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1. Introduction inflexibility with the structural brain impairment typi-
cal of aMCls?

In Cognitive Neuroscience of Aging compensatory
processes have been studied as age-related changes in
both brain function/morphology and cognition [1]: the 5 M aterials and methods
main trust in this research field is the idea that an aged
brain can still show some plasticity or “flexible com-
pensation”, i.e. the over-recruitment of new neural net-

works associated with the maintenance of a successful patients were studied. ) ) o
performance [2]. This should be distinguished from _1he neuropsychological battery included the Mini-

other forms of “inflexible compensation” like the neu- Mental State Examination (MMSE) [5], and a series of
rocognitive effort represented by the over-recruitment neuropsychological tt_EStS assessing memory functions,
of task-specific neural networks typically activated by anguage and executive functions. _

young healthy subjects [3]. Although these concepts A whole volume T1-weighted anatomical scan was

Twenty-four healthy elderly subjects and nine MCI

have been extensively exploredgraceful aging(the acquired for each participant and processed by an opti-
aging of normal elderly subjects), no such effort has Mized Voxel-Based Morphometry protocol [6].
been made for degenerative disorders yet. The fMRI protocolincluded: picture naming (PNT),

In this study we investigated the neurocognitive dif- sentence judgment (SJT), picture recognition (PRT),
ferences between early forms of pathological (amnestic and sentence recognition (SRT). Behavioural responses
Mild Cognitive Impairment, aMCI [4]) and healthy ag- ~ were collected during the fMRI sessions except for the
ing in the context of compensatory processes theories. picture naming where the Aachener Aphasia Test [7]
The experimentwas designed to investigate the follow- performance was used as behavioural index.
ing issues: (i) are aMCls able to recruit compensatory ~ The fMRI signal was pre-processed and modelled in
processes? (i) Are aMCIs’ compensatory processes a block design for each subject.
qualitatively different from the ones present in healthy ~ Then, a second-level ANOVA was estimated to cal-
older subjects? (iii) Can we correlate neurofunctional culate:
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1) Effect of pathology (under-recruitments, i.e. aM-
Cl < healthy olders; over-recruitments, i.e.
aMCIl > healthy olders) thresholded at <
0.05,1corrected- An inclusive mask, correspond-
ing to the main effect of each task at <
0.05,corrected, Was used to restrict each com-
parison to the neural network of interest.
Common areas not affected by pathology, as-
sessed by a conjunction analysis of the simple
effects of group in each task thresholdegat
0.05,correctea @and masked in order to exclude
the voxels that were significantly over- or under-
recruited by aMClsy < 0.05,,,corrected)-

To assess whether the effect of pathology fell either
within the compensatory network (i.e. brain regions
hyperactivated by healthy elderly subjects to main-
tain a good level of performance) or within the dys-
functional network (i.e. brain regions hypoactivated by
healthy olders) of each task, a small volume correc-

2)

tion (SVC) approach was used. The searching volumes
corresponded to the t-maps of the hypo- and hyper-

activations described in Berlingeri et al. [3] thresholded
atp < 0.01.

Finally, the levels of grey matter (GM) density in
the hippocampi and in neocortical frontal areas were
correlated with the functional changes indicating a lack
of flexible compensation.

3. Results

At the neuropsychological tests, aMCI patients
showed a significant reduction of the behavioural per-
formance only at the sort story recall [8] (Mann-
Whitney U test: U=5,Z= —3.73,p < .001), at the
immediate and delayed recall of 15 word list [9] &)
155, Z= —-3.5,p < 0.001 and U= 14, Z= —3.59,

p < .001 respectively) and at the delayed recall of the
Rey'’s figure [10] (U= 32.5, Z= —3.05,p <0.001).
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PICTURE NAMING

Fig. 1. fMRI results. Purple areas represent the brain nsgcmm-
monly activated by aMCls and healthy elderly controls, graras
represent aMCls under-recruitments, while blue regiopsesent
aMCls over-recruitments. The symbol (+) represents thal loaxi-
mum falling into the compensatory network (i.e. a networkegfions
representing the neurofunctional marker of compensataggsses
in healthy elderly subjects challenged with the same erpsntal
tasks) that was used for the correlation analyses. The dybo
stands for the local maximum falling into the dysfunctiomalu-
ral network (i.e. those brain regions typically activatgdyloungers
but no longer activated by healthy elderly subjects whetieiged
with the same experimental tasks) that was entered in thelation
analyses.

common areas of activation with healthy controls. Yet,

The analyses of the behavioural responses collected Some task-specific differences emerged. Notably, the

during the fMRI scans revealed a significant difference
between aMCls and controls at the SJIT-AP5.5, Z
—3.48,p < 0.001), at the PRT (& 26, Z= —3.33,

p < 0.001), and at the SRT (& 21.5,Z= —3.56,p <
0.001).

The VBM-analyses showed a significant atrophy in
the patients’ group in the medial temporal lobes, in-
cluding the hippocampi and the parahippocampal gyri
bilaterally (p < 0.05 FWEcorrected)

The fMRI results are described in Fig. 1. As ex-

SVC showed that while aMCIs’ over-recruitments part-

ly overlapped with the task-specific neural networks
typical of youngers (age-related dysfunctional neural
network), they never included the compensatory neu-
ral networks typically activated by healthy elderly sub-

jects, which were always under-recruited. The BOLD

signals extracted from the task-specific dysfunctional
neural networks were negatively correlated with the
GM density in the left and in the right hippocampus for

the PNT ¢ = —0.44,p < 0.005 and- = —0.32,p <

pected, aMCls showed a large number of task-specific 0.04), in the left hippocampus for the S3JT=€ —0.32,
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p < 0.04), PRT { = —0.35,p < 0.02) and for the SRT

(r = —0.34,p < 0.03). On the contrary, the BOLD
extracted from the task-specific compensatory neural
network showed a positive correlation with the GM
density of the left hippocampus in the S3T=€ 0.35,

p < 0.03), and of the left and the right hippocampus
in the PRT ¢ = 0.45,p < 0.05,r = 0.49,p < 0.05

cause responsible for the co-occurrence of neurofunc-
tional inflexibility and neuromorphometrical changes.
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