
Journal of Alzheimer’s Disease 94 (2023) 1047–1056
DOI 10.3233/JAD-230131
IOS Press

1047

Hippocampal Volume and Episodic
Associative Memory Identify Memory Risk
in Subjective Cognitive Decline Individuals
in the CIMA-Q Cohort, Regardless of
Cognitive Reserve Level and APOE4 Status
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Abstract.
Background: Subjective cognitive decline (SCD) was proposed to identify older adults who complain about their memory
but perform within a normal range on standard neuropsychological tests. Persons with SCD are at increased risk of dementia
meaning that some SCD individuals experience subthreshold memory decline due to an underlying progression of Alzheimer’s
disease (AD).
Objective: Our main goal was to determine whether hippocampal volume and APOE4, which represent typical AD markers,
predict inter-individual differences in memory performance among SCD individuals and can be used to identify a meaningful
clinical subgroup.
Methods: Neuropsychological assessment, structural MRI, and genetic testing for APOE4 were administered to one hundred
and twenty-five older adults over the age of 65 from the CIMAQ cohort: 66 SCD, 29 individuals with mild cognitive
impairment (MCI), and 30 cognitively intact controls (CTRLS). Multiple regression models were first used to identify which
factor (hippocampal volume, APOE4 allele, or cognitive reserve) best predicted inter-individual differences in a Face-name
association memory task within the SCD group.
Results: Hippocampal volume was found to be the only and best predictor of memory performance. We then compared the
demographic, clinical and cognitive characteristics of two SCD subgroups, one with small hippocampal volume (SCD/SH)
and another with normal hippocampal volume (SCD/NH), with MCI and CTRLS. SCD/SH were comparable to MCI on
neuropsychological tasks evaluating memory (i.e., test of delayed word recall), whereas SCD/NH were comparable to
CTRLS.
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Conclusion: Thus, using hippocampal volume allows identification of an SCD subgroup with a cognitive profile consistent
with a higher risk of conversion to AD.

Keywords: Alzheimer’s disease, hippocampal volume, mild cognitive impairment, neuropsychology, subjective cognitive
decline

INTRODUCTION

It is now recognized that Alzheimer’s disease
(AD) includes a long preclinical phase during which
the disease develops without cognitive impact. This
means that the point at which a person meets criteria
for dementia occurs very late in the disease process,
a situation that impairs understanding of the disease
and implementation of early treatment. The concepts
of mild cognitive impairment (MCI) and subjective
cognitive decline (SCD) have been proposed to bet-
ter understand the pre-dementia phase of AD. Both
identify non-demented older adults who complain
about their memory, but people with MCI perform
below normative values on standardized neuropsy-
chological tests, whereas those with SCD perform
within normal range [1, 2]. SCD has gained consid-
erable recent attention because memory complaint
is believed to represent one of the earliest symp-
tomatic manifestations of memory impairment in the
prodrome of AD [3]. Thus, it is hypothesized that a
proportion of people meeting criteria for SCD are in
a pre-clinical phase of AD, before the onset of signif-
icant cognitive symptoms. A meta-analysis indicated
that the risk of developing dementia is doubled in
these persons compared to healthy controls [4] and
that they have a greater risk of clinical progression to
MCI [5]. At a very early phase, people would expe-
rience progressive cognitive problems that would
remain undetected with current psychometric tools,
while generating a sense of change and a complaint.
Although SCD is a promising concept for identify-
ing people in the early stage of AD, it is likely a
heterogeneous group combining older adults in the
prodrome of AD, worried well older adults, and peo-
ple in whom the complaint relates to causes other
than AD. More work is thus needed to validate and
optimize this relatively recent classification [4, 6, 7].

One pragmatic approach to better understand the
early AD phase is to combine current classification of
SCD with low-cost biomarkers of AD [8–11] in their
capacity to differentiate people with SCD. Magnetic
resonance imaging (MRI) is widely accessible and
the neurodegeneration of the hippocampal region is
a recognized neuropathological marker of AD [12,

13]. This well-established AD marker could thus be
useful to refine our knowledge on the cognition of
people with SCD who are in the early phase of AD.
Also, the presence of the �4 allele of the apolipopro-
tein E (APOE4) is known as a major AD genetic risk
factor [14, 15]. It has been well demonstrated that the
presence of APOE4 significantly increases the risk of
having late-onset AD ([16], for a meta-analysis).

Therefore, the goals of this study are to deter-
mine whether hippocampal volume and/or presence
of APOE4 are associated with interindividual dif-
ferences in associative memory within a group of
people with SCD. We also included cognitive reserve
(CR) in our analyses, as it is an important fac-
tor to consider when examining the relationship
between biomarkers and memory performance within
SCD individuals. Indeed, current biomarkers of aging
or neurodegenerative diseases are imperfect indica-
tors of cognitive status and the concept of CR has
been proposed to explain why this is the case [17].
Psychosocial characteristics, such as education, pre-
morbid IQ, or profession, moderate the relationship
between pathology and symptoms [18–20] because
people with higher CR proxies may endure more
pathology while maintaining a given level of cogni-
tion [21] and/or experience a reduced risk of cognitive
decline ([22], for a review; [23]). Such a protective
effect was found to be greater in the pre-dementia
phase [24] and in people positive for AD biomark-
ers [25]. For these reasons, this study proposes to
assess the effect of hippocampal volume and APOE4
on the memory of persons with SCD, while also
measuring the contribution of CR as a potential mod-
erator of the relation between these two biomarkers
and memory. Associative memory is used here as a
predicted outcome because it relies on the integrity
of the hippocampus and might start to show sub-
threshold decline at an early phase, while classical
memory assessment is often not sensitive enough
to reveal subtle deficits in an SCD population, an
episodic associative memory task like the Face-name
task might prove useful for detecting SCD cognitive
deficits early on. Such greater sensitivity might be due
to different characteristics of the task: first, it requires
memorizing an association between a visual and ver-
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bal element [26]; second, the association between a
face and a particular name is arbitrary; and finally,
memorizing face-name associations does not typi-
cally rely on prior semantic knowledge. By evaluating
the influence of these predictors on memory, this
study proposes to define a way to classify an SCD
subgroup more at risk of being affected by AD. If a
significant predictor is observed, we will then identify
and compare SCD subgroups based on the predictor
to a group of cognitively intact older adults and a
group of MCI on neuropsychological tasks. This will
determine contribute to support the validity of this
SCD classification proposed as more refined.

The study might lead to new and important
findings. It might reveal the factors necessary for
identifying those among SCD individuals who exhibit
features that are typically associated with AD. This
is useful from a triple perspective: 1) first, clinicians
may be able to establish earlier diagnostic leads for
AD by identifying the most at-risk SCD individuals;
2) second, researchers may be benefited by enriching
their inclusion criteria, thus forming less heteroge-
neous and more informative SCD groups; 3) finally,
helping to establish a consistent profile as a clinically
valid construct, at individual level, that may predict
the progression from SCD to AD.

MATERIALS AND METHODS

Participants

The data used in this manuscript were obtained
thanks to the Consortium for the Early Identifica-
tion of Alzheimer’s Disease - Quebec (CIMA-Q). The
main objective of CIMA-Q is the longitudinal charac-
terization of an observational cohort of more than 350
elderly women and men, cognitively healthy, with
subjective cognitive disorders, suffering from mild
cognitive disorders, or suffering from dementia due
to probable AD. CIMA-Q collects clinical, cognitive,
biological, radiological and pathological data from
these participants in order to 1) establish an early
diagnosis of AD; 2) to provide the scientific commu-
nity with a well-characterized cohort; 3) identify new
therapeutic targets to prevent or slow down cognitive
decline and AD; and 4) to support new clinical studies
on these targets [27].

Participants were included if they were at least
65 years old, native French or English speakers,
right-handed, and if they met the safety criteria for
MRI. A telephone pre-screening interview was first
conducted and the Telephone – Mini-Mental State

Examination (T-MMSE; [28]) was administered to
review exclusion/inclusion criteria. Then, partici-
pants were invited to a clinical diagnosis assessment
by expert consensus (completed by a nurse and a
physician) based on current clinical criteria.

Participants with SCD had to have (a) reported that
their memory was not as good as it used to be and
that it worried them; (b) normal education-adjusted
scores on the Logical Memory II subtest of the Wech-
sler Memory Scale (WMS [29]; score of ≥3 for 0 to
7 years of education, ≥5 for 8 to 15 years, and ≥9
for 16 or more years); (c) a score of >26 on the Mon-
treal Cognitive Assessment (MoCA; [30]); and (d)
a score of 0 on the Clinical Dementia Rating Scale
[31]. Participants with MCI had to meet clinical crite-
ria for MCI based on the National Institute on Aging
and the Alzheimer’s Association (NIA-AA; [32]): (a)
a reported decline of their memory; (b) an objective
memory impairment according to education-adjusted
normative values on the Logical Memory II subtest
of the WMS; (c) a score between 20 and 26 on the
MoCA; and (d) a score of 0.5 on the Clinical Demen-
tia Rating Scale. Finally, participants in the CTRLS
group had to have: (a) no memory complaint or worry;
(b) a normal score on education-adjusted normative
values on the Logical Memory II subtest of the WMS;
(c) a performance above 26/30 on the MoCA; and (d)
a score of 0 on the Clinical Dementia Rating Scale.

To be able to ensure a follow-up of a longitu-
dinal study, participants were not included if they
were planning on moving outside of Quebec in the
next 3 years. They were also excluded if they had
any illness or condition that could compromise their
participation in the study, such as a central nervous
system disease; intracranial brain surgery; a history
of addiction to alcohol, drugs, or narcotics; or a daily
consumption of benzodiazepines.

For this specific study, the data from 125 partici-
pants who received a neuroimaging examination and
provided a genetic sample were analyzed. The sam-
ple was composed of 66 SCD, 29 MCI and 30 CTRLS
(Table 1). This sample was used in a previous CIMA-
Q publication [33].

Structural MRI

Participants received an anatomical MRI
examination following the standardized Cana-
dian Dementia Imaging Protocol parameters
(https://www.cdip-pcid.ca/). The T1-weighted
images were analyzed using the FreeSurfer 5.3.0
software (https://surfer.nmr.mgh.harvard.edu/).

https://www.cdip-pcid.ca/
https://surfer.nmr.mgh.harvard.edu/
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Table 1
Demographic, hippocampal and APOE4 data, and performance on selected neuropsychological measures, of participants with Subjective Cognitive Decline/Normal Hippocampus (SCD/NH),

Subjective Cognitive Decline/Small Hippocampus (SCD/SH), Mild Cognitive Impairment (MCI), and cognitively healthy controls (CTRLS)

p
CTRLS SCD/NH SCD/SH MCI SCD/NH

versus
CTRLS

SCD/SH
versus
CTRLS

MCI
versus
CTRLS

SCD/NH
versus
SCD/SH

SCD/NH
versus
MCI

SCD/SH
versus
MCI

Demographic
N 30 47 19 29
Sex (Male/Female) 9/21 19/28 6/13 14/15 – – – – – –
Age 71.9 ± 5.7 72.0 ± 5 73.5 ± 5.4 76.3 ± 5.3 1 1 0.009∗ 1 0.004∗ 0.416
Education (y) 16.1 ± 3.8 15.2 ± 3.1 15.4 ± 3.5 15 ± 3a ns ns ns ns ns ns
Clinical criteria tasks
MoCA 28.5 ± 1.4 27.9 ± 1.4 27.8 ± 1.3 24.8 ± 2.1 0.78 1 <0.001∗∗ 1 <0.001∗∗ <0.001∗∗
T-MMSE 25.2 ± 1 24.1 ± 2.1 25.1 ± 1 24.3 ± 1.6 0.019∗ 1 0.619 0.089 1 1
Logical Memory 14.7 ± 4.6 13.3 ± 4.6 13.7 ± 3.9 9.6 ± 4.3 1 1 0.003∗ 1 0.06 0.091
Predictors
Mean hippocampal volume –0.1 ± 0.9a 0.3 ± 0.7 –1.5 ± 0.6 –1.2 ± 1.2 0.275 <0.001∗∗ <0.001∗∗ <0.001∗∗ <0.001∗∗ 1
(Left and Right, z-score)
N APOE4 carriers 6/30 6/47 7/19 12/29 – – – – – –
Cognitive reserve 18 ± 3.9 16.4 ± 4.2 17.3 ± 4.5 17.1 ± 4a ns ns ns ns ns ns
Predicted variable
Face-Name delayed recall (/9) 5.4 ± 1.7 4.9 ± 2.3b 3.1 ± 1.9a 2.8 ± 2.3 1 0.006∗ 0.004∗ 0.038∗ 0.029∗ 1
Cognitive assessment
RAVLT delayed recall (/15) 11.1 ± 2.3d 9.8 ± 2.7 8.3 ± 2.5b 6.8 ± 3.6 0.312 0.012∗ <0.001∗∗ 0.481 0.021∗ 1
Hayling inhibition test (/30) 18.6 ± 4.1c 20.7 ± 4.7b 17.9 ± 5.1c 19 ± 4.9d ns ns ns ns ns ns
Semantic Fluency test 21.1 ± 5 19.7 ± 4.6 19.0 ± 5 16.4 ± 4 0.761 0.781 0.003∗ 1 0.073 0.386
Trail test Time B/ Time A 1.9 ± 0.6 2 ± 0.5 2 ± 0.9 2.8 ± 1.9 1 1 0.083 1 0.099 0.244
Depression and anxiety scales
GDS 2.2 ± 2.9 5.6 ± 4.3 6.4 ± 4.5 6.8 ± 5.5 0.009∗ 0.003∗ 0.002∗ 1 1 1
GAI 1.1 ± 0.7a 2.7 ± 0.5 3.2 ± 0.9 4.1 ± 0.8 ns ns ns ns ns ns

Note. Unless otherwise indicated, values are mean ± standard deviation. P values refer to significant analysis of variance (demographic, genetic and imaging data) and analysis of covariance
models (neuropsychological tests controlled for age), followed by post hoc pairwise comparisons with Bonferroni correction; ns: non-significant analysis before post hoc comparisons; *p < 0.05,
**p < 0.001; CTRLS: Cognitively healthy controls; SCD/NH: Subjective Cognitive Decline/Normal Hippocampus; SCD/SH: Subjective Cognitive Decline/Small Hippocampus; MCI: Mild
Cognitive Impairment; MoCA: Montréal Cognitive Assessment; T-MMSE: Telephone – Mini-Mental-State-Examination; ApoE4: Apolipoprotein 4; RAVLT: Rey Auditory Verbal Learning Test;
GDS: Geriatric Depression Scale; GAI: Geriatric Anxiety Inventory. aData missing for one subject, bfor two subjects, cfor three subjects, dfor five subjects.
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Hippocampal segmentation was done following
the procedure described in Fischl et al.’s automatic
parcellation study [34] and the raw left and right
hippocampal volumes in standardized space were
transformed into z-scores using normative data [35]
adjusting for age, sex, estimated total intracranial
volume, scanner type, and scanner strength. A mean
of the left and right hippocampal z-score volumes
was then computed to be used as a predictor.

Genotyping

The genomic DNA of the participants was
extracted from the buffy coat fraction [27] and all
the persons included in this study were genotyped for
APOE4 alleles. Participants with at least one APOE4
allele were identified as positive.

Cognitive reserve

A proxy for cognitive reserve was quantified
through the Cognitive Reserve Index questionnaire
(CRIq; adapted in French by Eduardo Cisneros)
[36], part of our CIMA-Q protocol, evaluating
level of education, profession, stimulating activities,
and physical activity with 15 questions (Maximum
score = 30). The CRIq, while not evaluating a spe-
cific period of lifetime, illustrates the best personal
time of functioning of the participants.

Predicted variable

Associative memory was assessed through the
delayed portion of the Face-name association (Bram-
bati, for CIMA-Q), an associative memory task.
Participants were instructed to remember the names
of 9 faces of men and women during a presenta-
tion of eight seconds per face-name pairing on a
computer screen. They then completed an immedi-
ate recall and delayed recall after 20 minutes (see
Fig. 1). The delayed recall portion of the task pre-
sented the image of each face for a maximum of ten
seconds and asked participants to give the associated
name within this ten-second timeframe. The task pro-
vides a score out of 9 and was used as the predicted
variable in our study, where a larger score represents
better performance.

Cognitive assessment to test group differences

A comprehensive neuropsychological assessment
was also administered to all participants (for a

Fig. 1. Face-Name task (Brambati, for CIMA-Q).

detailed description, see [33]). It included memory
and executive tests different from those used for inclu-
sion criteria to avoid circularity issues. We selected
and reported in this study the most sensitive tests
to early AD according to a meta-analysis carried
out in our research center [37]. Memory was mea-
sured with the delayed recall portion (after 20 min)
of the Rey auditory verbal learning test (RAVLT),
which is a 15-word list recall task (procedure adapted
by CIMA-Q), and the Face-name association task
described above as our predicted variable. Executive
functions were measured with Category fluency [38]
(i.e., one-minute fluency for the animal category), a
computerized version of the Hayling test [39] where
participants are asked to complete sentences using
an unrelated and out-of-context word, and the Trail
Making Test [40], using the ratio between comple-
tion times of Trail B and Trail A. For all these tests,
a higher score indicated better performance, except
for the Trail B/Trail A ratio, for which a lower score
indicated better performance.

We also quantified the depressive state of partici-
pants through the Geriatric Depression Scale (GDS;
[41]), a self-administered questionnaire in which par-
ticipants answered by yes or no on 30 items about how
they felt over the past week. The Geriatric Anxiety
Inventory (GAI; [42]), a 20 item questionnaire about
common anxiety symptoms (answer agree/disagree)
was used to quantify the anxiety level of the partici-
pants.
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Statistical analysis

All analyses were done with the Statistical Package
for the Social Sciences (IBM-SPSS Statistics, version
25).

As a first step, progressive multiple linear regres-
sion analyses were used with the backward method
to identify the predictors of associative memory in
the SCD group [43]. The initial model included three
independent variables (mean of hippocampal vol-
umes, APOE4, and cognitive reserve score) in the
forced regression. The regression removed the vari-
ables with the lowest contribution to the model if
the variation of R2 was not significant. The pro-
cedure was repeated until all variables contributed
significantly to the improvement of R2. The three
independent variables were entered as predictors and
the delayed Face-name task score as the dependent
variable. Then, the model determined predictive val-
ues and explained variance. For this regression model,
standardized residuals [43] were evaluated case by
case to detect outliers. Because cognitive reserve
was conceptualized as a moderating factor, a sepa-
rate regression was computed to analyze the potential
moderating effect of the reserve score on the relation-
ship between face-name task performance and both
hippocampal volume and APOE4 status.

Two SCD subgroups were then identified using
their characteristics on the significant predictor(s) to
create 1) an at-risk SCD subgroup and 2) a subgroup
composed of the remaining SCD participants.

Analyses of variance (ANOVAs) were then con-
ducted to assess differences between the two SCD
subgroups, CTRLS, and MCIs on demographics,
clinical, and neuroimaging data. Analyses of covari-
ance (ANCOVAs) were computed to assess group
differences on cognitive variables, controlling for the
demographic that showed group differences. When
a main group effect was found, Bonferroni’s post-
hoc comparisons identified the location of the group
difference. Chi-squared analyses were performed for
discrete variables (sex and APOE4).

RESULTS

Multiple regression models

Progressive multiple linear regression models are
detailed in Table 2. A significant effect was found
with an F(3.59) = 4.193, p = 0.009 and an adjusted
R2 = 0.13, indicating that our model successfully pre-
dicted the delayed Face-name task performance. The

model indicated a significant effect of the mean hip-
pocampal volume (t = 2.914; p = 0.005), while the two
other factors (APOE4 status and CR) did not con-
tribute significantly to the model.

The moderation analysis showed that the rela-
tionship between mean hippocampal volume and
Face-name task performance (t = 0.47; p = 0.640) and
between APOE4 and Face-name task performance
(t = 0.11; p = 0.916) was not moderated by the reserve
score.

Group comparisons

Based on the significant predictor included in the
first regression model, participants with smaller mean
(left and right) hippocampal z-scores volumes (small
hippocampus or SH) were identified as SCD/SH
(N = 19). They were compared to the remaining SCD
participants with normal hippocampal volumes (NH),
identified as SCD/NH (N = 47), as well as to MCI and
CTRLS. Smaller mean hippocampal z-scores vol-
umes were defined as those that were one standard
deviation below the mean of study CTRLS (corrected
for intracranial volume). Group comparisons are pre-
sented in Table 1 (see the Supplementary Material for
ranges).

The ANOVAs that assessed the group differ-
ences on demographics (Table 1) indicated no group
effect for years of education, but a significant
group effect for age, as MCI were older than the
CTRLS and SCD/NH. Thus, age was controlled for
subsequent analyses that compared the two SCD sub-
groups to CTRLS and MCI. Chi-squared test was
non-significant for sex, but significant for APOE4
(p = 0.021).

There was a main group effect for the pooled
mean left and right hippocampal volumes. By design,
hippocampal volumes were smaller in SCD/SH
than in CTRLS (p < 0.001). Interestingly, there
was no significant hippocampal volume difference
between SCD/SH and MCI (p = 1), whereas SCD/NH
and CTRLS differed from MCI (p < 0.001). There
were no differences between SCD/NH and CTRLS
(p = 0.275). Table 1 shows scores and group com-
parisons on the Face-name task. Participants in the
SCD/SH group showed lower performance than that
of SCD/NH (p = 0.038) which is expected given the
regression model on the Face-name delayed recall.
However, it is interesting to note that SCD/SH showed
lower performance than CTRLS (p = 0.006) and did
not differ from MCI (p = 1) on the Face-name delayed
recall. In contrast, SCD/NH were not impaired rela-
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Table 2
Predicting effect of mean of hippocampal volumes, APOE4, and cognitive reserve score on Face-name task delayed score in the SCD group

Predictor n B value SE B value � t p

Hippocampal volume 63 0.769 0.264 0.352 2.914 0.005∗
APOE4 63 –0.256 0.747 –0.042 –0.343 0.733
Cognitive Reserve 63 0.117 0.065 0.213 1.796 0.078

Note. SE = Standard Error; *p < 0.05.

tive to CTRLS (p = 1), but differed from MCI, the
latter showing lower performance (p = 0.029).

Table 1 also shows group comparisons on clin-
ical and neuropsychological measures. Both MCI
(p < 0.001) and SCD/SH (p = 0.012) showed lower
performance than CTRLS on the RAVLT delayed
recall. MCI also showed lower performance than
SCD/NH on the RAVLT (p = 0.021). MCI showed
lower performance than CTRLS on the Semantic
Fluency test (p < 0.05) and while the SCD/SH also
showed lower performance than CTRLS on that task,
this did not reach significance. There was no signif-
icant difference when comparing SCD/SH and MCI
on memory or executive tasks.

Finally, the two SCD subgroups and MCI showed
larger scores on the GDS than the CTRLS (p < 0.05),
but no significant difference was observed on the GAI
between the four groups.

DISCUSSION

Despite colossal efforts for a better characteriza-
tion of SCD persons over the past few years, this
concept remains, in essence, quite heterogeneous
in regard to brain characteristics, cognitive perfor-
mance, and prognosis [1]. In the present study, we
used a biomarker of neurodegeneration (hippocam-
pal volume), APOE4, and a measure of cognitive
reserve to identify the factors that explain most
inter-individual differences in associative memory
performance within SCD individuals. We then iden-
tified two subgroups of SCD based on hippocampal
volume and compared them on clinical and demo-
graphic variables to CTRLS and persons meeting the
criteria for MCI. The goal was to provide empiri-
cally based criteria outside of cognition that would
reduce heterogeneity among the group of SCD. Since
those criteria are predictors of individual differences
in memory, they could contribute to identify a clini-
cally meaningful subgroup of SCD and one closer to
MCI in terms of cognitive profile.

The regression model identified that hippocampal
volume was the only significant predictor of inter-

individual variation in the associative memory task,
with no effect of APOE4 status and level of CR. When
using hippocampal volume to categorize the SCD
group into SCD/SH and SCD/NH, we extended the
finding observed with our regression by comparing
these subgroups to MCI and CTRLS. We observed
that the SCD/SH subgroup (i.e., those with smaller
mean hippocampal volumes) performed similarly to
MCI and was impaired compared to CTRLS on the
Face-Name delayed recall. In contrast, the SCD/NH
subgroup remained unimpaired compared to CTRLS
on this task.

Interestingly, when this SCD categorization is used
to compare the groups on classical neuropsycholog-
ical tasks, SCD/SH were comparable to MCIs and
more impaired than CTRLS on the delayed recall of
the RAVLT, a memory test which measures delayed
free recall of a word list. Note that, on this task, the
difference between SCD/SH and SCD/NH was not
significant, suggesting that there was more variabil-
ity and/or smaller effect size for this task. In tasks
evaluating executive functions, while not as impaired
as those of the MCI group, SCD/SH still showed
a trend of impairment when compared to CTRLS
(e.g., Semantic fluency test). These results high-
light two important elements: 1) dividing the SCD
group according to participants’ hippocampal volume
makes it possible to identify a subgroup (SCD/SH)
that is closer to MCI in terms of memory perfor-
mance; 2) an episodic associative memory task like
the Face-name task was confirmed to be significantly
useful for detecting SCD cognitive deficits early on.
As mentioned above, this might be due to the special
features of the face-name association task.

Our study is consistent with prior findings
indicating that associative memory relies on the hip-
pocampus [44] and is sensitive to early AD detection
[45]. It shows that hippocampal volume is a good
predictor of associative memory performance and
suggests that identifying an SCD/SH subgroup where
both of these dimensions are negatively affected
increases our chances to flag individuals who may be
at higher risk of converting to MCI. The Face-Name
association task as our predicted variable proved use-
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ful in separating SCD/NH from SCD/SH, the latter
being a seemingly more at-risk group and having
characteristics closer to people with MCI. As such,
associative memory may be used as a non-intrusive
measure to identify at-risk individuals among peo-
ple with a memory complaint, even at a very early
and subtle level, which is promising for earlier AD
detection and clinical intervention.

Persons who fall in the SCD/NH subgroup are
interesting because these individuals are worried
about their memory yet have very few signs of an
underlying dementia. This subgroup most likely rep-
resents a heterogeneous set of individuals comprising
non-AD older adults with conditions associated with
memory concerns. Indeed, we know that certain
health-related issues are associated with SCD in
the elderly, such as psychiatric and mood disorders
and certain medical conditions [9]. Noteworthily, we
found no group differences on a measure of anxiety
(GAI), but both SCD subgroups and MCI reported
more depressive symptoms than controls, based on
their GDS scores. Although a potential contribution
of psychological symptoms in these early phases is
recognized, this study validates the usefulness of
SCDs and MCIs as risk groups that can be identi-
fied using AD-specific characteristics not driven by
psychological symptoms. From a clinical standpoint,
even if people meeting criteria for SCD do not stand
in a preclinical phase of AD, their concerns are real
and more research will be necessary to inform health
care providers about the source of their concerns, as
well as how to address them [46].

One limitation of our study is our sample size
which may limit the scope of our interpretations and
call for future work. Nevertheless, our results empha-
size that persons with an SCD/SH profile differ from
CTRLS and SCD/NH on a sensitive associative mem-
ory task, and this even in a modest sample size.
Another limitation is that we restricted our biomark-
ers to hippocampal volume without validated staging
tool and did not include AD pathology measures such
as amyloid PET, or more recent biomarkers such as
measures of inflammation [47]. However, the mea-
sures used in our study are more easily available and
allow quicker implementation for research on this
type of population.

Conclusion

Taken together, results from this study indicate
that hippocampal volume is a relevant predictor
of early performance degradation in episodic asso-

ciative memory. Furthermore, using hippocampal
volume as an AD biomarker to parse out hetero-
geneity in SCD identifies a subgroup with associative
memory performance that is poorer than healthy
controls and comparable to MCI individuals, which
suggests a possible prodrome to AD. Sensitive tasks,
such as the Face-Name association task, could be a
precious tool in research but also in clinical practice
to refine the criteria for categorizing SCD subjects.
A longitudinal follow-up of this independent cohort
could confirm whether the SCD/SH subcategory
combined with associative memory performance is
a valid predictor of a possible progression to AD.
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