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Memory impairment is the earliest and most
prevalent symptom in Alzheimer’s disease (AD)1,2. The
early involvement of the entorhinal cortex and CA1
of the hippocampus in AD3,4 supports the observed
decline in episodic memory even at the initial stages
of the disease5. It is well known that the performance
of AD patients is significantly poorer than that of
normal elderly in tests that assess delayed recall of a
list of items even a few minutes after its presenta-
tion5. However, there is not as much information
about differences in the rate of forgetting after these
first few minutes. There are data that suggest that
the rate of forgetting is faster in patients with bilat-
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ABSTRACT - Objective: To assess the role of impaired encoding in learning and in delayed recall disturbances,
and to evaluate the rate of forgetting in AD. Method: Fifteen AD patients with mild or moderate dementia
and 15 normal matched controls were assessed with the Buschke Selective Reminding Test. Delayed recall was
evaluated after 30 minutes and after 24 hours. Results: AD patients had a poorer performance across the six
trials of the learning phase as well as in both delayed recall evaluations, with no difference between recall at
30 minutes and at 24 hours. Conclusion: Performance in the learning phase was as specific and almost as
sensitive as the performance in delayed recall for AD diagnosis. Encoding impairment was responsible for
poorer learning and rapid displacement of previous learned material in the AD group. Finally, we did not find
a higher rate of forgetting in AD patients.
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Comprometimento da codificação na deficiência de memória tardia e taxa de esquecimento na doença
de Alzheimer

Objetivo: Investigar o papel do distúrbio da codificação nas deficiências de aprendizado e de memória e
avaliar a taxa de esquecimento na doença de Alzheimer (DA). Método: Quinze pacientes com DA leve e
moderada e 15 controles normais pareados foram avaliados pelo teste de memória seletiva de Buschke. A
memória tardia foi avaliada depois de 30 minutos e depois de 24 horas. Resultados: Os pacientes com DA
apresentaram desempenho inferior no aprendizado e na memória tardia. A taxa de esquecimento entre 30
minutos e 24 horas não foi diferente entre pacientes e controles. Conclusão: O desempenho na fase de
aprendizado mostrou-se tão específico e quase tão sensível quanto o desempenho na memória tardia para o
diagnóstico da DA. O distúrbio da codificação foi considerado responsável pelo distúrbio de aprendizado na
DA. Após a memorização, o esquecimento não foi mais pronunciado na DA, nas primeiras 24 horas.

PALAVRAS-CHAVE: doença de Alzheimer, memória, codificação, aprendizado, memória tardia, taxa de
esquecimento.

eral temporal lobe lesion6 or dysfunction7. Corkin et
al.8 reported a higher rate of forgetting in AD pa-
tients than in controls when they compared the de-
layed recall at 10 minutes and at 24 hours, although
they did not find difference in an overall analysis at
72 hours. Kopelman9 found that AD patients did not
display accelerated forgetting when assessed 24
hours after the learning phase.

We assessed verbal memory in AD patients and
normal matched controls through the Free and Cued
Selective Reminding Test (FCSRT) initially proposed
by Buschke, with the inclusion of an assessment of
delayed recall after 24 hours10-12. Through this para-
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digm we intended to assess a) the encoding process
using semantic cues; b) recall abilities with cues,
when necessary, and c) the rate of forgetting of ini-
tially learned items. Since Craik and Lockhart’s13 pa-
per about the importance of the level of processing
information in long-term storage, many others re-
searchers have shown that the deepest an informa-
tion is processed when encoded, the greatest is the
possibility of retrieving it from long-term stor-
age11,12,15-17. The utilization of semantic cues during
encoding stage and the same cues at retrieve in-
creases the performance at delayed recall in both,
AD patients and healthy controls18.

METHOD
Fifteen patients (8 males and 7 females) with prob-

able AD (NINCDS-ADRDA)19 and 15 age and educational
matched controls (6 males and 9 females) were enrolled
in this study20, after written consent. The characteristics
of our sample are summarized in Table 1. According to
the Clinical Dementia Rate (CDR)21, 11 of the AD patients
were considered as having mild disease and 4 were con-
sidered as having moderated disease. All the subjects were
examined by an experienced neurologist and assessed by
a comprehensive neuropsychological battery comprising
tests for language, immediate memory, long-term memory,
visuo-spatial and visuo-constructive skills, gnosis, praxis
and planning, as previously described22. All AD patients
were submitted to brain CT or MRI and to brain SPECT.

The FCSRT was applied, with modifications, as previ-
ously described1. Briefly, patients were presented to a white
card with 16 black drawing line figures belonging to dif-
ferent semantic categories. Initially they were asked to
identify and name all figures after the examiner had pre-
sented their semantic descriptors (p.ex.: which is the bird?
For the owl). The objective of semantic descriptors pre-
sentation was to deepen the level of codification of infor-

mation. Then they were asked to immediately recall freely
as many items as they were able to. After three minutes
the examiner repeated the semantic descriptors for the
items that were not freely recalled, as cues. After this first
trial, five more trials followed and the subjects were pre-
sented to the same card between them and asked to iden-
tify and name only the items they had been unable to
remind in the immediate preceding trial, again after the
descriptor presentation. The delayed recall was performed
30 minutes and 24 hours after the sixth trial. In these
moments the card was not re-presented and the cues were
given only for those items not freely recalled. We used the
sum of the free (SumFR) and total (free plus cued) recall
(SumTR) across the six trials as a measure of learning abil-
ity. The total recall at the sixth trial was chosen to be com-
pared with the total recall at 30 minutes and 24 hours to
analyze the rate of forgetting.

Statistical analysis: The analysis of one variable between
both groups were assessed by the Mann-Whitney test. The
Friedman’s test was used for an overall analysis of the
loss of information across the three studied periods. The
within-group analysis of loss of items between different
blocks was assessed by the Dunn’s test (α=0.05). The cut-
off scores used to determine specificity and sensibility of
the variables in differentiating both groups were based
on the mean scores of controls minus two standard de-
viation.

RESULTS
AD patients performed significantly poorer than

controls on all measures concerning their learning
ability, delayed recall and cue utilization, as it’s sum-
marized in Table 2.

Tabela 1. Sample characteristics: DAT patients versus healthy

controls.

Variable AD patients Controls p-value Statistical

(n=15) (n=15)  Test

Gender (M/F) 8/7 6/9

Age

(in years) 70.2±9.0 72.5±7.5 0.50 M-W

Education

(in years) 10.5 ± 7.5 8.5 ± 6.4 0.73 M-W

Score in

MMSE 21.9 ± 3.2 28.4 ± 1.2 0.0001 M-W

AD, Alzheimer’s disease; p value, probability; M-W, Mann-Whitney; MMSE,
mini mental state examination.

Table 2. FCSRT performance of AD patients versus healthy controls.

Variable AD patients Controls p Value Statistical

(n=15)  (n=15) Test

SumFR 33.0 ± 18.5 79.1 ± 8.0 0.0001 M-W

SumTR 66.8 ± 21.3 95.3 ± 0.7 0.0001 M-W

Utilization of

cues given 59,6% 97,1% 0.001 M-W

TR in the

6th trial 12.06 ± 3.75 16.0 ± 0 0.0001 M-W

TR after

30 min. 8.3 ± 4.8 16.0 ± 0 0.0001 M-W

TR after

24 hours 8.2 ± 4.7 16.0 ± 0 0.0001 M-W

FCSRT, free and cued selective reminding test; AD, Alzheimer’s
disease; SumFR, sum of free recall; SumTR, sum of total recall
(free plus cued);  TR, total recall; p, probability; M-W, Mann-
Whitney.
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The mean of SumFR was 33.0±18.5 for AD pa-
tients and 79.1±8.0 for controls (p <0.0001). The
mean of SumTR was 66.8±21.3 for AD patients and
95.3±0.7 for controls (p <0.0001). The learning
scores (SumFR and SumTR) were able to differenti-
ate both groups with a sensitivity of 93.3% and speci-
ficity of 100%. In order to compare the benefit that
both groups had with cues at recall we computed
the mean percentage of hits after cues presentation.
In this way for the control group we could observe a
mean of 97.1% of utilization of all cues given, whilst
patients benefited from 59.6% after cues (p <0.001).

The next results concern the rate of forgetting of
previous learned information 30 minutes and 24
hours after the sixth trial. In the sixth trial of learn-
ing phase the mean of total recall (free plus cued)
was 16.0±0 for controls and 12.06±3.75 for AD
patients (p <0.0001). The mean total delayed recall
after 30 min was 16.0±0 for controls and 8.3±4.8
for AD patients, and at 24 hours it was 16.0±0 and
8.2±4.7, respectively (p <0.0001). The delayed mea-
sures, either at 30 min or 24 hours, were highly sen-
sitive (100%) and specific (100%) in differentiating
both groups. Any statistical correlation between both
groups concerning with rate of forgetting was dis-
couraged as the control group performed at the ceil-
ing in the three studied periods. Nevertheless, it was
possible to observe an overall significant loss of in-
formation from the sixth trial to 30 min and 24 hours
(12.06, 8.3, and 8.2; p <0.01) in AD patients, though,
no significant differences could be observed com-
paring the mean of items recalled 30 minutes and
24 hours after the sixth trial (8.3 and 8.2, respec-
tively; p >0.05).

DISCUSSION

We found that scores of learning ability are as
specific as delayed recall scores in differentiating AD
patients from elderly controls, although the sensi-
bility of delayed recall is superior than learning abil-
ity (100% e 93,3%, respectively). This observation
was also reported by Peterson et al.1, and it poses a
theoretical question: In which point can we identify
a disruption in the memory processes and what does
remain intact in AD?

Our results point to a main impairment in the
encoding process. The group of patients was not
able to adequately encode information even when
semantic descriptors were used to increase the depth
of processing and this was clear when we analyzed
their poor performance in the SumTR across the six

trials. On the other hand, as AD patients were less
benefited by cues than controls during recall, access
impairment probably was not the main responsible
for their failures in the six trials of the list learning.
We did not analyze the benefit that patients had
with cues in a within-group analysis, between SumTR
and SumFR. However, their benefit was significantly
lower than the controls. This conclusion also helps
us to understand the findings concerning the loss
of information and the rate in which it occurred.

Our results show that there was a loss of infor-
mation when we compared the amount of items
recalled at the sixth trial of the learning phase with
those of the delayed phases (30 minutes and 24
hours) and that the decaying was significant only in
the first 30 minutes, without additional loss from
this moment to the next assessment at 24 hours. In
our opinion, this pattern is in agreement with an
encoding impairment, since those items not prop-
erly encoded were easily displaced from the transi-
tory store in the hippocampus and not consolidated
into a long-term storage. On the other hand, those
items that were adequately encoded gained access
and could be recalled from the long-term storage.
Why some items could be deeply encoded and oth-
ers could not may reflect a semantic impairment and
a question of typicality of the chosen items.

We did not assess the typicality of items used in
our test and, to our knowledge, this information is
not available in Brazilian Portuguese. Two features
were observed in our work, but not deeply studied
and that could be of interest in this issue: a) all the
subjects assessed, including those with AD, were able
to name and identify all the figures when first pre-
sented to them, demonstrating that these figures
belong to their lexical-semantic knowledge and b)
AD patients made more semantic errors during the
test, mainly of subordinate class. What has called
our attention was that, very often, the same intru-
sions were consistently recalled by patients through-
out the test, but were not computed as hints. This
finding suggests us that patients were able to learn
their own list, that was not exactly the one we pre-
sented to them, demonstrating that they did not
seem to be able to semantically encode some of the
items, substituting them by others of the same cat-
egory, but maybe of more typicality.

Finally, delayed recall scores after 30 minutes and
after 24 hours were not statistically different in AD
patients, giving support to the hypothesis that ac-
celerated forgetting is not a feature of AD.
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