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Abstract

Background: Cognitive functions progressively deteriorate during aging and neurodegener-
ative diseases. The present study aims at investigating differences in working memory per-
formance as well as functional brain changes during the earliest stages of cognitive decline in
health elderly individuals. Methods: 62 elderly individuals (41 females), including 41 controls
(35 females) and 21 middle cognitive impairment subjects (6 females), underwent neuropsy-
chological assessment at baseline and an fMRI examination in a N-back paradigm contrast-
ing 2-back vs. 0-back condition. Upon a 18 months follow-up, we identified stable controls
(sCON) with preserved cognition and deteriorating controls (dCON) with -1SD decrease of
performances in at least two neuropsychological tests. Data analyses included accuracy and
reaction time (RT) for the 2-back condition and general linear model (GLM) for the fMRI
sequence. Results: At the behavioral level, sSCON and dCON performed better than MCI in
terms of accuracy and reaction time. At the brain level, functional differences in regions of the
fronto-parietal network (FPN) and of the Default Mode Network (DFM) were observed. Signif-
icantly lower neural activations in the bilateral inferior and middle frontal gyri were found in
MCI versus both dCON / sCON and for dCON versus sCON. Significantly increased activations
in the anterior cingulate cortex and posterior cingulate cortex and bilateral insula were found
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in MCI versus both dCON / sCON and in dCON versus sCON. Conclusion: The present study
suggests that brain functional changes in FPN and DMN anticipate differences in cognitive
performance in healthy elderly individuals with subsequent subtle cognitive decline.

© 2017 The Author(s)
Published by S. Karger AG, Basel

Introduction

Cognitive functions progressively deteriorate during aging and in particular during
neurodegenerative diseases. Accordingly to a milestone work by Jack and colleagues [1] this
cognitive deterioration is the later consequence of the early appearance at the brain level of
amyloid plaques, followed by grey matter atrophy of the limbic system and finally by memory
loss. Cognitive functions include several domains, including attention, cognitive control and
working memory [2], the latter being one of the most affected domain during aging [3].

Working memory is defined as ‘a brain system that provides temporary storage and
manipulation of the information necessary for complex cognitive tasks’ [4]. Efficient working
memory (WM) performance relies on the connectivity of at least two large-scale networks
operating in concert: the default mode network (DMN) and the fronto-parietal network
(FPN) (Pihlajamaki and Sperling, 2009). The DMN involves bilateral and symmetrical cortical
areas in the medial and lateral parietal, medial prefrontal, and medial and lateral temporal
cortices [5]. It is usually more active during rest and may change its connectivity during WM
tasks [6-8]. The FPN comprises fronto-parietal regions such as the superior, middle and
inferior frontal gyri in addition to the inferior parietal lobules It is typically activated during
executive functions and its integrity is critical for the successful performance of WM tasks
[9, 10].

Several neuroimaging studies revealed altered activation of FPN and DMN both in mild
cognitive impairment (MCI) and Alzheimer disease (AD) that affects performances in highly
demanding WM tasks [11, 12]. In particular, during the widely disseminated N-back task,
higher activation was found in the right superior frontal gyrus, middle frontal gyrus and
anterior cingulate cortex in mild cognitive impairment (MCI) and AD compared to controls
[12]. Compared to MCI cases, AD patients showed reduced activations in the right para-
hippocampal, left inferior frontal and cingulate gyrus [12, 13]. To date, the focus of interest
is moving from MCI cases that display a substantial brain compromise to pre-MCI cases
with very subtle cognitive deficits [14, 15]. In the context of a large community-based study
of brain aging in Geneva, we identified a population of deteriorating controls (dCON), i.e.
individuals with intact cognitive tests at baseline who display very subtle cognitive decline
(-0.5 SD in at least two cognitive tasks) compatible to the pre-MCI state at 18 month follow-
up [16].

In order to explore WM-related brain network tasks in early phases of cognitive decline
that precede MCI, we examined the patterns of fMRI activation during the N-back task in
dCON compared to healthy controls with stable cognitive performances at follow-up. Our
data document significant changes in FPN and DMN activation at baseline in cases that
subsequently develop very subtle cognitive deficits.

Materials and Methods

Participants

After formal approval by the local Ethics Committee, 62 elderly individuals were
included in the study after providing informed written consent prior to inclusion. These
community-based cases were recruited via advertisements in local newspapers and media.
All participants had normal or corrected-to-normal visual acuity. Past hearing problems were
identified as a part of the medical interview (including both subjects and their proxies). All
cases with such problems were a priori excluded. Audition was tested by standard audiologic

KARGER

128

Downloaded by:

ve

/2018 10:50:25 AM



http://dx.doi.org/10.1159%2F000486152

Neurosignals 2017;25:127-138

N EURO - DOL | el a0 ny © 2017 The Author(s). Published by S. Karger AG, Basel
I N AlS Published online: December 18, 2017 Www‘karger'com/nsg
Zanchi et al.. Working Memory Performance and Changes in Neural Activation in

Cognitively Preserved Elders

tests including self-report and speech in noise perception in all cases during clinical routine
medical examination [17]. Cases with self-report of hearing loss and altered speech in noise
perception were addressed in specialized consultation and were not considered for further
investigations. The education level was defined according to the Swiss scholar system, where
level 1 = less than 9 years (primary school), level 2 = between 9 and 12 years (high school)
and level 3 = more than 12 years (university).

The neuropsychological batteries at baseline and follow-up were identical. At baseline,
all individuals were evaluated with an extensive neuropsychological battery, including the
Mini-Mental State Examination (MMSE) [18], the Hospital Anxiety and Depression Scale [19]
and the Lawton Instrumental Activities of Daily Living [20]. Cognitive assessment included
(a) attention (Digit-Symbol-Coding, Trail Making Test A [21], (b) working memory (verbal:
Digit Span Forward [22], visuo-spatial: Visual Memory Span (Corsi) [23], (c) episodic
memory (verbal: RI-48 Cued Recall Test [24] or RL/RI-16 Free and Cued Recall Test, visual:
Shapes Test [4], (d) executive functions (Trail Making Test B[21]), Wisconsin Card Sorting
Test and Phonemic Verbal Fluency Test), (e) language (Boston Naming[25]), (f) visual gnosis
(Ghent Overlapping Figures), (g) praxis: ideomotor [26], reflexive [27], and constructional
[28], Figures copy [28]. All individuals were also evaluated with the Clinical Dementia
Rating scale[29]. Those who met dementia DSM-IV diagnostic criteria on the basis of the
neuropsychological and clinical assessments were excluded.

In agreement with the criteria of Petersen et al. [30], participants with a CDR score of 0.5
but no dementia and a score more than 1.5 standard deviations below the age-appropriate
mean in any of the previously mentioned tests were classified as MCI. Participants with
neither dementia nor MCl were classified as cognitively healthy older controls and underwent
full neuropsychological assessment at follow-up, on average 18 months later. Those whose
cognitive scores remained stable and those whose performance at follow-up was at least 0.5
SD lower compared to the baseline evaluation in at least two cognitive tests, were classified
as stable (sCON) and deteriorating (dCON), respectively.

After neuropsychological evaluations, the final sample consisted of 22 sCON (mean age
68.7 + 2.0, 20 women, MMSE at baseline 28.6 + 1.7), 19 dCON (mean age 68.8 + 4.1, 15
women, MMSE at baseline 28.3 + 1.4) and 21 MCI (mean age 73.5 + 5.8, 6 females, MMSE at
baseline 27.0 + 1.7).

Demographic and Neuropsychological assessment

Demographic differences in the age of the participants were found between MCI and
sCON (P<.01) and between MCI and dCON (P<.01). Gender differences were found between
MCI and sCON (P<.01) and between MCI and dCON (P<.01). No differences in education levels

Table 1. Demographics. Mean (standard deviations) of the main demographic characteristics. Analysis of
variance (ANOVA) using Tuckey post-hoc multiple comparison corrections was performed

Group sCON dCON MCI Total Group sCon vs
effect dCON
p p
N SD N SD N SD N SD
Mean % Mean % Mean % Mean %
N 22 19 21 62
Femalesex 20 909 15 789 6 286 41 66.1 <0.0001 0.685
Education 0.9123 0.699
(year)
<9 1 4.5 1 53 3 143 5 8.1
9-12 11 50.0 12 632 9 429 32 51.6
>12 9 409 6 316 9 429 24 38.7
AgeatMRI  68.7 + 2.0 68.8 + 4.1 73.5 + 5.8 70.4 + 4.7 0.0005 0.9498
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Table 2. Baseline characteristics by group (mean * SD). Stable (sCON), Deteriorating (dCON), Mild cognitive
impairment (MCI)

Neuropsychological sCON dCON MCI Total Group sCon
performances at effect Vs
baseline dCON
p P

N SD N SD N SD N SD

Mean % Mean % Mean % Mean %
MMS 28.6 + 1.7 28.3 + 1.4 27.0 + 1.7 28.0 + 1.8 0.0033 0.5853
HAD Depression 1.1 + 0.8 1.0 + 11 2.8 + 2.1 1.6 + 1.6 0.0004 0.8822
HAD Anxiety 3.6 + 2.4 3.8 + 2.7 4.7 + 2.7 4.0 + 2.6 0.4081 0.7103
Digit Span Forward 5.7 + 1.2 5.4 + 0.9 5.4 + 1.0 515 + 1.0 0.5253 0.2807
Visual Memory 5.2 + 0.9 5.3 + 11 5.0 + 1.1 5.2 + 1.0 0.7277 0.9051
Span Forward
(Corsi)
RI-48 Cued recall 28.6 + 5.0 27.0 + 5.7 15.1 + 3.6 239 + 7.6 <0.0001 0.3435
Test
Praxis
Ideomotor 9.5 + 0.8 9.5 + 0.8 9.1 + 1.2 9.4 + 0.9 0.3690 0.9386
transitive
Ideomotor 19.4 + 1.0 19.3 + 1.2 19.3 + 1.1 19.4 + 1.1 0.9371 0.7885
intransitive
Reflexive 6.9 + 1.2 6.4 + 1.3 7.0 + 0.9 6.8 + 1.2 0.2955 0.2255
Constructional 10.5 + 1.0 10.8 + 0.5 10.8 + 0.7 10.7 + 0.8 0.3553 0.2704
(CERAD)
Verbal Fluency 21.5 + 6.9 21.7 + 6.6 16.3 + 6.3 19.8 + 7.0 0.0133 0.9314
Trail Making Test A
Time (s) 38.6 + 135 374 + 156 429 + 13.4 397 + 141 0.5792 0.7890
Error 0.2 + 0.4 0.1 * 0.2 0.2 + 0.5 0.2 + 04  0.5569 0.2173
Trail Making Test
B
Time (s) 95.1 + 49.4 96.3 + 315 1278 + 89.4 106.6 + 632 0.1384 0.9291

Error 0.7 + 1.3 0.6 + 0.8 0.6 + 0.9 0.7 + 1.0 0.8608 0.7771

Wisconsin Card
Sorting Test

(WCST)

Number of 5.0 + 2.0 4.8 3 2.0 4.3 + 2.5 4.8 + 2.1 0.6395 0.8591
categories

completed

Table 3. Neuropsychological performances at 18 month follow-up by group (mean + SD). Stable (sCON),
Deteriorating (dCON)

Group sCON dCON sCon vs dCO?!
N Mean SD% N Mean SD %

N 22 19

Neuropsychological performances at follow-up

MMS 28.5 t 1.1 28.2 + 1.3 0.3677

HAD Depression 1.5 + 1.4 1.0 + 1.3 0.2765

HAD Anxiety 45 * 31 42 + 2.2 0.7376

Digit Span Forward 5.8 + 1.3 5.1 + 0.8 0.0382

Visual Memory Span Forward (Corsi) 54 + 1.0 54 + 1.0 0.9877

RI-48 Cued recall Test 31.3 + 5.2 26.3 + 7.5 0.0163

Praxis

Ideomotor transitive 9.7 * 0.7 9.5 + 0.7 0.4868

Ideomotor intransitive 19.6 * 1.0 19.3 + 11 0.3876

Reflexive 7.6 + 0.9 7.2 + 1.1 0.2173

Constructional (CERAD) 10.7 ES 0.7 10.6 + 0.8 0.8289

Verbal Fluency 211 + 7.5 16.8 + 6.3 0.0579

Trail Making Test A

Time (s) 36.3 + 12.6  39.0 + 105  0.4769

Error 0.2 + 0.5 0.1 + 0.3 0.5690

Trail Making Test B

Time (s) 88.1 * 47.6 1181 + 583  0.0776

Error 0.3 * 0.8 0.8 + 0.8 0.0621

Wisconsin Card Sorting Test (WCST)

Number of categories completed 5.1 * 1.7 5.1 + 1.9 0.9463
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were found between the three groups. The demographic data of the three groups at baseline
are summarized in Table 1. Neuropsychological performances did not differ between sCON
and dCON groups at baseline (Tabel 2). The neuropsychological differences between sCON
and dCON at follow-up are summarized in Table 3.

WM task

All participants performed an n-back task, a well-established WM task in fMRI as
described previously [31, 32]. Briefly, a sequence of letters was presented visually on an MR
compatible canvas in the MRI scanner. In the active 2-back condition (high WM demand),
targets are letters that are identical to the letter presented two items ago (e.g. “a f h f”).
In the control condition 0-back (visual processing with minimal WM requirements), the
target is a pre-defined letter (e.g. “x”"). Both conditions are contrasted to evaluate the effect
of WM demand in 2-back versus the control condition 0-back. Participants were familiarized
with the task demands prior to MRI using a training session. The fMRI protocol consisted of
four runs of approximately 8-min duration each. Stimuli were pseudorandom sequences of
consonants (randomly varying in case), presented in the center of the visual field (500-ms
duration, 2500-ms stimulus onset asynchrony). Each run included 10 pseudo-randomized
blocks of 35 s each (five per type of task) with interleaving rest conditions of 15 s to allow the
hemodynamic response to recover from the previous block. Blocks started with a cue screen
announcing the type of judgment to perform in the upcoming trials e.g. “0-back” or “2-back”.
Participants were instructed to emphasize equally accuracy or speed in task completion.

MR imaging

We used the same scanning protocol as described previously [31, 32]. Functional
imaging echo-planarimaging (EPI) time series were acquired on a clinical routine whole body
3.0T MR scanner (TRIO, Siemens medical systems, Erlangen, Germany) with fundamental
parameters: echo spacing = 0.86 ms, bandwidth = 1280 Hz/px, TE = 61 ms, TR = 2.56 s, 122-
ms per slice, flip angle = 90°. After functional scanning, high-resolution anatomical 3DT1
data were acquired (1 mm isotropic T1w MPRAGE, Matrix 256 x 256, 176 slices), which
were used for co-registration and spatial normalization.

Statistical analysis

Statistical analyses were performed using GraphPad Prism (Version 6, GraphPad
Software, San Diego, USA), R (Version 0.99.896, The R Project for Statistical Computing)
FMRIB Software Library (FSL) (Version 5.0.6, FMRIB, Oxford, UK).

Behavioral data

The response accuracy (% of correct answers) and the reaction time for the 2-back
and 0-back conditions were analyzed using a two-way ANOVA with Sidak corrections for
multiple comparisons.

GLM analysis of task-related activation

Task-related GLM data processing was carried out using FEAT (FMRI Expert Analysis
Tool) version 5.98, part of FSL (FMRIB’s Software Library, http://www.fmrib.ox.ac.uk/fsl).
Data processing was made according to two levels. At the first level, the contrast of 2-back
versus 0-back (and the inverse comparison) was assessed separately for each run of each
participant in each group of subjects. At the second level, the contrasts of the diagnostic
groups were assessed (SCON versus dCON, sCON versus MCI and dCON versus MCI and
the inverse comparisons). Higher-level analysis was carried out using a mixed effect model,
by forcing the random effects variance to zero in FLAME (FMRIB’s Local Analysis of Mixed
Effects). Z statistic images were thresholded using clusters determined by Z > 2.3 and a
corrected cluster significance threshold of p = 0.05 was considered as significant. Threshold-
free cluster enhancement (TFCE) multiple comparison correction was used.
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Results

Behavior

As expected, a main task effect was found (F=12.42, p<.001) for all groups and between
0-back and 2-back conditions sSCON (p<.001), dCON (p<.001) and MCI groups (p<.001). A main
group effect was also documented for accuracy (F= 61.44, p<.001), with significant differences
between sCON and MCI (p<.001) and dCON and MCI groups (p<.001) both in 0-back and for
2-back conditions (Fig. 1A). No group-task interaction was found.

In respect to reaction-time, results of the two-ways ANOVA showed a significant interaction
effect between task and group (F=3.47). In particular, a main task effect was present for reaction
time (F=3.077, p<.001) and post-hoc analyses revealed increased reaction time in 2-back compared
to 0-back task only in MCI cases (p<.001). A main group effect for reaction time was also found
(F=18.82, p<.001), showing differences between sSCON and MCI (p<.001) and dCON and MCI
groups (p<.001) only within the 2-back condition (Fig. 1B).

A  S— B. 800- ———
1.67 =
g— B O-back B 0-back
e 2-back T 2-back
© 600
3 101 - T -|- ‘E
g % 4009 - -
8
< 0.5 3
¥ 2004
0.0- v T v 0 Y Y Y
sCON dCON mcl SCON dCON mcl
Figure 1. Comparison of behavioral results between the three diagnostic groups according to the N-back
tasks.
Fig. 2. Working memory functional A) sCON vs. dCON

changes in the fronto-parietal network.
After multiple comparison correction the
sCON group showed significantly higher
fronto-parietal activation compared to
both dCON and MCI. These differences
were more pronounced notably in the
bilateral superior and middle frontal gyri ‘ X=-26
(Figure 2A, 2B). dCON compared to MCI B) sCON vs. MCI
also showed increased activation notably
in the same areas of the FPN (Fig. 2C).

X=0
C) dCON vs. MCI
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After multiple comparison correction the sCON group showed significantly higher
fronto-parietal activation compared to both dCON and MCI groups. These differences were
more pronounced in the bilateral superior and middle frontal gyri (Fig. 24, 2B, Table 4, Table
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5). Compared to MCI, dCON also showed increased activation of the FPN (Fig. 2C, Table 6).

The contrast ‘sCON versus dCON’ showed an increased activation of the WM network
in sSCON mainly in the left fronto-parietal cortex (Fig. 3A, Table 7). The contrast ‘MCI vs.
dCON’ and ‘MCI vs. sCON’ revealed increased activation of the DMN regions including the
anterior and posterior cingulate gyrus in addition to the left parahippocampal gyrus (Fig.

3B, 3C Table 8, Table 9).

Table 4, 5, 6, 7, 8, 9. GLM results

4) N-back GLM results: sCON vs. dCON.

Cluster Voxe P -log10
Index Is (P)
1 244 9.10E- 40

81 41
2 460  0.0481 1.32
5) N-back GLM results: sCON vs. MCL.
Cluster Voxe P -log10
Index Is (P
1 255  5.77E- 412

44 42
2 891 0.0011 2.94

5

3 816  0.0021 2.68

6) N-back GLM results: dCON vs. MCIL.

Cluster Voxe P -log10
Index Is (P)
1 864  647E- 19.2

8 20
2 484  3.02E- 125

7 13
3 199  6.56E- 6.18

7 07
4 564 0.0182 1.74
7) N-back GLM results: dCON vs. sCON.
Cluster Voxe P -log10
Index Is (P
1 772 0.0030 2.52

1
2 724 0.0044 2.35
9

3 627  0.0104 1.98
8) N-back GLM results: MCI vs. dCON.
Cluster Voxe P -log10
Index Is (P
1 213 4.15E- 364

29 37
9) N-back GLM results: MCI vs. sCON.
Cluster Voxe P -log10
Index Is (P
1 423 5.09E- 113

1 12
2 200  5.96E- 6.22

5 07
3 138  3.18E- 45

3 05

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)

10 -48 6

7.16  -52 -42

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)
121 40 4

5.29 -10 -10

637 -48 -60

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)
11.9 -44 -50

9.41 42 40

10.7  -36 28

6.65 -40 4

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)
8.93 -34 -50

9.09 -38 30

6 -2 8

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)
8.67 -2 -50

Z- Z-MAX X Z-MAX Y
MAX  (mm) (mm)
732 2 -46

506 -34 -20

581 -24 56
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(mm)
48

48
Z-MAX
(mm)
62

8

-4
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34

34

34
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64
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22
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34
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Fig. 3. Working memory func-
tional changes in the default
mode network. After multiple
comparison correction, the
contrast ‘dCON versus sCON’
showed a increased activation
of the WM network in particular
in the left fronto-parietal cortex . A
(Fig. 3A). The contrasts ‘MCI X=-36
vs. dCON’ and ‘MCI vs. sCON’ B) MCl vs. dCON
revealed increase activation of 7
the DMN regions as notably the 3 -

anterior and posterior cingu- . ‘

late gyrus in addition to the left L% .
parahippocampal gyrus (Fig. 3B,
3C).

A) dCON vs. sCON

P A

:,;f

C) MCl vs. sCON

Discussion

To our knowledge, this is the first study that explores the fMRI patterns of brain activation
in n-back task among cognitively unstable individuals prior to the MCI state. Overall, our
data reveal two opposite patterns of activation/deactivation in FPN and DMN during the
N-back WM task in the initial phases of cognitive decline. Overall, there is a progressive
and significant decrement of FPN activation from sCON to dCON and MCI that was mainly
observed in the bilateral inferior and middle frontal gyri. In contrast, a significant and
gradual DMN increased activation in the ACC and PCC and bilateral insula was documented
starting in dCON and becoming more marked in MCI cases. At the behavioral level, sSCON
and dCON displayed similar performances, significantly better than MCI, both in terms of
accuracy and reaction times.

At the behavioral level, the present data show the presence of differences in cognitive
performance during the N-back task both for accuracy and reaction time between MCI,
sCON and dCON. Significantly worse accuracy was recorded for MCI compared to the other
groups for the 2-back task. Moreover, MCI were slower than controls in responding to the
2back condition, confirming previous results indicating higher efforts for MCI compared
to controls during the 2back condition. These results confirm previous studies suggesting
decreased WM performance in MCI cases compared to controls in higher WM load [12, 33,
34]. Importantly and despite the presence of subtle cognitive deficits upon 18-month follow-
up, there were no significant differences in N-back performance at baseline between sCON
and dCON.

The main findings of the present study concern the differential patterns of brain
activation in FPN and DMN between MCI, dCON and sCON cases during the n-back task. A
gradual and significant decrease of FPN activation was found in dCON and MCI as compared to
sCON in the bilateral inferior and middle frontal gyri. In particular, the dCON group exhibited
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intermediate values of brain activation in FPN, significantly different from both sCON and
MCI cases. An inverse scenario was seen in DMN with significantly higher activations in the
ACC and PCC and bilateral insula observed in cases with subtle (dCON) and more pronounced
(MCI) cognitive decline. Here again, the dCON group can be easily differentiated from MCI
cases.

Previous studies showed that decreased activation of FPN is associated with worst WM
performances across the lifespan [35, 36]. Recent studies using near-infrared spectroscopy
also indicated decreased frontal activation at high WM load in MCI cases and suggested an
association between frontal hypoactivation and WM difficulties[13]. In the same line, an
altered frontal lateralization that impact on verbal fluency performances in MCI cases was
recently reported [37]. Moreover, MCI cases exhibit increased difficulties in modulating FPN
activation that usually decreases after cognitive training to guarantee processing efficiency
in healthy controls [38]. Recent contributions on the role of DMN activity in n-back task
pointed to the decrease of its activation and functional connectivity with increased WM load
in healthy controls [39, 40]. Interestingly, the increased activation of DMN in PCC and medial
prefrontal cortex is not associated with worst WM performances at least in non-demented
cases [41]. In agreement with these findings, our data indicate that decreased FPN and
increased DMN activations are present in MCI cases that display decreased accuracy and
higher reaction times in their 2-back responses. Most importantly, they suggest that these
characteristics of brain activation facing increased WM load is already present at the pre-
MCI state despite preserved n-back performances.

Limitations

Strengths of the present study includes its longitudinal design, inclusion of community-
dwelling cases, as well as detailed neuropsychological testing at baseline and follow-
up. However, some limitations should also be considered. Consistent with recent core
clinical criteria for MCI [42], the identification of deteriorating controls (dCON) was based
on the objective decline in cognitive functions measured using serial, comprehensive
neuropsychological assessments. However, in the absence of longer follow-up the cognitive
fate of these cases remains uncertain so that they cannot be a priori considered as incipient
AD cases. No cerebrospinal fluid (CSF) measures of tau and Af3 protein were available
in this work so that the real extent of AD pathology remains unknown. Future studies
exploring the tau and amyloid status based on positron emission tomography (PET) in our
community-based cohort are warranted to examine the relationship between AD molecular
events and MRI atrophy in limbic areas in dCON. Moreover, the present experiment does
not include an at rest fMRI condition (Barkhof, Haller et al. 2014). We cannot thus exclude
that observed group differences may partly reflect intrinsic network alterations in dCON
and MCI that are independent of output task. In fact, a recent meta-analysis showed regional
resting-state differences in amnestic MCI cases relative to controls, including the posterior
cingulate cortex, right angular gyrus, right parahippocampal gyrus, left fusiform gyrus, left
supramarginal gyrus and bilateral middle temporal gyri [43]. However, this bias is controlled
by our experimental design that was based on the fMRI contrasts between 2 back and 0 back.

Conclusion

The present study aims at investigating differences in working memory performance
both at the behavioral and at the brain functional level as markers of early cognitive decline.
Our results show that a disruption in the FPN activation and an increase of DMN activity
(decreased deactivation) in cingulate cortices and insula are increasingly distinguishable
between sCON, dCON and MCI cases. The identification of fMRI alterations during the
successful performance of n-back task in dCON cases complete our previous investigations
in this field that revealed both functional (arterial spin labeling decrease, altered alpha and
beta brain oscillations; [16, 44] and structural changes (atrophy of the limbic system;[15]
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preceding the cognitive decline in this group. Taken together, these observations allows for
identifying brain imaging biomarkers that could predict subsequent cognitive deterioration
at the pre-MCI state.
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