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Abstract.
Background: Previous studies of hippocampal function and volume related to episodic memory deficits in patients with
amnestic mild cognitive impairment (aMCI) have produced mixed results including increased or decreased activity and
volume. However, most of them have not included biomarkers, such as amyloid-� (A�) deposition which is the hallmark for
early identification of the Alzheimer’s disease continuum.
Objective: We investigated the role of A� deposition, functional hippocampal activity and structural volume in aMCI patients
and healthy elderly controls (HC) using a new functional MRI (fMRI) ecological episodic memory task.
Methods: Forty-six older adults were included, among them A� PET PIB positive (PIB+) aMCI (N = 17), A� PET PIB
negative (PIB–) aMCI (N = 15), and HC (N = 14). Hippocampal volume and function were analyzed using Freesurfer v6.0
and FSL for news headlines episodic memory fMRI task, and logistic regression for group classification in conjunction with
episodic memory task and traditional neuropsychological tests.
Results: The aMCI PIB+ and PIB– patients showed significantly worse performance in relation to HC in most traditional
neuropsychological tests and within group difference only on story recall and the ecological episodic memory fMRI task
delayed recall. The classification model reached a significant accuracy (78%) and the classification pattern characterizing
the PIB+ included decreased left hippocampal function and volume, increased right hippocampal function and volume, and
worse episodic memory performance differing from PIB– which showed increased left hippocampus volume.
Conclusion: The main findings showed differential neural correlates, hippocampal volume and function during episodic
memory in aMCI patients with the presence of A� deposition.
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INTRODUCTION

Mild cognitive impairment (MCI) is a clinical
syndrome with cognitive decline beyond what is
expected for one’s age in the context of reason-
ably preserved daily living instrumental activities
and absence of dementia [1–4]. Previous stud-
ies suggested that amnestic predominant MCI
(aMCI) patients are more likely to convert to
typical Alzheimer’s disease (AD), although sub-
sequent findings have indicated that atypical AD
phenotypes including nonamnestic and behavioral
symptoms may convert to typical AD [5]. In 2018,
the US National Institute on Aging (NIA) and
the Alzheimer’s Association (AA) proposed the
amyloid-� (A�), tau, neurodegeneration (A/T/N)
research framework for the biological diagnosis of
AD [6]. This research framework is based on the amy-
loid cascade hypothesis beginning with A� lesions
and, subsequently, tau pathology, brain neurodegen-
eration and cognitive changes [6–9]. It has been used
in research to identify and follow up unimpaired cog-
nitive and MCI individuals within the AD continuum
in the presence of A� deposition alone or in com-
bination with tau pathology or neurodegeneration,
even though other studies were unable to support this
hypothesis [10–20]. A recently published recommen-
dation of the International Working Group in 2021 on
the AD diagnosis included its application to people
who have positive biomarkers together with specific
AD phenotypes, whereas biomarker-positive cogni-
tively unimpaired individuals could be considered
at-risk for progression to AD dementia [21].

Advances in biomarkers to identify MCI patients
in the AD continuum have contributed to detect the
pathological process related to A� deposition sev-
eral years earlier than the AD onset. In particular,
A� positron emission tomography (A�-PET) has
been used in a number of studies showing A�-PET
positivity (A�-PET+) in aMCI patients in compar-
ison to age-matched cognitively normal individuals
and non-aMCI [22–25]. However, other studies have
not confirmed such A�-cognition relationship in
non-dementia individuals [26–28]. Therefore, further
research is needed to understand A�-cognition asso-
ciation in the early stages of the AD continuum,
particularly in aMCI samples with or without the
presence of A� deposition.

Previous publications on aMCI showed episodic
memory deficits as the central memory impairment
in this population [1–3, 29–31], particularly when
new information is recalled after a delay period

[32–35]. Those episodic memory deficits, usually
assessed by wordlists or story recall laboratory tests,
have been associated with hippocampal volume loss,
although frontotemporal and parietal regions can also
be implicated in aMCI affecting memory encoding,
consolidation and recall processes [36–40]. How-
ever, there is a lack of studies investigating encoding
and retrieval processes of episodic memory in aMCI
patients with A� deposition in comparison to aMCI
without A� deposition considering hippocampal vol-
ume and episodic memory tasks similar to real life
difficulties including news events. This is crucial to
disentangle the role of the different episodic memory
processes inside and outside the AD continuum.

Another approach to investigate episodic mem-
ory processes in aMCI patients is by functional MRI
(fMRI) and previous studies in MCI individuals have
suggested that increased hippocampal activity can
be associated with higher rates of cortical atrophy
and more rapid cognitive decline suggesting possible
neuronal compensation or evidence of excitotoxi-
city [41–44]. However, other studies have found
decreased hippocampal activity in MCI patients using
task-related fMRI as observed in patients with AD
dementia [45–50]. Hence, these contradictory results
related to decreased or increased hippocampal activ-
ity in MCI patients still need clarification.

Therefore, based on the above studies, our under-
standing of the mechanisms related to memory
deficits in the AD continuum can be improved com-
bining different approaches to investigate episodic
memory processes in aMCI patients, including
biomarkers such as A� deposition, hippocampal vol-
ume, and fMRI. However, there are no studies, to
our knowledge, investigating episodic memory pro-
cesses combining all these approaches using a more
ecological cognitive fMRI task that reflects common
real-life complaints of aMCI patients. We hypothe-
sized that the inclusion of an ecological task in the
assessment of episodic memory could be more sensi-
tive to differentiate aMCI patients with A� deposition
in comparison to aMCI without A� deposition and
healthy controls in terms of cognitive profile, in addi-
tion to hippocampal activity and volume.

The aim of the current study was to investigate
the role of A� deposition, functional hippocampal
activity and structural volume in aMCI patients and
healthy elderly controls using a new episodic memory
task-related fMRI and traditional cognitive memory
measures. A novel paradigm was developed for this
study to explore episodic memory encoding and recall
using newspaper headlines.



E.C. Miotto et al. / Memory/Hippocampal MCI Amyloid Classification 183

MATERIALS AND METHODS

Participants

Among the 46 older adults included in the study,
32 aMCI participants were recruited from the out-
patient clinic of the Department of Neurology and
Department of Psychiatry of the University of Sao
Paulo Medical School and 14 healthy volunteers from
the community. The sample consisted of A� PET
PIB positive (PIB+) aMCI (N = 17), A� PET PIB
negative (PIB–) aMCI (N = 15), and Healthy Con-
trols (N = 14) (see below detailed description for the
PET PIB and fMRI methods). All participants were
right-handed. The diagnosis of MCI was made by
a team of expert clinicians based on classic criteria
[51, 52]. All patients with MCI met clinical crite-
ria for amnestic MCI, single or multiple domains.
The aMCI patient, and/or family member, reported a
memory complaint, in the context of essentially intact
activities of daily living, as assessed by the Functional
Activities Questionnaire and Clinical Dementia Rat-
ing (CDR). In addition, they had to demonstrate
no evidence of dementia, Mini-Mental State Exam-
ination (MMSE) score within expected range for
education [53], CDR global score of 0.5, medically
stable, no history of primary psychiatric disorder or
depressive symptoms, assessed by the Neuropsychi-
atric Inventory and Geriatric Depression Scale [54,
55], and no substance or alcohol abuse within the past
2 years.

Controls were recruited from the community
through advertising in local media or word of mouth.
They had to perform in the normal range on all
tests of the extended neuropsychological battery (see
Table 1). The traditional tests and cognitive domains
assessed consisted of estimated IQ from the WAIS-
III using Vocabulary and Matrix Reasoning [56, 57].
For the memory domain, we used the Wechsler Mem-
ory Scale-Revised Logical Memory Test immediate
(LM I) and delayed recall (LM II) [58], the Rey Audi-
tory Verbal Learning Test immediate recall (RAVLT
I) and delayed recall (RAVLT II) [59, 60] to assess
verbal episodic memory, the Visual Reproduction
immediate (VR I) and delayed recall (VR II, [58])
to assess visual episodic memory. The Boston Nam-
ing Test [61–63] was used to investigate naming
ability, Phonemic (FAS), Semantic (Animals) Ver-
bal Fluency, Trail Making A and B [60] to assess
executive functions using education adjusted cut-off
scores. Written informed consent was obtained prior
to experimental procedures. The study was approved

by the ethics committee of the Department of Neu-
rology, University of São Paulo (CAPPesq 11264).

Amyloid PET imaging acquisition

A� was measured by PET using Pittsburg
compound-B (N-methyl-[11C]-2(4-methylamino
phenyl)-6-hydroxybenzothiazole) (PET [11C] PiB),
produced at the Centro de Medicina Nuclear of
HC-FMUSP using an on-site cyclotron (PETtrace-
880, GE-Healthcare) and PET/CT images were
acquired using a Discovery-710 PET/CT-scanner
(GE-Healthcare, Milwaukee, WI, USA). Before data
acquisition, a CT scan from the skull was acquired
and used for attenuation correction and anatomic
localization, at: 120 kVp and 70 mA (140 mA
and 0.5 s per rotation) for the [11C]PiB-PET data
acquisitions.

Details of the [11C]PiB radiochemical production
were described elsewhere [64]. For the acquisition of
[11C]PiB -PET data, subjects were positioned with
the brain in the center of the field of view of the PET
equipment and [11C]PiB was injected intravenously
(296–740 MBq). The acquisition started immediately
after the beginning of tracer injection. Images were
acquired for 70 min in a PET/ CT scanner (Discovery
710, GE Healthcare, Milwaukee, WI, USA) using a
256 × 256 mm matrix. Images from 40 to 70 min after
injection were condensed in time creating a static
[11C]PiB-PET showing extracellular A� deposits.
Images were corrected for radioactive decay, dead
time, attenuation, and scatter and reconstructed using
the OSEM algorithm, 4 iterations and 16 subsets.

The protocol used for the classification of individ-
uals as PIB+ or PIB– was previously described [65].
In summary, two certified nuclear medicine physi-
cians with more than five years of experience in the
field evaluated each [11C]PiB-PET dataset indepen-
dently and blinded to diagnoses. Images were rated
as “positive” if there was an increase in [11C]PiB
uptake in cortical gray matter areas causing a loss
of gray matter to white matter contrast in at least
two of the six following areas: frontal, temporal,
lateral parietal, anterior cingulate, and posterior cin-
gulate cortices, and precuneus. They also rated the
images as positive if only one single large cortical
area had a strong diffuse [11C]PiB uptake. A scan
was rated as “negative” when there was strong white
matter uptake and no significant gray matter uptake.
As a second step, each physician performed an anal-
ysis with the aid of the 3D-SSP semi-quantitative
method designed for the clinical analysis of brain
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Table 1
Demographic, Cognitive, Behavior, and hippocampal imaging characteristics of Healthy

Control subjects, aMCI PIB– and PIB+ MCI patients

Controls PIB– PIB+

mean; n (sd); % mean; n (sd); % mean; n (sd); %

Number of participants 14 32.61% 15 30.43% 17 36.96%
Gender (male) 13 86.7% 12 85.7% 14 82.4%
Age 70.87 (6.85) 69.14 (4.70) 75.35 (5.68)c

Years of education 13.75 (4.06) 11.50 (4.20) 10.67 (5.40)
IQ 104.90 (7.40) 99.00 (12.66) 96.93 (6.80)
MMSE 29.00 (1.00) 27.60 (2.07) 28.40 (0.89)
ML I 25.51 (8.89)a 23.07 (5.84) 17.13 (3.78)c

ML II 22.83 (8.04)a 17.93 (5.45) 10.80 (3.76)c

RAVLT I 44.92 (7.88) 38.57 (9.68) 37.87 (9.24)
RAVLT II 10.42 (2.35)a,b 7.43 (2.77) 6.93 (3.11)
VR I 34.00 (3.74)a 28.14 (7.48) 26.67 (9.01)
VR II 22.83 (8.90)a 16.36 (8.21) 12.73 (8.90)
BNT 52.33 (4.87) a 47.68 (5.53) 41.20 (9.43)
Phonemic VF 37.83 (13.4) 35.14 (10.1) 33.53 (12.1)
Semantic VF 20.33 (5.19)a,b 14.00 (2.99) 13.93 (5.61)
TMT A 35.17 (10.7) 52.80 (22.7) 57.83 (30.9)
TMT B 83.81 (42.5)a,b 167.89 (81.0) 165.75 (72.3)
THI 4.59 (1.69) a,b 2.94 (1.59) 3.0 (1.78)
THD 5.00 (1.5)a,b 3.07 (1.50) 2.7 (1.3)
TSI 10.16 (5.59) a,b 7.00 (3.67) 5.53 (3.39)
TSD 10,22 (6.18)a,b 7,06 (3.93) 4.73 (3.12)c

L-Hipp Volume 3523.4 (252.2) 3616.2c (531.0) 3184.2 (449.4)
R-Hipp Volume 3642.0 (250.4) 3576.2 (611.8) 3329.7 (430.8)
L-Hipp BOLD 8.3 (10.2) 7.0 (9.7) 8.0 (13.1)
R-Hipp BOLD 4.3 (7.4) 6.1 (8.7) 7.6 (12.5)
TBV 1002.1 (73.4) 986.4 (86.9) 933.9 (92.4)

PIB+, subjects above threshold affinity of Pittsburgh compound B (PIB); PIB–, subjects below
the threshold affinity for PIB by PET scan; IQ, intellectual quotient; MMSE, Mini-Mental
Status Examination; LM I, Logical Memory immediate recall; LM II, Logical Memory delayed
recall; RAVLT I, Rey Auditory Verbal Learning Test immediate recall; RAVLT II, Rey Auditory
Verbal Learning Test delayed recall; VR I, Visual Reproduction immediate recall; VR II, Visual
Reproduction delayed recall; TMT, Trail Making Test; THI, total immediate number of headlines
recall (maximum of 8); THD, total delayed number of headlines recall (maximum of 8); TSI,
total immediate score out of 24; TSD, total delayed score out of 24; Hipp, hippocampus; BOLD,
average blood oxygenation level-dependent signal; TBV, total brain volume (cm3); L, left; R,
right. asignificant differences between PIB+ and control group (p < 0.05). bsignificant differences
between PIB– and control group (p < 0.05). csignificant PIB+ and PIB– differences (p < 0.05,
weighted by age).

PET amyloid imaging (Cortex ID Suite software,
GE healthcare), with the standard uptake values ratio
(SUVr) of the cortical areas normalized to the cere-
bellar gray matter. A SUVr cutoff of 1.42 was used for
PIB+ scoring for the composite of cortical areas, com-
plementing the visual analysis. In cases of persisting
discordance between the readers after the 3D-SSP
analyses, consensus readings with both physicians
were performed.

fMRI experimental paradigm and procedures

Volunteers performed an encoding memory
paradigm during fMRI scan, in which they were
instructed to read and memorize real news headlines

obtained online through newspapers and magazines.
The paradigm followed a block design. Two types
of news headlines were used: real headlines, which
contained objective information about recent news,
curiosities of places and cultures; and unreal infor-
mationless headlines generated by an automatic text
generator, which creates context-free sentences fol-
lowing grammar rules (https://lerolero.com). The
informationless headlines used abstract subjects and
objects, having almost zero objective information,
making it difficult to memorize. A total of 8 real and 8
unreal news headlines were presented to participants.
Both real and unreal news were the same for all par-
ticipants. Each headline had approximately 18 words
written in 24 Arial-font. Figure 1 shows examples

https://lerolero.com
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Fig. 1. fMRI paradigm task showing the block conditions during encoding.

of the unreal headlines, including “the urban mobil-
ity of the international capitals is part of a moderate
information flow management” and the real headlines
“diamond mine in Russian known as the navel of
the world is more than 525 meters deep”. Each task
block lasted 20 s. Between task blocks, there was a
15 s baseline condition, during which a series of “+”
characters was presented in a sentence-like structure,
replacing the letters to maintain similar visual stimu-
lation. Each type of task block was presented 8 times,
totaling 16 task blocks and 16 baseline blocks (see
Fig. 1). Imaging acquisition was performed during
presentation (encoding) of the headlines. Immedi-
ately after the paradigm task presentation and a
30 min later, participants were instructed to recall
all headlines they could remember offline. Behav-
ioral outcome measures included the total number of
real headlines immediately (THI) recalled and after a
30 min delay (THD) out of 8 possible real headlines.
In addition, each headline was scored in terms of the
amount of information from 1 to 3 points, totalizing
up to 24 points for the 8 headlines, immediately (TSI)
and after a 30 min delay (TSD).

Imaging acquisition

The MRI images were acquired with a 3T (Philips
Achieva - Netherlands) scanner. Three types of
images were acquired from each participant: a T1-
weighted structural image (TR = 7 ms; TE = 3.2 ms,
voxel size = 1 × 1 × 1 mm3, 240 × 240 slice matrix;
180 slices; flip angle = 8◦, scan duration = 6 min

2 s), a BOLD (T2*-weighted) functional sequence
(TR = 2 s; TE = 30 ms; voxel size = 3 × 3 × 3 mm³,
with 0.3 mm gap between slices; 80 × 80 slice
matrix; 40 slices; 280 volumes [plus 4 dummy
scans], flip angle = 90◦) and a T2-weighted FLAIR
structural image (TR = 11 s; TE = 130 ms, voxel
size = 0.65 × 0.87 × 4.50 mm3, with 0.5 mm gap
between slices, 356 × 210 slice matrix; 28 slices; flip
angle = 8◦, scan duration = 3 min 51 s). The scanning
session lasted approximately 15 min for the paradigm
presentation. Clinical assessment and neuroimaging
acquisition were carried out within 1 to 3 months
interval.

Statistics

Demographic and behavioral data
ANOVA, T-Test, and MANOVA were used in

between-group univariate analyses for normally dis-
tributed variables and Kruskal-Wallis otherwise and
controlled for multiple comparisons.

fMRI task analysis
The fMRI data were preprocessed using FSL soft-

ware version 6.0. The images were realigned with
MCFLIRT and were slice-time corrected. Then, the
estimated relative head movement parameters were
used for scrubbing noisy volumes using the Arti-
fact Detection Tools toolbox (RRID:SCR 005994;
http://web.mit.edu/swg/software.htm). The threshold
for excessive head motion and excessive global signal
were 0.9 mm, 5 standard deviations from the mean,

http://web.mit.edu/swg/software.htm
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Fig. 2. Hippocampal ROIs. Image of the left and right hippocam-
pus ROIs over the MNI152 template. The ROIs were taken from
the Harvard-Oxford Cortical Atlas. The ROIs have weights accord-
ing to the probability of voxel belonging to the left or to the right
hippocampus (left Blue-Green color scale). The top row shows 4
axial slides, taken from the positions indicated in the bottom row,
which present 3D rendered images. Images are displayed following
neurological convention.

respectively. Images were then spatially smoothed
(FWHM = 5 mm), and high-pass filtered (filtering
periods longer than 140 s). A general linear model
in the first level of analysis was adopted using the
timings of two types of task block (news sentence
and control sentence) convolved with double-gamma
hemodynamic response function to generate the
regressors of the model. The first derivatives of these
regressors were also included in the model, as well
as the motion parameters and the scrubbing variables
generated by the Artifact Detection Tools toolbox.
To focus on the analysis of the hippocampus, two
regions of interest (ROIs) were used, one in the left
hippocampus and the other on the right hippocam-
pus (Fig. 2), based on the Harvard-Oxford Cortical
Atlas. The weighted average of the BOLD response
to the news sentence task was extracted for each ROI,
using the voxel probability of belonging to the hip-
pocampus as weights. For group level analysis, these
ROIs values were included in a logistic regression
model.

Hippocampal volume
The 3DT1 acquisitions were automatically pro-

cessed with the full longitudinal pipeline analysis
in Freesurfer v6.0 (https://surfer.nmr.mgh.harvard.
edu/) for cortical reconstruction and volumetric
segmentation. The steps included motion correc-
tion, removal of non-brain tissue using a hybrid
watershed/surface deformation procedure, auto-
mated Talairach transformation, segmentation of the
subcortical white matter and deep gray matter volu-
metric structures (including hippocampus), intensity

normalization, tessellation of the gray matter white
matter boundary, automated topology correction and
surface deformation, segmentation, and labeling of
the subcortical structures. Automated output statistics
were generated, including left and right hippocam-
pal volumes, brain segmentation volume, and brain
segmentation volume without ventricles, which were
used in the logistic regression described below.

Classification procedure
For the group classification task, we used a

specific design that followed standards and was per-
formed with https://scikit-learn.org/stable tools and
following the principles of clarity and transparency
for reproducible experiments (https://nipy.org/). The
pipeline included nested data normalization and the
logistic regression (LR) fitting, using groups as out-
come variable (with PIB+ as reference) and bilateral
hippocampi volumes and headlines retrieval mean
BOLD response, THD, TSD, LM II, and RAVLT II
as predictors, based on previous literature showing
consistent impairment on delayed recall of episodic
memory tests [32–35]. Additionally, to avoid mixing
total brain volume effect with hippocampal effects,
two extra models were used: one included the total
brain volume (TBV) as a factor; the other used
TBV for standardization of hippocampus volume and
BOLD signal [66–68]. These models were compared
using log loss index, and the model with the smallest
value (best fit) was selected.

The model was specially designed to explore
subtle pattern differences: stratified k-fold and
cross-validation procedures, for a good gener-
alization of prediction also avoiding overfitting.
Modeling started using standard hyperparameters
(inverse of regularization: C = 1.0, not weighted
by class ("groups"), intercept fit with scaling = 1,
max iter = 10000, auto multiclass modeling, L2
penalty, liblinear solver, random state = 10 and tol-
erance = 0.0001). Subsequently, the hyperparameters
optimization was performed to tune an optimized
model [69, 70] for the three designs. The search of
hyperparameters is obtained during cross-validation
using the permutation of all possible combina-
tion of values for selected hyperparameters (multi
class = [‘multinomial’, ‘ovr’], solver = [‘liblinear’,
‘lbfgs’, ‘newton-cg’, ‘sag’, ‘saga’], penalty = [‘none’,
‘l1’, ‘l2’], C = [1e-5, 1e-4, 1e-3, 1e-2, 1e-1, 1, 10,
100]) to select the combination with best perfor-
mance, by adopting an specific measure (balanced
accuracy). The model is fitted with best hyperpa-
rameters and its performance and the adjustment for

https://surfer.nmr.mgh.harvard.edu/
https://surfer.nmr.mgh.harvard.edu/
https://scikit-learn.org/stable
https://nipy.org/
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each design was evaluated by log loss. For better
interpretability, model coefficients were transformed
to represent the percentage variation for the chance
of being classified to a given group ([odds-ratio -
1]∗100) in relation to classification to any other group
per one unit change in a predictor keeping the remain-
ing predictors constant.

RESULTS

Demographic and behavioral data

The demographic and cognitive profile of patients
and healthy subjects included in the study are shown
in Table 1. The patient and control groups were
matched for gender (p = 0.560), years of educa-
tion (p = 0.406), mean IQ (p = 0.075) and MMSE
(p = 0.200) according to ANOVA tests. The PIB+
group versus PIB– (p = 0.018) age comparison
showed difference and this difference was considered
in subsequent within and between-group analyses
weighted by age for demographic and neuropsycho-
logical data.

The aMCI PIB+ patients showed significantly
lower performance on LM I (p = 0.047) and LM
II (p = 0.007) in relation to PIB– group. They also
revealed significantly poor performance in relation
to controls on LM I (p = 0.007), LM II (p = 0.001),
RAVLT II (p = 0.008), VR I and VR II (p = 0.040 and
p = 0.014, respectively), BNT (p = 0.001), semantic
verbal fluency (p = 0.005), and Trail Making Test B
(p = 0.011).

The aMCI PIB– patients demonstrated worse
performance in relation to controls on RAVLT II
(p = 0.029), semantic verbal fluency (p < 0.005), and
Trail Making B (p < 0.010). No significant differ-
ences were found in between-group comparisons in
the mean scores obtained for RAVLT I, LM I, LM II,
phonemic verbal fluency, and Trail Making Test A.

Regarding differences in the fMRI task behav-
ior, control subjects performed better in almost
all measures compared to PIB+, including THI
(p = 0.001), TSI (p = 0.004), THD (p = 0.002), and
TSD (p = 0.001) and to PIB– in THI (p = 0.010),
TSI (p = 0.040), THD (p = 0.030), with the excep-
tion of TSD (p = 0.060) for the latter. PIB+ showed
significantly worse performance on TSD (p = 0.046)
in comparison to PIB– patients. In all measures,
the difference was accentuated for PIB+ patients,
as demonstrated by lower alpha errors and greater
coefficients.

Classification results

The resulting LR models reached the weighted
average accuracy about 0.77 and p = 0.009 using
the best hyperparameters found during cross-
validation. The model without TBV correction has
selected the hyperparameters: C = 0.01, multi class
= multinomial, penalty = L2, solver = newton-cg.
The model using TBV as standardization has selected
the following hyperparameters: C = 0.01, multi class
= ovr, penalty = l2, solver: lbfgs. The model using
TBV as a factor in the analysis have selected the
hyperparameters: C = 0.01, multi class = multino-
mial, penalty = L2, solver = newton-cg. The compar-
ison of the three models, evaluated by the log loss
index, showed that the model that included brain
volume as a model factor had the lowest index,
meaning a better fit of the prediction to the real data
than the models that did not considered the TBV or
used it as standardization (0.53 versus 0.81 and 0.57,
respectively).The classification patterns for each
group by predictors in the best model (with TBV as
factor) are presented in Table 2.

aMCI PIB+ patients results

In the present sample subjects the classification
chances in PIB+ increases proportionally as predictor
measures decrease, in general. The chance of belong-
ing to the PIB+ group increases by 0.35% as TBV
decrease 1 cm3, 0.25%, and 0.18% as left hippocam-
pus volumes decrease and right hippocampal volumes
increase 1 mm3, respectively. Similarly, with each

Table 2
Logistic estimates for aMCI patients into group classification:
aMCI PIB+, aMCI PIB– patients and controls predicted by hip-
pocampi ROI task-related BOLD signal and volumes and delayed

recall performance

con PIB– PIB+

l hipp volume –0.15% 0.40% –0.25%
r hipp volume 0.09% –0.27% 0.18%
l hipp meanbold 1.81% 1.29% –3.03%
r hipp meanbold –0.74% –0.42% 1.17%
TBV 0.64% –0.30% –0.34%
THD 5.36% –1.34% –3.80%
TSD 14.07% –2.53% –10.06%
logic mem II 3.23% 5.88% –8.51%
RAVLTII 11.53% –9.15% –1.31%

TBV, total brain volume; THD, total delayed number of headlines
recall (maximum of 8); TSD, total delayed score out of 24; ROI,
region of interest; BOLD, ROI average blood oxygenation level-
dependent signal; R, right; L, left; H, hippocampus.
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unit of normalized change in the mean BOLD signal
related to the headline’s retrieval in the left and right
hippocampus modifies the chance of classification
in PIB+ in –3.03% and 1.17%, respectively. Worse
performance on the fMRI delayed recall tasks and
neuropsychological memory tests was also related to
an increased probability of PIB+ classification about
3.8% for THD, 10% for TSD, 8.51% for LM II and
1.31% for RAVLT II.

aMCI PIB– patients results

PIB– categorization probability increase with
higher left hippocampal volumes in 0.4% and
decreased TBV in 0.30% and in 0.27% with right hip-
pocampus decrease; higher headlines retrieval means
BOLD response in the left hippocampus in 1.29%
and lower response in right in 0.42%, as well as, by
changes for TSD in –2.53%, THD in –1.34%, LM II
in 5.88%, and RAVLT II in –9.15%.

Healthy controls

Increased healthy controls classification was
related as a whole to the increment of measurements,
except for left hippocampal volume and right hip-
pocampus headlines retrieval mean BOLD response
in which decrement was 0.15% and 0.74% in its
probability, respectively. The larger TBV, right hip-
pocampal volume, and left hippocampus headlines
retrieval mean BOLD response by unit, the catego-
rization as controls increases in 0.64%, 0.09%, and
0.25% respectively; plus 5.36% for THD and 14.07%
for TSD, 3.23% for LM II, and 11.53% to RAVLT II
points.

DISCUSSION

In the current study, we investigated the effects of
A� deposition, hippocampal function, and volume in
patients with aMCI and healthy controls using tradi-
tional neuropsychological tests and a new ecological
episodic memory fMRI task to assess encoding and
recall of newspaper headlines. The main cognitive
results showed significantly worse performance for
aMCI PIB+ patients in comparison to aMCI PIB–
patients on immediate and delayed verbal episodic
memory recall measured by the LM I and II test
and the TSD fMRI session task. PIB+ patients also
demonstrated poorer performance in relation to con-
trols on verbal and visual episodic memory tests
(RAVLT II and VR I and II), naming (BNT) and

executive functions (semantic fluency and Trail Mak-
ing Test B). On the other hand, aMCI PIB– patients
showed significant lower performance only in rela-
tion to controls on tests of delayed verbal memory
recall (RAVLT II) and executive functions (seman-
tic fluency and Trail Making B). Some previous
studies investigating cognitive performance in aMCI
patients with A� biomarker demonstrated similar
results using traditional tests of episodic memory, lan-
guage and executive functions [25, 30, 71, 72]. In our
study, we found that an ecological measure (TSD),
akin to everyday life complaints of these patients,
was more sensitive to distinguish aMCI PIB+ from
aMCI PIB– patients, which shows similarities to the
traditional LM test in terms of memory recall of
meaningful information [71, 72].

The neuroimaging results suggest that TBV was
relevant in classifying the groups and ameliorate
model adjustment. In the aMCI PIB+ patients this
pattern was characterized by lower TVB and a dis-
sociated laterality in terms of volume and function
of the hippocampi. This pattern is characterized by
a decrease in TBV, left hippocampal volume and
function, with the inverse right hippocampus finding,
related to worse episodic memory delayed recall per-
formance. Taken together, these findings suggest that
decreased function and volume in the left hippocam-
pus and brain as a whole, associated with increase in
the right hippocampus, may represent worse ability to
encode and recall new information for the aMCI PIB+
patients, even if compensated by the latter finding. A
possible explanation for our BOLD findings could
be related to the tendency of left hippocampal vol-
ume reduction in the aMCI PIB+ group. These results
support the notion of hippocampal decreased activ-
ity found in other studies conducted in MCI patients
[45–50]. The issue related to decreased or increased
hippocampal function in previous studies could also
be affected by different inclusion criteria for MCI
patients, such as early or late MCI and the lack of AD
biomarkers which could lead to the inclusion of MCI
participants with mixed and heterogeneous etiology
other than AD.

The aMCI PIB– group classification was asso-
ciated with similar TBV and inverted PIB+ group
pattern. They showed increased left hippocampal
volume and activity, decreased right hippocampal
volume and activity associated with lower ability to
encode and recall new information measured by fMRI
recalling tasks, accompanied by lower TBV. These
results suggest a double dissociation of lateralization
of neural correlates between patient groups, beside of
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whole brain decrement, probably due to their unlike
AD underlying pathology. Since the main objective
of this study was to investigate these groups in a
cross-sectional way, future longitudinal studies are
needed to characterize further the aMCI PIB- group
pathology.

As expected, for the control group, we found a
better ability to encode and recall new information
on the fMRI, THD and TSD tasks related to higher
TBV. They also showed similarities with PIB– group
for hippocampal volumes and with PIB+ group for
hippocampal function for its classification.

These findings point to a particular set of clas-
sification by specific features based on episodic
memory performance, structure and function of the
hippocampus, in particular, a lateralization imbalance
of hippocampus volume and function in the distinc-
tion between aMCI PIB+ and PIB– individuals, and
also to healthy elderly people in a non-linear point
of view. Our findings on the left hippocampus and
whole brain corroborate the hypothesis of hippocam-
pal activation course increasing from normal aging
to early MCI and then gradually decreasing from
middle-late MCI stage to AD in the presence of A�
deposition [50, 73–75]. On the other hand, the pat-
tern observed for right hippocampal activation was
inverted. The aMCI PIB+ participants included in
the current study were, possibly, in the middle-late
MCI stage of AD due to their left hippocampal vol-
ume reduction indicating the presence of atrophy in
this area and hence decreased activation. Inversely,
the aMCI PIB– individuals have possible compen-
sation effects on hippocampal volume which could
possibly be related to a non-AD underlying etiology.
Nevertheless, investigation of the trajectories of hip-
pocampal function in distinct stages of MCI within
and without the AD continuum is still ongoing.

The episodic memory deficits found in the present
study measured by traditional neuropsychological
tests, such as LM, RAVLT, and VR have consider-
able clinical predictive value and are largely used in
the clinical and research context. However, it should
be noted that those traditional episodic memory tests
have several limitations including the use of unnat-
ural elements, such as lists of words and geometric
figures. The use of ecological episodic memory tasks
that resembles real life activities, such as face-name
association [75] and the newspaper events task used
in the current study has the advantage of promoting
meaningful associations to subjective and objective
real-life complaints and face-validity. Future studies
with larger samples and using such tasks off-scan in

comparison with traditional tests can further clarify
this issue.

Limitations of the current study include the mod-
est cohort size, lack of other biomarkers such as tau
deposition to understand possible pathology underly-
ing the aMCI PIB– group and A� biomarker for the
control group. Nevertheless, these individuals were
carefully selected from the community using rigor-
ous neurological and neuropsychological test criteria
and the control group had no subjective cognitive
complaint.

In conclusion, the main findings of the present
study can contribute to the understanding of the dif-
ferential neural correlates, hippocampal function and
volume associated with episodic memory decline in
aMCI patients with the presence or absence of A�
deposition. They also point to the direction in terms
of selection criteria of aMCI patients in future stud-
ies with biomarkers highlighting the importance of
considering a homogeneous sample in terms of stage
(early or late) during the course of MCI within the
AD continuum and use of ecological tasks.
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broek O, Møllergård HM, Morris JC, Nordlund A, Novak
GP, Paraskevas GP, Perera G, Peters O, Ramakers IHGB,
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Psicólogo, São Paulo.

[58] Wechsler D (1987) WMS-R Wechsler Memory Scale-
Revised: Manual, Psychological Corporation. Harcourt
Brace Jovanovich, San Antonio.

[59] Rey A (1958) L’Examen Clinique en Psychologie, Press
Universitaire de France, Paris.

[60] Strauss E, Sherman EMS, Spreen O (2006) A compendium
of neuropsychological tests: Administration, norms, and
commentary, 3rd Edition, Oxford University Press, Oxford.

[61] Kaplan EF, Goodglass H, Weintraub S (1983) The Boston
Naming Test, Lea & Fibiger, Philadelphia.

[62] Mansur LL, Radanovic M, Araújo GC, Taquemori LY,
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