Edinburgh Research Explorer

Forgetting rates of prose memory in mild cognitive impairment
due to Alzheimer’s disease

Citation for published version:

Sacripante, R, Girtler, N, Doglione, E, Nobili, F & Della Sala, S 2023, 'Forgetting rates of prose memory in
mild cognitive impairment due to Alzheimer’s disease', Journal of Alzheimer's Disease.
https://doi.org/10.3233/JAD-220803

Digital Object Identifier (DOI):
10.3233/JAD-220803

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
Journal of Alzheimer's Disease

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN (75 ACCESS

Download date: 19. Feb. 2023


https://doi.org/10.3233/JAD-220803
https://doi.org/10.3233/JAD-220803
https://www.research.ed.ac.uk/en/publications/b83d2f7d-4ded-49f9-88ae-cdf550fe4b20

Running title: Forgetting of prose memory in MCI

Forgetting rates of prose memory in Mild Cognitive

Impairment

Riccardo Sacripante®, Nicola Girtler™®, Elisa Doglione®, Flavio Nobili®®, and Sergio

Della Sala®

# Human Cognitive Neuroscience, Department of Psychology, The University of Edinburgh,
Scotland, United Kingdom
® Department of Neuroscience, Rehabilitation, Ophthalmology, Genetics, Maternal and Child
Health (DINOGMI), University of Genoa, Genoa, Italy
“IRCSS Ospedale Policlinco San Martino, Genoa, Italy

Authors’ note

Correspondence concerning this article should be addressed to Riccardo Sacripante, Email:
riccardo.sacripante@gmail.com, or to Prof. Sergio Della Sala, Department of Psychology, 7 George
Square, University of Edinburgh, Edinburgh, EH8 9JZ, United Kingdom, Email: sergio@ed.ac.uk

*Now at Norwich Medical School, University of East Anglia, Norwich, UK



mailto:riccardo.sacripante@gmail.com
mailto:sergio@ed.ac.uk

Running title: Forgetting of prose memory in MCI

Abstract

Background: Some authors report steeper slopes of forgetting in early Alzheimer’s Disease
(AD), others do not. Contrasting findings are thought to be due to methodological inconsistencies or
variety of testing methods, yet they also emerge when people are assessed on the same testing
procedure.

Objective: We aimed to assess if forgetting slopes of people with Mild Cognitive Impairment
due to AD (MCI-AD) are different from age-matched healthy controls (HC) by using a prose
paradigm.

Methods: Twenty-nine people with MCI-AD and twenty-six HC listened to a short prose
passage and were asked to freely recall it after delays of 1hr and 24hr.

Results: Generalised linear mixed modelling revealed that, compared to HC, people with MCI-
AD showed poorer encoding at immediate recall and steeper forgetting up to 1hr in prose memory as
assessed by free recall and with repeated testing of the same material. Forgetting rates between groups
did not differ from 1hr to 24hr.

Conclusion: The differences observed in MCI-AD could be due to a post-encoding deficit.
These findings could be accounted either by a differential benefit from retrieval practice, whereby
people with MCI-AD benefit less than HC, or by a working memory deficit in people with MCI-AD,

which fails to support their memory performance from immediate recall to 1hr.

Keywords: forgetting, episodic memory, repeated testing, mild cognitive impairment, Alzheimer’s

Disease
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Introduction

The extent to which the slopes of forgetting in Alzheimer’s Disease (AD) and in MCI (Mild
Cognitive Impairment) differ or not from healthy people is still a matter of debate. Previous research
involving AD or MCI cohorts has provided contrasting findings, both in support [1, 2, 3, 4] or against
[5, 6, 7,8, 9] the presence of faster forgetting in this clinical population. Divergent findings have been
accounted for in term of methodological inconsistencies across studies [10] and to the variety of the

testing methods [11].

However, contrasting findings are reported even within the same procedure. Here we consider
prose memory. Walsh et al., [3] observed a greater decline in free prose recall among MCI patients
within 30 minutes and 1-week delays, after equating their learning performance with that of the
healthy controls. In another recent cross-sectional study involving people with pre-symptomatic
autosomal dominant AD, Weston and colleagues [4] reported faster forgetting on free recall of both
verbal (wordlist and story) and visual (figures) material after 1-week, as compared to immediate and
30 minutes recall. Similarly, Zimmermann and Butler [12] observed faster forgetting on free recall
of a wordlist after 1-week in a cohort of asymptomatic people at sporadic genetic risk (i.e., not
inherited) to develop AD. On the other hand, Stamate et al. [9] employed a 70% correct encoding
criterion on a task assessing cued recall for prose material and observed similar forgetting rates to

controls, concluding that memory impairment in AD originates from an encoding deficit.

In the current study we aimed to assess whether or not the forgetting slopes in a group of people
with MCI due to AD (MCI-AD) are different from age-matched control participants by using a prose
paradigm [13]. The term MCI due to AD refers to the symptomatic predementia phase of AD. In this
phase of AD, people might experience a gradually progressive cognitive decline resulting from the

build-up of AD pathology in the brain. Therefore, Albert et al. [14] considered this phase of
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impairment as a continuum, and they outlined the core clinical and research criteria for MCI-AD [see

also 15, 16].

Methods

Participants

A group of 33 people with a clinical diagnosis of MCI-AD [14], Mini Mental State Examination
(MMSE) [17] score between 24 to 30 and unimpaired Independent Activities of Daily Living [18]
were recruited for the experiment. All these outpatients underwent general and neurological
examinations, brain magnetic resonance imaging (MRI) (or computed tomography in the case MRI
was unfeasible due to contraindications), [F-18] fluorodeoxyglucose positron emission tomography
(FDG-PET), complete blood and urine screening tests, and a full neuropsychological assessment (see
Table 1) within 6 months before the experimental procedure. The presence of leukoaraiosis and/or
small white matter vascular lesions was not considered as an exclusion criterion. Among these 33
participants, 22 (67%) underwent either amyloid PET (n = 6, 18%) or cerebrospinal fluid biomarker
assay (CSF) (n = 16, 49%) and had either abnormal amyloid PET or CSF markers. For amyloid PET
scan they showed the presence of brain amyloidosis based on validated criteria as indicated in the
instructions provided by the manufacturer, whereas for CFS analysis they had a pathologic value of
amyloid-f (both AP42/AB40 ratio) and p-Taul81 according to the vendors’ guidelines. They were
therefore considered as high likelihood for conversion to AD [14]. The remaining 11 (33%)
participants had an intermediate likelihood to convert to AD [14] based on positive neurodegeneration
biomarkers (as assessed by MRI and FDG-PET [20]).

Four participants (2 with intermediate and 2 with high likelihood for conversion to AD) were
excluded due to floor performance at immediate recall (see below, Procedure section). We defined
‘floor’ as memory performance equal to a score of 0, in line with previous studies that used the same

experimental paradigm [13, 19]. Therefore, the performance of the 29 people with MCI-AD (15
4
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women, age range: 66-84, M = 77.24, SD = 4.91) was considered for the analyses. Their years of
formal education ranged 5-18 (M = 10.44, SD = 3.99). These participants were also assessed on
functional scales, including Independent Activities of Daily Living [18] (M = 6.75, SD = 1.32, cut-
off: <4) and the Geriatric Depression Scale [21] (M =2.77, SD = 2.87, cut-off: > 11).

The control participants were 26 age and education matched healthy volunteers (15 women, age
range: 67 - 85, M = 75.65, SD = 5.78; education range 5-18, M = 10.76, SD = 4.45) who gave their
informed consent to participate. Their healthy condition was carefully checked by means of general
medical history and they were assessed with the Italian Telephone version of the Mini-Mental Status
Examination (ITel-MMSE) [22] to exclude an incipient cognitive decline. The cut-off score for the
ITel-MMSE was set at 20/22 and no participants was excluded at screening (M = 21.30, SD = 0.78).
Participants from this group were recruited through community-based social centres or word of
mouth.

In line with the health and safety regulations for COVID-19 in place at the time of testing, all
the participants were assessed through telephone-based interviews, while people with MCI-AD
undertook neuropsychological testing during their most recent face to face examination at the hospital
clinic.

Ethical approval was obtained from the Department of Neuroscience, Rehabilitation,
Ophthalmology, Genetics, Maternal and Child Health (DINOGMI), of the University of Genoa

(Italy), in line with the current norms of General Data Protection Regulation (GDPR).
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Material

One prose narrative was selected from previous research [13, 19, 32, 33, 34] and translated into
Italian (see Table 2). The prose passage described a single episode and it comprised five sentences

for a total of 59 words. Reading it takes approximately 26 seconds.

This text was assigned a fixed score for central events of the prose passage based on previous
research that designed and initially used this prose material [32, 33, 34]. Following previous studies,
memory items were considered as a precise recall of the passage, as an event (“Juice squirts out”),
the people involved (“Woman in grocery store”), interaction among characters (“Cashier is angry”)
and actions (“Woman is squeezing a peach”). Although the prose narrative contained only five
sentences, the second and fourth sentences of the narrative were quite articulated and therefore
contained two central events (see Table 2).

The scores on this task ranged from 0 (the lowest) to 7 (the highest). As in Sacripante et al.
[13], the scoring procedure did not include partial credits, therefore if participants reported “the peach
squirts out” they would be assigned the same score of 1 as in “woman squeezes (the fruit) and the
juice squirts out”. Also, memory scores were assigned following a lenient criterion (i.e., not strictly
verbatim), therefore a score was given for other analogous version of the event (e.g., “the fruit bursts”
or “the peach explodes”). False memories were also recorded (see Results section).

Before commencing data collection, the prose passage had been piloted for comprehension over
the phone on 4 people with MCI-AD (all outpatients at the IRCSS San Martino Hospital). These
participants were not included in the MCI-AD group for analysis. Furthermore, inter-rater reliability
of the scores was analysed by comparing a subset of 30 scores from 15 participants included in the
MCI-AD group given by the first rater (R.S.) to those of a second rater (N.G.). The Krippendorf’s

alpha was 0.82, which indicates a good agreement among the two raters.
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Procedure

All the participants were assessed through telephone-based interviews to avoid non-essential
face to face contact. Prior to the first testing session, all participants and their respective caregivers
were contacted by telephone to verify their interest and willingness in taking part to the study. All

sessions were recorded. A flow chart of the experimental procedure is shown in Figure 1.

The experimental procedure was the same for both groups, with the only exception that people
with MCI-AD were not administered any cognitive screen over the phone, as they had been already
tested in the clinic on a previous face to face appointment, and that control group were tested with
only one repetition of the story to obtain an average performance at immediate recall that was closer
to that of the MCI-AD group.

On the first telephone-based session, the testing protocol was explained to the participants who
were also informed about follow-up calls, without offering any information regarding the purpose of
these phone calls. In the first session, people with MCI-AD were repeated the prose passage twice
(one after the other) so to decrease the expected difference of performance at encoding between the
two groups and to avoid floor performance, whereas healthy controls were read the story only once.
The decision to present the MCI-AD group with two repetitions of the story derived from a pilot study
where we compared the performance of four people with MCI-AD with one presentation vs two
repetitions. During this pilot, we observed that, after two repetitions, MCI-AD participants were less
likely to perform at floor at immediate recall and their performance was closer to the HC group.

Participants were instructed to listen carefully to the story and were told not to write any notes
during and after its presentation. Immediately after, participants were asked to freely recall all they

could remember about the story, without any specific instruction regarding specific events and



Running title: Forgetting of prose memory in MCI

without time limit. No interpolated task was used between the story presentation(s) and immediate
recall.

In both follow-up sessions (after 1hr and 24hr), participants were contacted again by phone and
asked to freely recall the story, without offering any cues or prompts. At the end of each follow-up
testing session, participants were asked whether they tried to recall or thought about the story between
the first and the second session, or between the second and the third session. This procedure was
meant to check the potential role of active rehearsal. Overall, 35 participants reported having tried to
recall or thought about the story among intervals at least once, 18 in the control group and 17 in the
MCI-AD group. No participant reported writing down the story. At the end of the second follow-up
session, participants were also debriefed about the experiment.

The performance of 4 participants from the MCI-AD group were excluded due to floor

performance at immediate recall.

Statistical Analysis
A 2x3 mixed factorial design was considered for the analysis, with group (MCI-AD vs Healthy

Control- HC) as between-subjects variable and recall time (immediate vs lhr vs 24hr) as within-
subjects variable. Memory score was the outcome dependent variable.

Given the non-normal distribution of the data, analyses were performed with a generalised
linear mixed model (glmer) as implemented by Ime4 package [35] in R (version 4.1.1). In this model,
the outcome variable represented the number of correct responses out of 7 questions, which was the
maximum score possible (Score, 7- Scores). As in Sacripante et al. [13], we defined correct responses
as the number of units of information that were recalled correctly. Since the data did not follow a
normal distribution, they were instead modelled using the binomial distribution (family = binomial).

The fixed effects considered the interaction between group (MCI-AD vs HC) and recall (immediate,
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Lhr, 24hr) with a random intercept for participants (cbind(Score, 7 -Score) ~ Group*Recall + (1]ID)).

The intercept of this model was memory scores at immediate recall in the control group.

Results

As revealed by one-tailed independent t-tests, the MCI-AD and the HC groups were matched
for age, #(53) = 1.10, p = 0.13, and for level of education, #53) =-0.28, p = 0.38.

Results and descriptive data are reported in Figure 2 and Table 3 respectively. Table 4 also
reports the odds ratios and the confidences intervals from the output of the generalized linear mixed
model.

As illustrated in Figure 2, at immediate recall the HC and MCI-AD groups were not equated in
terms of initial level of performance. Also, while HC group’s performance remained relatively stable
across the three-time intervals, the MCI-AD group showed a steeper decrease in performance,

especially from immediate to 1hr recall.

The between-subjects factor of group significantly predicted performance at immediate recall,
as memory scores of the MCI-AD group were significantly lower when compared to the HC, b = -
1.00, SE = 0.38, z = -2.63, p <.01, d = 0.55. This means that, despite being presented with two
repetitions of the story, the MCI-AD group’s encoding was impaired at immediate recall.

Among the healthy controls, memory performance did not significantly decrease after lhr, b =
0.03, SE=0.26,z=0.13, p=0.89, d = 0.01, and after 24hr, b =-0.30, SE=0.25,z=-1.18, p = 0.23,
d=0.16.

When considering the interaction between group and recall, memory performance of the MCI-

AD group decreased significantly more than healthy controls from immediate to 1hr, b = - 0.78, SE
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=0.34,z=-2.26, p =0.02, d = 0.43, and from immediate to 24hr, b =-0.91, SE =0.34,z=-2.63, p
<.01,d = 0.50.

To better explore these interactions, post hoc comparisons between lh and 24h with a
Bonferroni correction were carried out as implemented by the package emmeans [36]. Such

comparisons revealed that memory performance of the MCI-AD group did not decrease significantly

more than HCs from 1hr to 24hr, b =-0.12, SE = 0.34,z=-0.36, p = 1.00, d = 0.06.

Rate of floor performance (i.e., scores of 0) was prevalent in the MCI-AD group, which
accounted for 13.8% of the scores after 1hr and 27.6% of the scores after 24hr (8 participants in total).
After excluding floor performance, the MCI-AD group was still impaired at immediate recall, b = -
0.81, SE =0.36, z=-2.23, p = 0.05, d = 0.44. The overall shape of the forgetting rate slopes did not
change, however the decreased statistical power resulted in differences short of significance.

As the nature of our memory task might have facilitated the performance of the HC group, the
rate of ceiling performance (i.e. scores of 7) in HC was also evaluated. Scores at ceiling were 19.2%
at immediate recall and after 1hr (5 participants), and 11.5% after 24hr (3 participants).

In the MCI-AD group, 20 participants reported items not presented in the original narratives
(i.e., false memories), for a total of 59 instances, 12 at immediate recall, 24 at 1hr and 23 after 24hr.
Eight participants from the HC group also committed false memories, for a total of 15 instances, 7 at

1hr and 8 after 24hr.

Discussion

In this experiment, we aimed at investigating if people with MCI-AD present with different
slopes of forgetting as compared to HC when assessed on prose memory via free recall and repeated

testing.

10
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We therefore compared the forgetting rates of a group of people with MCI-AD and a group of
HCs matched for age and years of education. The MCI-AD group was presented with two repetitions
of the story, whereas the HCs were presented with only one repetition. This procedure was devised
to minimise floor scores at encoding in the MCI-AD group and to equate as much as possible their
performance to the HC. Participants from both groups were then asked to freely recall the story
immediately following encoding, and then 1hr and 24hr later.

People with MCI-AD showed poorer encoding at immediate recall and steeper forgetting of
gist memory from immediate recall up to 1hr as assessed by free recall and with repeated testing of
the material. However, forgetting between groups did not significantly differ from lhr to 24hr.
Therefore, the different rates of forgetting observed in the MCI-AD after 1hr could be due to a post-
encoding deficit at immediate recall.

Encoding deficits in this population have been already documented in previous research [5,6,9,
37, 38, 39]. Furthermore, Moulin et al. [40] reported both encoding deficits and faster forgetting in
people with amnesic MCI (aMCI) and AD despite showing practice effects during learning, yet these
two deficits were not correlated with one another, leading the authors to postulate that they originated
from two different mechanisms. In another study, Vallet et al. [7] observed that people with aMCI
and AD presented with an encoding deficit combined with a greater reliance on gist memory [see also
41]. Other studies showed normal forgetting on recognition memory but steeper forgetting rates on
recall memory for lists of words [42, 43, 44] and prose passages [45, 46] in people with amnesia or
AD. Green and Kopelman [44] observed that, when tested on free recall of words, amnesic patients
presented with a primary encoding deficit and also with a deficit in long-term retention.

To account for these findings, it could be argued that, in our paradigm, people with MCI-AD
appeared to benefit less than the HCs from repeated testing. Lack of practice effects after repeated
testing has been reported with prose recall in this clinical population [47, 48, 49, 50, 51, 52]. Lower
practice effects on episodic memory in people with MCI are associated with an increased risk of

progression to AD [53] and they also predict cognitive decline at one year follow-up [54]. Indeed,
11
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lower practice effects on episodic memory tasks reliably predicted future cognitive decline [55, 56,
57, 58] and they were commonly reported in groups who tested positive to specific biomarkers, such
as amyloid-f (AB) [59, 60, 61] and APOE-¢4 [62]. Moreover, they have been observed within the
same testing session [59], after one week [60], or up to more than a year [63, 64]. In support of the
hypothesis of a differential benefit of practice effect in MCI-AD, in a recent review of the literature,
Jutten et al. [48] observed greater average practice effects among healthy older adults compared to
people with MCI [59, 65, 66, 67]. Nevertheless, given the absence of a direct comparison with and
without repeated retrieval (i.e. unrepeated testing at immediate recall and at 1-day only, see [9]), this
interpretation can only be based on a comparison between our data and previous literature.

However, a differential benefit from practice effects is not the only possible explanation of our
findings. If people with MCI-AD benefitted less from retrieval practice than HC, we might have
observed further differential forgetting between 1hr and 24h. Between those time intervals there was
more retrieval practice, as participants from both groups recalled the story for the second and the third
time respectively. Yet, our results showed that, after an initial difference in the forgetting rates up to
Lhr, people with MCI-AD did not show faster forgetting from 1hr to 24hr.

Therefore, the difference observed between the two groups could be due to a working memory
impairment of people with MCI-AD. Previous studies included an interpolated (or filler) task between
story presentation at learning and immediate recall [5, 9, 68, 69]. Given the absence of an interpolated
task in our research paradigm, we are unable to control for working memory differences between
groups. However, the use of an interpolated task between the stimuli presentation and immediate
recall in a telephone-based paradigm would have likely confused our participants.

The current experiment presents with some limitations. Firstly, delayed memory scores could
have been confounded by floor performance in some people with MCI-AD, especially after 24hr.
However, if anything floor effect would act against the steepness of the forgetting slope. To prevent
the issue of floor effect in the MCI-AD group, these participants could have been offered more

repetitions at encoding. Nonetheless, this procedure would have biased our data due to the higher
12
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number of repetitions offered to this group as compared to HCs. Moreover, a score of zero has been
chosen as floor. It should be noted that no participants from either group scored 1 at immediate recall.

Another confound might derive from ceiling scores among HC, especially at immediate recall.
However, the number of healthy controls scoring at ceiling (i.e., 7 items out of 7) was small.
According to Garin [70], floor and ceiling performance is considered problematic when more than
20% of participants score the minimum or the maximum score possible. In our experiment, the rate
of HCs scoring at ceiling was never over 20%, (equal to 5 participants).

Another caveat derives from the modality of presentation of the study material, as both the
encoding and the retrieval sessions could only take place over the phone. Despite this being a
validated methodology [9, 71, 72, 73], phone-based assessment might have affected the memory
performance of our participants, regardless their cognitive status. This modality of presentation might
have placed additional cognitive constraints on attentional control [74].

Lastly, in our experiment the initial level of performance between the two groups at encoding
was not equated. Even though the MCI-AD group was offered a second repetition of the story, this
could have not been enough for some participants whose performance was just above floor. On the
contrary, previous studies in favour [3] or against [9] faster forgetting in early AD managed to equate
the initial level of performance [see also 4, 5, 39, 45, 46].

In conclusion, when people with MCI-AD were tested on a prose recall paradigm requiring
repeated testing, their encoding was found to be impaired at immediate recall and their memory for
prose was also forgotten at a steeper rate after 1hr but not after 24hr. We argued that the differences
observed between groups could be due to a post-encoding deficit, either caused by a differential

benefit to repeated retrieval or by working memory differences at encoding.

13



Running title: Forgetting of prose memory in MCI

Acknowledgments

We are very thankful to all the participants who took part in this study and their families.

Funding

This work was part of a PhD project funded by Fondazione Majid, Ascona, Switzerland.

Conflict of interest/Disclosure statement

The authors have no conflict of interest to report.

14



Running title: Forgetting of prose memory in MCI

References

[1].Carlesimo GA, Sabbadini M, Fadda L, Caltagirone C (1995) Forgetting from long-
term memory in dementia and pure amnesia: Role of task, delay of assessment and
aetiology of cerebral damage. Cortex 31, 285-300.

[2].Manes F, Serrano C, Calcagno ML, Cardozo J, Hodges J (2008) Accelerated
forgetting in subjects with memory complaints. J Neurol 255, 1067-1070.

[3].Walsh CM, Wilkins S, Bettcher BM, Butler CR, Miller BL, Kramer JH (2014)
Memory consolidation in aging and MCI after 1 week. Neuropsychology 28, 273-
280.

[4].Weston PS, Nicholas JM, Henley SM, Liang Y, Macpherson K, Donnachie E, Schott
JM, Rossor MN, Crutch SJ, Butler CR, Zeman AZ, Fox NC (2018) Accelerated long-
term forgetting in presymptomatic autosomal dominant Alzheimer's disease: a cross-
sectional study. Lancet Neurol 17, 123-132.

[5]. Kopelman MD (1985) Rates of forgetting in Alzheimer-type dementia and
Korsakoff's syndrome. Neuropsychologia 23, 623-638.

[6]. Degenszajn J, Caramelli P, Caixeta L, Nitrini R (2001) Encoding process in
delayed recall impairment and rate of forgetting in Alzheimer's disease. Arq Neuro-
Psig 59, 171-174.

[7]. Vallet GT, Rouleau I, Benoit S, Langlois R, Barbeau EJ, Joubert S (2016)
Alzheimer’s disease and memory strength: Gradual decline of memory traces as a
function of their strength. J Clin Exp Neuropsychol 38, 648-660.

[8]. Lombardi MG, Perri R, Fadda L, Caltagirone C, Carlesimo GA (2018) Forgetting
of the recollection and familiarity components of recognition in patients with

amnestic mild cognitive impairment. J Neuropsychol 12, 231-247.

15



Running title: Forgetting of prose memory in MCI

[9]. Stamate A, Logie RH, Baddeley AD, Della Sala S (2020) Forgetting in Alzheimer's
disease: Is it fast? Is it affected by repeated retrieval? Neuropsychologia 138,
107351.

[10].Geurts S, van der Werf SP, Kessels RP (2015) Accelerated forgetting? An
evaluation on the use of long-term forgetting rates in patients with memory
problems. Front Psychol 6, 752.

[11].Cerciello M, Isella V, Proserpi A, Papagno C (2017) Assessment of free and cued
recall in Alzheimer’s disease and vascular and frontotemporal dementia with 24-
item Grober and Buschke test. Neurol Sci 38, 115-122.

[12].Zimmermann JF, Butler CR (2018) Accelerated long-term forgetting in
asymptomatic APOE &4 carriers. Lancet Neurol 17, 394-395.

[13].Sacripante R, Logie RH, Baddeley A, Della Sala S (2022) Forgetting rates of gist
and peripheral episodic details in prose recall. Mem Cogn, 1-16.

[14]. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A,
Holtzman DM, Jagust W], Petersen RC, Snyder PJ, Carrillo MC, Thies B, Phelps
CH (2011) The diagnosis of mild cognitive impairment due to Alzheimer's disease:
recommendations from the National Institute on Aging-Alzheimer's Association
workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 7,
270-279.

[15].Mistridis P, Krumm S, Monsch AU, Berres M, Taylor KI (2015) The 12 years
preceding mild cognitive impairment due to Alzheimer’s disease: the temporal
emergence of cognitive decline. J Alzheimers Dis 48, 1095-1107.

[16].Sala I, Illan-Gala I, Alcolea D, Sanchez-Saudinés MB, Salgado SA, Morenas-
Rodriguez E, Subirana A, Videla L, Clarimon J, Carmona-Iragui M, Ribosa-Nogué

R, Blesa R, Fortea J, & Lle6 A (2017) Diagnostic and prognostic value of the

16



Running title: Forgetting of prose memory in MCI

combination of two measures of verbal memory in mild cognitive impairment due
to Alzheimer’s disease. J Alzheimers Dis 58, 909-918.

[17].Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state™: a practical
method for grading the cognitive state of patients for the clinician. J Psychiatr Res
12, 189-198.

[18].Lawton MP, Brody EM (1969) Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontol 9, 179-186.

[19].Sacripante R, McIntosh RD, Della Sala S (2019) Benefit of wakeful resting on gist
and peripheral memory retrieval in healthy younger and older adults. Neurosci Lett
705, 27-32.

[20].Frisoni GB, Boccardi M, Barkhof F, Blennow K, Cappa S, Chiotis K, Démonet JF,
Garibotto V, Giannakopoulos P, Gietl A, Hansson O, Herholz K, Jack CR, Nobili
F, Nordberg A, Snyder H, Ten Kate M, Varrone A, Albanese E, Becker S, Bossuyt
P, Carrillo MC, Cerami C, Dubois B, Gallo V, Giacobini E, Gold G, Hurst S,
Lonneborg A, Lovblad K-O, Mattsson N, Molinuevo J-L, Monsch AU, Mosimann
U, Padovani A, Picco A, Porteri C, Ratib O, Sain-Aubert L, Scerri C, Scheltens P,
Schott JM, Sonni I, Teipel S, Vineis P, Visser PJ, Yasui Y, Winblad, B (2017)
Strategic roadmap for an early diagnosis of Alzheimer's disease based on
biomarkers. Lancet Neurol 16, 661-676.

[21]. Yesavage JA, Sheikh JI (1986) Geriatric depression scale (GDS) recent evidence
and development of a shorter version Clin Gerontol 5, 165-173.

[22]. Vanacore N, De Carolis A, Sepe-Monti M, Bomboi G, Stazi A, Bianchetti A,
Giubilei F (2006) Validity of the Italian telephone version of the mini-mental state
examination in the elderly healthy population. Acta Neurol Belg 106, 132-136.

[23]. Amodio P, Wenin H, Del Piccolo F, Mapelli D, Montagnese S, Pellegrini A, Musto

C, Gatta A, Umilta C (2002) Variability of trail making test, symbol digit test and
17



Running title: Forgetting of prose memory in MCI

line trait test in normal people. A normative study taking into account age-
dependent decline and sociobiological variables. Aging Clin Exp Res 14, 117-131.

[24].Brugnolo A, De Carli F, Accardo J, Amore M, Bosia LE, Bruzzaniti C, Cappa SF,
Cocito L, Colazzo G, Ferrara M, Ghio L, Magi E, Mancardi GL, Nobili F, Pardini
M, Rissotto R, Serrati C, Girtler N (2016) An updated Italian normative dataset for
the Stroop color word test (SCWT). Neurol Sci 37, 365-372.

[25].Orsini A, Grossi D, Capitani E, Laiacona M, Papagno C, Vallar G (1987) Verbal
and spatial immediate memory span: normative data from 1355 adults and 1112
children. The Ital J Neurol Sci 8, 537-548.

[26].Monaco M, Costa A, Caltagirone C, Carlesimo GA (2013) Forward and backward
span for verbal and visuo-spatial data: standardization and normative data from an
Italian adult population. Neurol Sci 34, 749-754

[27].Novelli G, Papagno C, Capitani E, Laiacona M (1986) Three clinical tests for the
assessment of verbal long-term memory function: Norms from 320 normal subjects.
Arch Psicol, Neurol Psich 47, 278-296.

[28].Girtler N, De Carli F, Amore M., Arnaldi D, Bosia LE, Bruzzaniti C, Cappa SF,
Cocito L, Colazzo G, Ghio L, Magi E, Mancardi GL, Nobili F, Pardini M, Picco A,
Rissotto R, Serrati C, Brugnolo A (2015) A normative study of the Italian printed
word version of the free and cued selective reminding test. Neurol Sci 36, 1127-
1134.

[29].Carlesimo GA, Caltagirone C, Gainotti G, Fadda L, Gallassi R, Lorusso S, Marfia
G, Marra C, Nocentini U, Parnetti L (1996) The mental deterioration battery:
normative data, diagnostic reliability and qualitative analyses of cognitive

impairment. Eur Neurol 36, 378-384.

18



Running title: Forgetting of prose memory in MCI

[30].Caffarra P, Gardini S, Zonato F, Concari L, Dieci F, Copelli S, Freedman M,
Stracciari, A, Venneri A (2011). Italian norms for the Freedman version of the
Clock Drawing Test. J Clin Exp Neuropsychol 33, 982-988.

[31].Novelli G, Papagno C, Capitani E, Laiacona M (1986) Tre test clinici di ricerca e
produzione lessicale. Taratura su sogetti normali. Arch Psicol, Neurol Psich 47,
477-506.

[32].St-Laurent M, Moscovitch M, Tau M, McAndrews MP (2011) The temporal
unravelling of autobiographical memory narratives in patients with temporal lobe
epilepsy or excisions. Hippocampus 21, 409-421.

[33].St-Laurent M, Moscovitch M, Jadd R, McAndrews MP (2014) The perceptual
richness of complex memory episodes is compromised by medial temporal lobe
damage. Hippocampus 24, 560-576.

[34].Sekeres MJ, Bonasia K, St-Laurent M, Pishdadian S, Winocur G, Grady C,
Moscovitch M (2016) Recovering and preventing loss of detailed memory:
differential rates of forgetting for detail types in episodic memory. Learn Mem 23,
72-82.

[35].Bates DM, Maechler M, Bolker B, Walker S (2015) Fitting Linear Mixed-Effects
Models. Using Ime4. J Stat Softw 67, 1-48.

[36].Lenth R (2021). Emmeans: Estimated marginal means, aka least squares means.

[37].Becker JT, Boller F, Saxton J, McGonigle-Gibson KL (1987) Normal rates of
forgetting of verbal and non-verbal material in Alzheimer's disease. Cortex 23, 59—
72.

[38].Dick MB, Kean ML, Sands D (1989) Memory for action events in Alzheimer-type

dementia: Further evidence of an encoding failure. Brain Cogn 9, 71-87.

19



Running title: Forgetting of prose memory in MCI

[39].Greene JD, Baddeley AD, Hodges JR (1996) Analysis of the episodic memory
deficit in early Alzheimer's disease: evidence from the doors and people test.
Neuropsychologia, 34, 537-551.

[40].Moulin CJ, James N, Freeman JE, Jones RW (2004) Deficient acquisition and
consolidation: intertrial free recall performance in Alzheimer’s disease and mild
cognitive impairment. J Clin Exp Neuropsychol 26, 1-10.

[41].Budson AE, Todman RW, Chong H, Adams EH, Kensinger EA, Krangel TS,
Wright CI (2006) False recognition of emotional word lists in aging and Alzheimer
disease. Cogn Behav Neurol 19, 71-78.

[42].Hirst W, Johnson MK, Kim JK, Phelps E., Risse G, Volpe BT (1986) Recognition
and recall in amnesics. J Exp Psychol Learn Mem Cogn 12, 445-451.

[43].Hirst W, Johnson MK, Phelps EA, Volpe BT (1988) More on recognition and recall
in amnesics. J Exp Psychol Learn Mem Cogn 14, 758-762.

[44].Green RE, Kopelman MD (2002) Contribution of recollection and familiarity
judgements to rate of forgetting in organic amnesia. Cortex 38, 161-178.

[45].Isaac CL, Mayes AR (1999) Rate of forgetting in amnesia: I. Recall and recognition
of prose. J Exp Psychol Learn Mem Cogn 25, 942-962.

[46].Isaac CL, Mayes AR (1999) Rate of forgetting in amnesia: II. Recall and
recognition of word lists at different levels of organization. J Exp Psychol Learn
Mem Cogn 25, 963-977.

[47].Calamia M, Markon K, Tranel D (2012) Scoring higher the second time around:
meta-analyses of practice effects in neuropsychological assessment. Clin
Neuropsychol 26, 543-570.

[48].Elman JA, Jak AJ, Panizzon MS, Tu XM, Chen T, Reynolds CA, Gustavson DE,

Franz CE, Hatton SN, Jacobson KC, Toomey R, McKenzie R, Xian H, Lyons MJ,

20



Running title: Forgetting of prose memory in MCI

Kremen WS (2018) Underdiagnosis of mild cognitive impairment: A consequence
of ignoring practice effects. Alzheimers Dement 10, 372-381.

[49].Duff K, Hammers DB (2022) Practice effects in mild cognitive impairment: A
validation of Calamia et al. (2012). Clin Neuropsychol 36, 571-583.

[50].Jutten RJ, Grandoit E, Foldi NS, Sikkes SA, Jones RN, Choi SE, Lamar ML,
Louden DKN, Rich J, Tommet D, Crane PK, Rabin LA (2020) Lower practice
effects as a marker of cognitive performance and dementia risk: a literature
review. Alzheimers Dement 12, €12055.

[51].Darby D, Maruff P, Collie A, McStephen M (2002) Mild cognitive impairment can
be detected by multiple assessments in a single day. Neurology 59, 1042-1046.

[52].Howieson DB, Carlson NE, Moore MM, Wasserman D, Abendroth CD, Payne-
Murphy J, Kaye JA (2008) Trajectory of mild cognitive impairment onset. J Int
Neuropsychol Soc 14, 192-198.

[53].Hassenstab J, Monsell SE, Mock C, Roe CM, Cairns NJ, Morris JC, Kukull W
(2015) Neuropsychological markers of cognitive decline in persons with Alzheimer
disease neuropathology. J Neuropathol Exp Neurol 74, 1086-1092.

[54].Duff K, Lyketsos CG, Beglinger LJ, Chelune G, Moser DJ, Arndt S, Schultz SK,
Paulsen JS, Petersen RC, McCaffrey RJ (2011) Practice effects predict cognitive
outcome in amnestic mild cognitive impairment. Am J Geriatr Psychiatry 19, 932-
939.

[55].Dodge HH, Wang CN, Chang CCH, Ganguli M (2011) Terminal decline and
practice effects in older adults without dementia: the MoVIES
project. Neurology 77, 722-730.

[56].Duff K, Beglinger LJ, Schultz SK, Moser DJ, McCaffrey R.J, Haase RF,

Westervelt HIK, Langbehn DR, Paulsen JS, Huntington's Study Group (2007)

21



Running title: Forgetting of prose memory in MCI

Practice effects in the prediction of long-term cognitive outcome in three patient
samples: A novel prognostic index. Arch Clin Neuropsychol 22, 15-24.

[57].Machulda MM, Pankratz VS, Christianson TJ, Ivnik RJ, Mielke MM, Roberts RO,
Knopman DS, Boeve BF, Petersen RC (2013) Practice effects and longitudinal
cognitive change in normal aging vs. incident mild cognitive impairment and
dementia in the Mayo Clinic Study of Aging. Clin Neuropsychol 27, 1247-1264.

[58].Schrijnemaekers AMC, de Jager CA, Hogervorst E, Budge MM (2006) Cases with
mild cognitive impairment and Alzheimer’s disease fail to benefit from repeated
exposure to episodic memory tests as compared with controls. J Clin Exp
Neuropsychol 28, 438-455.

[59].Duff K, Callister C, Dennett K, Tometich D (2012) Practice effects: a unique
cognitive variable. Clin Neuropsychol 26, 1117-1127.

[60].Duff K, Atkinson TJ, Suhrie KR, Allred Dalley BC, Schaefer SY, Hammers DB
(2017) Short-term practice effects in mild cognitive impairment: Evaluating
different methods of change. J Clin Exp Neuropsychol 39, 396-407.

[61].Ihara R, Twata A, Suzuki K, Ikeuchi T, Kuwano R, Iwatsubo T, Japanese
Alzheimer's Disease Neuroimaging Initiative (2018) Clinical and cognitive
characteristics of preclinical Alzheimer's disease in the Japanese Alzheimer's
Disease Neuroimaging Initiative cohort. Alzheimers Dement 4, 645-651.

[62].Oltra-Cucarella J, Sanchez-SanSegundo M, Ferrer-Cascales R, Alzheimer Disease
Neuroimaging Initiative (2022) Predicting Alzheimer's disease with practice
effects, APOE genotype and brain metabolism. Neurobiol Aging 112, 111-121.

[63]. Campos-Magdaleno M, Facal D, Lojo-Seoane C, Pereiro AX, Juncos-Rabadan O
(2017) Longitudinal assessment of verbal learning and memory in amnestic mild
cognitive impairment: practice effects and meaningful changes. Front Psychol 8,

1231.
22



Running title: Forgetting of prose memory in MCI

[64].Gavett BE, Gurnani AS, Saurman JL, Chapman KR, Steinberg EG, Martin B,
Chaisson CE, Mez J, Tripodis Y, Stern RA (2016) Practice effects on story memory
and list learning tests in the neuropsychological assessment of older adults. PloS
One 11, 0164492,

[65].Cooper DB, Epker M, Lacritz L, Weiner M, Rosenberg RN, Honig L, Cullum CM
(2001) Effects of practice on category fluency in Alzheimers disease. Clin
Neuropsychol 15, 125-128.

[66].Cooper DB, Lacritz LH, Weiner MF, Rosenberg RN, Cullum CM (2004) Category
fluency in mild cognitive impairment: reduced effect of practice in test-retest
conditions. Alzheimer Dis Assoc Disord 18, 120-122.

[67].Zehnder AE, Blasi S, Berres M, Spiegel R, Monsch AU (2007) Lack of practice
effects on neuropsychological tests as early cognitive markers of Alzheimer
disease?. Am J Alzheimers Dis Other Dement 22, 416-426.

[68].Morris RG (1986) Short-term forgetting in senile dementia of the Alzheimer's type.
Cogn Neuropsychol 3, 77-97.

[69]. Christensen H, Kopelman MD, Stanhope N, Lorentz L, Owen P (1998) Rates of
forgetting in Alzheimer dementia. Neuropsychologia 36, 547-557.

[70].Garin O (2014) Ceiling effect. In Encyclopedia of Quality of Life and Well-Being
Research, Michalos AC, ed. Springer, Dordrecht, pp. 631-633.

[71].Allen R, Kemp S, Morson S, Wells C, Grindheim K, Baddeley A (2019) Does
telephone testing of long-term memory retention and forgetting influence
performance in young and older adults? An examination using the Crimes Test
Neuropsychol 8, ISSN 2396-8540.

[72].Baddeley A, Rawlings B, Hayes A (2014) Constrained prose recall and the
assessment of long-term forgetting: The case of ageing and the Crimes Test.

Memory 22, 1052-1059.
23



Running title: Forgetting of prose memory in MCI

[73].Baddeley A, Atkinson A, Kemp S, Allen R (2019) The problem of detecting long-
term forgetting: Evidence from the Crimes Test and the Four Doors Test. Cortex
110, 69-79.

[74].Johnson DK, Storandt M, Balota DA (2003) Discourse analysis of logical memory
recall in normal aging and in dementia of the Alzheimer type. Neuropsychology 17,

82-92

24



Running title: Forgetting of prose memory in MCI

Tables

Table 1. Mean scores on standardized neuropsychological test achieved by people with MCI-AD (first
column) and their number scoring below 1.5 Standard Deviations (second column).

Mean scores N below 1.5 SD based on norms
(mean = SD) *

MMSE 27.00 + 1.60 3/29
Trial Making Test: Part A 63.35+27.61 2/29
Trial Making Test: Part B 167.25 + 87.04 8/29
Trial Making Test: Part B — A 102.74 £ 67.80 8/29
Symbol Digit 26.03 +6.27 2/29
Stroop Colour 3433+8.12 3/28
Stroop Colour Word 12.57+5.17 11/28
Digit Span 5.72£0.88 1/29
Corsi Span 4.64 +1.01 7/28
Babcock Story 6.28 £3.89 29/29

Selective Reminding Test

Free Immediate Recall 12.92 +5.25 27/27
Total Immediate Recall 31.46 + 8.75 24/27
Free Delayed Recall 3.85+3.6 27/27
Total Delayed Recall 10.27 £ 3.36 25/27
Recognition phase 14.08 £1.84 14/27
Index of Sensitivity of 0.55+0.21 23/27
Cueing
Number of Intrusions 1+1.54 9/27
Praxis 9.11+0.97 2/29
Clock Drawing Test 13.00 =£2.28 6/29
Semantic Fluency 29.58 £ 6.59 6/29
Letter Fluency 30.82+£9.21 4/29
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The full neuropsychological battery included cognitive screening (MMSE) [17], attention and executive -
Trail Making Test, A & B [23], symbol digit, [23], Stroop test [24]; memory - Digit Span forward [25,26],
Corsi Span forward [25,26], Babcock Story Recall [27], Selective Reminding Test [28]; visuo-
constructional abilities - Praxis [29], Clock Drawing Test [30]; and language - Semantic and Phonological
fluency [31].

*Scores on each neuropsychological test was corrected by age and education for every participant
(whenever possible)
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Table 2. The narrative presented to the participants at encoding.

Story: Woman Squeezing Food

An elderly woman is in a food store, handling a peach.

She squeezes the fruit so hard that it bursts and splatters her in the face.
The man behind the counter gives her an angry look.

Embarrassed, she vanishes down one of the aisles, while he follows her.

She starts squeezing a soft cheese with her thumbs, looking delighted.

Memory scores (7)

Woman in grocery store

Woman is squeezing a peach

Woman squeezes and the juice squirts out
Cashier is angry

Woman runs away

Cashier follows her

Woman squeezes cheese
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Table 3. Descriptive statistics of memory scores at the three-time intervals (Immediate, 1hr and 24hr) for
Healthy Controls and MCI-AD, including 95% confidence intervals (CI) around the mean.

Health Controls
Delay Mean SD SE 95%CI
Immediate 534 126 0.23 5.34-5.85
lhr 530 1.54 0.30 4.68-5.93
24hr 5,00 146 0.28 4.40-5.59

MCI-AD
Mean SD SE 95%CI
4.03 142 0.26 3.49-4.57
2.89 1.97 036 2.14-3.64
2.37 2.02 037 1.60-3.14
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Table 4. Output from the generalized linear mixed model with Odds Ratios, 95% Confidence Intervals and

p-values.
cbind(Score,7-Score)

Predictors Odds Ratios 95%CI P
(Intercept) 4.09 2.34-17.15 <0.001
Group [MCI] 0.37 0.17-0.77 0.008
Recall [ 1hr] 0.97 0.58 —1.62 0.892
Recall [24hr] 0.74 0.44 -1.22 0.237
Group[MCI]*Recall[ 1hr] 0.46 0.23-0.90 0.023
Group[MCI]*Recall[24hr] 0.40 0.20-0.79 0.008
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Figure 1. Steps of the research paradigm comprising three sessions
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Figure 2. Mean scores in Healthy Controls (HC, n = 26) and in the MCI-AD (n = 29) group at
immediate recall, 1hr and 24hr with Standard Errors.
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