 8 11 0.275 728 6.3 0.018
Low education 4-7 10 24 71.02 6.3
High education >8 8 45 68.1° 5.2
MCI
Very low education 0-3 2 6 0.487 72.4 4.0 0.993
Low education 4-7 2 7 70.6 5.9
AD
Very low education 0-3 4 5 0.902 72.0 10.0 0.500
Low education 4—7 8 7 785 6.3

MCI:mild cognitive impairment; AD: Alzheimer’s disease; SD: standard deviation;*®* Same letters indicate thereis no statistical difference between comparisons,
while different letters indicate statistically significant differences between comparisons. The comparison includes the healthy, MCl and AD groups with same

level of education.
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Instruments and procedures for data collection

The psychiatric evaluation was conducted by the administra-
tion of the Geriatric Depression Scale* and the Mini International
Neuropsychiatric Interview PLUS? - version 5, complemented
by the criteria of the Diagnostic and Statistical Manual of Mental
Disorders — DSM-IV-TR. The criteria recommended by the
National Institute on Aging-Alzheimers Association® were used
to clinically diagnose MCI and AD, together with the anamnesis
including physical examination and questions for the participant
and/or to the caregiver or relative about functional capacity. The
MMSE scores® (from 0 to 30) were taken into consideration as
indicators of objective cognitive impairment, using the cut-off
points for the Brazilian population, as proposed by Chaves and
Izquierdo®. Thus, the cut-off points were 17 for the illiterate or
functionally illiterate and 22 for those with more than four years
of education. As for the clinical groups, the healthy adults were
tested with the MMSE, Geriatric Depression Scale and questions
about functional capacity, and were invited to participate when
they reached adequate performances on these tests.

Naming task

The task consisted of naming 60 line drawings, includ-
ing 30 living and 30 nonliving concepts, balanced according
to word frequency. The final answer given by the participant
was registered.

Verbal learning task

A modified version, adapted to Brazilian Portuguese, of
the FCSRT* was administered to assess episodic memory
and verbal learning ability. Scores of the free recall and of
the total recall (sum of immediate and delayed free and cued
recalls) were analyzed in this study.

These two tasks are subtests of alanguage evaluation bat-
tery (Bateria de Avaliagdo da Linguagem no Envelhecimento,
Battery of Language Assessment in Aging — accepted, in
preparation)”, linguistically and socio-culturally adapted to
the Brazilian population, adjusted for administration to low
socioeconomic status and illiterate cohorts.

Data analysis
Data were analyzed with the statistical package SPSS
17. The description of the data was done through absolute

and relative frequencies, means and standard deviations.
Comparisons of demographic characteristics between
the groups were done using Pearson’s chi-squared test. An
ANOVA test was used to compare the means of the cognitive
evaluation scores of the healthy to the very low, low and high
education groups. The intergroup analyses comparing the
three healthy groups were adjusted for age using an ANCOVA
test, as the mean age of the highly educated healthy group
was higher than the means of the other two education level
groups. An ANOVA test was also used to compare the means
of the cognitive evaluation scores of the very low educated
and low educated in healthy, MCI and AD groups. A post-hoc
analysis was made using the Tukey Test. The significance
level considered was p < 0.05.

RESULTS

The sociodemographic characteristics of the groups are
presented in Table 1.

Considering the healthy groups performances in the
MMSE, the very low educational level group (24.4 £ 3.8) had
significantly lower scores than the low (26.6 = 3.2) and high
educational groups (28.4 £ 1.7) (p < 0.001) (Table 2). Regarding
the two other language tasks, the naming task showed statisti-
cally significant differences among groups: the very low educa-
tional level group (51.4 £ 6.0) (p < 0.002) differed from the low
educated (53.3£4.6) and highly educated (55.3 + 2.5). However,
when an ANCOVA was performed to adjust for the age differ-
ence between groups, as the mean age of the highly-educated
group was higher than the two other healthy groups, no dif-
ferences were seen between groups in the naming task (p <
0.121). Regarding the FCSRT task, no statistically significant
differences were found in the comparison among the healthy
groups performances in the “total” scores (p < 0.482).

Regarding the clinical groups, significant differences were
found in the comparisons between very low, and low education
(p < 0.001) in the MMSE (Tables 3 and 4). Of note, the mean
obtained by the very low educated healthy group (24.4 £ 3.8),
MCI (19.3 £ 5.1) and AD (16.6 £ 2.4) was very low. Controls
showed significantly higher scores (26.6 + 3.2), followed by the
MCI group (23.1 £ 3.5) and the AD group (19.5 £ 2.6) (Table 4).

Table 2. Healthy participants’ performance (N = 101): mean results and SD.

Educational group

Task Very Low Low High p* p**
0-3 4-7 >8

MMSE 24.5(3.8) 26.6 (3.2)° 28.4(1.7)° <0.001 0.006

FCSRT - Identification 16.0(0.0) 16.0(0.0) 16.0(0.0) - -

FCSRT - Total of free recall 29.4(6.3) 31.5(5.8) 33.8(6.0) 0.031 0.126

FCSRT - Total sum 471 (1.6) 47.4(1.2) 47.5(0.9) 0.482 0.306

Naming 51.4(6.0) 53.3 (4.6)° 55.3(2.5)° 0.002 0.121

SD: standard deviation; MMSE: Mini Mental State Examination; FCSRT: Free and Cued Selective Reminding Test; #°¢: In each task values marked with the
different letter had statistically significant differences between them. *ANOVA; **ANCOVA.
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Table 3. Very low educational group’s performance (0-3): mean results and SD.

Very low educational group

Task Healthy MCI AD p
N=14 N=8 N=9

MMSE 24.4(3,8)2 19.3(5.1)° 16.6 (2.4)° <0.001

FCSRT - Total of free recall 29.4 (6.3)2 18.6 (9.1)° 16.2(5.1)° <0.001

FCSRT - Total sum 471 (1.6)2 39.0(7.2)° 33.2(9.6)° <0.001

Naming 51.4 (6.0)2 45.3 (7.6)° 39.7 (4.0)° <0.001

MCI: mild cognitive impairment; AD: Alzheimer’s disease; SD: standard deviation; FCSRT: Free and Cued Selective Reminding Test;2"¢: In each task values
marked with the same letter had no statistically significant differences between them.

Table 4. Low educational group’s performance (4-7): mean’s results and SD.

Low educational group

Task Healthy MCI AD p

N =34 N=9 N=10
MMSE 26.6(3.2)2 23.1(3.5)° 19.5(2.6)° <0.001
FCSRT - Total of free recall 31.5(5.8) 18.2(8.2)° 10.5(6.4)° <0.001
FCSRT - Total sum 47.4(1.2)° 41.6(8.2)° 25.7 (8.2)° <0.001
Naming 53.3 (4.6)° 52.2 (4.7)° 441 (6.5)° <0.001

MCI: mild cognitive impairment; AD: Alzheimer’s disease; SD: standard deviation; FCSRT: Free and Cued Selective Reminding Test;®¢: In each task values
marked with the same letter had no statistically significant differences between them.

Considering each groups performance in the nam-
ing task, the comparison of very low educational groups
also showed statistical differences between the two clinical
groups (MCI=45.3+7.6 and AD = 39.7 £4.0), and both groups
differed from the healthy controls (51.4 £ 6.0) (p < 0.001).
Moreover, the comparison of low educational groups revealed
that healthy controls (53.3 + 4.6) differed from the MCI group
(52.2£4.7) and AD group (44.1 £6.5) (p < 0.001).

Significant differences were observed in the comparisons
of the two levels of education in the FCSRT. In the compar-
ison among very low educational groups, considering the
scores of total recall (FCSRT - total sum), the healthy control
group (47.1 £ 1.6) significantly differed from the two clinical
groups (p < 0.001), MCI (39.0 £ 7.2) and AD (33.2 £ 9.6). Yet the
comparison among low educational groups revealed signifi-
cant differences in the performance of all groups (p < 0.001):
controls (47.4 + 1.2), MCI (41.6 £ 8.2) and AD (25.7 % 8.2).

DISCUSSION

The data comparing the three healthy groups in the nam-
ing ability showed no significant differences between the dif-
ferent educational level groups. When stimuli are adapted to
a lower educated population, as it was the case in our study,
healthy participants with very low education level may per-
form well. However, this result, analyzed in a small sample,
should be considered with caution. There is clearly a need for
further studies on the interplay between age, low education
and illiteracy, adopting culturally-adapted stimuli in naming
tasks, as inconsistent results have been found and no conclu-
sive data has been reached so far, probably because of the dis-
crepancies between task designs and the populations investi-
gated*". The naming task distinguished between the healthy

and the two clinical groups in low education, corroborating
studies previously discussed in this article™'. Thus, naming
ability has shown to be an important window for indicating
when an alteration in semantic memory signals the onset of
cognitive decline or dementia, demonstrated by a decreasing
performance in AD™.

The verbal learning task was shown not to be biased by
educational level in the healthy groups. The majority of the
screening and cognitive tests are affected by education, an
aspect that demands adapted cut-offs depending on the edu-
cational level. The absence of a significant effect of educa-
tion on this verbal learning task with semantic cues makes
it possible to consider this test as a very useful tool for dif-
ferentiating MCI and AD, without the need for adjustment
for different educational levels. This result is in line with that
found by Lemos et al.’®. Moreover, in the clinical groups, the
results of our study suggest that neither MCI nor AD par-
ticipants benefited from the oral presentation of semantic
cues provided by the examiner whenever they were unable
to retrieve a word, which could suggest unsuccessful encod-
ing, rather than a problem specifically at the retrieving level,
since retrieval should benefit from the semantic cues pro-
vided by the examiner following successful encoding"*.
Difficulties with episodic memory, that is, difficulties with
learning and retaining new knowledge, are observed in MCI
with an amnestic etiology, which usually progresses to AD.
Taken together, the results showed that the FCSRT efficiently
evaluates verbal learning skills and has shown to be a useful
test for characterizing episodic memory deficits in MCI and
AD?®, as seen in Tables 3 and 4. Our data showed that the task
was able to distinguish not only the clinical groups from the
healthy control group, but also to distinguish the MCI and
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AD groups from each other, while the educational level did
not influence the performance in this task.

The results of the administration of the MMSE were
able to distinguish low education healthy participants from
equally low education clinical populations, corroborating
other studies®®. Moreover, the sensitivity of the MMSE was
higher in low education groups than in very low ones. It is
important to consider a very low cut-off point in both clinical
and healthy groups, due to the high sensitivity of the MMSE
to the impact of education®. Similarly, attention should be
given to the use of specific norms according to age in tests
pointing to differences relating to educational level when
assessing healthy controls.

In conclusion, in this study we aimed to compare inter-
twined linguistic and memory performances of healthy elderly
participants, divided into three education level groups (very
low, low and high), as well as compare the linguistic perfor-
mance of cognitively impaired populations (MCI and AD)
to that of a healthy group. A limitation of the study was the
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