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Abstract.

Background: Mnemonic discrimination is the behavioral ability stemming from pattern separation, which is the neural
process of establishing independent and non-overlapping new memories. Over the past two decades, its assessment in various
populations has contributed to a better conceptual understanding of age-related memory decline.

Objective: To assess the clinical relevance of mnemonic discrimination in the memory clinics setting.

Methods: This retrospective study was performed in 90 patients with a Mini-Mental State Examination (MMSE)>18 who
consulted our memory clinic for the first time. All patients were tested with the Mnemonic Similarity Task, a freely available
computerized test. Global cognitive function, executive function, visuoconstructional abilities, and verbal and visual episodic
memory were also collected, together with the diagnosis after the initial clinical assessment (subjective cognitive complaint
[SCC], mild cognitive impairment [MCI], or mild dementia).

Results: Mnemonic discrimination performance was correlated with global cognitive function, executive function, and
visual and verbal episodic memory scores, independent of age. It discriminated patients with SCC from those with MCI
(amnestic or non-amnestic) with moderate accuracy (AUC =0.77-0.78), similar to MMSE and the Frontal Assessment Battery
(AUC =0.74-0.84). Mnemonic discrimination performance did not distinguish between amnestic and non-amnestic MCI and
the variability of the measure was important within groups.

Conclusion: Mnemonic discrimination performance involves many cognitive domains and discriminates between patients
with SCC and MCI with performance equivalent to “paper-and-pencil” screening tests. Further dedicated prospective stud-
ies will determine whether this task is of interest beyond research purposes, as a diagnostic or screening tool in primary
care.

Keywords: Alzheimer’s disease, episodic memory, hippocampus, memory clinic, mild cognitive impairment, mnemonic
discrimination, pattern separation, subjective cognitive complaint

INTRODUCTION interventions, such as disease-modifying therapies

specifically targeting prodromal AD. However, early

Early detection of Alzheimer’s disease (AD) and
related pathologies is crucial for future therapeutic
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AD diagnosis remains challenging in primary care
because memory complaints can be associated with
many non-neurological conditions. One of the first
essential steps in the diagnosis of early typical AD
consists of carrying out a complete neuropsycholog-
ical assessment to confirm an amnestic syndrome
of the hippocampal type [1, 2]. However, clinical
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expertise for such assessments is sometimes diffi-
cult to access for many patients, and evaluations
are laborious. Therefore, screening tools for memory
complaints would be particularly useful to identify
patients most at risk of developing typical AD in
memory clinics, and to reassure other patients.

A fundamental physiological role of the hip-
pocampus is to allow the formation of new episodic
memories as individual representations [3, 4]. We can
define each memory as the sum of co-occurring rel-
evant contextual elements, some of which are shared
among distinct memories. In this conceptual model,
the hippocampus orthogonalizes a set of details to
encode similar information as non-overlapping new
memories, to avoid interference between long-term
memory and new sensory inputs. This computational
role of the hippocampus is named pattern separa-
tion [5] and is associated mainly with the function of
the dentate gyrus, a hippocampal subfield involved
in processing information derived from the entorhi-
nal cortex via the perforant pathway [6]. The role
of the dentate gyrus in pattern separation has been
established over the past two decades by behavioral,
electrophysiological, gene knock-out, and specific
subfields lesions experiments in rodents, as well as by
functional MRI studies in humans [7—11]. Mnemonic
discrimination is the behavioral phenomenon stem-
ming from an individual’s ability to perform pattern
separation.

Age-related memory decline is characterized by
a shift in hippocampal network dynamics with lower
pattern separation performance [12—16]. In older peo-
ple, new sensory inputs that are similar (but not
identical) to previous inputs will fail to induce new
memories due to impaired discrimination and repre-
sentational rigidity [13, 14, 16, 17]. This age-related
disability to discriminate among similar experiences
is exacerbated in AD, even at the prodromal stage
(amnestic mild cognitive impairment, MCI) [14,
18-20]. Conceptually, evaluating mnemonic discrim-
ination performance could help identify the initiation
of an amnestic syndrome of the hippocampal type
because the entorhinal cortex is among the earli-
est brain areas affected by typical AD pathology
[21, 22]. In this vein, it has been proposed to test
mnemonic discrimination performance as part of a
cognitive composite score in clinical trials of anti-
amyloid drugs in asymptomatic AD (A4 study)
[23].

Interestingly, mnemonic discrimination perfor-
mance can be assessed quickly with freely available
computerized tests, such as the Mnemonic Similar-

ity Task (also known as Behavioral Pattern Separation
Task) [7, 11, 19]. This task is easy, requiring very little
supervision, can be performed rapidly (~13 min), and
the results are provided automatically by a computer.
Therefore, the Mnemonic Similarity Task appears
suitable for screening in primary care or at the first
visit in memory clinics. Although there are differ-
ences in performance in this task between healthy
older people and select patients with amnestic MCI
or AD dementia [14, 18-20], this task has not been
evaluated in unselected patients consulting in mem-
ory clinics. This study was performed to compare the
performance of the Mnemonic Similarity Task with
that of neuropsychological tests typically performed
in memory clinics and to assess the ability of the
Mnemonic Similarity Task to discriminate patients
with a final diagnosis of subjective cognitive com-
plaints (SCC), amnestic MCI, non-amnestic MCI, or
mild AD dementia at the first visit.

MATERIALS AND METHODS

Participants, neuropsychological, and clinical
assessments

Patients presenting to the Memory Clinic of
Bordeaux University Hospital for their first neu-
ropsychological and clinical assessment between 1
November 2021 and 31 April 2022 were included in
this retrospective study. All patients with a memory
complaint, complete available Mnemonic Similarity
Test results (see below), and a Mini-Mental State
Examination (MMSE) score > 18/30 were included
in the analyses. Patients with decreased visual acu-
ity based on history or neurological examination
were excluded and participants were required to
carry their glasses or contact lenses as normal.
This study was performed in accordance with the
Bordeaux University Hospital guidelines regarding
retrospective studies of anonymized data and was
authorized by the Direction de la Recherche Clinique
et de I’Innovation, in accordance with the reference
methodology (MR004).

As a routine procedure on the first visit to
our memory clinic, patients were assessed using
the MMSE and Montreal Cognitive Assessment
(MoCA) for global cognitive function, Frontal
Assessment Battery (FAB) for global executive
function, Rey—Osterrieth Complex Figure (ROCF)
for visuoconstructional abilities and visual memory
(copy and immediate recall after 3 min), Free and
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Phase 1:
Encoding

Phase 2 : Test

« Similar »

Expected answer

« Old » « Similar »

« New »

Fig. 1. Design of the Mnemonic Similarity Task (MST) and pictures examples. First, participants encode a set of pictures. In the second
phase (surprise recognition memory test), participants should identify “old”, “new”, or “similar” objects as exactly the same pictures, novel
foils, or lures related but not identical to previous pictures, respectively. Mnemonic discrimination performance is measured by the lure
discrimination index: the rate of “similar” responses to the lure minus the rate of “similar” responses to the foils. (Pictures are from the MST,

freely available at http://faculty.sites.uci.edu/starklab).

Cued Selective Reminding test (FCSRT) for verbal
episodic memory (total recall = free and cued recalls),
Trail-Making test (TMT) A and B for attention, infor-
mation processing speed, and executive function.

For each patient, the final stage diagnosis was
made by an expert neurologist in accordance with
the DSM-V [24] and Petersen criteria for MCI [25].
Age-appropriate normative scores were used for neu-
ropsychological tests, except for the FCSRT for
which we used the cut-off scores defining the amnes-
tic syndrome of the hippocampal type [1]. Patients
with a normal neuropsychological assessment, but
who expressed a personal cognitive complaint that
motivated their visit to the memory clinic, were clas-
sified as having SCC.

The Mnemonic Similarity Task

Mnemonic discrimination performance was
assessed by the Mnemonic Similarity Test (BPS-O
for Mac OS X, version 0.96, http://faculty.sites.
uci.edu/starklab/mnemonicsimilarity-task-mst)  [7,
26]. This computerized test consists of two phases.
The first phase is an incidental encoding phase
during which participants are presented with 128
pictures shown for 2 s with an interstimulus interval
of 0.5 s. During this phase, participants must identify
“indoor” and “outdoor” objects via a button press
to maintain their attention. This encoding phase is
followed immediately by an unexpected test phase

during which participants are presented with 192
pictures with similar fixed exposition time (2s)
and interstimulus interval (0.5s). One third of the
pictures are exact repetitions of pictures shown
in phase 1 (“targets”), one third are completely
new objects (“foils”), and one third are similar but
slightly different objects (“lures”). Participants are
asked to identify “old”, “new” or “similar” pictures
via a button press (Fig. 1).

Mnemonic discrimination performance was mea-
sured with the lure discrimination index, which was
calculated as the rate of “similar” responses to the
“lure” items minus the rate of “similar” responses to
the “foils”, to correct for response bias. As an internal
comparison for the task, we also measured the cor-
rected recognition memory score, as the rate of “old”
responses to the “target” items minus the rate of “old”
responses to the “foils”.

Statistical analyses

Statistical analyses were performed using the
XLstat 24.2.1 and Prism 9 software. Although the
distribution of our neuropsychological data were pre-
dominantly Gaussian according to the Shapiro-Wilk
normality test, we preferred to use nonparametric
statistics given the small sample size of some of
our subgroups. Quantitative data were thus repre-
sented as the median and range and qualitative data
as percentages. Relationships between mnemonic
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Table 1
Demographic and clinical data for all patients and patients subgroups according to the final syndromic diagnosis. The lure discrimination
index measures mnemonic discrimination performance. aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive
impairment; FAB, Frontal Assessment Battery; FCSRT, Free and Cued Selective Reminding Test, MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment; ROCF, Rey—Osterrieth Complex Figure; SCC, subjective cognitive complaint; TMT, Trail Making

Test
‘Whole sample Nee NaMCI AMCI Mild dementia
(n=90) (n=33) (n=21) (n=30) (n=6)

Gender (M/F, %) 43.4/56.6 42.4/57.6 33.3/66.7 53.3/46.7 33.3/66.7
Age (y) median [range] 66.5 [42; 80] 60 [42;78] 71 [54;80] 67 [49;76] 70.5 [66; 74]
Education level (y) median [range] 13 [5; 22] 14 [9; 20] 12 [9; 22] 12 [5; 22] 10 [5; 17]
FCSRT (total recall) median [range] 45 [13; 48] 47 [27; 48] 45 [13; 48] 36 [16; 48] 41 [37; 44]
ROCF (copy) median [range] 34 [4; 36] 34 [24; 36] 32 [4; 36] 33 [5; 36] 34 [26; 36]
ROCEF (recall) median [range] 15 [0; 30] 19.5 [3.5; 30] 17 [9.5; 25.5] 10.5 [0; 27] 4.25[3;5.5]
TMT-A s/correct move median [range] 2.0[0.7;6.2] 1.6[0.7; 2.5] 2.5[1.3;6.2] 2.0[1.1;5.5] 1.710.9; 2.5]
TMT-B s/correct move median [range] 4.21[1.7;,14.4] 3.1[1.7;9.7] 5,5[2,6; 14.4] 4.1[2.6; 12.6] 6.1[2.4;9.9]
MoCA median [range] 24 [19; 29] 26 [22;29] 24 [19; 27] 23 [19; 26] 20 [20; 20]
MMSE median [range] 26 [19; 30] 29 [24; 30] 26 [22;29] 25 [20; 29] 21 [19; 26]
FAB median [range] 15 [8; 18] 18 [12; 18] 14 19; 18] 15[10; 17] 11[8; 11]
Lure discrimination Index median [range] 5.5[-18; 50] 18 [-11; 50] 0[-9:;43] 2 [-18;42] 0[-13; 15]
Recognition memory score median [range] 67 [-47; 97] 85 [23; 97] 70 [2;91] 44 [-47; 84] 14 [-17; 46]

discrimination performance and other neuropsy-
chological scores were assessed using Spearman
correlation coefficients. We used a Bonferroni-
adjusted significance threshold of p<0.0035 to
adjust for multiple comparisons (n=14). We also
adjusted for age using appropriate regression mod-
els. Cognitive performances were compared among
groups (patients with SCC, MCI or mild dementia)
using the Kruskall-Wallis test followed by post-hoc
Dunn’s multiple comparisons test. Receiver operat-
ing characteristic (ROC) analyses were performed to
determine the cognitive scores that discriminated the
patient groups. The optimal cutoffs in the ROC anal-
yses were defined as the values maximizing the sum
of sensitivity and specificity.

RESULTS

Demographic and clinical characteristics of
patients

Ninety patients were included in our analyses.
Among them, 33 were finally diagnosed with SCC, 21
with non-amnestic MCI (naMCI), 30 with amnestic
MCI (aMCI) and 6 with mild dementia. The patients’
characteristics are summarized in Table 1.

Associations between usual neuropsychological
scores and mnemonic discrimination
performance

Mnemonic discrimination performance was corre-
lated with all neuropsychological test scores except

the MoCA and the copy of the Rey—Osterrieth
Complex Figure. The strongest correlation was
found with TMT-B. While mnemonic discrimina-
tion performance was negatively correlated with
age in our sample (r=-0.29, p=0.0056), all corre-
lations remained significant after adjustment for age
(Table 2).

As a sensitivity analysis, we also tested the cor-
relations in the subgroup of patients with SCC and
obtained quite similar results (Table 2).

Association of mnemonic discrimination
performance with the final diagnosis

Mnemonic discrimination performance was sig-
nificantly lower in patients with naMCI and aMCI
compared to patients with SCC (median score =18
[95%CI=8 to 24] in SCC patients versus 0 [95%Cl=-
1 to 8] and 2 [95%CI=-1 to 6] in naMCI and
aMCI respectively, p<0.01 for both comparisons).
Patients with mild dementia (n=6) had lower but
not significantly different performance compared
to SCC (median score=0 [95%CI=-13 to 15] ver-
sus 18 [95%CI=8 to 24]; p=0.11) (Fig. 2A). ROC
analyses showed that the mnemonic discrimina-
tion performance significantly discriminated between
SCC patients and naMCI or aMCI patients with mod-
erate accuracy (Area Under the Curve [AUC] =0.78,
p=0.0005 and AUC=0.77, p=0.0002 respectively,
Fig. 2B, C). A lure discrimination index of 12 was
considered an optimal cutoff to discriminate SCC
from naMCI patients (86% sensitivity, 64% speci-
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Table 2
Associations between neuropsychological tests and mnemonic discrimination performance, in the whole cohort and in the subgroup of
patients with subjective cognitive complaint. Data represent the Spearman correlation coefficients (*significant correlation after Bonferroni
correction for multiple comparisons, p <0.0035) and in brackets the beta coefficients after adjustment for age in the regression models
(*p<0.05; *p<0.01). The lure discrimination index measure mnemonic discrimination performance. FAB, Frontal Assessment Battery;
FCSRT, Free and Cued Selective Reminding Test, MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; ROCF,
Rey—Osterrieth Complex Figure; SCC, subjective cognitive complaint; TMT, Trail Making Test

FCSRT ROCF ROCF TMT-A TMT-B MoCA MMSE FAB

(total (copy) (recall)

recall)
Lure discrimination Index ~ 0.38# 0.09 0.26 -0.43# -0.48# 0.06 0.45# 0.44+#
(whole cohort, n=90) (0.30%%) (0.15) (0.27%) (-0.27%) (-0.30%) (0.009) (0.34%%) (0.29%)
Lure discrimination Index ~ 0.37# 0.11 0.76# -0.38 -0.42# -0.17 0.594# 0.67#
(patients with SCC, (0.16) (0.09) (0.73%%) (-0.27) (-0.35) (-0.19) (0.52%) (0.66%%*)

n=33)

*k
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Fig. 2. Association of mnemonic discrimination performance with final diagnoses. A) Lure discrimination index in patients according to
their final diagnosis after full neuropsychological and clinical assessments. Each dot represents a single participant. The results are presented
(in red) as the median £ 95% confidence interval. (**p<0.01, Dunn’s multiple comparison test). B, C) Receiver Operating Characteristic
(ROC) curves analyses showing the ability of the lure discrimination index to discriminate among the final diagnoses (ROC analysis was
performed only when the association in A was significant). aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive
impairment; AUC, area under the curve; SCC, subjective cognitive complaint.

ficity) and from aMCI patients (87% sensitivity, 64% that mnemonic discrimination performance was cor-
specificity). related with global cognitive function (MMSE) and

In order to compare mnemonic discrimination executive function (FAB). The strongest correla-
performance to the standard “paper-and-pencil” tion was found with cognitive flexibility measured
screening tests used in primary care, we performed with the TMT-B, consistent with previous find-
the same ROC analyses with MMSE and FAB ings suggesting that the TMT-B score may explain
scores. These tests also significantly discriminated much of the variance in mnemonic discrimination
between SCC and MCI patients with moderate to performance during aging [27]. Furthermore, the

good accuracy (MMSE: AUC=0.74, p=0.0015 and lure discrimination index was correlated with the
AUC=0.77, p=0.0044 for SCC versus. naMCI and total (free and cued) recall of FCSRT, a neuropsy-
SCC versus aMCI respectively; FAB: AUC=0.83, chological gold-standard to determine the amnestic
p=0.0036 and AUC =0.84, p=0.0019 for SCC ver- syndrome of the hippocampal type [1] and to predict
sus naMCI and SCC versus aMClI respectively). future AD dementia in elderly people [28]. It was also

correlated with visual episodic memory, specifically

correlating with the recall score of the Rey—Osterrieth
DISCUSSION Cpmplex Figure, but not with the accuracy of the ini-
tial copy. The lack of correlation with the accuracy
of the Rey—Osterrieth Complex Figure copy suggests

In this study, we evaluated the clinical routine use . o A=l
there is no association between mnemonic discrim-

of the Mnemonic Similarity Task. The results showed
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ination and visuoconstructional abilities, while an
association with visual perception was previously
documented in older adults [29].

Our findings were consistent with previous stud-
ies using the Mnemonic Similarity Task. First, the
lure discrimination index was correlated with age in
our sample of patients, as usually described. Sec-
ond, although collected in the context of a memory
clinic, the mean lure discrimination index of partic-
ipants with SCC (~20%) was equivalent to those in
previous studies in more selected experimental pop-
ulation of the same age (~22% in 40-59 years old
and ~12% in 60-74). Third, patients with SCC had
a better mnemonic discrimination performance than
did patients with MCI and mild dementia, in whom
mean lure discrimination index decreased to ~0%
[18, 19].

Mnemonic discrimination performance discrim-
inated between SCC and MCI (amnestic or
non-amnestic) patients with moderate to good accu-
racy (AUC=0.76-0.86). Although the Mnemonic
Similarity Task was designed to assess pattern sepa-
ration, a neural function mediated by the entorhinal
cortex and the hippocampus, it did not discriminate
between aMCI and naMClI, probably because of the
weight of executive functions (processing speed, inhi-
bition and mental flexibility) in this test [27, 30].
Our results confirm the lack of specificity of the
Mnemonic Similarity Task with respect to hippocam-
pal function [31].

The Mnemonic Similarity Task is an easy-to-use,
fast, and free test. We have shown here that it reflects
the memory and executive impairments of patients
consulting in memory clinics, and that the mnemonic
discrimination performance had good sensitivity for
discriminating SCC from MCI patients requiring fur-
ther clinical investigation. Compared to the MMSE or
the FAB, the Mnemonic Similarity Task use images
as stimuli, which can be useful in cases of language
impairment or if the patient does not speak the same
language as the examiner. However, this task was
designed for research purposes and not for clini-
cal applications and it has many limitations. First,
the variability in the measure, even in healthy sub-
jects of the same age, is very important, and values
largely overlap with those of patients with MCI or
mild dementia. Therefore, the results can be chal-
lenging to interpret at the individual level. Second, to
our knowledge, there is no normative value currently
available and there have been no studies in the general
population. Third, we showed that as a “screening”
procedure, the lure discrimination index was not more

accurate than MMSE or FAB in distinguishing patient
with SCC or MCL.

The present pilot study had some limitations,
including its retrospective nature and its small sample
size. We acknowledge the lack of data concern-
ing anxiety, depression and the characteristics and
duration of cognitive complaint. Therefore, further
studies involving prospectively collected data and
larger cohorts both in the general population and
in memory clinics are required to confirm our find-
ings. Ideally, future longitudinal studies will also
investigate whether mnemonic discrimination per-
formance can predict the conversion from SCC to
amnestic MCI, and from MCI to dementia. Indeed,
the Mnemonic Similarity Task has been shown to be
more sensitive than other widely used memory tests
in detecting subtle memory changes which makes it
worth investigating longitudinally in the context of
subjective memory complaints [26]. Future studies
may also use the recently optimized version of the
Mnemonic Similarity Task [32], which is shorter and
has shown a low impact of repeat-testing, which is of
major interest in clinical practice.

In conclusion, we showed in this study that
mnemonic discrimination performance involves
many cognitive domains and is able to discriminate
between patients with SCC and MCI at their first
visit to a memory clinic but with performance equiv-
alent to the usual “paper-and-pencil” screening tests.
Mnemonic discrimination performance did not dis-
tinguish between amnestic and non-amnestic MCI
and the variability of the measure was important
within groups. It suggests that the Mnemonic Similar-
ity Task provides little additional clinical information
for assessment and/or screening of patients in the
context of memory complaints and may be restricted
to research purposes. Further dedicated prospective
and longitudinal studies are required to complete and
confirm these findings.
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