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Introduction: Loss of awareness is a common symptom in Alzheimer’s Disease (AD) and
responsible for a significant loss of functional abilities. The mechanisms underlying loss of
awareness in AD is unknown, although previous findings have implicated dysfunction of
primary executive functioning (EF) or episodic memory (EM) to be the cause. Therefore,
our main study objective was to explore the involvement of EF and EM dysfunction in
amyloid-related loss of awareness across the clinical spectrum of AD.

Methods: A total of 895 participants (362 clinically normal [CN], 422 people with
mild cognitive impairment [MCI] and 111 with dementia) from the Alzheimer’s Disease
Neuroimaging Initiative were used for the analyses. A sub-analysis was performed in 202
participants who progressed in their clinical diagnosis from CN to MCl or MCI to dementia
as well as dementia patients. Mediation models were used in each clinical group with
awareness (assessed with the Everyday Cognitive function questionnaire) as a dependent
variable to determine whether EF and/or EM would mediate the effect of amyloid on
awareness. We also ran these analyses with subjective and informant complaints as
dependent variables. Direct correlations between all variables were also performed.

Results: We found evidence for a decline in awareness across the groups, with
increased awareness observed in the CN group and decreased awareness observed
in the MCI and dementia groups. Our results showed that EM, and not EF, partially
mediated the relationship between amyloid and awareness such that greater amyloid
and lower EM performance was associated with lower awareness. When analyzing
each group separately, this finding was only observed in the MCI group and in the
group containing progressors and dementia patients. When repeating the analyses for
subjective and informant complaints separately, the results were replicated only for the
informant’s complaints.

Discussion: Our results demonstrate that decline in EM and, to a lesser degree, EF,
mediate the effect of amyloid on awareness. In line with previous studies demonstrating
the development of anosognosia in the prodromal stage, our findings suggest that
decreased awareness is the result of an inability for the participant to update his/her
insight into his/her cognitive performance (i.e., demonstrating a petrified self).
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1. INTRODUCTION

Alzheimer’s Disease (AD) is characterized by a specific pattern of
brain pathology and cognitive impairment sufficient to interfere
with functional activities of daily living (ADL) (Sperling et al.,
2011; Dubois et al.,, 2016; Jack et al., 2018). Within the past
decades, research made it possible to detect some biomarkers
associated to AD (e.g., using brain imaging, blood sample, or
genetic analyses). Two pathological hallmarks of AD, amyloid
and tau (Braak and Braak, 1991; Braak et al., 2006), have
been shown to accumulate, following a topographic sequence
that can be related to the cognitive phenotype (Bejanin et al.,
2017). Numerous neuroimaging studies have demonstrated that
the accumulation of these pathologies begins decades before
cognitive decline, and hence before a clinical diagnosis of AD
can be made (Jansen et al., 2015; Ossenkoppele et al., 2015).
It has been argued that pathology, occurring as early as the
preclinical stage, is the cause of subtle cognitive impairments
(Amieva et al., 2008, 2014; Baker et al., 2017; Zhao et al., 2018)
primarily in executive functioning (EF) and episodic memory
(EM) (Amieva et al, 2008, 2014; Hedden et al., 2013; Zhao
et al., 2018). Of these, EF is defined as an assembly of cognitive
processes that allows the person to perform an untrained goal-
directed task that may involve both planning and inhibition of
automatic behaviors (Lezak, 1982; Norman and Shallice, 1986;
Miyake et al., 2000; Godefroy et al., 2010). Biologically, EF has
primarily been associated with the integrity of frontal regions
(Godefroy et al., 2010; Bettcher et al., 2016; Guarino et al., 2019).
In contrast, EM is defined as a person’s capacity to acquire
and recall information associated with a temporo-spatial, and
potentially affective (although this later is not always necessary),
context (Tulving, 1972, 1985; Eustache and Desgranges, 2008).
Being one of the core clinical symptoms at the AD dementia stage
(Dubois et al., 2014), EM dysfunction has been demonstrated
to show a strong relationship with pathology, especially in the
medial temporal lobe (MTL) regions (Bejanin et al., 2017; Maass
et al., 2018; Lowe et al., 2019). Although both EF (Elias et al.,
2000; Baudic et al., 2006; Amieva et al., 2008, 2014; Marshall
et al,, 2011) and EM (Elias et al., 2000; Grober et al., 2000;
Grober, 2008; Hedden et al.,, 2013) are impaired early in AD,
some studies suggest that impairments in EM are a better
and/or earlier predictor of prospective AD (Binetti et al., 1996;
Derby et al., 2013; Burnham et al., 2016; Schindler et al., 2017).
Moreover, declining EM and EF have been shown to significantly
impair activities of daily living (ADL) by themselves (Marshall
et al., 2011), but decline in these processes have also been
associated with secondary impact in other cognitive domains.
Importantly, it has been argued that a decline in these two
processes could have an impact on an individual’s self-referential
processing, i.e., the awareness of our own cognitive abilities
(Hannesdottir and Morris, 2007). However, the cause of changes
in self-awareness, and especially the involvement of EF and
EM dysfunction in loss of awareness across the AD spectrum,
is unknown.

The prevalence of patients demonstrating loss of awareness
(a.ka., anosognosia) has been shown to increase along with
the clinical progression of AD, with reported rates of 20 to

80% at the dementia stage (Starkstein, 2014). First used to
describe two patients who, after a stroke, were unaware of their
hemiplegia (Babinski, 1914), the concept of unawareness is now
being applied more broadly. That is, although the circumstances
may vary (Orfei et al., 2008), anosognosia is often used to
describe a lack of awareness for a cognitive, behavioral or
functional impairment (Weiler et al., 2016; Mograbi and Morris,
2018). Moreover, previous studies have proposed the existence
of two types of anosognosia (Hannesdottir and Morris, 2007):
primary anosognosia, which is described as an impairment of
metacognitive processes and the inability for the individual to
build a representation of oneself, and secondary anosognosia,
which is the consequence of a decline in either EF or EM. In the
first case, individuals would fail to either recognize or take into
account their failures, while in the latter they would not be able to
maintain the memory of such failures. Both incapacities prevent
the individual from updating his/her own representations of
cognitive functioning. In the case of EM impairment, this has led
to the notion of a “petrified self,” indicating that the individual
is relying on outdated information to create this representation
(Mograbi et al., 2009; Morris and Mograbi, 2013).

Although anosognosia is very common at the clinical stage
of AD, recent studies have shown that awareness starts to
change even before the AD dementia stage (Folstein et al., 1975;
Cacciamani et al.,, 2017, 2020). Previous research has shown
that some individuals may demonstrate heightened awareness
of subtle cognitive changes at the preclinical stage, with a
subsequent decline of awareness as the individual moves along
the AD trajectory (Vannini et al., 2017a, 2020; Hanseeuw et al.,
2020). Additionally, recent studies have suggested that loss of
awareness may be present in the predementia stages of AD, e.g.,
in the prodromal (Perrotin et al., 2015; Vannini et al., 2017¢;
Edmonds et al., 2018; Munro et al., 2018; Therriault et al., 2018)
and even preclinical stages (Folstein et al., 1975; Cacciamani et al.,
2017; Vannini et al.,, 2017b). Longitudinal studies have further
demonstrated that anosognosia starts to develop approximately
3-4 years before a clinical diagnosis of AD dementia can be
made (Wilson et al., 2015; Hanseeuw et al., 2020). Furthermore,
there is now evidence suggesting that loss of awareness is related
to the accumulation of biomarkers of AD (Cacciamani et al.,
2017; Gagliardi et al., 2020, 2021). Awareness has indeed been
studied in relation to brain metabolism, functional connectivity,
tau, and amyloid accumulation. Loss of awareness in AD has
been shown to relate to brain hypometabolism (Starkstein, 2014),
even at a preclinical stage (Cacciamani et al., 2017). Similarly,
some authors have showed that anosognosia in AD could be
associated with dysfunction of some brain regions (i.e., frontal
and temporo-parietal), as well as the functional connectivity
between these brain regions (Perrotin et al., 2015; Vannini et al,,
2017b,c). In addition, a recent study showed that unawareness
was related to tau burden—as measured with flortaucipir PET
marker—in the medial temporal region (Gagliardi et al., 2021).
Amyloid burden has significantly been found to be associated
with changes in awareness over the course of AD, either through
a phenomenon of heightened (Visser et al, 2009; Perrotin
et al., 2012) or reduced (Cacciamani et al., 2017; Vannini et al.,
2017a, 2020; Therriault et al., 2018; Gagliardi et al., 2020, 2021;
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Hanseeuw et al., 2020) awareness. This relationship with amyloid
could indicate that loss of awareness might be specific to AD.
Additionally, some authors also found a relationship between
anosognosia and brain connectivity in the Default Mode Network
(DMN) (Mondragén et al., 2019, 2021). It is important to note
that some authors showed that amyloid and tau accumulation
patterns in the brain overlapped with the DMN (Wang et al.,
2013). This allows us to hypothesize that an increasing brain
pathology in these regions might affect their functioning and lead
to loss of awareness and other cognitive functions, such as EF and
EM (Greicius et al., 2004; Hedden et al., 2009; Sheline et al., 2010;
Mormino et al., 2011; Brier et al., 2012).

However, it is still not clear if and how a deficit in EM
or EF is related to changes in awareness in AD. Specifically,
it is unknown whether a deficit in EF or EM mediates the
AD pathology-related changes in awareness in a population
comprised of cognitively normal (CN) individuals, those with
a mild cognitive impairment (MCI), or those with a dementia
diagnosis. Several methods have been validated to assess
awareness in AD (Clare et al., 2011; Starkstein, 2014; Tondelli
et al, 2018), such as clinical judgment by an examiner or
the comparison between a subjective and an external measure.
One of the most commonly used methods is to compare the
subject’s perception of his/her impairment with the informant’s
perception (Cacciamani et al., 2017, 2020; Hanseeuw et al,
2020; Vannini et al., 2020). Loss of awareness would then be
defined as the informant complaining more than the subject.
Using this approach, the current study attempts to determine
the proportion of amyloid-related loss of awareness that can
be explained by is EF and EM variations along the clinical AD
spectrum (from the preclinical to dementia stage). Following
the concept of secondary anosognosia and considering the early
changes of awareness, EF, and EM, we hypothesize that loss
of awareness is—at least partly—mediated by impairment of
these cognitive domains, even in early stages of the disease.
Additionally, given the previous observations of a decline in
awareness as the disease progresses, we hypothesize that a
decrease in awareness would be the result of the informant’s
complaint increasing as the participant’s objective performance
decline. To explore this hypothesis, the same models as for
awareness were applied separately to the complaints of both
participants and their informants.

2. MATERIALS AND METHODS
2.1. Population

Data used in the preparation of this article were obtained from
the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
database (adniloni.usc.edu). The ADNI is an ongoing,
longitudinal, multicenter study conducted at 59 sites across
North America, enrolling CN, amnestic MCI, and AD
participants aged 55 to 94 years. The ADNI was launched
in 2003 as a public-private partnership, led by Principal
Investigator Michael W. Weiner, MD. The primary goal of
ADNI has been to test whether serial magnetic resonance
imaging (MRI), PET, other biological markers, and clinical and
neuropsychological assessments can be combined to measure the

progression of MCI and early AD. For up-to-date information,
see www.adni-info.org.

In total, 902 participants were included in this study. Inclusion
criteria included having a positron emission tomography (PET)
scan data using a '8 F — AV45 tracer for brain amyloidosis,
subjective and objective cognitive measures (see infra), as well
as an available clinical diagnosis. Using the clinical diagnosis,
we further subdivided the sample into 362 CN participants, 429
with MCI and 111 with a dementia diagnosis. Demographic
characteristics are summarized in Table 1.

We also defined a group of participants that could be
considered to be in the Alzheimer spectrum, i.e., participants who
progressed in their clinical diagnosis from CN to MCI (N = 27)
or MCI to dementia (N = 64), as well as dementia patients (N =
111). This group will be referred to as the “progressors” group.

2.2. Cognitive Measures

All participants underwent a comprehensive neuropsychological
assessment. Among the different tests available, we selected the
Mini-Mental State Examination (MMSE) (Folstein et al., 1975),
Trail Making Test (TMT) (Reitan, 1958), and Logical Memory
(LM) (Wechsler, 1987). The MMSE was used to provide a
measure of global cognitive functioning. The time difference of
TMT parts A and B was used as a measure of EF, as done in
previous research (Godefroy et al., 2010; Correia et al., 2015;
Ritchie et al., 2017). This test is reccommended for preclinical AD
studies (Ritchie et al., 2017) and has been shown to distinguish
between CN participants with and without significant levels of
amyloid pathology (Doherty et al., 2015; Dubois et al., 2018).
For EM, we used the delayed score of LM (LM-II), widely
used in AD continuum research and proven to be sensitive,
even at preclinical stages, to biomarker accumulation (Ritchie
et al., 2017). Both tests are among the most-used measures
in AD studies (Epelbaum et al., 2017) and have been used in
previous studies examining awareness Starkstein (2014); Vannini
et al. (2017a); Hanseeuw et al. (2020); Cacciamani et al. (2020);
Gagliardi et al. (2020).

2.3. Awareness of memory

The Everyday cognition (ECog) scale (Farias et al., 2008) was used
to assess awareness. The ECog scale is a 39-item questionnaire
in which the participant and informant are asked identical
questions to estimate the participants current level of cognitive
functioning as compared to 10 years ago. The responses are
measured on a Likert scale from 1 (“Better or no change”)
to 4 (“Consistently much Worse,”) where a higher ECog score
indicates a perceived decline in cognition. The questionnaire
consists of 6 domain-specific subscales, including Memory,
Language, Visuospatial Abilities, Planning, Organization, and
Divided Attention. A total score of cognitive complaint is also
computed. In order to measure awareness, we computed an
awareness index defined as the discrepancy score between the
total scores of the participant and informant reports. Using this
index, a negative score would indicate that the participant is
overestimating his/her capacities as compared to the informant’s
appraisal (i.e., unawareness), whereas a positive score would
indicate that the participant is underestimating his/her capacities
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TABLE 1 | Demographic data and group comparisons.

Variables All CN MCI Dementia

N 902 362 429 111

Gender 0(0 %) 0(0 %) 0 (0 %) a** 0(0 %) a*™
Race 829 White (91.91 %) 328 White (90.61 %) 401 White (93.47 %) 100 White (90.09 %)
Ethnicity 859 Not Hisp/Latino (95.23 %) 341 Not Hisp/Latino (94.2 %) 413 Not Hisp/Latino (96.27 %) 105 Not Hisp/Latino (94.59 %)
Age 72.28 (7.08) 7217 (6.32) 71.73 (7.34) 74.81 (7.84) a** b*™
Education (Years) 16.4 (2.58) 16.75 (2.52) 16.22 (2.61) a™ 15.98 (2.58) a**
MMSE (/30) 27.92 (2.39) 29.08 (1.17) 28.17 (1.67) a** 23.21 (2.04) a** b*
TMT B-A (Time in s.) 66.87 (54.23) 47.08 (35.13) 66.9 (48.28) a** 131.34 (74.04) a** b*™
Logical Memory (Delayed Recall) 8.97 (5.06) 13.34 (3.21) 7.25(3.18) a™ 1.35 (1.85) a** b**
Amyloid (AV45 PET SUVr) 1.19(0.22) 1.11(0.17) 1.21(0.23) a** 1.39 (0.22) a** b**
ECog - Self 1.64 (0.51) 1.38 (0.33) 1.81(0.53) a** 1.85(0.54) a**
ECog - Informant 1.62 (0.68) 1.19(0.28) 1.7 (0.59) a** 2.71(0.63) a** b**
Awareness (S vs ) 0.02 (0.68) 0.19(0.34) 0.11(0.7) a* -0.86 (0.79) a** b**

CN = Cognitively Normal, MCI = Mild Cognitive Impairment, MMSE = Mini-Mental State Examination, TMT = Trail Making Test, ECog = Everyday Cognition questionnaire, PET =
positron emission tomography, SUVr = standard uptake value ratio, a = vs. CN, b =vs. MCl =p < 0.07, *=p < 0.05, * =p < 0.01, *™* =p < 0.001.

as compared to the informant’s appraisal (i.e., heightened
awareness) (Vannini et al., 2017a, 2020; Hanseeuw et al., 2020).
A score of 0 would indicate a perfect match between participant
and informant complaints.

2.4. Imaging

Florbetapir (\8F — AV45) PET tracer was used to measure brain
amyloidosis. We used a global standard uptake value ratio (SUVT)
computed using the whole cerebellum as a reference region.
Amyloid was used as a continuous measure in all analyses.
The details of the materials and methods related to florbetapir
imaging have been described in Landau et colleagues (Landau
etal., 2013).

2.5. Statistical Analyses

T-tests and chi-squared tests were used to compare continuous
and categorical variables between the three clinical groups
(i.e., CN, MCI, and Dementia). The relationship between our
dependent and independent variables were explored using two
main methods.

First, Pearson correlations were performed between awareness
and TMT B-A, LM-II and amyloid within the whole sample and
in the separate clinical groups. This analysis was performed to
determine whether direct relationships between our dependent
and independent variables existed in our whole sample and/or
in our subgroups. This aimed to support the interpretation
of potential relationships observed in the subsequent models.
Second, linear regression models were also performed to
explore the same relationships, taking into account demographic
variables (see supplementary materials).

A model-based causal mediation analyses using a causal
inference analysis approach (Imai et al, 2010) was used to
investigate whether memory or executive function mediates
the relationship between amyloid and awareness. Specifically,
mediation analyses were performed on the whole sample, in
the sub-group that contained progressors and dementia patients,

and in each clinical group, using the awareness index as the
dependent variable, amyloid as the independent variable, and
cognition (either TMT B-A for EF, or LM-II for EM) as
the mediator. Demographics (i.e., age, gender, and education)
were included as covariates in all models. Both total, direct
and mediated effects were calculated. Mediation models were
computed using the medi ati on R package (Tingley et al,
2014). Standard errors were estimated using a quasi-Bayesian
Monte-Carlo method based on normal approximation (Imai
et al, 2010) with 1,000 iterations. All presented p-values
were corrected for multiple comparisons using the Benjamin-
Hochberg method. The models looking at the three clinical
groups (CN, MCI, Dementia) were corrected for 9 comparisons
(i.e., 3 groups and 3 conditions—awareness, informant, subject).
The models looking at the Whole Sample and progressors group
for 6 comparisons (2 groups and 3 conditions). All statistical
analyses were performed using R 3.6.3 (https://www.R-project.
org/).

3. RESULTS

3.1. Group Comparisons

The sample consisted of 362 clinically normal and 540 clinically
impaired individuals (429 of which had MCI diagnosis and
111 diagnosed with dementia; see Table1). As compared to
CN participants, clinically impaired participants demonstrated
a lower proportion of females as well as fewer years of
education (mean years; both p < 0.0I). Although no significant
difference was observed between CN and MCI groups,
participants diagnosed with dementia were significantly older
those in both the CN and MCI groups (both p < 0.01).
Group comparisons revealed that CN individuals showed
better cognitive performance than MCI participants who,
in turn, performed better than the dementia group (all p
< 0.01). Group comparisons further revealed that dementia
patients demonstrated significantly increased amyloid burden as
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compared to MCI participants who, in turn, had significantly
greater amyloid burden than CN participants (all p < 0.01).
Regarding awareness, CN participants demonstrated greater
levels of awareness as compared to the MCI group who, in turn,
exhibited significantly higher scores than the dementia group (all
p < 0.01). We observed that the informant complaints were at a
lower level in the CN group as compared to MCI, and in the MCI
group as compared to the dementia group (all p < 0.01). Finally,
CN participants demonstrated lower subjective complaints than
the MCI and the dementia groups (both p < 0.0I). However,
MCI participants and those diagnosed with dementia exhibited
the same level of subjective complaints (p > 0.05).

3.2. Simple Correlations

All correlations are presented in Figure 1. When using the
whole sample, the correlation analyses revealed weak negative
significant associations between awareness and TMT B-A as well
as between awareness and amyloid SUVr. A moderate positive
significant association was found between awareness and LM-
II (all p<0.00I). When looking at the groups separately, the
same pattern was observed in the MCI group for LM-II (r =
0.25, p<0.001) and amyloid SUVTr (r=-0.23, p<0.001), but non-
significant relationships were observed in the other groups. No
significant correlations were observed for TMT B-A in any
of the clinical groups. The linear regression models showed
similar results for EM and amyloid (see Supplementary Table
and Supplementary Figures 2, 3). However, when adding
demographics and diagnosis as covariates, TMT B-A was no
longer significant in the whole sample (see Supplementary Table
and Figure 1).

3.3. Mediation Models

Mediation models were performed to assess the influence of
cognitive performance (episodic memory or executive function)
on the relationship between amyloid and awareness, as well as
the separate levels of complaint in informants and participants.
In each model, the indirect effect was tested using bootstrapping
procedures with 1,000 iterations.

3.3.1. Mediation Models Investigating Whether EM or
EF Mediates the Association Between Amyloid and
Awareness

For the whole sample, the effect of amyloid on awareness was
partially mediated by cognition—both EM and EF (Figure 2Ai).
A significant direct effect between amyloid and awareness was
observed (B= -0.798; CI 95%= -1, -0.57; p<0.00I) in that
increased amyloid burden was related to a lower awareness score.
Both EM and EF analyses demonstrated significant indirect effect
(both p<0.001), with the unstandardized indirect effect equaling
-0.657 (CI 95%= 0.083, 0.325; p<0.001) for TMT B-A and -
0.421 (CI 95%= 0.338, 0.701; p<0.001) for LM-II. While no
significant direct effect of amyloid was observed on awareness,
in the “progressors” group (Figure 2Bi), we found a significant
indirect effect of EM (B= —0.27; CI 95% = 0.049, 2.664; p >
0.05), but not of EF (unstandardized indirect effect B= —0.499;
CI 95% = —0.175, 0.886; p > 0.05). When looking at each
clinical group separately, this pattern was not observed for all

groups (see Figure 3i). That is, no significant relationships, either
direct or indirect, were found between amyloid and awareness
in the CN or Dementia groups. However, in the MCI group, we
found that LM-II partially mediated the effect between amyloid
and awareness. That is, similarly to in the whole sample, this
model displayed a significant direct effect between amyloid and
awareness (8= —0.668; CI 95%= —0.998, —0.349; p < 0.001) as
well as a significant indirect effect mediated by the LM-II delayed
score (B= —0.199; CI 95%= —0.351, —0.083; p < 0.001). No
significant indirect effect was observed for TMT B-A.

3.3.2. Mediation Models Investigating Whether EM or
EF Mediates the Association Between Amyloid and
Complaints

We also computed models using complaints from the participant
(ii in Figures 2, 3) as well as their informant (iii in Figures 2, 3).
Similar to the awareness index, results using the whole sample
demonstrated partial mediation between amyloid and complaints
(subjective and informant) with both executive and memory
measures. Interestingly, when looking at these relationships in
the groups separately, different patterns were observed. Models
assessing participant complaints did not show any significant
relationship, either direct or indirect, between amyloid and
complaint after correction for multiple comparisons in any group
(CN, MCI, Dementia, and “progressors”). Models predicting the
informant’s complaint in CN and Dementia participants did not
show any significant associations. In the MCI group (Figure 3iii)
a significant direct relationship was found such that a greater
amyloid burden was related to increased informant complaints
(B = 0.819; CI 95% = 0.572, 1.048; p < 0.001). No indirect
effect was observed for executive functioning, although amyloid
SUVTr significantly predicted TMT B-A performance (8 = 29.274,
p < 0.05). However, a significant indirect effect was found for
LM-II delayed score (8 = 0.603; CI 95% = 0.341, 0.863; p <
0.001), indicating that it mediated the effect between amyloid and
informant complaints in the MCI participants. The “progressors”
group showed the same pattern as in the MCI model, with a
significant direct effect of amyloid on the informant’s complaint,
as well as a significant indirect effect in EM (8 = —0.27; C195% =
0.049, 2.664; p < 0.05) but not in EF (p > 0.05).

4. DISCUSSION

The current study investigated whether episodic memory
and/or executive function mediates the relationship between
amyloid and awareness in individuals across the AD spectrum,
from preclinical to dementia stages. In the whole group,
episodic memory and executive function partially mediated the
associations between amyloid and awareness, such that greater
amyloidosis was related to less cognitive efliciency, which in
turn negatively impacted awareness. However, when looking at
each group separately, we could only observe this mediation
effect in the MCI group. When looking at the subjective
and informant complaints separately, we found that episodic
memory partially mediated the associations between amyloid
and informants’ complaints, with greater amyloidosis being
related to less cognitive efficiency and increased complaints
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by the informant. When analyzing the participants who
either progressed or had a diagnosis of dementia, we also
found that EM partially mediated the relationship between
amyloid and awareness as well as informant complaints. All
other mediation models were non-significant. These findings
suggest that decreased awareness may be the result of an
inability for the participant to update his/her insight of
his/her cognitive performance (i.e., demonstrating a petrified
self) and further suggests the impairment is happening in
the prodromal stage. Furthermore, given the association with
amyloid, these findings also suggest that this decline may be
specific to AD.

The demographics varied across our three clinical groups.
That is, the clinically normal group contained more females as
compared to the impaired participants (i.e., MCI and Dementia
groups). These results differ from the literature, as previous
studies often report greater numbers of females in impaired
samples (Dubois et al., 2016; Livingston et al., 2020). However,
in line with previous studies, we found that our clinically
impaired participants were less educated and older as compared
to the clinically normal group. They also performed less well on

cognitive tasks (with CN performing better than MCI and MCI
performing better than the dementia group). Finally, dementia
participants demonstrated higher amyloid burden as compared
to MCI participants who, in turn, had higher amyloid burden as
compared to the CN participants.

Looking at our awareness index, we found an increasing
discordance between informant vs. participant complaint scores
across the clinical stages. This suggests the progressive loss of
awareness across the AD spectrum which has been shown in
previous studies (Wilson et al., 2015; Hanseeuw et al., 2020).
Looking more in detail, the awareness index was the highest
in the CN group, suggesting heightened awareness, whereas it
declined in the MCI group and further dropped in the Dementia
group. These results could be interpreted in the sense that mean
anosognosia appears progressively over the course of the disease
and is preceded by a period of heightened awareness (or hyper-
nosognosia) in the earlier stages (Folstein et al., 1975; Cacciamani
et al.,, 2017; Vannini et al., 2017a, 2020; Hanseeuw et al., 2020).
However, as the disease progresses, individuals progressively lose
their ability to recognize their cognitive difficulties, ultimately
resulting in low insight of their cognitive processing, often at
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the prodromal stage. Although the mechanism underlying the
loss of awareness remains unknown, one hypothesis suggests
that it is caused by the fact that the participant is relying on
an outdated representation of their own abilities when judging
their own cognitive performance, a phenomenon known as the
“petrified-self” (Mograbi et al., 2009). In longitudinal studies this
can be demonstrated by a non-significant increase in subjective
complaints over time, even though their cognitive processes are
declining, and their informant complaints are increasing.
Regarding the relationships between awareness and our
variables of interest, we found that decreased awareness was
related to increased amyloid burden, as well as lower EM and
EF performances. These relationships should be interpreted with
the disease progression in mind. That is, amyloid is thought of
as one of the main and first biomarkers to accumulate in AD
(Sperling et al., 2011; Dubois et al., 2016; Jack et al., 2018), even
decades before a clinical diagnosis is made (Jansen et al., 2015;
Ossenkoppele et al., 2015). Previous studies have shown that
amyloid often accumulates in the ventromedial prefrontal cortex,
medial parietal and posterior cingulate cortex, as well as the
inferior parietal lobule. Interestingly, these brain regions overlap
with the DMN (Wang et al., 2013), which has been implicated in
self-referential processes (Mak et al., 2017) as well as EF and EM
functioning (Greicius et al., 2004; Hedden et al., 2009; Sheline
et al.,, 2010; Mormino et al., 2011; Brier et al., 2012). Within
this framework, one possibility is that alterations in memory
self-awareness represent an early indicator of progressive decline
toward AD dementia due to increased dysfunction of the DMN.
This hypothesis is consistent with previous studies relating loss
of awareness in AD with DMN connectivity (Mondragon et al.,
2019, 2021), but also with the relationship between anosognosia
in AD with some neuropsychiatric disorders (Spalletta et al.,
2012; Tondelli et al., 2021) which have also been associated with
dysfunction of the DMN (Lee et al., 2020). When looking at
the groups separately, we only observed a significant correlation
between awareness and EM in the MCI individuals. The same
pattern was found when looking at the mediation analyses,
with partial mediation effects for the whole sample (for the
awareness index as well as both complaints) for both EM and
EF models. These results suggest that the significant effect
that we observed of amyloidosis on awareness is mediated by
an individual’s objective performance of either EM or EF. In
other words, amyloid accumulation in the brain would causes a
decline in EM and EF that leads to a disturbance in awareness.
However, when looking at each group separately, the results
were not as clear. First, for all groups, the models using self-
complaints did not show any significant relationship between
amyloidosis and complaints, neither direct nor indirect. This
result is not in line with previous studies which have found an
association between increased amyloid pathology with increased
complaints in clinically normal individuals (Jessen et al., 2010;
Amariglio et al, 2012; Wang et al., 2013; Perrotin et al,
2015), a phenomenon called subjective cognitive decline (SCD).
However, inconsistencies have been reported and might be due
to the fact that SCD itself can be caused by multiple etiologies
(Jessen et al., 2014, 2020; Rabin et al., 2017). In addition, some
models using awareness and informant complaints remained

significant for our groups. That is, although models in the
CN and the Dementia groups did not show significant effects,
neither direct nor indirect, significant partial mediations were
observed in the MCI group with EM. To begin with, increased
discordance between the informant’s and participant’s complaints
have already been observed in the literature, using raw complaint
scores (Amariglio et al., 2021) as well as awareness indices as
in our study (Folstein et al., 1975; Cacciamani et al.,, 2017,
2020; Hanseeuw et al., 2020; Vannini et al., 2020). In our study,
only the MCI group demonstrated a significant relationship
between amyloidosis, cognition and awareness, with EM partially
mediating the relationship between amyloid and awareness.
Several reasons could explain this result. First, this might be a
power issue, as the MCI group included more participants than
the other groups. Another more plausible reason might be related
to the dynamic of awareness changing across time. Previous
research has proposed that awareness changes in the early stages
of AD, with an initial increase in awareness before a subsequent
decline, eventually leading to anosognosia in the prodromal
and/or dementia stage (Vannini et al., 2017a). However, it is
unclear when heightened awareness can be observed, with some
studies suggesting it can be found in the preclinical (Folstein
et al,, 1975; Cacciamani et al., 2017; Hanseeuw et al., 2020)
stage while other argue that it is observed in the prodromal
(Vannini et al., 2017¢c; Edmonds et al., 2018; Munro et al., 2018;
Therriault et al., 2018; Tondelli et al., 2018) stage of the disease.
Accordingly, we could hypothesize different scenarios that might
explain the non-significant effect found in the CN and Dementia
groups. That is, in the preclinical stage, we might assume that
the subtle cognitive decline that participants are experiencing
is not sufficient for the effect to be detectable using objective
neuropsychological tests, i.e., the EM and EF may be showing
a ceiling effect. In contrast, in the dementia group, the lack of
relationship between cognition and awareness might be since all
measures might be too declined, i.e., having reached a floor effect.
Another interpretation of the absence of a significant mediation
of EM/EF on the relationship between amyloid and awareness
in the dementia group could be that as unawareness progresses,
anosognosia in the dementia stage might be the cause of primary
anosognosia and not secondary anosognosia. Finally, the absence
of an effect in the CN group can be explained by the fact that
this group likely is heterogeneous, including both normal and
preclinical participants. The absence of an effect could thus be
explained by this mixture, and perhaps an early effect could be
detected if future progressors and stable CN individuals were
separated in a larger sample and follow-up (i.e., as our sample
only included 27 CN progressors).

It is important to note that, in the MCI group, only the
EM mediated effect survived. In the typical AD phenotype,
EM has been demonstrated to be the cognitive domain that is
most affected (Dubois et al.,, 2014). As previously mentioned,
amyloidosis accumulates following a pattern that would disturb
regions subserving EM. Previous studies have furthermore
showed that EM starts to decline years before the clinical
diagnosis of AD dementia (Elias et al., 2000; Grober, 2008; Derby
et al., 2013), but would initially be too tenuous to be detectable
in a regular neuropsychological assessment at the preclinical
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stage. In the literature, unawareness has been proposed to be
due to either a primary dysfunction of awareness processes,
or a secondary effect due to impairment in either EM or EF
processes (Hannesdottir and Morris, 2007). As compared to both
CN participants, participants in the MCI roup demonstrated
lower levels of awareness, as well as a lower cognitive efficiency
(for both EM and EF). These results suggests that initial EM
decline (i.e., at the preclinical stage / for CN participants)
would not be sufficient to affect an individual’s perception
of growing difficulties. Participants would thus have correct
insight into their initial memory decline. However, with the
progression of this EM deficits, awareness would also start to
show subsequent impairments. This scenario is also supported
by our sub-analyses in the group containing progressors and
dementia patients. Similar to the results observed in the MCI
participants, we observed partial mediation of amyloid by EM
on both awareness and informant complaints. These results
suggest that the relationship between a decline in awareness
and EM dysfunction is specific to AD. It also demonstrates the
importance of the informant’s reports as the disease progresses.

Additionally, the significant results in the group of
participants that progressed can also be interpreted in
another way. This “progressors” group consisted of both
patients diagnosed with dementia or CN/MCI progressing
to MCI/dementia. However, the mediation models showed
significant results for the MCI group and not for the
CN/dementia groups. Given the high proportion of MCI in
this group, one possibility is that these individuals drove the
results for this analysis.

The absence of a relationship (both in correlation and in
the models) between awareness and the EF measure in the
groups could be interpreted in several ways. In our study,
we used the TMT B-A as a measure of EF functioning.
However, EF is a generic term that refers to an ensemble of
different high level cognitive processes (Lezak, 1982; Norman
and Shallice, 1986; Miyake et al., 2000). The TMT, widely used
as a measure of EF, has been suggested to involve working
memory, switching and dividing attention (Strauss et al., 2006;
Godefroy et al., 2010; Correia et al, 2015). Hannesdottir
and Morris’s definition suggested that this process involves a
comparison executive mechanism (Hannesdottir and Morris,
2007) such that error detection, as well as correction, are
part of EF (Luria, 1966). This, in turn, would rely partly
on an attention orientation mechanism. Nevertheless, it is
possible that the absence of a significant interaction involving
the TMT could be because the task does not test specific
executive processes that may be related to awareness. This could
explain the discrepancy between our results and previous studies
that found a relationship between EF and impaired awareness
(Amanzio et al., 2013). For example, Amanzio and colleagues
(Amanzio et al, 2013) did find such relationships using a
dysexecutive battery including several tests, among which the
TMT was included.

4.1. Limitations
This study has several limitations. To begin with, the TMT B-
A was the only available measure to assess EF. In awareness

conceptualization, executive dysfunctions that are postulated
to be related to unawareness are comparison mechanisms
(Hannesdottir and Morris, 2007). Thereby, it is possible
that our models fail to show a relationship involving EF
because the TMT could not involve the same type of EF
processes as those suggested in the model. Future studies
should investigate this further by using measures directly
related to comparison and judgement. Another limitation is
that we only used the global SUVr value when analyzing
amyloid burden. Another approach could have been to focus
on regional pathology, focusing specifically on brain regions
known to be involved in awareness dysfunction. In particular,
future studies should investigate whether increased amyloid
in specific brain regions show an association with awareness
and whether this differs between the groups. However, this
approach might face the limit of multiple modelisation in
order to be pursued. Further investigation also needs to be
conducted using other pathological biomarkers, especially brain
metabolism or tauopathy that are known to be more related to
the cognitive phenotype (with the topography of the pathology
matching the clinical expression) (Bejanin et al., 2017). Finally,
a substantial number of studies have shown that AD can
have a prevalence, expression and evolution that can vary
depending on certain demographics. Our study suffers from
an over-representation of Caucasian (91.91%), non-Hispanic
(95.23%), and highly educated (16.41 mean years) participants.
This limits the generalizability of our results and calls for
future studies that replicate these findings in other, more
diverse cohorts.

4.2. Conclustion

In summary, here, we studied the influence of both EF
and EM on the relationship between amyloidosis and
awareness across the AD spectrum. Our results suggest
that EM, and not EE mediates the effect between amyloid
and awareness. In particular, a decrease of awareness was
found in the MCI group and in participants that progressed
to AD. This effect was not seen in the CN and Dementia
stages, which might be explained by the fact that cognitive
decline was either too subtle (in the CN group) or too
advanced (in the dementia group) for the relationship to
be detected.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found at: http://adni.loni.usc.edu.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by ADNI, obtained all IRB approvals and
met all ethical standards in the collection of data. The
following are the Ethics Committees and IRB boards that
provided approval. The Ethics Committees/Institutional
Review Boards that approved the ADNI study are: Albany

Frontiers in Aging Neuroscience | www.frontiersin.org

January 2022 | Volume 13 | Article 802501


http://adni.loni.usc.edu
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Gagliardi and Vannini

Memory and Awareness in AD

Medical Center Committee on Research Involving Human
Subjects Institutional Review Board, Boston University Medical
Campus and Boston Medical Center Institutional Review
Board, Butler Hospital Institutional Review Board, Cleveland
Clinic Institutional Review Board, Columbia University
Medical Center Institutional Review Board, Duke University
Health System Institutional Review Board, Emory Institutional
Review Board, Georgetown University Institutional Review
Board, Health Sciences Institutional Review Board, Houston
Methodist Institutional Review Board, Howard University
Office of Regulatory Research Compliance, Icahn School
of Medicine at Mount Sinai Program for the Protection of
Human Subjects, Indiana University Institutional Review
Board, Institutional Review Board of Baylor College of
Medicine, Jewish General Hospital Research Ethics Board,
Johns Hopkins Medicine Institutional Review Board, Lifespan
- Rhode Island Hospital Institutional Review Board, Mayo
Clinic Institutional Review Board, Mount Sinai Medical
Center Institutional Review Board, Nathan Kline Institute
for Psychiatric Research &amp; Rockland Psychiatric Center
Institutional Review Board, New York University Langone
Medical Center School of Medicine Institutional Review
Board, Northwestern University Institutional Review Board,
Oregon Health and Science University Institutional Review
Board, Partners Human Research Committee Research Ethics,
Board Sunnybrook Health Sciences Centre, Roper St. Francis
Healthcare Institutional Review Board, Rush University
Medical Center Institutional Review Board, St. Joseph’s Phoenix
Institutional Review Board, Stanford Institutional Review Board,
The Ohio State University Institutional Review Board, University
Hospitals Cleveland Medical Center Institutional Review Board,
University of Alabama Office of the IRB, University of British
Columbia Research Ethics Board, University of California
Davis Institutional Review Board Administration, University
of California Los Angeles Office of the Human Research
Protection Program, University of California San Diego Human
Research Protections Program, University of California San
Francisco Human Research Protection Program, University
of Iowa Institutional Review Board, University of Kansas
Medical Center Human Subjects Committee, University of
Kentucky Medical Institutional Review Board, University of
Michigan Medical School Institutional Review Board, University
of Pennsylvania Institutional Review Board, University of
Pittsburgh Institutional Review Board, University of Rochester
Research Subjects Review Board, University of South Florida
Institutional Review Board, University of Southern, California
Institutional Review Board, UT Southwestern Institution Review
Board, VA Long Beach Healthcare System Institutional Review
Board, Vanderbilt University Medical Center Institutional
Review Board, Wake Forest School of Medicine Institutional
Review Board, Washington University School of Medicine
Institutional Review Board, Western Institutional Review
Board, Western University Health Sciences Research Ethics
Board, and Yale University Institutional Review Board. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

All authors contributed to the analyses, discussion of content,
writing, reviewing and editing of the paper and approved the
final version.

FUNDING

Data collection and sharing for this project was funded by the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) (National
Institutes of Health Grant U01 AG024904) and DOD ADNI
(Department of Defense award number W81XWH-12-2-0012).
ADNI is funded by the National Institute on Aging, the
National Institute of Biomedical Imaging and Bioengineering,
and through generous contributions from the following:
AbbVie, Alzheimer’s Association; Alzheimer’s Drug Discovery
Foundation; Araclon Biotech; BioClinica, Inc.; Biogen; Bristol-
Myers Squibb Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan
Pharmaceuticals, Inc.; Eli Lilly and Company; Eurolmmun; F.
Hoffmann-La Roche Ltd and its affiliated company Genentech,
Inc.; Fujirebio; GE Healthcare; IXICO Ltd.; Janssen Alzheimer
Immunotherapy Research &amp; Development, LLC.; Johnson
&amp; Johnson Pharmaceutical Research &amp; Development
LLC.; Lumosity; Lundbeck; Merck &amp; Co., Inc.; Meso Scale
Diagnostics, LLC.; NeuroRx Research; Neurotrack Technologies;
Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal
Imaging; Servier; Takeda Pharmaceutical Company; and
Transition Therapeutics. The Canadian Institutes of Health
Research is providing funds to support ADNI clinical sites
in Canada. Private sector contributions are facilitated by the
Foundation for the National Institutes of Health (www.fnih.org).
The grantee organization is the Northern California Institute
for Research and Education, and the study is coordinated by
the Alzheimer’s Therapeutic Research Institute at the University
of Southern California. ADNI data are disseminated by the
Laboratory for Neuro Imaging at the University of Southern
California. This work has been funded by NIH-NIA RO1
AGO061083 (PI: PV) and NIH/NIA R21 AG064348 (PI: PV).

ACKNOWLEDGMENTS

Data used in preparation of this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
(adni.loni.usc.edu). As such, the investigators within the ADNI
contributed to the design and implementation of ADNI and/or
provided data but did not participate in analysis or writing of
this report. A complete listing of ADNI investigators can be
found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_
apply/ADNI_Acknowledgement_List.pdf. The authors want to
acknowledge Kayden Mimmack for his advices and help.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.
2021.802501/full#supplementary-material

Frontiers in Aging Neuroscience | www.frontiersin.org

10

January 2022 | Volume 13 | Article 802501


www.fnih.org
https://adni.loni.usc.edu
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://www.frontiersin.org/articles/10.3389/fnagi.2021.802501/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Gagliardi and Vannini

Memory and Awareness in AD

Supplementary Table 1 | Relationship between executive function measure and
awareness.

Supplementary Table 2 | Relationship between episodic memory measure and
awareness.

Supplementary Table 3 | Relationship between amyloid measure and
awareness.

Supplementary Table 4 | Number of participants extracted from ADNI cohorts.

REFERENCES

Amanzio, M., Vase, L., Leotta, D., Miceu, R.,, and Palermo, S. (2013).
Impaired Awareness of deficits in Alzheimers disease : The Role of
Everyday Executive Dysfunction. J. Int. Neuropsychol. Soc. 19, 63-72.
doi: 10.1017/S1355617712000896

Amariglio, R. E., Becker, J. A.,, Carmasin, J., Wadsworth, L. P., Lorius, N.,
Sullivan, C., et al. (2012). Subjective cognitive complaints and amyloid burden
in cognitively normal older individuals. Neuropsychologia 50, 2880-2886.
doi: 10.1016/j.neuropsychologia.2012.08.011

Amariglio, R. E., Sikkes, S. A. M., Marshall, G. A., Buckley, R. F., Gatchel, J. R,
Johnson, K. A, et al. (2021). Item-level investigation of participant and study
partner report on the cognitive function index from the A4 study screening
data. J. Prevent. Alzheimer’s Disease 3, 257-262. doi: 10.14283/jpad.2021.8

Amieva, H., Le Goff, M., Millet, X., Orgogozo, J. M., Prs, K., Barberger-Gateau,
P., et al. (2008). Prodromal Alzheimer ’ s disease : successive emergence of the
clinical symptoms. Ann. Neurol. 64, 492-498. doi: 10.1002/ana.21509

Amieva, H., Mokri, H., Le Goff, M., Meillon, C., Jacqmin-Gadda, H., Foubert-
Samier, A., et al. (2014). Compensatory mechanisms in higher-educated
subjects with Alzheimer’s disease: A study of 20 years of cognitive decline. Brain
137, 1167-1175. doi: 10.1093/brain/awu035

Babinski, J. F. F. (1914). Contribution I'tude des troubles mentaux dans
I’hmiplgie organique crbrale (anosognosie). Revue Neurologique 27, 845-848.
doi: 10.1016/j.cortex.2014.04.019

Baker, J. E,, Lim, Y. Y., Pietrzak, R. H., Hassenstab, J., Snyder, P. J., Masters, C.
L., et al. (2017). Cognitive impairment and decline in cognitively normal older
adults with high amyloid?S: A meta?analysis. Alzheimer’s Dementia Diagnosis
Assess. Disease Monitor. 6, 108-121. doi: 10.1016/j.dadm.2016.09.002

Baudic, S., Dalla Barba, G., Thibaudet, M. C., Smagghe, A., Remy, P., and
Traykov, L. (2006). Executive function deficits in early Alzheimer’s disease and
their relations with episodic memory. Arch. Clin. Neuropsychol. 21, 15-21.
doi: 10.1016/j.acn.2005.07.002

Bejanin, A., Schonhaut, D. R, La Joie, R, Kramer, J. H., Baker, S. L,
Sosa, N., et al. (2017). Tau pathology and neurodegeneration contribute
to cognitive impairment in Alzheimers disease. Brain 140, 3286-3300.
doi: 10.1093/brain/awx243

Bettcher, B. M., Mungas, D., Patel, N., Elofson, J., Dutt, S, Wynn, M,
et al. (2016). Neuroanatomical substrates functions:
Beyond  prefrontal  structures.  Neuropsychologia 100-109.
doi: 10.1016/j.neuropsychologia.2016.03.001

Binetti, G., Magni, E., Padovani, A., Cappa, S. F., Bianchetti, A., and Trabucchi,
M. (1996). Executive dysfunction in early Alzheimer’s disease. J. Neurol.
Neurosurgery Psychiatry 60, 91-93. 10.1136/jnnp.60.1.91

Braak, H., Alafuzoff, I, Arzberger, T. Kretzschmar, H., and Tredici, K.
(2006). Staging of Alzheimer disease-associated neurofibrillary pathology
using paraffin sections and immunocytochemistry. Acta Neuropathologica 112,
389-404. doi: 10.1007/s00401-006-0127-z

Braak, H., and Braak, E. (1991). Neuropathological stageing of Alzheimer-related
changes. Acta Neuropathologica 82, 239-259.

Brier, M. R,, Thomas, J. B., Snyder, A. Z., Benzinger, T. L., Zhang, D.,Raichle, M.
E., etal. (2012). Loss of intranetwork and internetwork resting state functional
connections with Alzheimer’s disease progression. J. Neurosci. 32, 8890-8899.
doi: 10.1523/JNEUROSCI.5698-11.2012

Burnham, S. C., Bourgeat, P., Dor, V., Savage, G., Brown, B., Laws, S., et al. (2016).
Clinical and cognitive trajectories in cognitively healthy elderly individuals with
suspected non-Alzheimer’s disease pathophysiology (SNAP) or Alzheimer’s

of executive
85,

Supplementary Figure 1 | Relationship between executive function measure and
awareness.

Supplementary Figure 2 | Relationship between episodic memory measure and
awareness.

Supplementary Figure 3 | Relationship between amyloid measure and
awareness.

disease pathology: a longitudinal study. The Lancet Neurology 15, 1044-1053.
doi: 10.1016/S1474-4422(16)30125-9

Cacciamani, F., Sambati, L., Houot, M., Habert, M.-O., Dubois, B., and
Epelbaum, S. (2020). Awareness of cognitive decline trajectories in
asymptomatic individuals at risk for AD. Alzheimers Res. Therapy 12,
129. doi: 10.1186/513195-020-00700-8

Cacciamani, F., Tandetnik, C., Gagliardi, G., Bertin, H., Habert, M.-O., Hampel,
H., et al. (2017). Low cognitive awareness, but not complaint, is a good marker
of preclinical Alzheimer’s disease. J. Alzheimer’s Disease JAD 59, 753-762.
doi: 10.3233/JAD-170399

Clare, L., Markov, I. S., Roth, I, and Morris, R. G. (2011). Awareness in
Alzheimer’s disease and associated dementias: theoretical framework
and  clinical implications. Aging Mental Health 15, 936-944.
doi: 10.1080/13607863.2011.583630

Correia, S., Ahern, D. C., Rabinowitz, A. R,, Farrer, T. J., Watts, A.K. S., Salloway,
S., et al. (2015).Lowering the floor on trail making test Part B: Psychometric
evidence for a new scoring metric. Arch. Clin. Neuropsychol. 30, 643-656.
doi: 10.1093/arclin/acv040

Derby, C. A, Burns, L. C, Wang, C, Katz, M. J., Zimmerman, M. E,
Lltalien, G., et al. (2013). Screening for predementia AD: time-dependent
operating characteristics of episodic memory tests. Neurology 80, 1307-1314.
doi: 10.1212/WNL.0b013e31828ab2c9

Doherty, B. M., Schultz, S. A., Oh, J. M., Koscik, R. L., Dowling, N. M., Barnhart,
T. E., et al. (2015). Amyloid burden, cortical thickness, and cognitive function
in the Wisconsin Registry for Alzheimer’s Prevention. Alzheimer’s Dementia
Diagnosis Assess. Disease Monitor. 1, 160-169. doi: 10.1016/j.dadm.2015.01.003

Dubois, B., Epelbaum, S., Nyasse, F., Bakardjian, H., Gagliardi, G., Uspenskaya,
O., et al. (2018). Cognitive and neuroimaging features and brain g-
amyloidosis in individuals at risk of Alzheimer’s disease (INSIGHT-
preAD): a longitudinal observational study. Lancet Neurol. 17, 335-346.
doi: 10.1016/S1474-4422(18)30029-2

Dubois, B., Feldman, H. H., Jacova, C., Hampel, H., Molinuevo, J. L.,
Blennow, K., et al. (2014). Advancing research diagnostic criteria for
Alzheimer’s disease: The IWG-2 criteria. Lancet Neurol. 13, 614-629.
doi: 10.1016/S1474-4422(14)70090-0

Dubois, B., Hampel, H., Feldman, H. H., Scheltens, P., Aisen, P., Andrieu,
S., et al. (2016). Definition,
history, and diagnostic criteria. Alzheimers Dementia 12,
doi: 10.1016/j.jalz.2016.02.002

Edmonds, E. C., Weigand, A. J., Thomas, K. R., Eppig, J., Delano-Wood,
L., Galasko D. R, et al. (2018). Increasing inaccuracy of self-reported
subjective cognitive complaints over 24 months in empirically derived
subtypes of mild cognitive impairment. J. Int. Neuropsychol. Soc. 24, 842-853.
doi: 10.1017/S1355617718000486

Elias, M. F., Beiser, A., Wolf, P. A,, Au, R, White, R. F., D’Agostino, R. B.
(2000). The preclinical phase of Alzheimer disease. Arch. Neurol. 57, 808.
doi: 10.1001/archneur.57.6.808

Epelbaum, S., Genthon, R., Cavedo, E., Habert, M. O., Lamari, F.,Gagliardi
G., et al. (2017), Preclinical Alzheimer’s disease: a systematic review of
the cohorts underlying the concept. Alzheimers Dementia 13, 454-467.
doi: 10.1016/j.jalz.2016.12.003

Eustache, F., and Desgranges, B. (2008). MNESIS: towards the integration
of current multisystem models of memory. Neuropsychol. Rev. 18, 53-69.
doi: 10.1007/511065-008-9052-3

Farias, S. T., Mungas, D., Reed, B. R,, Cahn-Weiner, D., Jagust, W., Baynes,
K., et al. (2008). The measurement of everyday cognition (ECog): scale

natural
292-323.

Preclinical Alzheimer’s disease:

Frontiers in Aging Neuroscience | www.frontiersin.org

11

January 2022 | Volume 13 | Article 802501


https://doi.org/10.1017/S13556l7712000896
https://doi.org/10.1016/j.neuropsychologia.2012.08.011
https://doi.org/10.14283/jpad.2021.8
https://doi.org/10.1002/ana.21509
https://doi.org/10.1093/brain/awu035
https://doi.org/10.1016/j.cortex.2014.04.019
https://doi.org/10.1016/j.dadm.2016.09.002
https://doi.org/10.1016/j.acn.2005.07.002
https://doi.org/10.1093/brain/awx243
https://doi.org/10.1016/j.neuropsychologia.2016.03.001
https://doi.org/10.1007/s00401-006-0127-z
https://doi.org/10.1523/JNEUROSCI.5698-11.2012
https://doi.org/10.1016/S1474-4422(16)30125-9
https://doi.org/10.1186/s13195-020-00700-8
https://doi.org/10.3233/JAD-170399
https://doi.org/10.1080/13607863.2011.583630
https://doi.org/10.1093/arclin/acv040
https://doi.org/10.1212/WNL.0b013e31828ab2c9
https://doi.org/10.1016/j.dadm.2015.01.003
https://doi.org/10.1016/S1474-4422(18)30029-2
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1017/S1355617718000486
https://doi.org/10.1001/archneur.57.6.808
https://doi.org/10.1016/j.jalz.2016.12.003
https://doi.org/10.1007/s11065-008-9052-3
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Gagliardi and Vannini

Memory and Awareness in AD

development and psychometric properties. Neuropsychology 22, 531-544.
doi: 10.1037/0894-4105.22.4.531

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975).Mini-mental state. J.
Psychiatric Res. 12, 189-198. doi: 10.1016/0022-3956(75)90026-6

Gagliardi, G., Houot, M., Cacciamani, F., Habert, M., Dubois, B., and Epelbaum,
S. (2020). The meta-memory ratio: a new cohort-independent way to measure
cognitive awareness in asymptomatic individuals at risk for Alzheimer’s disease.
Alzheimer’s Res. Therapy 12, 57. doi: 10.1186/s13195-020-00626-1

Gagliardi, G., Kuppe, M., Lois, C., Hanseeuw, B., and Vannini, P.
(2021). Pathological correlates of impaired self-awareness of memory
function in Alzheimer’s disease. Alzheimers Res. Therapy 13, 118.
doi: 10.1186/513195-021-00856-x

Godefroy, O., Azouvi, P., Robert, P., Roussel, M., LeGall, D., and Meulemans, T.
(2010). Dysexecutive syndrome: diagnostic criteria and validation study. Ann.
Neurol. 68, 855-64. doi: 10.1002/ana.22117

Greicius, M. D., Srivastava, G., Reiss, A. L., and Menon, V. (2004). Default-mode
network activity distinguishes Alzheimer’s disease from healthy aging: evidence
from functional MRI. PNAS 101, 4637-4642. doi: 10.1073/pnas.0308627101

Grober, E., Hall, C. B., Lipton, R. B., Zonderman, A. B., Resnick, S. M., and Kawas,
C. (2008). Memory impairment, executive dysfunction, and intellectual decline
in preclinical Alzheimer’s disease. J. Int. Neuropsychol. Soc. JINS 14, 266-278.
doi: 10.1017/S1355617708080302

Grober, E., Lipton, R. B., Hall, C., and Crystal, H. (2000). Memory impairment on
free and cued selective reminding predicts dementia. Neurology 54, 827-832.
doi: 10.1212/WNL.54.4.827

Guarino, A., Favieri, F., Boncompagni, 1., Agostini, F., Cantone, M., and
Casagrande, M. (2019). Executive functions in Alzheimer disease: a systematic
review. Front. Aging Neurosci. 10:437. doi: 10.3389/fnagi.2018.00437

Hannesdottir, K., and Morris, R. G. (2007). Primary and secondary anosognosia
for memory impairment in patients with Alzheimer’s disease. Cortex 43,
1020-1030. doi: 10.1016/S0010-9452(08)70698-1

Hanseeuw, B. J., Scott, M. R., Sikkes, S. A. M., Properzi, M., Gatchel, J.
R., Salmon, E., et al. (2020). Evolution of anosognosia in alzheimer’s
disease and its relationship to amyloid. Annals of Neurology 87, 267-280.
doi: 10.1002/ana.25649

Hedden, T., Oh, H., Younger, A. P., and Patel, T. A. (2013). Meta-analysis of
amyloid-cognition relations in cognitively normal older adults. Neurology 80,
1341-1348. doi: 10.1212/WNL.0b013e31828ab35d

Hedden, T., Van Dijk, K. R. A., Becker, J. A., Mehta, A., Sperling, R. A,
Johnson, K. A., et al. (2009). Disruption of functional connectivity in clinically
normal older adults harboring amyloid burden. J. Neurosci. 29, 12686-12694.
doi: 10.1523/JNEUROSCI.3189-09.2009

Imai, K., Keele, L., and Tingley, D. (2010). A general approach to causal mediation
analysis. Psychol. Methods 15, 309-334. doi: 10.1037/a0020761

Jack, C. R., Bennett, D. A., Blennow, K. Carrilloob M. C, Dunn, B,
Haeberlein, S. B., et al. (2018). NIA-AA research framework: toward a
biological definition of Alzheimer’s disease. Alzheimer’s Dementia 14, 535-562.
doi: 10.1016/j.jalz.2018.02.018

Jansen, W. J., Ossenkoppele, R., Knol, D. L., Tijms, B. M., Scheltens, P., Verhey, F.
R.J., etal. (2015). Prevalence of cerebral amyloid pathology in persons without
dementia. JAMA 313, 1924. doi: 10.1001/jama.2015.4668

Jessen, F., Amariglio, R. E., Boxtel, M. van, Breteler, M., Ceccaldi, M., Chtelat,
G., et al. (2014). A conceptual framework for research on subjective cognitive
decline in preclinical Alzheimer’s disease. Alzheimer’s Dementia 10, 844-852.
doi: 10.1016/j.jalz.2014.01.001

Jessen, F., Amariglio, R. E., Buckley, R. F., Flier, W. M. van der, Han, Y., Molinuevo,
J. L., et al. (2020). The characterisation of subjective cognitive decline. Lancet
Neurol. 19, 271-278. doi: 10.1016/S1474-4422(19)30368-0

Jessen, F., Wiese, B., Bachmann, C., Eifflaender-Gorfer, S., Haller, F., Klsch, H., et al.
(2010). Prediction of dementia by subjective memory impairment. Arch. Gen.
Psychiatry 67, 414-422. doi: 10.1001/archgenpsychiatry.2010.30

Landau, S. M, Breault, C., Joshi, A. D., Pontecorvo, M., Mathis, C. A., Jagust, W.].,
et al. (2013). Amyloid- imaging with pittsburgh compound B and florbetapir:
comparing radiotracers and quantification methods. J. Nucl. Med. 54, 70-77.
doi: 10.2967/jnumed.112.109009

Lee, J. S, Kim, J. H, and Lee, S.
between  neuropsychiatric ~ symptoms

K. (2020). The relationship
and  default-mode network

connectivity in alzheimer’s disease. Psychiatry Investigat. 17, 662-666.
doi: 10.30773/pi.2020.0009

Lezak, M. D. (1982). The problem of assessing executive functions. Int. J. Psychol.
17,281-297.

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al.
(2020). Dementia prevention, intervention, and care: 2020 report of the Lancet
Commission. Lancet 396, 413-446. doi: 10.1016/S0140-6736(20)30367-6

Lowe, V. J., Bruinsma, T. ], Wiste, H. ], Min, H. K, Weigand, S. D,
Fang, P., et al. (2019). Cross-sectional associations of tau-PET signal
with cognition in cognitively unimpaired adults. Neurology 93, E29-E39.
doi: 10.1212/WNL.0000000000007728

Luria, A. R. (1966). Higher Cortical Functions in MAN. New York, NY: Basic Books.

Maass, A., Lockhart, S. N., Harrison, T. M., Bell, R. K, Mellinger, T,
Swinnerton, K., et al. (2018). Entorhinal tau pathology, episodic memory
decline, and neurodegeneration in aging. J. Neurosci. 38, 530-543.
doi: 10.1523/JNEUROSCI.2028-17.2017

Mak, L. E., Minuzzi, L., MacQueen, G., Hall, G., Kennedy, S. H., and Milev, R.
(2017). The Default mode network in healthy individuals: a systematic review
and meta-analysis. Brain Connect. 7, 25-33. doi: 10.1089/brain.2016.0438

Marshall, G. A., Rentz, D. M., Frey, M. T., Locascio, J. J., Johnson, K. A,
and Sperling, R. A. (2011). Executive function and instrumental activities of
daily living in mild cognitive impairment and Alzheimer’s disease. Alzheimer’s
Dementia 7, 300-308. doi: 10.1016/j.jalz.2010.04.005

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter,A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex "frontal lobe" tasks: a latent variable analysis. Cogn.
Psychol. 41, 49-100. doi: 10.1006/cogp.1999.0734

Mograbi, D. C., Brown, R. G., and Morris, R. G. (2009). Anosognosia in
Alzheimer’s disease - the petrified self. Consciousness Cogn. 18, 989-1003.
doi: 10.1016/j.concog.2009.07.005

Mograbi, D. C., and Morris, R. G. (2018). Anosognosia. Cortex 103, 385-386.
doi: 10.1016/j.cortex.2018.04.001

Mondragén, J. D., Maurits, N. M., and De Deyn, P. P. (2019). Functional
neural correlates of anosognosia in mild cognitive impairment and
alzheimer’s disease: a systematic review. Neuropsychol. Rev. 29, 139-165.
doi: 10.1007/511065-019-09410-x

Mondragén, J. D., Maurits, N. M., and De Deyn, P. P. (2021). Functional
connectivity differences in Alzheimer’s disease and aMCI associated
with AT(N) classification and anosognosia. Neurobiol. Aging 101, 22-39.
doi: 10.1016/j.neurobiolaging.2020.12.021

Mormino, E. C., Smiljic, A., Hayenga, A. O., H. Onami, S., Greicius, M. D,
Rabinovici, et al. (2011). Relationships between beta-amyloid and functional
connectivity in different components of the default mode network in aging.
Cerebral Cortex 21, 2399-2407. doi: 10.1093/cercor/bhr025

Morris, R. G., and Mograbi, D. C. (2013). Anosognosia, autobiographical
memory and self knowledge in Alzheimer’s disease. Cortex 49, 1553-1565.
doi: 10.1016/j.cortex.2012.09.006

Munro, C. E., Donovan, N. J., Amariglio, R. E., Papp, K. V., Marshall, G. A,
Rentz, D. M., et al. (2018). The impact of awareness of and concern about
memory performance on the prediction of progression from mild cognitive
impairment to Alzheimer disease dementia. Amer. J. Geriatric Psychiatry 26,
896-904. doi: 10.1016/j.jagp.2018.04.008

Norman, D. A., and Shallice, T. (1986). “Attention to action,” in Consciousness and
Self-Regulation, eds R. Davidson, R. Schwartz, and D. Shapiro (Boston, MA:
Springer US), 1-18. doi: 10.1007/978-1-4757-0629-1_1

Orfei, M. D., Robinson, R. G., Bria, P., Caltagirone, C., and Spalletta, G. (2008).
Unawareness of illness in neuropsychiatric disorders: phenomenological
certainty versus etiopathogenic vagueness. Neuroscientist 14, 203-222.
doi: 10.1177/1073858407309995

Ossenkoppele, R., Jansen, W. J., Rabinovici, G. D., Knol, D. L., Flier, W. M. van
der, Berckel, B. N. M. van, et al. (2015). Prevalence of amyloid PET positivity in
dementia syndromes. JAMA 313, 1939. doi: 10.1001/jama.2015.4669

Perrotin, A., Desgranges, B., Landeau, B., Mzenge, F., La Joie, R,, Egret, S., et al.
(2015). Anosognosia in Alzheimer disease: disconnection between memory and
self-related brain networks. Ann. Neurol. 78, 477-486. doi: 10.1002/ana.24462

Perrotin, A., Mormino, E. C., Madison, C. M., Hayenga, A. O., and Jagust,
W. J. (2012). Subjective cognition and amyloid deposition imaging: a

Frontiers in Aging Neuroscience | www.frontiersin.org

12

January 2022 | Volume 13 | Article 802501


https://doi.org/10.1037/0894-4105.22.4.531
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1186/s13195-020-00626-1
https://doi.org/10.1186/s13195-021-00856-x
https://doi.org/10.1002/ana.22117
https://doi.org/10.1073/pnas.0308627101
https://doi.org/10.1017/S1355617708080302
https://doi.org/10.1212/WNL.54.4.827
https://doi.org/10.3389/fnagi.2018.00437
https://doi.org/10.1016/S0010-9452(08)70698-1
https://doi.org/10.1002/ana.25649
https://doi.org/10.1212/WNL.0b013e31828ab35d
https://doi.org/10.1523/JNEUROSCI.3189-09.2009
https://doi.org/10.1037/a0020761
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1001/jama.2015.4668
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1001/archgenpsychiatry.2010.30
https://doi.org/10.2967/jnumed.112.109009
https://doi.org/10.30773/pi.2020.0009
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1212/WNL.0000000000007728
https://doi.org/10.1523/JNEUROSCI.2028-17.2017
https://doi.org/10.1089/brain.2016.0438
https://doi.org/10.1016/j.jalz.2010.04.005
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.concog.2009.07.005
https://doi.org/10.1016/j.cortex.2018.04.001
https://doi.org/10.1007/s11065-019-09410-x
https://doi.org/10.1016/j.neurobiolaging.2020.12.021
https://doi.org/10.1093/cercor/bhr025
https://doi.org/10.1016/j.cortex.2012.09.006
https://doi.org/10.1016/j.jagp.2018.04.008
https://doi.org/10.1007/978-1-4757-0629-1_1
https://doi.org/10.1177/1073858407309995
https://doi.org/10.1001/jama.2015.4669
https://doi.org/10.1002/ana.24462
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Gagliardi and Vannini

Memory and Awareness in AD

pittsburgh compound B positron emission tomography study in normal elderly
individuals. Arch. Neurol. 69, 223-9. doi: 10.1001/archneurol.2011.666

Rabin, L. A., Smart, C. M., and Amariglio, R. E. (2017). Subjective cognitive
decline in preclinical Alzheimer’s disease. Ann. Rev. Clin. Psychol. 13, 369-396.
doi: 10.1146/annurev-clinpsy-032816-045136

Reitan, R. M. (1958). Validity o f the Ttrail making test as an indicator. Perceptu.
Motor Skills 8, 271-276. doi: 10.2466/pms.1958.8.3.271

Ritchie, K., Ropacki, M., Albala, B., Harrison, J., Kaye, J., Kramer, J., et al.
(2017). Recommended cognitive outcomes in preclinical Alzheimer’s disease
: consensus statement from the European prevention of Alzheimer’s dementia
project. Alzheimer’s Dementia 13, 186-195. doi: 10.1016/j.jalz.2016.07.154

Schindler, S. E., Jasielec, M. S., Weng, H., Hassenstab, J. J., Grober, E., McCue, L.
M., et al. (2017). Neuropsychological measures that detect early impairment
and decline in preclinical Alzheimer disease. Neurobiol. Aging 56, 25-32.
doi: 10.1016/j.neurobiolaging.2017.04.004

Sheline, Y. I, Raichle, M. E., Snyder, A. Z., Morris, J. C., Head, D., Wang, S.,
et al. (2010). Amyloid plaques disrupt resting state default mode network
connectivity in cognitively normal elderly. Biol. Psychiatry 67, 584-587.
doi: 10.1016/j.biopsych.2009.08.024

Spalletta, G., Girardi, P., Caltagirone, C., and Orfei, M. D. (2012). Anosognosia
and neuropsychiatric symptoms and disorders in mild alzheimer disease
and mild cognitive impairment. J. Alzheimers Disease 29, 761-772.
doi: 10.3233/JAD-2012-111886

Sperling, R. A., Aisen, P. S., Beckett, L. A., Bennett, D. A., Craft, S., Fagan,
A. M, et al. (2011). Toward defining the preclinical stages of Alzheimer’s
disease: Recommendations from the National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimer’s Dementia 7, 280-292. doi: 10.1016/j.jalz.2011.03.003

Starkstein, S. E. (2014). Anosognosia in Alzheimer’s disease: Diagnosis,
frequency, mechanism and clinical correlates. Cortex 61, 64-73.
doi: 10.1016/j.cortex.2014.07.019

Strauss, E., Sherman, E. M. S., and Spreen, O. (2006). A Compendium of
Neuropsychological Tests: Administration, Norms, and Commentary. 3rd Ed.
New York, NY: Oxford University Press.

Therriault, J., Ng, K. P., Pascoal, T. A., Mathotaarachchi, S., Kang, M. S,
Struyfs, H., et al. (2018). Anosognosia predicts default mode network
hypometabolism and clinical progression to dementia. Neurology 90, €932-
€939. doi: 10.1212/WNL.0000000000005120

Tingley, D., Yamamoto, T., Hirose, K., Keele, L., and Imai, K. (2014).
mediation : R package for causal mediation analysis. J. Stat. Softw. 59, 1-38.
doi: 10.18637/jss.v059.i05

Tondelli, M., Barbarulo, A. M., Vinceti, G., Vincenzi, C., Chiari, A., Nichelli, P. F.,
et al. (2018). Neural correlates of anosognosia in Alzheimer’s disease and mild
cognitive impairment: a multi-method assessment. Front. Behav. Neurosci. 12,
1-11. doi: 10.3389/fnbeh.2018.00100

Tondelli, M., Galli, C., Vinceti, G., Fiondella, L., Salemme, S., Carbone,
C., et al. (2021). Anosognosia in early- and late-onset dementia and its
association with neuropsychiatric symptoms. Front. Psychiatry 12, 1-8.
doi: 10.3389/fpsyt.2021.658934

Tulving, E. (1972). “Episodic and semantic memory,” in Organization of Memory,
eds E. Tulving and W. Donaldson (New York, NY: Academic Press), 381-402.

Tulving, E. (1985). Memory and consciousness. Can. Psychol. 26, 1-12.

Vannini, P., Amariglio, R., Hanseeuw, B., Johnson, K. A., McLaren, D. G.,
Chhatwal, J., et al. (2017a). Memory self-awareness in the preclinical and
prodromal stages of Alzheimer’s disease. Neuropsychologia 99, 343-349.
doi: 10.1016/j.neuropsychologia.2017.04.002

Vannini, P., Hanseeuw, B., Munro, C. E., Amariglio, R. E., Marshall, G. A,,
Rentz, D. M., et al. (2017c). Anosognosia for memory deficits in mild
cognitive impairment: insight into the neural mechanism using functional and
molecular imaging. Neurolmage. Clinical 15, 408-414. doi: 10.1016/j.nicl.2017.
05.020

Vannini, P., Hanseeuw, B. J., Gatchel, J. R, Sikkes, S. A. M., Alzate, D., Zuluaga,
Y., et al. (2020). Trajectory of unawareness of memory decline in individuals
with autosomal dominant Alzheimer disease. JAMA Netw. Open 3:€2027472.
doi: 10.1001/jamanetworkopen.2020.27472

Vannini, P., Hanseeuw, B. J., Munro, C. E., Amariglio, R. E., Marshall, G. A,
Rentz, D. M, et al. (2017b). Hippocampal hypometabolism in older adults with
memory complaints and increased amyloid burden. Neurology 88, 1759-1767.
doi: 10.1212/WNL.0000000000003889

Visser, P. J., Verhey, F., Knol, D. L., Scheltens, P., Wahlund, L.-O., Freund-
Levi, Y., et al. (2009). Prevalence and prognostic value of CSF markers of
Alzheimer’s disease pathology in patients with subjective cognitive impairment
or mild cognitive impairment in the DESCRIPA study: a prospective
cohort study. Lancet Neurol. 8, 619-627. doi: 10.1016/S1474-4422(09)
70139-5

Wang, Y., Risacher, S. L., West, J. D., McDonald, B. C., MaGee, T. R., Farlow, M.
R, etal. (2013). Altered default mode network connectivity in older adults with
cognitive complaints and amnestic mild cognitive impairment. J. Alzheimer’s
Disease 35, 751-760. doi: 10.3233/JAD-130080

Wechsler, D. (1987). Manual for the Wechsler Memory Scale—Revised. San
Antonio: TX: The Psychological Corporation.

Weiler, M., Northoff, G., Damasceno, B. P., and Balthazar, M. L. F. (2016).
Self, cortical midline structures and the resting state: implications
for Alzheimer’s disease. Neurosci. Biobehav. Rev. 68, 245-255.
doi: 10.1016/j.neubiorev.2016.05.028

Wilson, R. S., Boyle, P. A,, Yu, L, Barnes, L. L., Sytsma, J., Buchman, A. S,,
et al. (2015). Temporal course and pathologic basis of unawareness of memory
loss in dementia. Neurology 85, 984-991. doi: 10.1212/WNL.0000000000
001935

Zhao, Y., Tudorascu, D. L., Lopez, O. L., Cohen, A. D., Mathis, C. A,
Aizenstein, H. J., et al. (2018). Amyloid B deposition and suspected
non-Alzheimer pathophysiology and cognitive decline patterns for 12
years in oldest old participants without dementia. JAMA Neurol. 75, 88.
doi: 10.1001/jamaneurol.2017.3029

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gagliardi and Vannini. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org

January 2022 | Volume 13 | Article 802501


https://doi.org/10.1001/archneurol.2011.666
https://doi.org/10.1146/annurev-clinpsy-032816-045136
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1016/j.jalz.2016.07.154
https://doi.org/10.1016/j.neurobiolaging.2017.04.004
https://doi.org/10.1016/j.biopsych.2009.08.024
https://doi.org/10.3233/JAD-2012-111886
https://doi.org/10.1016/j.jalz.2011.03.003
https://doi.org/10.1016/j.cortex.2014.07.019
https://doi.org/10.1212/WNL.0000000000005120
https://doi.org/10.18637/jss.v059.i05
https://doi.org/10.3389/fnbeh.2018.00100
https://doi.org/10.3389/fpsyt.2021.658934
https://doi.org/10.1016/j.neuropsychologia.2017.04.002
https://doi.org/10.1016/j.nicl.2017.05.020
https://doi.org/10.1001/jamanetworkopen.2020.27472
https://doi.org/10.1212/WNL.0000000000003889
https://doi.org/10.1016/S1474-4422(09)70139-5
https://doi.org/10.3233/JAD-130080
https://doi.org/10.1016/j.neubiorev.2016.05.028
https://doi.org/10.1212/WNL.0000000000001935
https://doi.org/10.1001/jamaneurol.2017.3029
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

	Episodic Memory Impairment Mediates the Loss of Awareness in Mild Cognitive Impairment
	1. Introduction
	2. Materials and Methods
	2.1. Population
	2.2. Cognitive Measures
	2.3. Awareness of memory
	2.4. Imaging
	2.5. Statistical Analyses

	3. Results
	3.1. Group Comparisons
	3.2. Simple Correlations
	3.3. Mediation Models
	3.3.1. Mediation Models Investigating Whether EM or EF Mediates the Association Between Amyloid and Awareness
	3.3.2. Mediation Models Investigating Whether EM or EF Mediates the Association Between Amyloid and Complaints


	4. Discussion
	4.1. Limitations
	4.2. Conclustion

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References




