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Abstract.
Background: Alzheimer’s disease (AD) is clinically heterogeneous, including the classical-amnesic (CA-) phenotype and
some variants.
Objective: We aim to describe a further presentation we (re)named confabulation-misidentification (CM-) phenotype.
Methods: We performed a retrospective longitudinal case-series study of 17 AD outpatients with the possible CM-phenotype
(CM-ADs). Then, in a cross-sectional study, we compared the CM-ADs to a sample of 30 AD patients with the CA-phenotype
(CA-ADs). The primary outcome was the frequency of cognitive and behavioral features. Data were analyzed as differences
in percentage by non-parametric Chi Square and mean differences by parametric T-test.
Results: Anterograde amnesia (100%) with early confabulation (88.2%), disorientation (88.2%) and non-infrequently ret-
rograde amnesia (64.7%) associated with reduced insight (88.2%), moderate prefrontal executive impairment (94.1%) and
attention deficits (82.3%) dominated the CM-phenotype. Neuropsychiatric features with striking misidentification (52.9%),
other less-structured delusions (70.6%), and brief hallucinations (64.7%) were present. Marked behavioral disturbances were
present early in some patients and very common at later stages. At the baseline, the CM-ADs showed more confabula-
tion (p < 0.001), temporal disorientation (p < 0.02), misidentification (p = 0.013), other delusions (p = 0.002), and logorrhea
(p = 0.004) than the CA-ADs. In addition, more social disinhibition (p = 0.018), reduction of insight (p = 0.029), and hallu-
cination (p = 0.03) persisted at 12 months from baseline. Both the CA- and CM-ADs showed anterior and medial temporal
atrophy. Compared to HCs, the CM-ADs showed more right fronto-insular atrophy, while the CA-ADs showed more dorsal
parietal, precuneus, and right parietal atrophy.
Conclusion: We described an AD phenotype resembling diencephalic rather than hippocampal amnesia and overlapping the
past-century description of presbyophrenia.
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INTRODUCTION

Six years ago, we reported the case of an amnesic
patient, FM, diagnosed with Alzheimer’s disease
(AD) supported by positive biomarkers in the cere-
brospinal fluid (CSF), who presented with a rather
unusual neuropsychiatric phenotype [1]. Specifically,
early marked spontaneous confabulation associated
with anterograde amnesia, executive disturbances,
disorientation, mild hyperactivity-disinhibition syn-
drome, as well as marked misidentification and
behavioral disturbances beginning in the intermediate
stages, were the salient features of the phenotype [1].
This complex phenotype closely resembled the his-
torical description of presbyophrenia, a well-known
dementia syndrome at the beginning of the last cen-
tury that then however passed into oblivion [2, 3].
This fact, together with the discovery in the liter-
ature of other sporadic cases of patients with AD
who presented an unusual tendency to confabula-
tion [4, 5], in some cases even early [6], suggested
to us the idea that the FM phenotype might be
an example of a defined syndrome rather than an
idiosyncrasy of a single patient. Thus, we hypoth-
esized the return of presbyophrenia [1]. From our
initial observation to the present, we have observed
other patients with AD at our Geriatric Unit who
consistently presented with an amnestic neuropsy-
chiatric phenotype similar to that of the FM patient.
Considering the ancient and psychiatric sound of
the term presbyophrenia, we decided to rename
this phenotype as the confabulation-misidentification
phenotype (CM-phenotype) based on its two most
salient features. The discovery of a new AD pre-
sentation could have relevant clinical and research
implications for early diagnosis, rehabilitation, and
selective regional vulnerability in dementia. Bear-
ing in mind this context, the objectives of this study
were: 1) to report a detailed description of the pos-
sible CM-phenotype; 2) to preliminarily support the
hypothesis that the CM-phenotype is an amnesic AD
syndrome quite distinct from the classic amnesic
presentation.

METHODS

Instruments

Informant reports about cognitive and
behavioral status

We collected detailed informant reports about the
cognitive and behavioral status at the baseline by

interviewing a patient’s relative. We used a semi-
structured interview designed by our group which
assessed a definite spectrum of cognitive domains and
behavioral features. The interview was not a validated
tool, but we use it routinely in our Unit in the suspect
of cognitive decline. More details about the standard
version of the interview we used in this study are in
the Supplementary Material.

The standard observational neuropsychological
examination

All participants underwent a standard obser-
vational neuropsychological examination (NPE)
routinely administered before the cognitive testing
in our Unit. The NPE is a standardized instrument
designed by our group that has received prior valida-
tion. It has been presented in more detail in previous
articles [7, 8]. In brief, the NPE is a systematic col-
lection of cognitive and behavioral features based
on observation of patient behavior during interac-
tion with the clinician, especially, but not exclusively,
in the context of the preliminary clinical interview.
Indeed, some features (signs in the original article)
would emerge primarily during testing (e.g., pro-
voked confabulation, attentive capture). The NPE
is based on a semi-structured interview in which a
defined list of signs of neuropsychological dysfunc-
tion is rated as absent/present based on how they
appear (spontaneous or provoked by the questions)
to the neuropsychologist observation. The semi-
structured interview and the list of signs (features)
used in the NPE, as well as further details, are in the
Supplementary Material.

The clinical and instrumental workup

Each patient underwent a detailed past medical
history and routine blood tests. A group of geri-
atricians performed the clinical and neurological
examinations. Moreover, they evaluated the general
cognitive status by the Mini-Mental State Examina-
tion (MMSE) [9], the functional autonomy by the
Activities of Daily Living (ADL) [10] and Instru-
mental ADL (IADL) [11] scales, behavioral status
by the Neuropsychiatric Inventory [12], dementia
severity by the Clinical Dementia rating scale (CDR)
[13], number of vascular risk factors (i.e., hyperten-
sion, diabetes mellitus, dyslipidemia, ischemic heart
disease, atrial fibrillation, carotid atherosclerosis,
smoking, stroke/TIA, obesity, hyperhomocysteine-
mia), and risk of vascular dementia by the Hachinski
scale [14, 15]. Many different clinicians blinded to
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the aims of this study performed the follow-up geri-
atric visits. A group of neuropsychologists evaluated
the cognitive and behavioral status of all participants
through a semi-structured interview with informants,
the standard observational NPE and the cognitive test-
ing with patients. The administration order in our
Unit was the following: NPE, cognitive testing, and
informant reports. All AD patients underwent mor-
phological brain imaging by CT and/or MRI scan.
A subgroup underwent functional brain imaging by
[18F]-FDG PET. A neurologist of the same Hospital
reviewed all neurological examinations. Further-
more, he performed visual rating scales of atrophy
and vascular burden on MRI-images for a subset of
both CM-AD and CA-AD patients. In addition, he
reviewed the [18F]-FDG PET charts and resumed
the results by considering both cortical regions tar-
geted and eventual asymmetries in cortical glucose
hypometabolism. A biologist supervised genetic test-
ing of APOE for all AD patients. In addition, all AD
patients executed diagnostic lumbar puncture to dose
the level of amyloid-� protein (A�), tau, and phos-
phorylated tau (p-tau) in the CSF. Finally, we revised
the medical record of each patient at baseline and to
the aim of this study we extracted the following data:
months from symptoms onset to the first visit, the
type of onset (i.e.: insidious, abrupt), the first cog-
nitive symptom, the course (i.e.: gradual worsening,
stable, stepwise), the eventual occurrence of fluctu-
ations in cognition and/or attention, the presence of
sundowning phenomenon, the familiarity for demen-
tia, the occurrence of past delirium, and the current
use of psychotropic medications (i.e., benzodi-
azepines, antidepressants, antipsychotics). Diagnosis
of MCI and AD was made according to the cur-
rent standards [16, 17]. For all patients diagnosed
with AD in the registry, we had excluded medi-
cal conditions potentially causing cognitive decline
including malnutrition, alcohol, and substance abuse,
other different neurological diseases (e.g., stroke,
traumatic brain injury, epilepsy, brain tumor, mul-
tiple sclerosis), infectious diseases, and psychiatric
diseases.

Cognitive testing

Patients underwent a battery of neuropsycholog-
ical tests that covered multiple cognitive domains
(i.e., intellectual functions, prefrontal executive func-
tions, psychomotor speed, visual selective attention,
working memory, short-term memory, anterograde
long-term memory, speech and language, praxis,

visuoconstructional functions). The test battery was
not a standardized tool as a whole; nonetheless, nor-
mative data from standardization studies on Italian
samples were available for all tests in the battery.
Impaired scores were established in the standardiza-
tion studies. In detail, general intellectual functions
were tested with Raven’s colored progressive matri-
ces [18]. Executive functions were evaluated using a
switching task (Trail Making Test, TMT, part B) [19],
a phonological verbal fluency task [20], and a work-
ing memory task (digit span backward) [21]. Verbal
short-term memory was rated with the digit span for-
ward [22]. Anterograde memory (recall) was tested
with delayed recall tasks, both visual and verbal (Rey-
Osterrieth complex figure recall test and prose recall)
[23, 24]. We tested visual attention with Bell’s test
[25, 26] and a digit cancellation test [24], and mea-
sured psychomotor speed with TMT (part A) [19].
The language was examined with a picture nam-
ing task [27]. Limb and limb-kinetic apraxia were
examined by using the De Renzi’s test [28]. Visu-
ospatial and constructional abilities were explored
using the copy of geometrical figures test [24] as
well as the copy of the Rey-Osterrieth complex figure
test [23].

Brain imaging

All AD patients in the study underwent morpho-
logical brain imaging by CT scan and/or MRI scan.
Moreover, a subgroup underwent functional brain
imaging by [18F]-fluorodeoxyglucose-positron emis-
sion tomography (FDG-PET). We executed MRI-
and FDG PET scans in the context of the first
baseline visit. Since some MRI scans were per-
formed in the radiology Unit of our Hospital, we
selected those patients with MRI available for vol-
umetric analysis. A protocol of 6 different visual
rating scales, as described in previously published
papers [29, 30] was applied by an expert rater blinded
for clinical and demographical information to assess
atrophy in T1 images. In particular, the scales used
were: Orbitofrontal (OF), Anterior Cingulate (AC),
Anterior Temporal (AT), Fronto-Insular (FI), Medial
Temporal (MTA), and Posterior scale (PA). Right and
left sides were assessed separately for each scale.
To evaluate vascular burden in Flair images Fazekas
scales for white matter hyperintensities (WMH) and
periventricular (PV) were used. The software used
to display images was MRIcron [31]; images have
been rated in the native space, in keeping with stan-
dard clinical reads. We used as reference data the
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atrophy scores obtained by the same visual scales
from a small sample of 15 healthy controls recruited
in the Neurologic Unit of the same Hospital. This
sample has been described in a previous article [32].
Considering the functional imaging, we resumed the
[18F]-FDG PET scan outcomes and made a compar-
ison between CM-AD and CA-AD patients on them,
by considering medial temporal hypo-metabolism,
cortical regions targeted, and asymmetries in glucose
metabolism reduction.

Biomarkers in the cerebrospinal fluid (CSF)

All patients underwent lumbar puncture to assess
biomarkers in the CSF supporting a diagnosis
of AD (or of prodromal-AD). CSF A�, tau,
and phosphorylated tau (p-tau) were evaluated by
ELISA (Innogenetics, Ghent, Belgium). Concentra-
tion threshold for A�1-42 was set at 640 pg/ml, for
tau protein at 580 pg/mL, and for p-tau at 61 pg/mL
[33–36].

Apolipoprotein E genetic testing

Genetic testing of the apolipoprotein E (APOE)
was carried out in all AD patients. The APOE
genotype was determined as previously described
[37].

Retrospective observational case-series study

To describe in detail the possible CM-phenotype,
we performed a retrospective observational case-
series study of some outpatients seen in our Geriatric
Unit of IRCCS Ca’ Granda Foundation Hospital, in
the central district of Milan, Italy, over a 10-year
period, between 2008 and 2018. All patients came
to our observation with suspected cognitive decline.
We retrieved all data from the registry of AD out-
patients with positive biomarkers in the CSF. The
main eligibility criterion for patients to be selected
with CM-phenotype was the occurrence of confabu-
lation and/or misidentification in the mild cognitive
impairment (MCI) stage (Clinical dementia rating,
CDR: 0.5) or mild dementia (CDR: 1). We consid-
ered patients’ cognitive and behavioral features as
primary outcomes, and we collected them from the
first baseline multidimensional assessment to follow-
up geriatric visits performed in the same Unit over
10-years. In particular, baseline data were collected
from both a detailed informant report and a standard
pre-test NPE performed at baseline. Instead, longitu-

dinal cognitive and behavioral features were retrieved
by reviewing medical records from follow-up geri-
atric visits that included brief informant reports and
clinical observations of geriatricians. We measured
the total number of patients with a defined cogni-
tive or behavioral characteristic (absolute frequency)
that emerged in at least one of the two assessments
(detailed informant report and NPE) at baseline as the
primary outcome. We used cumulative frequencies
instead of absolute frequencies of features at geriatric
follow-ups, since we expected longitudinal data to be
likely incomplete and missing, especially later than
24 months from baseline. On the other hand, cumu-
lative frequencies effectively capture how common
a feature was in the phenotype. For this study, we
considered the three types of assessments (detailed
informant report, NPE, geriatric follow-up visit) to be
equivalent. To ensure comparability of the different
methods, we classified the features simply binary as
present/absent in all assessments. We took note of the
details of the reported main features, but we did not
consider the severity of manifestation for data analy-
sis. Neuropsychiatric Inventory (NPI) score collected
exclusively at baseline was our secondary outcome.
We collected additional data at baseline to better
characterize the case-series (see the Supplementary
Material for detail).

Retrospective observational cross-sectional study

To preliminarily support the idea that the
CM-phenotype is an amnesic syndrome of AD
quite distinct from the classic amnesic phenotype
(CA-phenotype), we performed a retrospective cross-
sectional study. We compared patients with the
possible CM-phenotype (CM-ADs) with a group of
AD patients presenting with the CA-phenotype (CA-
ADs) at both baseline multidimensional assessment
and follow-up geriatric visits at successive 12-month
intervals after baseline. A group of healthy controls
(HCs) served as a reference in the baseline assess-
ment. We selected CA-ADs from the same outpatient
registry of AD patients with positive biomarkers in
the CSF of our Geriatric Unit used for the retrospec-
tive observational case-series study over the same
period, from 2008 to 2018. In particular, after the
removal of CM-ADs among all AD patients remain-
ing in the registry over the 10-year interval, we
extracted those classified as having a CA-phenotype.
A detailed delineation of the dementia phenotype
based on a multidimensional assessment usually per-
formed at our Unit is reported in the Supplementary
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Material. HCs were consecutively selected among
persons referred to our Unit in the same time interval
who were found to be unimpaired after neuropsy-
chological assessment. We retrieved data on HCs
from the general registry of outpatients in the same
Unit. Primary outcomes, data collection methods,
and measures were the same as those adopted in
the case-series study. In detail, the primary outcomes
were any differences between CM-ADs and CA-ADs
on the frequency of cognitive and behavioral fea-
tures revealed in the detailed informant report and/or
NPE performed at baseline. Considering longitudi-
nal data, the primary outcomes were any differences
between the same two groups on the frequency of
cognitive and behavioral features reported in the chart
of follow-up geriatric visits at successive 12-month
intervals after baseline. Secondary outcomes at base-
line were any differences in the following clinical
variables and assessments: type of onset, first cog-
nitive symptom, course, fluctuations, sundowning,
score on the NPI, scores on cognitive tests, atrophy
scores on visual rating scales on T1 MRI images, and
frequency of the different [18F]-FDG-PET imaging
diagnoses reported on the chart. Finally, a neurologist
reviewed all neurological examinations at baseline
and follow-up visits and made a preliminary qualita-
tive comparison between the two clinical groups of
AD patients. We considered as potential confounders
at baseline any differences between the two AD
groups on the following variables and assessments:
demographic data (sex, mean age, mean years of edu-
cation, handedness), months since onset, cognitive
screening (MMSE score), dementia severity (CDR
score, sum of CDR boxes, number of MCIs, and
mild dementia stage), vascularity (mean number of
cardiovascular risk factors, Hachinski score), use of
psychotropic medications (benzodiazepines, antide-
pressants, antipsychotics), level of AD biomarkers in
the CSF (A�, tau, phospho-tau), carriers of APOE
�4 allele, and vascular scores at Fazekas scales on T1
MRI images.

Both patients and their caregivers provided writ-
ten informed consent for participation in both studies.
All data used in the study were collected for clinical
purposes. The local Ethical Committee of the IRCCS
Ca’ Granda Foundation Hospital statutorily approved
research based on retrospective analysis of already
available routinely collected health data. All exam-
inations and tests patients underwent in the study
were performed following the ethical standards laid
out in the 1964 Declaration of Helsinki and its later
amendments.

Statistical analyses plan

Statistical analyses were run using SPSS soft-
ware, version 27.0 (SPSS, Chicago, IL). The
Kolmogorov-Smirnov test was used to verify the
normal distribution of continuous variables. Compar-
isons among the characteristics of the three groups
of participants were performed by one-way ANOVA
or Kruskal–Wallis H test according to variables’ dis-
tribution. Pairwise comparisons were conducted by
t-test or Mann–Whitney U test. The chi-square test
was applied to determine whether a significant asso-
ciation was present between groups (HC, CM, or CA)
and the total frequency of the cognitive and behav-
ioral features. Fisher exact test was considered when
one or more expected values were less than 5. For
all analyses, a p-value lower than 0.05 was consid-
ered statistically significant. A Bonferroni adjustment
for multiple comparisons was performed to minimize
type I error. Overall, the longitudinal data collected
were rather incomplete especially after 24 months
from baseline (see Supplementary Tables 2 and 3).
Thus, we decided to perform exclusively simple non-
parametric comparisons (Chi square) between the
two groups at 12 and 24 months.

RESULTS

General results

Participants
Seventeen patients with CM-AD participated in

the case series study. The same group of 17 CM-AD
patients, plus 30 CA-AD patients, and 40 cognitively
unimpaired HCs participated in the cross-sectional
study at baseline (T0). Seventeen CM-AD patients
and 29 CA-AD patients participated in the longi-
tudinal study, as one CA-AD patient was excluded
because the follow-up visits were performed at
another hospital. We stopped the recruitment of HCs
at 40 because it was an adequate number for com-
parison. We have reported the flowchart of the study
sample in Fig. 1.

Descriptive data
We reported the demographic and clinical data

of the 17 CM-ADs at baseline in Table 1. In
addition, we included confabulation and misidenti-
fication, which were the two most salient features of
the CM-phenotype. Patients were all late-onset AD,
as expected since recruitment was from a Geriatric
Unit. The mean age was 75.8 ± 4.6 years. Women
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Fig. 1. Flow-chart of the study sample. We first identified 18 outpatients presenting with a possible confabulation-misidentification phenotype
(CM-phenotype) among the patients with AD diagnosis supported by positive biomarkers in the CSF visited in a ten-year period at the Geriatric
Unit of the Ca’ Granda Foundation hospital. Then, we excluded one CM-AD patient from this group because she was at moderate stage of
dementia (CDR: 2) when she came to our first observation. At the same time, we first selected 33 outpatients presenting with a classical
amnesic phenotype (CA-phenotype) among the 36 outpatients with AD diagnosis supported by positive biomarkers in CSF remaining in the
outpatient registry in the same period after the extraction of the 18 CM-AD patients. Instead, 3 patients were excluded because presenting
an atypical phenotype of AD (i.e., corticobasal syndrome, PCA syndrome, logopenic aphasia). Then, we excluded 3 CA-ADs because they
were at advanced stage of dementia (all CDR: 2) at the time of the first visit. In total, 17 CM-ADs and 30 CA-ADs, all at early dementia
stage (CDR 0.5 or 1), participated in the cross-sectional study at the time of the baseline assessment. Instead, 17 CM-ADs and 29 CA-ADs
participated in the longitudinal study, due to the fact that one CA-AD patient underwent follow-up visits into a different hospital. Finally, we
selected 40 people taken from the general outpatient registry in the same Unit among those patients resulted cognitively unimpaired after
the neuropsychological assessment, who served as healthy controls (HC) group in the first baseline assessment.

were 58.8%. Mean education was 9.9 ± 4.4 years. All
patients were in the early stage of dementia at the ini-
tial visit (8 MCI/9 mild dementia). The mean MMSE
score at baseline was 24.7 ± 2.6. The mean NPI score
was 12.2 ± 8.6. All 17 patients (100%) showed at
least one confabulation or misidentification. In total,
15 patients (88.2%) presented with confabulation, 9
(52.9%) misidentification, and 7 (41.2%) both con-
fabulation and misidentification. Demographic and
clinical data of the CA-AD and HC groups were in
Table 5. Considering geriatric follow-up visits, there
was great heterogeneity in the number of visits (mean:
7.7 ± 4.4, range: 2–17) and duration of follow-up

(mean: 40.8 ± 24.8 months, range: 13–100) in the
CM-AD group (see Supplementary Tables 6 and 7).
No differences emerged between the CM- and CA-
AD groups on the number and duration of follow-ups,
MMSE scores at baseline and last follow-up, and age
at baseline and last follow-up (see Supplementary
Table 7).

We reported the level of biomarkers in the CSF
and the APOE genotype in Table 2. All patients
in the CM-AD (100%) and CA-AD (100%) groups
had abnormal low A� concentration. Eight CM-ADs
(47.1%) and 10 CA-ADs (33.3%) had abnormal high
tau concentration. Thirteen CM-ADs (76.5%) and 18
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Table 1
Demographic characteristics and some clinical features of the 17 AD patients with the CM phenotype collected at baseline

n. Sex Age Edu Han MMSE NPI VRF Hac IADL ADL CDR CDR SOB Syndr Spontaneous
confabula-
tion

Provoked con-
fabulation

Misidentification

Case#1 m 79 13 R 25 6 4 3 4(5)◦ 6 1 3 Mild dem yes yes (verbal) (wife, home, TV
celebrities)+

Case#2§ f 69 5 R 25 10 0 1 5(8)◦ 6 0,5 3.5 MCI(sd+) yes yes (ver/vis) (husband, daughter,
home, holiday home,
TV celebrities, people
displayed in an
advertisement poster)

Case#3 m 76 5 L 25 2 4 4 4(5) 5 1 4 Mild dem – yes (visual) –
Case#4 m 81 8 R 22 16 5 2 3(5) 6 0.5 3.5 MCI(md+) – yes (ver/vis) –
Case#5 f 80 8 R 24 14 0 2 6(8) 5 0.5 4 MCI(md+) yes – a relative (unspecified),

home of the relative,
her dog

Case#6 m 77 13 R 23 18 1 3 1(5) 2 1 8 Mild dem yes yes (verbal) sun, wife, home, TV
celebrities, himself in
the mirror

Case#7 f 79 4 R 22 4 1 2 7(8) 6 1 4 Mild dem – yes (visual) (relatives unspecified)
Case#8 m 68 18 R 29 6 6 2 5(5) 6 0.5 2.5 MCI(md+) – yes (ver/vis) –
Case#9 f 78 13 R 24 22 2 2 4(8) 5 1 5 Mild dem – – husband, home
Case#10 f 78 8 R 24 22 4 1 3(8) 5 1 6.5 Mild dem yes – (home)
Case#11 f 73 8 R 27 0 1 0 8(8) 6 0.5 2.5 MCI(md+) yes yes (verbal) –
Case#12 f 78 8 R 29 1 4 3 8(8) 6 1 3 Mild dem – yes (visual) –
Case#13 m 68 13 R 27 6 1 0 5(5) 6 0.5 2.5 MCI(md+) yes – –
Case#14 f 73 18 R 25 10 1 1 8(8) 6 0.5 2.5 MCI(md-) – yes (ver/vis) –
Case#15 m 76 8 R 23 24 4 1 5(5) 6 1 3 Mild dem yes – –
Case#16 f 72 5 R 19 24 1 4 8(8) 6 1 3.5 Mild dem yes – (relatives unspecified,

daughter)
Case#17 f 84 13 R 27 22 2 1 7(8) 6 0.5 3 MCI(md+) – – husband, home

Edu, education; Han, handedness; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; VRF, vascular risk factors; Hac, Hachinski scale; IADL, instrumental activities of
daily living; ADL, activities of daily living; CDR, clinical dementia rating; SOB, sum of boxes; Syndr, syndrome; MCI, Mild cognitive impairment; m, male; f, female; R, right; L, left; (sd+),
single domain, amnesic; (md+), multiple domains, amnesic; (md-), multiple domain not amnesic; vis, visual; ver, verbal. §Patient#2 was FM, the patient we studied in a previous case report [1].
◦According to IADL standard scoring system, the maximum score was 5 points for male and 8 points for women. +Misidentification emerged at the follow up visits are in brackets.
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CA-ADs (60%) had abnormal high p-tau concentra-
tion. In total, the APOE �4 allele carriers were 12
in the CM-AD group (70.6%) and 13 in the CA-AD
group (43.3%). One patient with the CM-phenotype
(5.9%) and 4 with the CA-phenotype (13.3%) had
�4/�4 genotype.

The main cognitive and behavioral features of
the CM-phenotype

In Table 3, we reported the frequency of the
main cognitive and behavioral features of the possi-
ble CM-phenotype detected at baseline by the two
assessments (informant report and NPE), and the
cumulative frequency of the same features collected
at geriatric follow-ups. We reported a more detailed
description of the cognitive and behavioral charac-
teristics that emerged in the CM-AD group in the
Supplementary Material.

Major differences between the CM- and
CA-phenotype of AD

Primary outcomes
Informant report and NPE at baseline. We reported

the cognitive and behavioral features that emerged
by clinical assessment (informant report and NPE)
of the CM-AD group compared to those of the
CA-AD, and HC groups in Table 4, Figs. 2, and
3. In addition, we presented the cognitive and
behavioral features that emerged by each method
(informant report and NPE) separately in the Sup-
plementary Material (see Supplementary Results
and Supplementary Tables 4 and 5). The CM-AD
group showed more temporal disorientation (88.2%
versus 53.3%, p < 0.02), confabulation (88.2% ver-
sus 0%, p < 0.001), delusion not-misidentification
(41.2% versus 3.3%, p = 0.002), logorrhea (29.4%
versus 0%, p = 0.004), and misidentification (23.5%
versus 0%, p = 0.013) than the CA-AD group. In
addition, a similar difference with tendency to sig-
nificance for the comparison between the CM-AD
and CA-AD group emerged also for attention deficits
(82.3% versus 56.7%, p = 0.074), reduced insight
(76.5% versus 43.3%, p = 0.028), social disinhibition
(17.6% versus 0%, p = 0.042), and euphory/fatuity
(17.6% versus 0%, p = 0.042). Finally, a similar dif-
ference with a tendency to significance emerged also
for executive function deficits (64.7% versus 36.7%,
p = 0.064) considering the outcomes from informant
report (see Supplementary Table 4), and for both
anterograde (52.9% versus 23.3%, p = 0.040) and ret-

Table 2
Biomarkers in the CSF and APOE genotype of the CM-AD and
CA-AD patients. Concentration threshold for A�1-42 was set at
640 pg/ml, for tau protein at 580 pg/mL, and for p-tau at 61 pg/mL

A� tau p-tau APOE

CM-AD

1 535∗ 680∗ 45 �3/�3
2 346∗ 575 70∗ �3/�4#
3 260∗ 421 50 �3/�4#
4 563∗ 826∗ 109∗ �3/�4#
5 414∗ 419 68∗ �3/�3
6 226∗ 423 80∗ �2/�4#
7 532∗ 276 73∗ �3/�4#
8 591∗ 815∗ 110∗ �3/�4#
9 288∗ 1023∗ 66∗ �2/�3
10 444∗ 349 72∗ �3/�4#
11 515∗ 861∗ 110∗ �3/�4#
12 422∗ 250 62∗ �3/�4#
13 355∗ 873∗ 126∗ �4/�4##
14 588∗ 372 59 �2/�3
15 588∗ 2589∗ 280∗ �3/�4#
16 343∗ 751∗ 77∗ �3/�4#
17 285∗ 262 42 �3/�3

CA-AD

1 462∗ 745∗ 64∗ �3/�4#
2 307∗ 609∗ Miss �3/�4#
3 393∗ 1266∗ 70∗ �3/�3
4 322∗ 208 28 �3/�3
5 291∗ 999∗ 136∗ �3/�3
6 525∗ 524 76∗ �3/�4#
7 354∗ 567 81∗ �3/�3
8 445∗ 219 33 �3/�4#
9 454∗ 206 22 �3/�3
10 516∗ 110 33 �3/�3
11 492∗ 163 41 �3/�3
12 418∗ 250 26 �3/�3
13 499∗ 153 45 �4/�4##
14 449∗ 1524∗ 155∗ �3/�3
15 546∗ 491 101∗ �3/�3
16 447∗ 146 77∗ �3/�3
17 552∗ 660∗ 66∗ �3/�4#
18 509∗ 512 75∗ �3/�4#
19 504∗ 572 52 �3/�4#
20 420∗ 526 66∗ �3/�4#
21 410∗ 2269∗ 140∗ �4/�4##
22 432∗ 454 68∗ �3/�4#
23 319∗ 763∗ 94∗ �3/�3
24 592∗ 348 58 �4/�4##
25 504∗ 567 84∗ �3/�3
26 481∗ 600∗ 89∗ �3/�3
27 400∗ 376 67∗ �4/�4##
28 560∗ 395 61 �3/�3
29 417∗ 302 54 �3/�3
30 550∗ 614∗ 84∗ �3/�3
∗Abnormal concentration. #one �4 allele carriers. ## two �4 allele
carriers. APOE, apolipoprotein E.

rograde (64.7% versus 36.7%, p = 0.064) amnesia
considering the outcomes from the NPE (see Sup-
plementary Table 5).
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Table 3
Frequency of cognitive and behavioral features of the 17 CM-AD patients emerged at baseline (T0) (absolute frequency) and longitudinal assessment (cumulative frequency)

Visit/months T0 T12 T24 T36 T48 T60 T72>
Years from onset 3 y 4 y 5 y 6 y 7 y 8 y 9 y
Stage (CDR) 0.5–1 0.5–1 1 1-2 2 2 2-3
n◦ patients 17 17 11 8 5 3 3

Absolute Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
frequency frequency frequency frequency frequency frequency frequency

N % % % % % % %
Recent memory deficits 16 94.1 100
Temporal disorientation 15 88.2
Confabulation 15 88.2
Executive functions deficits 15 88.2 88.2 88.2 94.1
Attention deficits 14 82.3
Reduced Insight 13 76.5 76.5 82.3 88.2
Past memory deficits 11 64.7
Psychomotor slowness 10 58.8
Topographical disorientation 7 41.2 76.5 76.5 82.3 82.3 88.2
Delusion (not-misidentification) 7 41.2 41.2 41.2 70.6
Apathy 7 41.2 52.9 64.7 82.3
Language deficits 6 35.3 52.9 58.8 70.6 76.5
Aggression 6 35.3 47.1 47.1 58.8 58.8 64.7
Anxiety 6 35.3 52.9 58.8 64.7 70.6
Logorrhea 5 29.4
Misidentification 4 23.5 23.5 41.2 47.1 47.1 52.9
Irritability 4 23.5 41.2 58.8 70.6 76.5
Hallucination 3 17.6 29.4 47.1 64.7
Fluctuations 3 17.6 23.5 35.3 47.1 52.9

(Continued)
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Table 3
(Continued)

Visit/months T0 T12 T24 T36 T48 T60 T72>
Years from onset 3 y 4 y 5 y 6 y 7 y 8 y 9 y
Stage (CDR) 0.5–1 0.5–1 1 1-2 2 2 2-3
n◦ patients 17 17 11 8 5 3 3

Absolute Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
frequency frequency frequency frequency frequency frequency frequency

Social disinhibition 3 17.6
Euphory/Fatuity 3 17.6
Insomnia 3 17.6 52.9 64.7 70.6
Depression 3 17.6 35.3 58.8 70.6
Praxis deficits 2 11.8 23.5 29.4 47.1 47.1 47.1 52.9
Hypersomnia 2 11.8
Rem Behavior Disorders (RBD) 2 11.8
Lability 2 11.8
Abulia 1 5.9
Obsession- Compulsion 1 5.9
Hyperactivity/psychomotor agitat. 1 5.9 35.3 52.9 76.5
Personality changes 0 0
Wandering 0 0
Purposeless activity 0 0
Impulse control disorders 0 0
Hyperfagia 0 0 17.6 29.4 47.1 64.7 70.6 76.5
Confusional arousal 0 0

We marked in bold the main features of the CM-phenotype which emerged in more than 50% of the patients at the first visit and follow-ups. In addition, we marked in bold the frequency of a feature
(both absolute or cumulative) when it reached the highest value considering the whole period of observation. Finally, we did not report the cumulative frequency of a feature at follow-up either
when it never reached 50% or when it had already reached its highest value at the first visit. We displayed cumulative instead of absolute frequencies at the geriatric follow-ups since longitudinal
data resulted be quite incomplete, especially later than 24 months from baseline. On the other hand, cumulative frequencies well capture how much a feature was common in the phenotype.
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Table 4
Comparison of cognitive and behavioral features among the three groups of participants: HCs, AD patients with the CM-phenotype (CM-AD), and AD patients with the CA-phenotype (CA-ADs).

(Statistically significant comparisons are in bold)

HC CM CA
report NPE TOT TOT report NPE TOT TOT report NPE TOT TOT HC-CM HC-CA CM-CA

n n N % n n N % n n N % p p p

Recent memory deficits 23 0 23 57.5 16 9 16 94.1 28 7 28 93.3 p < 0.01 p = 0.002 p = 1.000∗
Temporal disorientation 0 4 4 10 6 15 15 88.2 2 16 16 53.3 p < 0.0001 p < 0.0001 p < 0.02
Confabulation 0 0 0 0 7 10 15 88.2 0 0 0 0 p < 0.001∗ nv p < 0.001∗
Executive functions deficits 6 1 6 15 11 11 15 88.2 11 21 21 70.0 p < 0.001 p < 0.001 p = 0.156
Attention deficits 4 0 4 10 9 8 14 82.3 17 8 17 56.7 p < 0.001 p < 0.0001 p = 0.074
Reduced Insight 1 1 2 5 8 12 13 76.5 6 12 13 43.3 p < 0.001∗ p < 0.001 p = 0.028
Past memory deficits 2 0 2 5 3 11 11 64.7 7 11 13 43.3 p < 0.001∗ p < 0.001 p = 0.159
Psychomotor slowness – 4 4 10 0 10 10 58.8 0 18 18 60.0 p < 0.0001 p < 0.0001 p = 0.937
Topographical disorientation 2 0 2 5 7 0 7 41.2 7 0 7 23.3 p < 0.01 p < 0.05 p = 0.199
Delusion(not-misidentification) 0 0 0 0 7 0 7 41.2 1 0 1 3.3 p < 0.0001 p = 0.429∗ p = 0.002∗
Apathy 2 0 2 5 7 1 7 41.2 6 0 6 20.0 p < 0.005 p = 0.066∗ p = 0.176∗
Language deficits 13 2 14 35 4 4 6 35.3 13 0 13 43.3 p = 0.983 p = 0.478 p = 0.589
Aggression 1 0 1 2.5 6 0 6 35.3 4 0 4 13.3 p < 0.005 p = 0.157∗ p = 0.136∗
Anxiety 12 0 12 30 6 0 6 35.3 10 0 10 33.3 p = 0.694 p = 0.766 p = 0.862
Logorrhea 0 1 1 2.5 0 5 5 29.4 0 0 0 0 p = 0.007∗ p = 1.000∗ p = 0.004∗
Misidentification 0 0 0 0 4 0 4 23.5 0 0 0 0 p < 0.01 nv p = 0.013∗
Irritability 0 0 0 0 4 0 4 23.5 7 0 7 23.3 p < 0.01 p < 0.005 p = 1.000∗
Hallucination 0 0 0 0 3 0 3 17.6 2 0 2 6.7 p < 0.05 p = 0.180∗ p = 0.336∗
Fluctuations 3 0 3 7.5 3 0 3 17.6 3 1 3 10.0 p = 0.349∗ p = 1.000∗ p = 0.653∗
Social disinhibition 1 0 1 2.5 3 1 3 17.6 0 0 0 0 p = 0.075∗ p = 1.000∗ p = 0.042∗
Euphory/Fatuity 0 0 0 0 2 3 3 17.6 0 0 0 0 p = 0.023∗ nv p = 0.042∗
Insomnia 4 – 4 10 3 – 3 17.6 4 – 4 13.3 p = 0.415∗ p = 0.717∗ p = 0.692∗
Depression 10 0 10 25 3 0 3 17.6 12 0 12 40.0 p = 0.734∗ p = 0.181 p = 0.114
Praxis deficits 0 0 0 0 2 0 2 11.8 0 0 0 0 p = 0.085∗ nv p = 0.126∗
Hypersomnia 0 – 0 0 2 – 2 11.8 3 – 3 10.0 p = 0.085∗ p = 0.074∗ p = 1.000∗
Rem Behavior Disorders (RBD) 0 – 0 0 2 – 2 11.8 0 – 0 0 p = 0.085∗ nv p = 0.126∗
Lability 0 0 0 0 2 0 2 11.8 2 0 2 6.7 p = 0.085∗ p = 0.180∗ p = 0,613∗
Abulia 0 0 0 0 1 0 1 5.9 2 0 2 6.7 p = 0.298∗ p = 0.180∗ p = 1.000∗
Obsession- Compulsion 0 0 0 0 1 0 1 5.9 0 0 0 0 p = 0.298∗ nv p = 0.362∗
Hyperactivity/psychomotor agit. 1 2 2 5 1 0 1 5.9 0 0 0 0 p = 1.000∗ p = 503∗ p = 0.362∗
Personality changes 0 – 0 0 0 – 0 0 0 – 0 0 nv nv nv
Wandering 0 0 0 0 0 0 0 0 0 0 0 0 nv nv nv
Purposeless activity 0 0 0 0 0 0 0 0 0 0 0 0 nv nv nv
Impulse control disorders 0 0 0 0 0 0 0 0 0 0 0 0 nv nv nv
Hyperfagia 0 – 0 0 0 – 0 0 0 – 0 0 nv nv nv
Confusional arousal 0 – 0 0 0 – 0 0 0 – 0 0 nv nv nv

nv, no variability in the data. ∗Fisher’s exact test.
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Fig. 2. Frequency of cognitive features detected by clinical assessment (informant report and/or NPE) in the CM-AD group of patients
compared to those in the CA-AD and HC group. *indicates a statistically significant difference CM > CA at p < 0.05. **indicates a statistically
significant difference CM > CA at p < 0.01. ***indicates a statistically significant difference CM > CA at p < 0.001. (*) indicates a difference
CM > CA with tendency to significance.

Fig. 3. Frequency of behavioral features detected by clinical assessment (informant report and/or NPE) in the CM-AD group of patients
compared to those in the CA-AD and HC group. *indicates a statistically significant difference CM > CA at p < 0.05. **indicates a statistically
significant difference CM > CA at p < 0.01. (*) indicates a difference CM > CA with tendency to significance.

Geriatric follow-up visits. We reported the cogni-
tive and behavioral features that emerged at geriatric
follow-ups during the entire observation period in the
Supplementary Material (see Supplementary Tables 2
and 3, respectively). The results of simple non-

parametric (Chi square) comparisons between the
two groups of AD patients showed that CM-ADs had
more hallucinations (41.2% versus 11.1%, p = 0.030),
social disinhibition (23.5% versus 0%, p = 0.018),
and reduced insight (58.8% versus 25.9%, p < 0.029)
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than CA-ADs at 12 months from baseline (Table 5).
In addition, confabulation was also more frequent in
the CM-AD than in the CA-AD group at 12 months,
with the difference between the two groups that tends
to significance (23.5% versus 3.7%, p = 0.065). No
statistically significant difference emerged between
the two groups at 24 months from baseline. How-
ever, many raw differences between the two groups
on additional cognitive and behavioral features at
both 12 and 24 months were in the same direction as
those that emerged at baseline (see the Supplemen-
tary Material). Moreover, in a supplemental analysis,
we took into account that the two most salient features
of the possible CM-phenotype, namely confabula-
tion and misidentification, never emerged at geriatric
follow-ups for 20 out of 29 (68.9%) CA-AD (CA-
AD negative) patients (see Supplementary Table 7).
Moreover, the 9 CA-ADs who developed confabula-
tion or misidentification during follow-up (CA-AD
positive) began to show these features at later stages
of dementia.

Secondary outcomes
Clinical variables. Some differences emerged

between the two AD groups even when considering
some secondary outcomes. In particular, CM-ADs
had higher NPI scores than CA-ADs (mean ± SD:
12.2 ± 8.6 versus 5.9 ± 5.6, p = 0.012) at baseline
(Table 6). In addition, in both phenotypes, the most
frequent first cognitive symptom was recent memory
impairment, but it was associated with confabulation
exclusively in one CM-AD patient, and misidentifi-
cation was the first symptom exclusively in another
CM-AD patient. Furthermore, the first symptom was
unspecified cognitive impairment only in the CA-
AD compared with the CM-AD group (26.7% versus
0%, p = 0.038). By contrast, no difference emerged
when considering additional clinical variables and
neurological examination (see the Supplementary
Material). Finally, the two groups of AD patients
were homogeneous at baseline considering all pos-
sible confounders (Table 6).

Cognitive testing. As expected, the HCs showed a
better performance in almost all tests in the battery
compared to both clinical groups of AD patients (see
Supplementary Table 8). Instead, no statistically sig-
nificant difference emerged between CM-ADs and
CA-ADs at the baseline cognitive testing.

Visual rating of vascular burden and atrophy on
MRI TI images. MRI scan at baseline was avail-
able for 7 CM-AD (41.2%) and 13 CA-AD (43.3%)
patients (Table 7). The subgroup of the CM-ADs

(5 females, 71.43%) had 75.71 ± 5.12 years of age
and 8 ± 3.74 years of education. Their mean MMSE
score was 22.29 ± 5.85. The subgroup of the CA-
ADs (9 females, 69.23%) had 76.62 ± 3.48 years
of age and 10.15 ± 4.56 years of education. Their
mean MMSE score was 24.54 ± 2.70. The two
groups were comparable for age (p = 0.64) education
(p = 0.27) and MMSE score (p = 0.36). The sample
of 15 HCs (7 females, 46.7%) had comparable mean
age (69.5 ± 6.52) and education (7.78). Their mean
MMSE score was 29.25 ± 0.96 [32].

Both CM-ADs and CA-ADs showed more vascu-
lar burden than HCs by the periventricular Fazekas
scale (PV) (p = 0.032 and 0.019 respectively) on Flair
images. In addition, both the groups showed more
vascular burden at the Fazekas scale for WMH, but
the difference from HCs did not reach significance
in the CA-ADs (p = 0.043 and 0.063 respectively).
Instead, no differences emerged between CM-ADs
and CA-ADs in vascular burden at both the Fazekas
PV and WMH scales.

The neurologist rated more medial temporal (right:
p = 0.030; left, p = 0.004), anterior temporal (right,
p = 0.006; left, p = 0.001) and fronto-insular atrophy
(right, p = 0.023; left, p = 0.015) in the CM-AD group
compared to the HCs on T1 images. Likewise, CA-
ADs showed more atrophy than the HCs at the medial
temporal (right: p = 0.0021; left, p = 0.002), anterior
temporal (right, p = 0.0033; left, p < 0.001) and left
fronto-insular scales (right, p = ns; left, p = 0.012).
In addition, CA-ADs presented more atrophy than
HCs also at the dorsal parietal (right: p = 0.019;
left, p = 0.013) and precuneus (right: p = 0.030; left,
p = 0.012) scales. Instead, no statistically significant
differences emerged between the two CM-AD and
CA-AD groups.

Analysis of the [18 F]-FDG PET scan outcomes
reported in the charts. Ten CM-ADs (58.8%) and
13 CA-ADs (43.3%) underwent [18F]-FDG PET
scan (Table 7). Substantial cortical glucose hypo-
metabolism emerged in all the CM-ADs and in
12/13 of the CA-ADs. A similar pattern of corti-
cal involvement, mainly temporal-parietal and focal
temporal, including medial temporal, emerged in
both groups. Moreover, some data suggested that
hypo-metabolism in the CM-ADs might be more
frequently bilateral compared to the CA-ADs (40%
versus 7.7%, p = 0.127). Accordingly, more left than
right hypo-metabolism emerged more frequently in
CA-ADs compared to CM-ADs (46.1% versus 20%,
p = 0.379). Unfortunately, these last comparisons did
not reach statistical significance.
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Table 5
Comparison of cognitive and behavioral features reported at geriatric follow-up visits at 12 and 24 months between patients with the CM and CA phenotype (Statistically significant differences

are in bold)

T12 T24

CM CA CM CA

N = 17 % N = 27 % p N = 11 % N = 19 % p

Cognitive features
Fluctuations 3 17.6% 1 3.7% 0.282∗ 2 18.2% 4 21.1% 1.000∗
Sundowning 1 5.9% 3 11.1% 1.000∗ 0 0 1 5.3% 1.000∗
Psychomotor slowness 1 5.9% 1 3.7% 1.000∗ 1 9.1% 0 0 0.367∗
Confusional episodes 0 0 2 7.4% 0.515∗ 1 9.1% 0 0 0.367∗
Recent memory deficits 15 88.2% 23 85.2% 1.000∗ 5 45.4% 12 63.2% 0.454∗
Retrograde memory deficits 2 11.8% 8 29.6% 0.271∗ 0 0 1 5.3% 1.000∗
Confabulation 4 23.5% 1 3.7% 0.065∗ 0 0 0 0 nv
Temporal disorientation 6 35.3% 7 25.9% 0.507 2 18.2% 2 10.5% 0.611∗
Topographical disorientation 11 64.7% 12 44.4% 0.190 3 27.3% 6 31.6% 1.000∗
Attention deficits 5 29.4% 14 51.8% 0.143 1 9.1% 1 5.3% 1.000∗
Executive function deficits 7 41.2% 9 33.3% 0.598 3 27.3% 2 10.5% 0.327∗
Reduction of insight 10 58.8% 7 25.9% 0.029 3 27.3% 1 5.3% 0.126∗
Language deficits 7 41.2% 17 63% 0.158 3 27.3% 5 26.3% 1.000∗
Praxis deficits 5 29.4% 7 25.9% 1.000∗ 4 36.4% 2 10.5% 0.156∗

Behavioral features
Misidentification 4 23.5% 2 7.4% 0.186∗ 3 27.3% 2 10.5% 0.327∗
Delusion not-misidentification 7 41.2% 7 25.9% 0.290 5 45.4% 7 36.8% 0.712∗
Hallucination 7 41.2% 3 11.1% 0.030∗ 3 27.3% 3 15.8% 0.641∗
Apathy 8 47.1% 9 33.3% 0.363 4 36.4% 2 10.5% 0.156∗
Abulia 1 5.9% 5 18.5% 0.380∗ 2 18.2% 1 5.3% 0.537∗
Irritability 8 47.1% 14 51.8% 0.757 5 45.4% 9 47.4% 0.919
Aggression 6 35.3% 8 29.6% 0.694 5 45.4% 6 31.6% 0.696∗
Social disinhibition 4 23.5% 0 0 0.018∗ 2 18.2% 0 0 0.126∗
Impulse control disorder 0 0 1 3.7% 1.000∗ 0 0 0 0 nv
Obsession-compulsion 1 5.9% 1 3.7% 1.000∗ 0 0 0 0 nv
Hyperactivity (psychomotor agit.) 5 29.4% 7 25.9% 1.000∗ 5 45.4% 5 26.3% 0.425∗
Wandering 3 17.6% 3 11.1% 0.662∗ 0 0 2 10.5% 0.520∗
Purposeless activity 4 23.5% 8 29.6% 0.739∗ 3 27.3% 9 47.4% 0.442∗
Hyperphagia 3 17.6% 3 11.1% 0.662∗ 2 18.2% 0 0 0.126∗
Euphory/fatuity 1 5.9% 1 3.7% 1.000∗ 0 0 0 0 nv
Insomnia 7 41.2% 10 37% 0.784 4 36.4% 6 31.6% 1.000∗
Hypersomnia 2 11.8% 5 18.5% 0.689∗ 4 36.4% 2 10.5% 0.156∗
Rem behavior disorder (RBD) 3 17.6% 1 3.7% 0.282∗ 1 9.1% 2 10.5% 1.000∗
Confusional arousal 2 11.8% 0 0 0.144∗ 0 0 0 0 nv
Lability 2 11.8% 4 14.8% 1.000∗ 2 18.2% 1 5.3% 0.537∗
Anxiety 6 35.3% 13 48.1% 0.402 4 36.4% 4 21.1% 0.417∗
Depression 9 52.9% 17 63% 0.510 6 54.5% 6 31.6% 0.266∗

nv, no variability in the data. ∗Fisher’s exact test.
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Table 6
Comparison of demographic variables, major clinical variables, biomarkers in the CSF, and APOE genotype collected at baseline multidimensional assessment, among the three groups of

cross-sectional study participants (Statistically significant differences are in bold)

HC CM-AD CA-AD HC versus HC versus CM-AD versus
N = 40 N = 17 N = 30 CM-AD CA-AD CA-AD

Gender - Count F (%) 28 (70) 10 (58.8) 19 (63.3) p = 0.413 p = 0.557 p = 0.760
Age - Mean ± SD 78 ± 4.7 75.8 ± 4.6 75.8 ± 4.4 p = 0.117 p = 0.060 p = 0.975
Education - Mean ± SD 10.5 ± 3.8 9.9 ± 4.4 9 ± 4.9 p = 0.593 p = 0.154 p = 0.543
Handedness - Count Right (%) 40 (100) 16 (94.1) 28 (93.3) p = 0.298∗ p = 0.180∗ p = 1.000∗
MMSE - Mean ± SD 28.9 ± 1.1 24.7 ± 2.6 24.4 ± 3 p < 0.0001 p < 0.0001 p = 0.841
ADL - Median (IQR) 6 (1) 6 (1) 6 (1) p = 0.789 p = 0.994 p = 0.798
IADL - Median (IQR) 8 (0) 7 (3) 7 (3) p < 0.0001 p < 0.0001 p = 1.000
CDR - Median (IQR) 0 (0) 1 (0.5) 1 (0.5) p < 0.0001 p < 0.0001 p = 0.491
CDR sum of boxes Median (IQR) 0 (0) 3.5 (1.3) 4 (2.5) p < 0.0001 p < 0.0001 p = 0.695
MCI/mild Dementia – Count (N) – 8/9 11/19 p = 0.485
Months from onset - Mean ± SD – 33.4 ± 17.8 30.5 ± 19.9 p = 0.539
Cardiovascular risk factors-Mean ± SD 1.8 ± 1 2.7 ± 1.7 2.8 ± 1.2 p = 0.111 p = 0.002 p = 0.668
Hachinsky scale score - Mean ± SD 1.5 ± 1.1 1.9 ± 1.2 1.6 ± 1.2 p = 0.352 p = 0.917 p = 0.399
Familiarity for dementia - Count (%) 8 (20) 5 (29.4) 9 (30) p = 0.499∗ p = 0.334 p = 0.966
Past delirium - Count (%) 0 0 0 nv nv nv
Drugs at first visit - Count (%)

Benzodiazepines 5 (29.4) 3 (10) p = 0.118∗
Antidepressants – 1 (5.9) 2 (6.7) p = 1.000∗
Antipsychotics – 1 (5.9) 0 (0) p = 0.362∗

Biomarkers in the CSF – Mean ± SD
A� – 429.1 ± 126.1 452.3 ± 79.9 p = 0.443
tau – 692.1 ± 548.5 571.3 ± 454.1 p = 0.421
p-tau – 88.2 ± 55.1 70.5 ± 32.8 p = 0.179
tau/A� – 1.6 ± 1.0 1.4 ± 1.2 p = 0.394

APOE Genotype - Count (%)
�2/�3 – 2 (11.8) 0 (0)
�3/�3 – 3 (17.6) 17 (56.7)
�2/�4 – 1 (5.9) 0 (0)
�3/�4 – 10 (58.8) 9 (30)
�4/�4 – 1 (5.9) 4 (13.3)
�4 carriers – 12 (70.6) 13 (43.3) p = 0.072

Type of onset - Count (%):
Insidious – 16 (94.1%) 27 (90%) p = 1.000∗
Abrupt – 1 (5.9%) 1 (3.3%) p = 1.000∗
Not reported – 0 2



378
C

.A
bbate

etal./D
iencephalic

VariantofA
D

First cognitive symptom - Count (%):
Unspecified cognitive impairment – 0 8 (26.7%) p = 0.038∗
Recent memory – 7 (41.2%) 9 (30%) p = 0.437
Recent memory + executive – 1 (5.9%) 3 (10%) p = 1.000∗
Recent memory + language – 0 2 (6.7%) p = 0.528∗
Recent memory + attention – 0 1 (3.3%) p = 1.000∗
Recent memory + confabulation – 1 (5.9%) 0 p = 0.362∗
Recent memory + past memory – 1 (5.9%) 0 p = 0.362∗
Recent memory + temporal dis. – 1 (5.9%) 0 p = 0.362∗
Recent memory + topograph. dis. – 1 (5.9%) 0 p = 0.362∗
Language – 1 (5.9%) 2 (6.7%) p = 1.000∗
Misidentification – 1 (5.9%) 0 p = 0.362∗
Not reported – 3 5

Course - Count (%):
Gradual worsening – 15 (88.2%) 23 (76.7%) p = 0.455∗
Stable – 2 (11.8%) 5 (29.4%) p = 1.000∗
Stepwise – 0 1(3.3%) p = 1.000∗
Not-reported – 0 1

Fluctuations of cognition - Count (%) 2 (5,0) 1 (5,9) 3 (10,0) p = 1.000∗ p = 0.645∗ p = 1.000∗
Fluctuations of attention - Count (%) 1 (2,5) 2 (11,8) 1 (3,3) p = 0.209∗ p = 1.000∗ p = 0.283∗
Sundowning - Count (%) 0 0 1 (3,3) nv p = 0.429∗ p = 1.000∗
NPI total score – Mean ± SD 3.2 ± 3.2 12.2 ± 8.6 5.9 ± 5.6 p < 0.0001 p = 0.077 p = 0.012

MMSE, Mini-Mental State Examination; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; CDR, Clinical Dementia Rating; APOE, apolipoprotein E; MCI, mild
cognitive impairment; NPI, Neuropsychiatric Inventory; nv, no variability in the data. ∗Fisher’s exact test.
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Table 7
Study of atrophy and vascular burden on T1 and FLAIR MRI images using visual rating scales and classification of [18F]-FDG-PET scan results reported in reports. (Statistically significant

differences are in bold)

HC# CM-AD CA-AD HC versus HC versus CM-AD versus
N = 15 N = 7 N = 13 CM-AD CA-AD CA-AD

Range p p p

MRI-imaging
Exams - count (%) 15 (100%) 7 (41.2%) 13 (43.3%)

Vascularity (Fazekas scale) - Mean (SD)
Periventricular (PV) 0–3 0.27 (0.46) 1.57 (1.27) 1.38 (1.19) 0.032 0.019 0.943
White matter hyperintensities (WHM) 0–3 0.53 (0.74) 1.71 (1.11) 1.38 (1.04) 0.043 0.063 0.789

Visual scales of atrophy - Mean (SD)
Orbitofrontal right (OFR) 0–3 0.27 (0.46) 1.00 (0.82) 0.92 (0.86) 0.068 0.075 0.976
Orbitofrontal left (OFL) 0–3 0.27 (0.46) 1.00 (0.82) 0.85 (0.9) 0.068 0.162 0.907
Anterior cingulated right (ACR) 0–3 0.67 (0.72) 0.86 (0.9) 1.23 (0.72) 0.891 0.126 0.595
Anterior cingulated left (ACL) 0–3 0.67 (0.62) 1.14 (0.7) 0.85 (0.55) 0.276 0.669 0.558
Anterior temporal right (ATR) 0–4 0.33 (0.62) 1.43 (0.79) 1.23 (1.01) 0.006 0.0033 0.941
Anterior temporal left (ATL) 0–4 0.2 (0.41) 1.43 (0.79) 1.62 (1.04) 0.001 <0.001 0.869
Frontoinsular right (FIR) 0–3 1.20 (0.56) 2.00 (0.58) 1.69 (0.63) 0.023 0.112 0.519
Frontoinsular left (FIL) 0–3 0.87 (0.64) 2.00 (0.82) 1.77 (0.83) 0.015 0.012 0.864
Medial temporal atrophy right (MTAR) 0–4 0.4 (0.51) 1.29 (0.76) 1.31 (0.95) 0.030 0.021 0.999
Medial temporal atrophy left (MTAL) 0–4 0.27 (0.46) 1.57 (0.79) 1.54 (1.05) 0.004 0.002 0.976
Parietal atrophy right (PAR) 0–3 0.93 (0.8) 1.86 (0.9) 1.85 (0.99) 0.065 0.049 0.996
Parietal atrophy left (PAL) 0–3 1.13 (0.74) 1.71 (0.95) 2.00 (0.91) 0.272 0.054 0.851
Dorsal parietal right (DPR) 0–3 0.87 (0.91) 1.57 (0.98) 1.92 (0.86) 0.278 0.019 0.669
Dorsal parietal left (DPL) 0–3 1.00 (0.84) 1.71 (1.11) 2.00 (0.82) 0.304 0.013 0.821
Posterior cingulate right (PCSR) 0–3 1.33 (0.82) 1.86 (0.9) 2.00 (0.91) 0.269 0.109 0.935
Posterior cingulate left (PCSL) 0–3 1.33 (1.05) 1.86 (1.07) 2.08 (0.82) 0.492 0.129 0925
Precuneus right (PRER) 0–3 0.67 (0.72) 1.29 (0.76) 1.54 (0.88) 0.192 0.030 0.866
Precuneus left (PREL) 0–3 0.8 (0.68) 1.57 (0.98) 1.77 (0.83) 0.144 0.012 0.940
Parieto-occipital right (POSR) 0–3 1.13 (0.74) 2.14 (1.07) 1.77 (1.09) 0.053 0.190 0.710

(Continued)
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Table 7
(Continued)

HC# CM-AD CA-AD HC versus HC versus CM-AD versus
N = 15 N = 7 N = 13 CM-AD CA-AD CA-AD

Range p p p

Parieto-occipital left (POSL) 0–3 1.07 (0.88) 1.86 (1.07) 2 (1.22) 0.195 0.078 0.869
[18F]-FDG-PET-imaging – count (%)

Exams – 10 (58.8%) 13 (43.3%) 0.307
Positive/negative – 10/0 12/1
Temporal + Parietal – 4 (40%) 5 (38.5%) 1.000∗
Focal Temporal – 3 (30%) 4 (30.8%) 1.000∗
Temporal + Parietal + Occipital – 1 (10%) 2 (15.4%) 1.000∗
Temporal + Frontal – 1 (10%) 0 0.435∗
Parietal + cingulum – 0 1 (7.7%) 1.000∗
Mild diffuse – 1 (10%) 0 0.435∗
Total medial temporal – 5 (50%) 4 (30.8%) 0.417∗
Total Temporal – 9 (90%) 11 (84.6%) 1.000∗
Total Parietal – 5 (50%) 8 (61.5%) 0.685∗
Total Occipital – 1 (10%) 2 (15.4%) 1.000∗
Total Frontal – 1 (10%) 2 (15.4%) 1.000∗
Bilateral – 4 (40%) 1 (7.7%) 0.127∗
right > left – 4 (40%) 5 (38.5%) 1.000∗
left > right – 2 (20%) 6 (46.1%) 0.379∗

#The sample of healthy people was recruited in the Neurologic Unit of the same Hospital and it has been described in a previous article (reference [26] in the Supplementary Material). ∗Fisher’s
exact test.
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Table 8
Several sources of evidence supporting the view of the CM-phenotype as a distinct presentation of AD

Confabulation-Misidentification Classical Amnesic
(CM-) phenotype (CA-) phenotype

Results of cross-sectional
study

-more confabulation, disorientation,
delusion not-misidentification, misidentification and logorrhea
than CA-AD

-more language and depression at early stages than CM-AD∗

-more early and frequent behavioral disturbances than CA-AD
(NPI)
-more right frontoinsular atrophy than HCs at MRI scan -more right parietal, dorsal parietal, and precuneus atrophy than

HCs at MRI scan
-more symmetric temporal hypometabolism at FDG-PET scan
compared to CA-AD∗

-more left-sided temporal hypometabolism at FDG-PET scan
compared to CM-AD∗

Rate and onset time of
confabulation and
misidentification

-frequent confabulators; total amount of confabulation is higher
and earlier than in the CA-ADs

-mild confabulators; the amount of confabulation increases with
the severity of cognitive decline

-spontaneous confabulation more frequent and early -spontaneous confabulation is an infrequent phenomenon,
especially at early stages

-higher prevalence of misidentification -misidentification less frequent
Features presenting
associated

-greater tendency to confabulate in AD patients with delusions
and/or aggression and in those with delusions alone
-factor analysis of AD psychosis symptoms identified a
“misidentification” subtype, consisting of misperceptions,
misidentification, and visual or auditory hallucinations

-factor and cluster analysis of AD psychosis symptoms identified
a nonpsychotic and a paranoid subtype distinct from the
misidentification subtype

Similarity to Korsakoff
syndrome

-The CM-phenotype is similar to Korsakoff syndrome (KS)
which is considered the prototype of diencephalic amnesia

-the classical phenotype of AD is hippocampal amnesia

Resemblance with
Presbyophrenia

-The CM-phenotype seems to coincide with presbyophrenia

-presbyophrenia has been recognized as similar to KS -the classical phenotype of AD is hippocampal amnesia
∗differences not statistically significant.
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DISCUSSION

We described a small group of patients diagnosed
with late-onset AD supported by positive biomark-
ers in the CSF who presented an amnesic phenotype
quite different from the CA-AD. In particular, antero-
grade amnesia dominated both CM-AD and the
CA-AD phenotypes, but in the present case series
of CM-AD patients, it is frequently associated with
more confabulation, disorientation, delusion not-
misidentification, misidentification, and logorrhea
even at early disease stages. Further common cog-
nitive features were retrograde amnesia, reduction of
insight, attention deficits, and executive impairment.
Among these symptoms, the most salient cognitive
feature of the new phenotype was confabulation.
It emerged early and often included spontaneous
confabulation other than provoked confabulation at
testing. Interestingly, spontaneous confabulation was
the first symptom in one patient. Another distin-
guishing characteristic of the new phenotype was
misidentification. Misidentification often emerged
at intermediate stages, but in some cases, it was
early, and in one patient it was the first symptom.
In addition, misidentification was often severe and
involved multiple manifestations such as close rel-
atives, the patient’s home, and TV celebrities in
the same patient. Delusion not-misidentification was
quite early and common as well, but it was ever
infrequent and unstructured compared to misidentifi-
cation. Similarly, misinterpretation and hallucination
were present but were ever brief and sporadic. Fur-
ther distinctive characteristics of the new phenotype
were more early and frequent behavioral disturbances
compared to the CA-phenotype. We recognized
early soft signs of the hyperactive-disinhibition syn-
drome, which included mild logorrhea in a subset
of patients, verbal distractibility, euphoria/fatuity,
and social disinhibition. More severe signs of the
hyperactive-disinhibition syndrome with psychomo-
tor agitation, aggression, and hyperphagia, became
common features including data from later stages. In
parallel, signs of the a-dynamic syndrome emerged
with apathy, sleep disturbances, especially central
insomnia associated with nocturnal hyperactivity and
wandering, and affective symptoms with more anxi-
ety than depression in the early stages. By contrast,
CA-ADs seemed to show more language deficits and
depression in the early stages than CM-ADs. Some
preliminary results of the longitudinal study sug-
gested that the CM-phenotype was enduring. Indeed,
follow-up data confirmed that some distinctive fea-

tures of the CM-phenotype were still more frequent in
the CM-ADs than CA-ADs at 12 months follow-up.
Moreover, raw differences in the frequency of many
cognitive and behavioral features between CM-ADs
and CA-ADs appeared to persist concordantly at 24
months after baseline.

Considering the neuroanatomical substrate of the
possible CM-phenotype, we found that a subgroup of
CM-ADs and CA-ADs showed a similar pattern of
cortical hypometabolism, mainly temporal-parietal
and focal temporal, including medial temporal, on
[18F]-FDG PET scanning. However, preliminary data
suggest that CM-ADs may have more symmetrical
involvement than CA-ADs, which more often showed
asymmetrical hypometabolism on the left side. The
study of vascular burden and atrophy by visual rating
scales on FLAIR and T1 MRI images, respectively,
found no significant differences between the two
subgroups of CM and CA-AD patients. In partic-
ular, both subgroups had greater perivascular and
white matter hyperintensities than HCs. In addition,
both groups showed greater anterior temporal, medial
temporal, and left fronto-insular atrophy than HCs.
However, the CM-AD subgroup also showed greater
right fronto-insular atrophy than HCs, while the CA-
AD subgroup also showed greater dorsal parietal,
precuneus, and right parietal atrophy than HCs. These
results suggest that CM-ADs may have somewhat
more anterior and especially less posterior atrophy
than CA-ADs.

Taken together, all the findings reported above lead
us to hypothesize that the CM-phenotype would be a
currently unrecognized distinct presentation of AD.
The following data seem preliminarily support this
hypothesis (Table 8).

First, the cross-sectional study confirmed that
many features that we recognized as distinctive in
the possible CM-phenotype in the case-series study
were indeed more frequent in the CM-AD group than
in the CA-AD group. This fact supported a distinc-
tion between the CM- and CA-phenotype, against the
fact that the two groups of AD patients were homo-
geneous for many possible confounders.

Second, the two most salient features of the
possible CM-phenotype, namely confabulation and
misidentification, are usually reported to be less
common and early in AD. In this regard, previous
studies have found that AD patients are mild con-
fabulators [38, 39], and the amount of confabulation
increases with the severity of cognitive decline [40].
Accordingly, provoked confabulations [41] on test-
ing, often simple intrusions [42], have been reported
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in the early stages of AD [40, 43, 44], whereas
overt and more elaborate confabulations appear to
be associated with severe AD [38, 45]. Further-
more, spontaneous confabulation [41] is thought to
be an infrequent phenomenon in AD, especially
in its early stages [46]. By contrast, AD patients
in the present case-series were in some cases fre-
quent overt confabulators who resembled patients
with focal brain damage. Moreover, they showed
spontaneous confabulation at a very early stage of
dementia corresponding to MCI or mild dementia.
Similarly, previous studies have reported a median
prevalence of 25.6% (range: 3.6–38.9%) of misiden-
tification phenomena in AD [47–52]. Furthermore,
misidentification increases in prevalence as the dis-
ease progresses [50, 53] and has been associated with
greater global cognitive deficits and advanced lim-
bic pathology [47]. By contrast, misidentification in
the current case-series reached 52.9%, and emerged
at very early stages in some patients. Interestingly,
misidentifications are commonly reported in patients
with dementia with Lewy bodies [54–56]. Further-
more, in a study that included autopsy-confirmed
cases of LBD, AD, and AD with amygdala-dominant
Lewy bodies (AD-ALB), the authors found that fam-
ily misidentification was present in all three groups
but was more common in the AD-ALB group (93%).
However, as the authors pointed out, patients in the
AD-ALB group had a longer estimated disease dura-
tion, a higher number of limbic tau neurofibrillary
tangles, and were at an advanced stage of the dis-
ease. Therefore, it was unclear whether amygdala
Lewy bodies played a specific role in misidentifica-
tion or whether the high presence in this AD subgroup
was a reflection of general advanced pathology [57].
The possible contribution of concomitant Lewy body
pathology on the expression of misidentification and
other features in CM-AD remains an important ques-
tion for future research.

Third, previous studies found that some fea-
tures among those characterizing the possible
CM-phenotype were indeed associated with some
AD patients. For example, a greater tendency to con-
fabulate about personal/autobiographical events has
been reported in AD patients with delusions and/or
aggression [58] and in those with delusions alone
[59, 60]. In addition, factor analysis of AD psychosis
symptoms identified a “misidentification” subtype,
consisting of misperceptions, misidentification, and
visual or auditory hallucinations [47, 61].

Fourth, multiple features of the possible CM-
phenotype overlapped with key features of dien-

cephalic amnesia, the prototype of which is the
Korsakoff syndrome (KS) [62, 63], rather than
the typical hippocampal amnesic syndrome of AD.
Indeed, KS is characterized by anterograde and retro-
grade amnesia, executive dysfunction, confabulation,
and apathy, as well as affective and social-cognitive
impairment [62, 63]. KS alcoholic patients have been
described as emotionally flat and affectively detached
[62–65], but also affectively unstable in the early
stages, often being irritable or euphoric [64–67]. In
addition, suspicion and intense emotions are easily
provoked [64–67]. The similarity between the CM-
phenotype and the KS, which is recognized to have
a neural-anatomical substrate distinct from that of
CA-AD, not only gives some anatomical foundation
to the CM-phenotype, but also further supports the
hypothesis that it is a distinct clinical manifestation
of AD.

Fifth, the complex phenotype we recognized in
the case-series patients has already been reported.
Indeed, there is a striking overlap between the
CM-phenotype and the historical description of pres-
byophrenia. This now-forgotten term was introduced
by Kahlbaum in 1863 [68] to describe an age-
related form of paraphrenic psychosis found in the
elderly and characterized by disorientation, amne-
sia, delusional misidentification, and confabulation
[68]. Then, starting from early in the twentieth cen-
tury the concept of presbyophrenia was used to refer
to a subtype of dementia characterized by memory
deficits, disorientation, confabulation, hyperactiv-
ity, euphoric or irritable mood, and preservation
of social façade [2, 3, 68]. In addition, delusional
misidentification may be a part of it, and a more
frankly manic presentation may emerge [68]. Unfor-
tunately, as reported by Berrios [3], the concept
of presbyophrenia began to decline in the 1920 s
as dementia was redefined in terms of impaired
cognition, cortical symptomatology, and specific neu-
ropathological alterations. However, there have been
sporadic more recent reports of presbyophrenia.
Specifically, Berrios described a cohort of 15 cases
in 1985 [2], and Zervas and colleagues reported three
cases in 1993 [68]. Interestingly, a striking clinical
similarity between presbyophrenia and the amnestic
syndrome described by Korsakoff was noted early in
the last century [3]. Accordingly, some authors have
described presbyophrenia as “a chronic Korsakoff-
like picture with no history of alcoholism and no
polyneuritic signs” [68]. Not only that, early data
linked presbyophrenia to AD. Oskar Fisher in the
same year as Alzheimer’s seminal article published
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a clinicopathologic study of 16 cases of dementia,
12 of which had neuritic plaques [69, 70]. He stud-
ied whether clinical symptoms distinguished the 12
cases from the other four and found that the cases with
neuritic plaques had features compatible with a clini-
cal diagnosis of presbyophrenia. Our study confirmed
the association between a presbyophrenic-like syn-
drome, which we renamed the CM-phenotype, and
AD, because the CM-AD patients in our study had
positive biomarkers for AD in the CSF. Moreover,
our results were in line with Berrios’ conclusion about
the unfortunate fate of the concept of presbyophrenia.
Indeed, we (re)found a clear presbyophrenic pheno-
type exclusively by detailed clinical evaluation, while
common cognitive testing, routine imaging, and CSF
biomarkers could not discriminate between CA- and
CM-AD groups.

This study has some limitations. First, the longi-
tudinal data about cognitive and behavioral features
were limited to brief reports by informants and
some clinical observations from geriatricians. Sec-
ond, there was a lack of geriatric follow-up for many
patients. Thus, we have no valid longitudinal data on
the course of the CM-phenotype over time, especially
later than 24 months after baseline. Closely related,
the description of the possible CM-phenotype has
focused primarily on the first presentation at base-
line. Third, because of the retrospective nature of the
study and the incompleteness of the longitudinal data
collected, we cannot completely rule out misclas-
sification, especially for patients presenting with a
CA-phenotype at baseline. We partially compensate
for this limitation by reporting in a supplementary
analysis that CA-ADs who developed confabulation
and/or misidentification at follow-up (positive-CA)
were few and were in advanced stages of demen-
tia when the core features of the CM-phenotype
appeared. Fourth, we cannot exclude that the fre-
quency of the possible CM-phenotype among other
AD presentations might be overestimated in our out-
patient registry. Indeed, due to the advanced age of
outpatients, we look for AD biomarkers in the CSF
in a minority of patients only in our Geriatric Unit,
forcing the execution of the rachicentesis, especially
for those patients who presented peculiar features
at the first visit, as confabulation and misidentifi-
cation. As a consequence, the frequency of patients
with the possible CM-phenotype in our registry of
AD patients could not represent the true frequency of
this peculiar clinical manifestation. Finally, our imag-
ing data were limited to the assessment of atrophy
using visual rating scales in a subset of participants.

Indeed, we cannot perform more advanced analyses
of whole-brain atrophy because of the limited number
of examinations available, the technical differences
between examinations, and the limited number of
slices provided in routine clinical imaging. Therefore,
we did not perform any statistical imaging analy-
sis, such as voxel-based morphometry, and this was
another limitation of our study.

AD is clinically heterogeneous, grouping differ-
ent clinical anatomical syndromes [71]. In particular,
some atypical phenotypes (variants) are currently rec-
ognized and included in the diagnostic criteria for
AD [17] together with the CA-phenotype (i.e., pos-
terior cortical atrophy, logopenic, frontal–executive)
[72–74]. Interestingly, the variants accepted in the
current nosology seem not to complete the full spec-
trum of clinical presentations of AD. Indeed, also
the corticobasal syndrome can be considered an
unusual presentation of AD [75]. In addition, fur-
ther different phenotypes of AD have been reported
anecdotally [76]. An accurate characterization of
the clinical–radiological syndromes of AD is crucial
to improve clinical decisions (e.g., early diagnosis,
symptoms management, counseling to caregivers,
planning proper cognitive rehabilitation) and support
the development of ad hoc interventions. Moreover,
a better knowledge of phenotypic diversity in AD
seems to be an essential step toward a broader under-
standing of dementia [77]. In this context, our results
could contribute to further refining the full spectrum
of the clinical presentations of AD. In particular, we
(re)found a possible amnestic AD phenotype, which
is different from the CA phenotype from a clinical
point of view. Unfortunately, our imaging study sug-
gested that the differentiation between CM-AD and
CA-AD might be rather difficult from a neuroanatom-
ical point of view. This fact was not unexpected
for two reasons. First, unlike the other recognized
phenotypic variants of AD, which primarily affect a
region other than the medial temporal lobe (MTL)
and impair a cognitive faculty other than memory,
the possible CM-phenotype is an amnesic pheno-
type that affects the MTL like CA-AD. However, our
preliminary findings of a more symmetrical, more
anterior (fronto-insular), and less posterior (dorsal
parietal and precuneus) atrophy in CM-ADs might be
promising starting points to study the neuroanatomi-
cal differences between the two amnestic phenotypes
of AD. Second, we believe that it might be difficult
to show early damage to some of the brain regions
involved in the possible CM-phenotype. Indeed, we
hypothesized what the neuroanatomical substrate of
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the CM phenotype might be, considering the results
of previous studies on the substrate of KS [62, 63]
and spontaneous confabulation [78, 79], as well as
evidence of misidentification in AD [47, 48, 80].
Data on clinical anatomical correlations found in the
literature seem to converge on a possible common
limbic-diencephalic network [81] involving limbic
structures (e.g., thalamic nuclei, mammillary bod-
ies) and the frontal regions directly connected with
them (e.g., medial and posterior orbitofrontal cor-
tex), the hippocampus with its projection areas (e.g.,
parahippocampal gyrus and transentorhinal cortex)
and other possible related structures (e.g., amygdala).
At this point, it is worth noting that, for example,
neuroimaging in humans has provided little or no evi-
dence regarding the locations and nature of thalamic
lesions at the nuclear level, as conventional structural
MRI sequences in the whole brain do not provide
high-resolution contrast between different thalamic
nuclei [82].

Our study was on a small group of patients. It will
be necessary to replicate our observations in a larger
number of patients with late- and early-onset AD to
generalize our findings. In addition, a valid longitudi-
nal study of the course of the possible CM-phenotype
over time is lacking. In addition, it will be important to
plan adequate imaging studies to better characterize
the neural substrate of the possible CM-phenotype,
possibly keeping in mind the hypothesis of a limbic-
diencephalic network. The ultimate goal will be to
define a clinical-anatomical syndrome that supports
the view of a new (yet old) diencephalic variant of
AD.
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