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Abstract

Background: Visual mental imagery (VMI) is the ability to represent stimuli in the mind without sensory visual input.
Previous studies have shown alterations in VMI in Alzheimer’s disease (AD). However, VMI has not been investigated
in the AD prodromal stage, mild cognitive impairment (MCI).

Objective: We investigated VMI ability in mild AD and MCI patients, hypothesizing that VMI ability could be
compromised since early disease stage.

Methods: We enrolled 14 patients with mild AD, |9 amnestic MCI (aMClI), and 23 healthy control subjects (HC), matched
for sex, age, and education. VMI assessment included: |) the O’clock test that allows disentangling the possible role of visuo-
perceptual difficulties in the VMI task’s performance; 2) a modified version of The Complete Visual Mental Imagery Battery
(CVMIB), including tasks evaluating the different VMI processes (generation, maintenance, inspection and transformation).
Results: Results indicated that AD patients performed worse than HC in both perceptual and imaginal tasks of the
O’clock test and in all CVMIB’s tasks but maintenance. On the contrary, aMCl patients showed difficulties in the gener-
ation process and in the imaginal task of the O’clock test.

Conclusions: Visual images generation, inspection and transformation processes are impaired in mild AD. Moreover,
the generation process is selectively impaired in aMCI patients, suggesting that VMI deficits are already present in the
prodromal stage of AD.
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individuals visualize images). In the visual buffer, the
stored information can be manipulated through four differ-
ent processes: generation, maintenance, inspection, and
transformation. The generation process allows the creation

Introduction

Visual mental imagery (VMI) is the ability to visually
represent stimuli in the mind in absence of sensory
inputs. This ability is involved in several cognitive pro-
cesses: it allows us to memorize and recall stimuli and

past events, as well as see with the “mind’s eye” stimuli
never met; it is also involved in the future planning and
“visualization” of future and past scenarios, abstract reason-
ing, navigational ability and language comprehension.*
The most accepted cognitive model of VMI was sug-
gested by Kosslyn, who hypothesized the existence of
different components and processes of the imagery
system.”’ The main components include a visual long-term
memory storage and a visual buffer (a mental screen where
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of visual mental images in the visual buffer using informa-
tion from long-term memory.*> For example, I hear the
word “cat”, and then I can generate a mental image of a
cat based on my previous experience and knowledge
about what a cat looks like. More recently, Pearson
extended this definition, explaining that mental images
could also be generated from immediate perceptual infor-
mation, relying more on short memory abilities; for
example, I see a cat and immediately after, in the absence
of the real stimulus, I can generate a mental image of that
specific cat.®® The mental image decays rapidly, and an
active maintenance process intervenes and allows the ana-
lysis of image features, such as the color. The inspection
process (or exploration process) allows the identification
of parts and relations within the image. Finally, the trans-
formation process allows images manipulation and includes
different types of transformation processes, such as the
mental rotation and mental translation.

In line with this model, studies in patients and neuroima-
ging findings indicated that VMI processes are supported by
different and independent neural systems involving fronto-
parietal network and temporal-occipital areas that could be
selectively disrupted.'®!"'21¢1719 Moreover, fMRI studies
in healthy individuals and neuropsychological studies in
brain-damaged patients highlighted dissociated cortical acti-
vation patterns and selective deficits depending on the type
of imagined stimulus (e.g., objects versus places).?* >34
Recently, Spagna and colleagues questioned the model that
postulates common neural substrates between perception
and mental imagery,® pointing to a crucial role of the early
visual areas.?®*” The Authors, instead, proposed the existence
of a core temporal network centered on the left fusiform gyrus,
identified as the Fusiform Imagery Node. The Fusiform
Imagery Node is part of the ventral cortical visual pathway
and receives visual information from more posterior regions
during perception, while anterior and medial temporal lobe
structures provide semantic and episodic information. Based
on available evidence, this model suggests that prefrontal cir-
cuits, through the activation of attentional and working
memory networks, are involved in initiating, modulating,
and maintaining the activity in the core ventral temporal
network to perform VMlI-based tasks (whether a simple
inspection, a rotation, or a judgment). This model takes into
account the double dissociation between perception and
imagery abilities in brain-damaged patients.”*2° Coherently,
the finding of Fusiform Imagery Node activity in VMI is strik-
ingly consistent with the observation of imagery deficits
occurring after extensive left temporal damages.*®

VMI ability, like other cognitive functions, declines in
healthy ageing, even if the findings from previous studies
reported conflicting results. Most of the studies focused
on the transformation process, in particular mental rotation,
suggesting overall that this ability decreases along typical
ageing.>*> When studies consider different VMI pro-
cesses, results are mixed, being inconsistent results very
likely due to differences in methods and sample

characteristics, such as age range and sex distribution.*®
40 Palermo and colleagues, to systematically evaluate the
effect of age on VMI, validated the Complete Visual
Mental Imagery Battery (CVMIB), an extensive battery
assessing singularly each VMI process.*' Results showed
a significantly worse accuracy in older adults compared to
young adults in generation, inspection, and transformation
tasks, but not in the maintenance tasks. The authors
hypothesized that the decline in the VMI might be due to
a more general age-related working memory decline,
mediated by a volume reduction in the dorsolateral pre-
frontal cortex.****

VMI has been demonstrated to be altered also in patho-
logical aging due to neurodegenerative diseases such as
Alzheimer’s disease (AD).***® AD patients showed poorer
performances compared to healthy control subjects in
several mental imagery tasks, especially in those with higher
cognitive demands and more relying on executive functioning
and visuo-spatial processing, such as tasks tapping inspection
and transformation processes.‘”’48 Moreover, several studies
showed a link between autobiographical memory—a
neuropsychological hallmark of AD—and VMI deficits,
suggesting that the ability to retrieve and manipulate
mental images is related to the capability of recalling auto-
biographical episodes in AD.***° Nevertheless, these
studies did not take into account the multi-component
nature of VMI, nor did they investigate the mental
imagery in the early disease stage.

To date, little is known about VMI in the prodromal
stage of AD, i.e., mild cognitive impairment (MCI). Few
studies have investigated this ability in MCI patients report-
ing that the memory difficulties at this disease stage could
be influenced by VMI impairment and difficulties in
motor imagery skills have been shown.’>' Moreover, it
has been suggested that training based on mental imagery
skills could improve memory performance.’*>® Overall,
these studies suggest that visual imagery alterations can
already occur in the prodromal disease phase. However,
the relation between VMI and other cognitive functions
has not been fully elucidated.

It is known that the AD neuropathological process starts
even 10-15 years before the symptoms onset,>*>> and it is
crucial to detect sensitive measures to identify AD patients
in the very early disease stage to anticipate interventions to
slow down the disease progression. Furthermore, the
pattern of neurodegenerative progression and the related
neuropsychological profile in amnesic MCI could represent
a useful model within disentangling the role of visuo-
perceptual and visuo-spatial abilities in VMI, adding evi-
dence from a pathological population.

The present study aimed to investigate VMI ability in
AD and aMCI patients. We hypothesized that VMI could
be compromised since the early and prodromal disease
stage. Since the distinct processes of VMI are subserved
by different neural substrates,'®'”*> we hypothesized that
different mental imagery processes might be disrupted in
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prodromal and dementia stages, according to the neuro-
pathological progression.

Methods

Participants

Eighteen amnestic MCI (aMCI) patients diagnosed accord-
ing to clinical criteria of the National Institute on
Aging-Alzheimer’s Association (NIA-AA) were recruited
at the Cognitive Disorders and Dementia Centre (CDCD)
of “Policlinico Umberto I Sapienza University Hospital
of Rome (Rome, Italy).’®” Eight patients were diagnosti-
cated as aMCI single domain (aMCI-sd) and 10 patients
as aMCI multiple domain (aMCI-md).

Fourteen patients with mild AD according to the clinical
criteria of the National Institute on Aging-Alzheimer’s
Association (NIA-AA) were also enrolled for the current
study.”®

Patients were excluded if they had secondary causes of
cognitive decline (i.e., vitamin deficiency or severe hypothy-
roidism, hydrocephalus, syphilis, alcohol abuse), psychiatric
comorbidities or a history of head trauma, had had severe
central nervous system infections within the last 5 years, or
had a history of cerebrovascular disease (i.e., stroke, transient
ischemic attacks, cerebral hemorrhage).

A control group of 22 healthy adult (HC) participants
was also recruited. None of the HC had a history of neuro-
logic or psychiatric diseases. All HC obtained scores within
the range of normality at the Mini-Mental State
Examination (MMSE) (Italian cut-off>23.8).%%%°

All participants had normal or corrected-to-normal
vision and individuals affected by ocular pathologies,
visual acuity disorder, difficulty recognizing places and/or
faces, and difficulty in color perception were excluded.

The study was approved by the local ethics committee
and written informed consent was obtained by each partici-
pant who volunteered to participate in the study. All proce-
dures performed in this study were in accordance with the
1964 Helsinki declaration and its later amendments or com-
parable ethical standards.

Neuropsychological assessment

All participants underwent the MMSE to measure global
cognitive decline.’>® Patients were also assessed with the
Activities of Daily Living (ADL) and Instrumental
Activities of Daily Living (IADL) to evaluate the functional
impairment.®’ Patients underwent also an extensive neuro-
psychological evaluation including: (1) Rey’s Auditory
Verbal Learning Test, Babcock Story Recall Test, and
Rey-Osterrieth Complex Figure Test for the episodic
memory domain;**** (2) Digit Span and Corsi
Block-Tapping Test for short term memory and working

memory domain;® (3) the Visual Search Test and
Trail-Making Test (part A) for the attentional domain;®*°°
(4) the Clock Drawing Test and Copy of the
Rey-Osterrieth Complex Figure Test for visuo-constructional
skill assessment;64’67 (5) Boston Naming Test for lan-
guage;®®%® (6) the Frontal Assessment Battery, Raven’s
Colored Progressive Matrices (RCPM), Trail-Making Test
(part B and B-A), Semantic and Phonemic Verbal Fluency
Test for executive functions;®>¢%70-72 (7) Visual Object
and Space Perception battery (VOSP), the “Length Match
Task™, “Size Match Task”, “Orientation Match Task’;
“Position of Gap Match Task™ subtests of the Birmingham
Object Recognition Battery (BORB) and the Benton Line
Orientation test to assess early visual processing abilities
and complex visuo-perceptual functions.”>"

A naming ability index from the Boston Naming Test
performance was computed for each participant as a propor-
tion of correct responses. Visuo-perceptual and visuo-
spatial accuracy indices were computed using VOSP
subtest scores as follows: the visuo-perceptual index corre-
sponded with the mean of the proportions of correct
answers on the Incomplete Letters, Silhouettes, Object
Decision, and Progressive Silhouettes; the visuo-spatial
index corresponded to the mean of the proportions of
correct answers on the Dot Counting, Position
Discrimination, Number Location and Cube Analysis.
Since a higher score corresponds to worse performance
on the silhouette subtest, while a higher score indicates
better performance on all other VOSP subtests, we inverted
the silhouette score before computing the index to hom-
ogenize the correspondence between score and perform-
ance. A BORB accuracy index was also computed as the
mean of the proportion of correct answers on the adminis-
tered subtests.

Procedure

To investigate the VMI processes, all participants were
administered the “O’clock Test” and a modified version
of the CVMIB.*!"777 Tests are described in detail below.

O’clock test

The O’clock Test includes a screening task and two critical
tasks, a perceptual and an imaginal task.”®’” The screening
task ensured that participants were not only able to read the
analog clock but could also correctly place their hands on
the clock face and could accurately reproduce the time
shown. Participants are required to position the hands on
a clock face at a specific time (i.e., 6:45, 6:05, 8:20,
11:10, and 3:00) verbally indicated by the examiner
within 30 s. The perceptual task assesses visuo-perceptual
and visuo-spatial abilities. Participants are shown 16 pairs
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of figures representing clock faces indicating different times
and asked to indicate in which clock face of each pair the
hands form the larger angle (Supplemental Figure 1). One
point is assigned for each correct response; maximum score
is 16. The imaginal task assesses the ability to generate
visual mental images. Participants are shown a pair of typed
time on a card (e.g., 2:30 and 2:00) and required to imagine
the same times on two analogical clocks for judging in
which the clock hands form the larger angle (Supplemental
Figure 2). The test includes 32 items; one point is assigned
for each correct response; maximum score is 32.

The “O’clock Test” has the advantage of including tasks
based on visuo-perceptive, visuo-spatial, and imaginal
ability in closely comparable forms.”®”” This task allows
evaluating the impact of visuo-perceptual and visuo-spatial
alterations on subjects’ performance in visual-mental
imagery tasks. Moreover, this test uses information acquired
by the patient before the onset of the pathology, not influ-
enced by encoding deficits, that are usually present in AD.”®

Modified version of the “Complete Visual Mental
Imagery Battery” (CYMIB)

The CVMIB was administered to investigate the different pro-
cesses of VML, since it includes tasks selectively assessing the
generation, maintenance, inspection, and transformation pro-
cesses of visual mental images.*' To reduce the negative influ-
ence of the attentional deficit present in Alzheimer’s disease on
the visual imagery processes, =" we modified the CVMIB, by
reducing the number of administered subtests and of items pre-
sented in each subtest. Then, differently from the original
version by Palermo and colleagues*': a) in the Maintenance
subscale, only the “Colour 3” task was included, reducing
the number of tasks from 3 to 1; b) in the Inspection subscale,
we opted to streamline the number of tasks by reducing them
from 2 to 1, specifically focusing on the “Letter Inspection”
task; ¢) in the Transformation subscale the number of tasks
was reduced from 3 to 2, now including the “Mental
Folding” and “Mental Rotation” tasks. Furthermore, the
number of items in each task of the 4 subscales was reduced
from 20 to 10. To specifically test visual imagery ability
across various contents in the Generation subscale, a third
task with faces as stimuli was added, in addition to building
and object tasks.

Thus, the modified version of the CVMIB used in our
experiment consisted of the following tasks, into four
subscales:*!

Generation subscale. Three tasks requiring the gener-
ation of images were used. Common tasks used to investi-
gate the mental imagery generation process required
information stored in long-term memory. However, to
limit the influence of memory decline, we used tasks involv-
ing the ability to generate a mental image from short-term

memory,®'"® that preserves perceptual features to a greater

extent compared to images generated from long-term
memory.*>** Since different types of stimulus content (i.e.,
faces, places, and objects) could be independently affected
by brain damage or dysfunction,® and rely at least in part
on different brain regions,21 the subscale includes 3 tasks,
each tapping the ability to generate a specific type of image.
In the Buildings task, participants are shown a photo of a
building (target) and asked to observe it for a duration of
10 s (encoding phase), after which the photo is removed,
and participants have to close their eyes and mentally generate
the image of the photo they have just seen (encoding phase)
saying when they had generated the image (generation
phase). At the end of the generation phase, a forced choice
recognition task is administered in which the target should
be recognized among 3 distracters representing a mirrored
image of the target and two buildings similar to the target
but with distinct visual attributes, such as color, or removal
or modification of specific elements like windows or roofs
(Supplemental Figure 3). Time of the generation phase (i.e.,
the time from the removal of the target and participant
statement to have generated its visual image) is recorded;
1 point is given for each correct response with a maximum
score equal to 10. The procedures are identical to that of
the Buildings task for the two other generation tasks,
with the only difference being the nature of stimuli con-
sisting in common objects in the Object Task
(Supplemental Figure 4) and faces in the Face Task
(Supplemental Figure 5). Other than the score of each
subtask a total score (maximum score=30) for the
Generation subscale, summing up the scores of the
Building, Object, and Face tasks, is computed.

Maintenance subscale. The maintenance process specif-
ically involves the use of color imagery. In the Colour task,
participants are presented with a pair of black and white
drawings of common objects (for ex., a blackberry and a
strawberry; Supplemental Figure 6). Participants have to
visualize the two stimuli and then to verbally report the
actual color of each stimulus and indicate which of them
has the darker color. Score corresponds to the sum of
correct identifications of the darker color. The test includes
10 items; the maximum score is 10.

Inspection subscale. To assess the inspection process, we
use a Letter inspection task, a task requiring the inspection
of the mental image of well-known stimuli. The use of very
familiar and well-known stimuli (alphabetical letters)
reduces the load of the working memory and allows to select-
ively evaluate the inspection process. A set of 20 letters was
verbally presented one at time, asking participants to imagine
they are writing the letter in lowercase cursive on lined paper.
The instruction was: “Imagine writing the letter “d” in lower
case, does the “d” occupy one or two rows?” (Supplemental
Figure 7). Stimuli included 11 letters occupying two rows and
9 occupying one row. The score corresponds to the sum of
correct responses; the maximum score was 20. Response
time was also recorded.
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Transformation subscale. Since current literature reports
the existence of different types of transformation processes
(for a review, see Harris et al., 2013 and Pearson et al.,
2013)”*° we used two tasks that involved an active manipu-
lation and transformation of mental images to investigate
the transformation process. In the Mental Folding task, a
set of 10 pictures of unfolded cubes was presented one at
time. For each stimulus, participants were asked to mentally
fold the cube and to indicate whether the arrows marked on
two sides of the cube would touch each other after the
folding (Supplemental Figure 8). The test was preceded
by 2 practice items involved a practical demonstration
and feedback regarding the correctness of the answer. The
score corresponds to the sum of correct responses; the
maximum score was 10. Response time was also recorded.

The Mental Rotation task included 11 trials (1 practice
trial and 10 experimental trials). In each trial, participants
had to mentally rotate an item printed at the top of the
sheet, to recognize it in a multiple-choice task among five
similar items (Supplemental Figure 9). The practice item
involved a practical demonstration and feedback regarding
the correctness of the answer. The score corresponds to the
sum of correct responses; the maximum score was 10.
Response time was recorded.

Statistical analysis

Statistical analyses were performed using SPSS (v. 27).

First, we compared the demographic (age, education, and
gender) and clinical characteristics (MMSE scores) of aMCI
and AD patients and healthy control participants (HC) by
performing one-way ANOVAs and a chi-square test.

Then, differences in visual imagery across groups (aMCI
versus AD versus HC) were investigated. For each task, accur-
acy and response time were included as dependent variables.

Since preliminary analyses showed that data did not gen-
erally meet the assumptions of parametric analyses, non-
parametric statistical methods were used and differences
between groups were analyzed using Kruskal-Wallis tests,
applying Bonferroni’s correction for multiple comparisons.

Finally, to test the association between visual imagery
tasks performances and neuropsychological scores,
Spearman correlation coefficients were computed for the
aMCI/AD group. Bonferroni’s correction for multiple com-
parisons was applied (the p-value threshold for significance
was computed as oo =0.05/49 =0.001).

Results

Demographical and clinical results

ANOVA results showed no significant differences between
groups in mean age (F, =2,059, p=0.14), years of formal
education (F,=1.334, p=0.27); the Chi-square analysis
showed no differences in gender distribution (y =0.940,

d.f.=2, p=0.62). Conversely, we found a significant dif-
ference in MMSE scores between groups (F,=22.792,
p<0.001). Post-hoc comparisons showed that AD patients
reported significantly worse scores on the MMSE than
both HC (p<0.001) and aMCI patients (p<0.001);
no significant difference was observed between aMCI and
HC (p=0.31) (see Table 1). Neuropsychological results
are reported in Supplemental Table 1.

Visual imagery results

Mean scores and standard deviation (S.D.) for all the visual
imagery tasks are reported in Table 2.

O’clock test

All subjects enrolled in the study performed adequately the
screening task of the O’clock Test and were considered for
the analysis.

The group comparisons revealed significant group dif-
ferences in both tasks included in the test (see Figure 1).

Regarding the Perceptual task, we found a significant dif-
ference between groups in the accuracy scores (H=8.534,
d.f.=2, p=0.01), indicating, based on post-hoc comparisons,
that AD patients performed worse than HC (p=0.01); no
other differences between groups were found (aMCI versus
HC, p=0.54; aMCI versus AD, p=0.32).

In the Imaginal task significant differences between groups
in the accuracy scores were found (H=19.123, d.f.=2,
p<0.001). In this case, post-hoc comparisons highlighted sig-
nificant differences between both patients’ groups compared to
controls: both AD and aMCI patients performed worse than
HC (p<0.001 and p = 0.04 respectively); no significant differ-
ences were found between the patient groups (p=0.11).

Modified CVMIB battery

The group comparisons revealed significant differences
between groups in all subtests of CVMIB.

Considering the total Generation subscale performance
(Figure 2A, B), groups differed significantly with respect

Table I. Principal demographic and clinical characteristics of
samples.

HC aMCl AD

(n=22) (n=18) (n=14)
Age (y; mean and SD) 71.7 (54) 717 (47) 749 (53)
Education (y; mean and SD) 13.5 (44) 1253.7) 11.23.7)
Gender (M/F; number) 9/13 9/9 8/6
MMSE (mean and SD) 28.1 (1.7) 269 (2.7) 23.1 (2.1)

HC: healthy control subjects; aMCl: amnestic mild cognitive impairment;
AD: Alzheimer’s disease; MMSE: Mini-Mental State Examination; SD:
standard deviation.
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Table 2. Means and standard deviations (SD) of visual imagery tasks (correct responses — CR - and response times in seconds — RT) for
aMCl and AD patients and healthy control (HC) subjects.

HC M (SD) aMCI M (SD) AD M (SD) K p
O’clock-P (CR) 16.0 (0.2) 15.6 (1.0) 14.7 (1.9) 8.534 0.01 ¢
O’clock-I (CR) 282 (3.4) 242 (5.2) 18.9 (4.6) 19.123 <0.001 ¢
GenTot (CR) 8.7 (0.5) 7.8 (I.1) 6.6 (1.4) 24472 <0.001 b¢
GenTot (RTg) 28.4 (10.4) 447 (22.9) 61.8 (26.3) 23322 <0.001 <
GenTot (RTr) 74.6 (26.4) 96.1 (35.4) 99.2 (37.8) 7.163 0.03
GenB (CR) 9.0 (I.1) 7.9 (1.7) 6.1 (1.9) 19.569 <0.001 **
GenB (RTg) 34.0 (14.5) 496 (27.2) 76.7 (42.0) 19.776 <0.001 °
GenB (RTr) 70.4 (32.3) 94.6 (34.8) 108.3 (42.9) 11.252 0.004 <
GenO (CR) 9.6 (0.7) 87 (1.3) 7.4 (2.2) 12.600 0.002 €
GenO (RTg) 25.4 (10.7) 418 (26.7) 56.3 (24.9) 24.658 <0.001 *b
GenO (RTY) 51.7 (23.7) 65.8 (25.9) 77.0 (43.4) 6.275 0.04
GenF (CR) 7.6 (1.0) 6.6 (1.6) 6.4 (1.5) 9.051 001
GenF (RTg) 25.9 (9.5) 427 (19.2) 52.5 (16.9) 21.990 <0.001 ¢
GenF (RTr) 101.6 (38.8) 127.8 (56.8) 112.4 (487) 2.321 031
Co (CR) 9.2 (0.7) 8.9 (0.8) 8.6 (1.2) 2.403 0.30
Le (CR) 19.0 (1.5) 173 3.2) 16.4 (3.3) 6.473 0.04 ©
Le (RT) 30.2 (10.5) 39.7 (19.0) 58.5 (35.7) 10.473 0.005 ©
MF (CR) 7.0 (1.2) 6.9 (1.5) 52 (1.9) 9.704 0.008 b
MF (RT) 185.6 (83.1) 248.2 (180.9) 2149 (127.6) 0.806 0.67
MR (CR) 5.2 (3.0) 5.4 (2.6) 1.9 (1.9) 14.040 0.001 b
MR (RT) 4292 (256.9) 491.4 (487.2) 316.6 (153.1) 2.366 0.3

3MCI versus AD; ® aMClI versus HC; < AD versus HC.

HC: healthy control subjects; aMCl: amnestic mild cognitive impairment; AD: Alzheimer’s disease; K: Kruskal-Wallis tests; M: mean; SD: standard
deviation; O’clock-P (CR): accuracy at the Perceptual task of the O’clock Test; O’clock-l (CR): Accuracy at the Imaginal task of the O’clock Test; GenTot
(CR): accuracy at recognition task in all three Generation domain tasks; GenTot (RTg): generation response time in all three Generation domain tasks;
GenTot (RTr): recognition response time in all three Generation domain tasks GenB (CR): accuracy at recognition task in the Buildings task of the
Generation subscale; GenB (RTg): generation response time in the Buildings task of the Generation subscale; GenB (RTr): recognition response time in the
Buildings task of the Generation subscale; GenO (CR): accuracy at recognition task in the Objects task of the Generation subscale; GenO (RTg):
generation phase response time in the Objects task of the Generation subscale; GenO (RTr): recognition response time in the Objects task of the
Generation subscale; GenF (CR): accuracy at recognition task in the Faces task of the Generation subscale; GenF (RTg): generation phase response time in
the Faces task of the Generation subscale; GenF (RTr): recognition response time in the Faces task of the Generation subscale; Co (CR): accuracy at
Colour task of the Maintenance subscale; Le (CR): accuracy at the Letter Inspection task of the Inspection subscale; Le (RT): response time at the Letter
Inspection task of the Inspection subscale; MF (CR): accuracy at the Mental Folding task of the Transformation subscale; MF (RT): response time at the
Mental Folding task of the Transformation subscale; MR (CR): accuracy at the Mental Rotation task of the Transformation subscale; MR (RT): response time
at the Mental Rotation task of the Transformation subscale.

A) 18 * B)
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32
2 ! s [
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Figure 1. Histograms show performances of the groups on the O’clock Test comparing the Perceptual task accuracy results in panel A
on the left and Imaginal task accuracy results in panel Bon the right. In the y axis, scores range from 0 to the maximum scores obtained
by the participants plus standard deviation in each task. Significance level: *** p<0.001; * p <0.05. HC: healthy control subjects; aMCl:
amnestic mild cognitive impairment; AD: Alzheimer’s disease.
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to the accuracy scores (H=24.472, d.f. =2, p<0.001) and
response times (RTs) both in the generation (H=23.322,
d.f.=2, p<0.001) and recognition phase (H=7.163,
df =2, p=0.03). Post-hoc comparisons indicated that com-
pared to HC, both AD and aMCI groups were significantly
less accurate (p<0.001 and p=0.006, respectively), and
slower in the generation phase (p<0.001 and p=0.02,
respectively). Although the post-hoc comparisons for the
recognition phase did not survive the Bonferroni correction
for multiple comparisons, a trend toward the significance
indicated that AD and MCI (p uncorrected =0.03 and
p=0.02 respectively) performed worse compared to HC;
no significant differences were found between patients in
the accuracy (p =0.20) and RTs (p =0.09 for the generation
phase and p = 1.00 for the recognition phase). Possible dif-
ferences among groups related to the generation of specific
kinds of mental images (buildings, objects, and faces) were
also investigated. In the Buildings task (see Figure 2C-E)

we found significant differences among groups both in
the accuracy (H=19.569, d.f.=2, p<0.001), and in the
RTs; differences were present in both the generation
(H=19.776, d.f.=2, p<0.001) and recognition phases
H=11.251, d.f.=2, p=0.004) of the Building task.
Post-hoc comparisons showed that in the recognition task
AD patients performed significantly worse than HC
(p<0.001) and aMCI (p =0.03), while aMCI performance
did not differ from that of HC (p =0.16). Also, AD patients
were slower than HC in both generation (p <0.001) and rec-
ognition (p=0.009) phases, while aMCI patients differed
from HC only in the recognition phase (p=0.02). No sig-
nificant differences were found between aMCI and HC in
the RT of the generation phase (p=0.08) and between
patients in both RTs phases (p=0.08 for the generation
phase and p=1.00 for the recognition phase). In the
Objects task of the Generation subscale (see Figure 2F,
G), significant differences in accuracy at the recognition
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Figure 2. Histograms show significant results on the Generation subscale tasks. Panel A and B show the global performances on the
Generation subscale task in terms of accuracy and response time in the generation phase, respectively. Panel C, D, and E show
significant results on the Buildings task with respect to the accuracy and response time in generation and recognition phases,
respectively. Panel F and G show significant results regarded the accuracy and response time in the generation phase, respectively, on
the Objects task. Finally, panel H and | show significant results regarded to accuracy and response time in the generation phase,
respectively, on the Faces task. In the y axis, scores range from 0 to the maximum scores obtained by the participants plus standard
deviation in each task. Significance level: *** p <0.001; **p <0.01; * p <0.05. HC: healthy control subjects; aMCI: amnestic mild cognitive

impairment; AD: Alzheimer’s disease.
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task (H=12.600, d.f. =2, p=10.002), and in the RTs in both
the generation (H=24.658, d.f.=2, p<0.001) and the rec-
ognition phase (H=6.275, d.f.=2, p=0.04) were found.
AD performed significantly worse than HC (p =0.002);
no significant differences were found between the aMCI
group and HC (p=0.08) and between AD and aMCI
(p=0.52). AD and aMCI were significantly slower than
HC (p<0.001 and p=0.03, respectively) in the generation
phase; AD patients were also significantly slower than
aMCI (p=0.04). In the recognition phase, both AD and
aMCI patients’ groups were slower than HC as a trend
toward the significance that did not survive multiple com-
parison correction (p uncorrected=0.03 and p uncor-
rected = 0.04 respectively); no significant differences were
found between AD and aMCI (p=1.00). Regarding the
Faces task of the Generation subscale (see Figure 2H, I),
significant differences were found among groups in accur-
acy scores (H=9.051, d.f.=2, p=0.01) and in RTs of
the generation phase (H=21.990, d.f.=2, p<0.001), but
no difference was evidenced in RTs of the recognition
phase (H=2.321, d.f. =2, p=0.31). Post-hoc comparisons

highlighted that AD patients were significantly less accurate
in the recognition task than HC (p =0.02); no significant dif-
ferences were found between aMCI and HC (p=0.053) and
between AD and aMCI (p=1.00). Both AD and aMCI
were significantly slower than HC (p<0.001 and p=0.007
for AD and aMCI patients respectively) in generating faces,
without differing each other (p=0.321).

In the Colour task of the Maintenance subscale, no sig-
nificant differences were found in the accuracy scores
(H=2.403, d.f.=2, p=0.301), indicating that AD and
aMCI have the same capability of HC in maintaining the
mental images of colors.

Considering the Letter Inspection Task of the Inspection
subscale (see Figure 3A, B), we found significant differ-
ences between groups in relation to the accuracy scores
(H=6.473, df.=2, p=0.04) and RT (H=10.473,
d.f.=2, p=0.005). AD performed significantly worse
than HC in the recognition task (accuracy: p=0.04; RT:
p=0.004. the group of aMCI did not significantly differ
from HC (accuracy: p=0.429; RT: p =0.280 respectively)
and AD (accuracy: p=0.821; RT: p=0.337).
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Figure 3. Histograms in panels A and B show significant results on the Letter Inspection task of the Inspection subscale in terms of
accuracy and response time respectively. Histograms in panels C and D show the significant results of the Transformation subscale task,
respectively the accuracy performance on the Mental Folding task and on the Mental Rotation task. In the y axis, scores range from 0 to
the maximum scores obtained by the participants plus standard deviation in each task. Significance level: *p <0.01; * p<0.05. HC:
healthy control subjects; aMCl: amnestic mild cognitive impairment; AD: Alzheimer’s disease.
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Regarding the Mental Folding task of the Transformation
subscale (see Figure 3C), we found a significant difference
in the accuracy between groups scores (H=9.704, d.f.=2,
p=0.008), but no in the RT (H=0.806, df.=2,
p =0.668). Post-hoc comparisons indicated that accuracy in
AD was significantly reduced than in HC (p=0.01) and
aMCI (p=0.02), which did not differ each other (HC
versus aMCI: p=1.0).

Also, in the Mental Rotation task of the Transformation
subscale (see Figure 3D) we found significant differences
among groups in the accuracy (H=14.040, d.f.=2,
p=0.001), but not in the RT (H=2.366, d.f.=2,
p=0.306); post-hoc comparisons indicated that AD
patients had the worst performance compared both to HC
(p=0.003) and aMCI patients (p =0.003), while no differ-
ences were found between these two groups (p = 1.0).

When looking at associations between visual imagery
tasks performances and neuropsychological scores, we
found: (1) significant positive correlation between accuracy
on Perceptual task and performances on test assessing atten-
tional shifting and significant positive correlation between
accuracy on Perceptual task and tests tapping abstract rea-
soning and visuo-spatial ability; (2) significant positive cor-
relation between accuracy on Imaginal task and
performance on test assessing global cognitive integrity
and visual processing abilities; (3) significant positive

correlations between accuracy on the Generation processing
and tests assessing immediate recall of visuo-spatial mater-
ial, reasoning and complex visuo-perceptual and visuo-
spatial abilities; 4) significant positive correlation between
accuracy on Letter Inspection task and test assessing
abstract reasoning, visuo-constructional, complex visual-
perceptual and visuo-spatial abilities; 5) significant positive
correlations between accuracy on Mental rotation task and
tests assessing global cognitive integrity, executive func-
tions, visuo-constructional and visuo-spatial abilities (see
Table 3).

Discussion

Present study aimed to investigate the VMI in the pro-
dromal stage (MCI) and in the early phase of AD. We
hypothesized that different visual imagery processes could
be impaired in different stages of AD in line with the path-
ology progression.

Performances on the O’clock Test demonstrated that
both aMCI and AD patients had worse performances than
HC in the imaginal task, indicating VMI deficit since the
prodromal stage of AD. AD patients also showed an impair-
ment in the perceptual task, coherently with the presence of
visuo-perceptual and visuo-spatial deficits in these
patients.®’

Table 3. Significant correlations between scores at visual imagery tasks and neuropsychological tests in patients (p values < 0.001

Bonferroni corrected in bold).

O’clock-P (CR)  O’clock-l (CR)  GenTot (CR) GenB (CR) GenO (CR) Le (CR) MR (CR)
MMSE r 0515 0.599 0471 0.430 0.385 —0.445  0.662
p 0003 0.001 0.006 0.014 0.029 0011  0.000
ROCF-IR r 0.157 0.421 0.450 0.590 0277 —0290  0.457
p 0409 0.029 0.013 0.001 0.138 0.121 0013
FAB r 0534 0.469 0.524 0.500 0.494 —0410 0585
p 0002 0.012 0.002 0.004 0.005 0022  0.00I
RCPM r 0566 0.542 0.645 0.537 0.674 —0.642 063l
p 0.001 0.003 0.000 0.002 0.000 0.000  0.000
ROCF copy r 0429 0.468 0515 0.551 0.449 —0502  0.600
p 00I8 0.014 0.004 0.002 0.0I3 0.005  0.00I
cDT r 0337 0.454 0.438 0.447 0.422 —0.565  0.555
p 0059 0.013 0.012 0.010 0.016 0.001  0.001
SVF ro 0367 0.456 0308 0.339 0.238 —0358 0550
p 0039 0.013 0.087 0.058 0.189 0.045  0.001
Benton ro 0679 0.496 0.544 0.293 0.535 —0553 0532
p  0.000 0.006 0.001 0.104 0.002 0.001  0.002
BORB r 0510 0578 0.601 0.432 0.609 —0.456 0502
p 0003 0.001 0.000 0.014 0.000 0.009  0.004
VOSP visuo-spatial  r  0.430 0516 0.692 0.610 0.557 —0.657  0.633
p 0014 0.004 0.000 0.000 0.001 0.000  0.000

MMSE: Mini-Mental State Examination; ROCF-IR: Rey-Osterrieth Complex Figure Test — Immediate Recall; FAB: Frontal Assessment Battery; RCPM:
Raven’s Colored Progressive Matrices; ROCF Copy: Copy of the Rey-Osterrieth Complex Figure Test; CDT: Clock Drawing Test; SVF: Semantic Verbal
Fluency Test; Benton: Benton Line Orientation test; BORB: Birmingham Object Recognition Battery; VOSP: Visual Object and Space Perception battery;
O’clock-P (CR): accuracy at the Perceptual task of the o’Clock test; O’clock-lI (CR): Accuracy at the Imaginal task of the o’Clock test; GenTot (CR):
accuracy at recognition task in all three Generation domain tasks; GenB (CR): accuracy at recognition task in the Buildings task of the Generation subscale;
GenO (CR): accuracy at recognition task in the Objects task of the Generation subscale; Le (CR): accuracy at the Letter Inspection task of the Inspection

subscale; MR (CR): accuracy at the Mental Rotation task of the Transformation subscale.
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However, the imaginal O’clock Test involves several
VMI processes, not allowing us to disambiguate the con-
tribution of each process in the different phases of the
disease. When the processes were separately investigated,
by means of the CVMIB, we found that aMCI patients
were compromised in the generation process but their per-
formances in maintaining, inspection and transformation
processes did not differ from those of HC. Instead, AD
patients showed impairment not only in the generation
but also in the inspection and transformation abilities, in
agreement with greater severity of neuropathology at the
dementia stage.

Neuropsychological and neuroimaging models suggests
that the generation process of the VMI is based on the acti-
vation of a temporal network that receives perceptual and
semantic information from visual and temporal areas, to
create the stimulus visual representation.”’> In line
with the Braak and Braak neuropathological staging
model,***° medial temporal regions associated with new
learning and episodic memory are typically early affected
by neurofibrillary tangle pathology in the initial disease
stages. The neuropsychological correlate of this selective
impairment is the amnestic MCI stage.”"*? Thus, it is pos-
sible to hypothesize that the temporo-medial damage might
be responsible of mental imagery alterations, especially in
the generation process, that is observed in aMCI patients,
as well as AD patients.

Differently from neuroimaging studies and evidence
from brain-damaged patients,'®?%?>?* we did not find dif-
ferences in VMI based on the stimulus content (buildings,
objects, or faces). Since the AD neuropathological process
may affect the whole temporal ventral visual stream areas
involved in specific content perception, it is possible that
all the perceptual areas are equally damaged, and no differ-
ence content specific are evidenced in mental imagery
tasks.

The model of Braak and Braak postulated that tau path-
ology progresses by involving the temporo-parietal first and
then the fronto-parietal areas.®®°° In line with VMI
models,””** Thompson and Kosslyn proposed that the
inspection process highly relies on medial occipital cortex
and inferotemporal cortex.”> Moreover, neuroimaging
studies highlighted the engagement of the bilateral posterior
parietal cortex in the transformation domain, independently
from the task administered.”**> Coherently, in the early
stage of dementia, PET and SPECT studies demonstrated
that the neurodegenerative pathology extends from the
mesial temporal structures to the temporo-parietal regions
and posterior cingulum.’® In particular, recent neuropatho-
logical research suggests that multimodal association
areas, as the posterior parietal cortex and area V5, are
also early affected by amyloid deposition.”” It has, there-
fore, been hypothesized that the deterioration of these
areas may lead to visual processing problems involving
the dorsal pathway.”® According to these results, in the

inspection task, we found a significant difference in the
accuracy and response time between AD patients and HC.
Conversely, we did not find differences between aMCI
patients and both AD and HC. Thus, we speculate that
aMCI patients have very slight deficits or deficits that
they are still able to compensate in the same tasks and
thus their performance in the inspection task are intermedi-
ate between HC and AD.

As the neurodegeneration progresses, the impairment in
tasks based primarily on executive functions, working
memory and visuo-spatial abilities mediated by parietal
and frontal regions becomes evident. Indeed, in both trans-
formation tasks, AD patients performed worse compared to
both aMCI and HC, whereas these cognitive processes are
still preserved in aMCI.

We did not find differences between groups in the main-
tenance process. However, the Colour task used to assess
the maintenance process relies heavily on the retrieving of
semantic information. This task requires participants to main-
tain in the visual buffer two well-known items generated from
long-term memory. The semantic information is still retained
in the early phase of AD dementia, explaining the good per-
formance of AD patients in this task. In addition, recent evi-
dence also suggests that this kind of task can elicit the use of
involuntary imagery since,” after a thousand co-occurrences
of seeing a particular item (e.g., a banana) in a specific color
(e.g., yellow), a black and white image of that item is invol-
untarily perceived colored as a product of the associative
learning.'®”!*" Thus, we can hypothesize that the spare of
this component in this study might be due to the use of
spared involuntary imagery or to the compensative use of a
semantic strategy, rather than the use of an imaginative one,
for carrying out the task. At the moment, this interpretation
should be considered speculative since currently no studies
investigated the VMI maintenance process and involuntary
imagery in AD pathology.

The analysis of the relationship between VMI ability
and cognitive functions showed that the measure of
global cognitive integrity was positively associated to
the accuracy in the imaginal clock task and in mental rota-
tion task. This result is in line also with previous results in
AD patients,*® and coherent with our results suggesting
that VMI ability was sensitive to general processes of
pathological aging. Moreover, we found an association
between visuo-spatial long-term memory ability and the
generation process, supporting the idea that the generation
might be based on information derived from long-term
memory.4’5 In addition, we found the association between
constructional abilities and inspection and transformation
performances, consistently with a parietal participation in
these imaginal processes.*’ Finally, performances in visuo-
spatial, visuo-perceptual and executive functioning tests
were associated with generation, inspection, and transform-
ation tasks, consistently with the involvement of these
skills in all VMI processes.s’7’25
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Overall, the associations we found between VMI perform-
ance and cognitive functions are coherent with previous VMI
neuropsychological and neuroimaging model.>"?

Limitations and future directions

This study has several limitations that need to be addressed.
First, further studies with larger patient cohorts are needed
to corroborate the present findings. Second, future studies
should include neuroimaging tools, as magnetic resonance,
to actually verify the involvement of the hypothesized areas
underlying single VMI processes and the relationship with
the pattern of neurodegeneration progression. Many previ-
ous studies that investigated the generation process used
tasks that require to create a mental image using information
from long-term memory (for a review of studies on patients
with brain damage, see, for example, Farah 1984).102
Actually, seminal papers, which focused specifically on
the generation process, describe it as the process through
which a short-term, perceptual-like visual image is created
by reactivating stored information from long-term.'®*:1%4
However, to limit the influence of memory decline, we
used a generation task that required generation from short-
term memory based on immediate perceptual information,
according to Pearson’s definition.®® Further studies
should investigate the generation process in MCI patients
using other types of tasks based on information stored in
both short- and long-term memory, to better clarify
whether the impairment in the generation process is specific
to short-term memory or if it affects the overall image gen-
eration process.

Also, the investigation of VMI abilities should be carried
out in other pathological populations, as Lewy body demen-
tias, characterized by an impairment of visuospatial abilities
and the presence of visual hallucinations (see El Haj et al.,
2019 for the role of imaginative abilities in visual hallucina-
tions).*® Finally, longitudinal studies in patients with sub-
jective cognitive decline, a preclinical stage of AD, could
better characterize the evolution of VMI process along the
pathological aging continuum, and this might clarify
whether early impairment of imaginative abilities could
be a predictor of conversion.

Conclusions

In conclusion, our data demonstrate that alterations in VMI
are present since the prodromal AD stage. In particular,
aMCI patients show a selective impairment of the VMI gen-
eration process. We speculate that the degeneration of the
temporo-mesial areas in prodromal stages of the disease
may compromise the possibility of activating the associa-
tive memories necessary for the creation of a visual
representation.”’*> The AD neurodegenerative progres-
sion,***° and the involvement of temporo-parietal and

frontal areas occurring in AD patients may explain VMI
deficits also in the inspection and transformation processes.
The findings from this study showed that VMI gener-
ation could be early impaired in prodromal AD. Further
studies investigating more directly and extensively the rela-
tionship between AD pathology and VMI ability are needed
to define whether the generation process deficits might con-
stitute an early neuropsychological marker of pathological
aging. Moreover, monitoring VMI disorders along AD con-
tinuum may be an easy, unexpensive way to monitor the
progression from pre-clinical to full-blown AD stages.
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