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Background: Individuals with higher education have a lower risk of
developing cognitive decline or Alzheimer’s disease dementia at
late age, suggesting that education is associated with enhanced
reserve in late-life that helps maintaining memory and other cogni-
tive abilities. Yet, an unresolved question is which functional brain
mechanisms underlie such protective effects of education. We and
others have previously shown that intrinsic connectivity of fronto-
parietal control network (FPCN) hubs is enhanced in individuals
with higher education and IQ. Such intrinsic connectivity is thought
to reflect the FPCN5s’ ability to exert control on other functional net-
works during cognitive demands, thereby increasing efficient infor-
mation processing. Here, we tested the hypothesis that protective
effects of education on memory in aging are associated with higher
cross-network FPCN-connectivity and thus more efficient network
processing during a memory task. Methods: Face-name memory
task-fMRI was applied in 26 healthy elderly participants. Using
beta-series correlation, we assessed task-related connectivity dur-
ing successful memory performance between a set of 264 ROIs
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covering the whole brain. Subsequently, we computed global effi-
ciency within ten major functional networks using graph-theory.
Lastly, we assessed the degree of FPCN connectivity to each of
the remaining nine functional networks to assess FPCN cross-
network coupling. Using structural equation modeling we tested
whether greater education predicted higher network efficiency via
greater FPCN-cross network coupling and whether higher network
efficiency predicted better memory performance. Results: Higher
education significantly (p<0.05) predicted higher global efficiency
in the default-mode (DMN) and dorsal attention network (DAN),
during successful memory encoding and recall (see Fig. 1), which
in turn predicted better memory performance, with correction for
multiple testing. The associations between education and global ef-
ficiency of the DMN and DAN were mediated by FPCN-connectiv-
ity to both of these networks (see Fig. 2 for structural equation
model). Conclusions: The memory-enhancing effects of education
in aging can be attributed to higher coupling of the FPCN with other
functional networks, which enhances efficient information transfer
within those networks.
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Background: We have previously demonstrated that crystallized
knowledge, as a typical neural enrichment factor, confers protec-
tion of brain modulation to task difficulty across the adult lifespan
(Jingting et al., in preparation), although modulatory capacity de-
clines with age (Kennedy et al., 2015). Here we investigated (1)
whether beta-amyloid, as a typical risk factor for Alzheimer’s dis-
ease, might affect modulatory capacity; and (2) whether the protec-
tive effects of crystallized knowledge on modulation remain with
the accumulation of beta-amyloid. Methods: We studied 274 cogni-
tively normal participants (40-89 years) who completed an F-18
Florbetapir PET scan and an fMRI scan, where participants judged
ambiguous (“Hard”) and unambiguous (“Easy”) words for ani-
macy. Modulatory capacity was measured by contrasting hard vs.
easy in functional activation. Age, amyloid and crystallized ability
were entered in a multiple regression model for each of the 8 brain
regions in the frontoparietal cognitive control network to assess
whether amyloid and crystallized knowledge accounted for vari-
ance in modulation beyond age. Results: We first replicated our pre-
vious findings that older adults had decreased modulatory capacity
in the frontoparietal network. After controlling for age, amyloid
accumulation was related to declined modulatory capacity in pari-
etal and right prefrontal but not left prefrontal cortex, and such
depletive effects were found in middle-aged (40-60 years) but not
older (60-69 years) adults. After controlling for age and continuous
accumulation of amyloid, better crystallized knowledge predicted
higher modulation in the frontoparietal network. Because we
were particularly interested in whether the facilitating role of crys-
tallized knowledge in modulatory capacity was related to amyloid
positivity status, in a second analysis, we conducted multiple re-
gressions with age and crystallized knowledge predicting brain
modulation for amyloid negative and positive individuals, respec-
tively. We found that better crystallized knowledge predicted higher
modulatory capacity in prefrontal regions and left angular gyrus for
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amyloid negative individuals but only mildly (p = 0.057) in medial

superior frontal gyrus for amyloid positive individuals. Conclusions:

Our findings suggested that brain modulatory capability is impaired
with age and amyloid. Crystallized knowledge protects modulatory
capacity, which seems to have stronger effects for amyloid negative
individuals, compared to amyloid positive individuals.
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Background: Previous studies suggested that extraversion trait is
related to lower risk of Alzheimer’s disease (AD) dementia.
Although extraversion is composed of multiple facets (i.e. socia-
bility, positive affect and activity), it remains uncertain which
facet of extraversion is associated with the development of AD.
We aimed to investigate the association between subcomponents
of extraversion trait and in vivo AD pathologies such as cerebral
AP burden and neurodegeneration in cognitively normal (CN)
middle- and old-aged adults. Methods: Total 247 CN middle-
and old-aged adults (mean age=68.6*8.0 years: range = 55-87)
from the Korean Brain Aging Study for Early Diagnosis & Predic-
tion of Alzheimer’s Disease (KBASE), an ongoing prospective
cohort study, were included for analysis. All the subjects under-
went comprehensive clinical and neuropsychological assessment,
''C-labelled Pittsburgh Compound B (PiB) positron emission to-
mography, magnetic resonance imaging, and apolipoprotein E
(APOE) genotyping. The NEO-Five Factor Inventory (NEO-
FFI) with both self-report and informant-report were administered
to the subjects and their informants to measure the extraversion
personality traits. Three subcomponents of extraversion - positive
affect, sociability and activity — were then calculated. Current
depressive symptoms were measured using the Geriatric Depres-
sion Scale (GDS) and vascular risks were assessed as a vascular
risk factor (VRF) score. Global cerebral AB deposition was
defined as mean cortical PiB retention of the brain regions
including the frontal, lateral temporal, lateral parietal and precu-
neus/posterior cingulate cortices. As a neurodegeneration
biomarker, adjusted hippocampal volume (HVa) was calculated
as the residuals from a linear regression of hippocampal volume
vs. total intracranial volume. Results: Any subcomponent of extra-
version trait did not show significant association with global A
deposition. However, sociability score, based on self-report as
well as informant report, had significant positive association
with HVa, even after controlling the effect of age, gender, educa-
tion, APOE &4 carrier status, GDS and VRF score, whereas posi-
tive affect and activity score did not. Conclusions: Our findings
suggest that sociability may contribute to reduced AD dementia
risk by delaying neurodegeneration or maintaining brain reserve
through non-amyloid mechanism, while other facets of extraver-
sion appear not related to the occurrence of AD.
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Background: The Mayo Clinic Study of Aging is an epidemiolog-
ical study of human aging. Most MRI standard template spaces
such as MNI152 are generated from scans of younger individ-
uals. Because population-matched templates provide better
quantitative MRI analysis, the goal of this work was to construct
and make publically available a template for the analysis needs
of aging and Alzheimer’s Disease (AD) population studies. Sub-
ject Characteristics: This template was constructed from T1-
weighted scans of 202 subjects including: 39 young clinically-
normal subjects (age 30-49); 4 groups of 20 (each 10 men +
10 women) clinically normal subjects from each age range 50-
59, 60-69, 70-79, 80-89; and 83 subjects with probable AD de-
mentia. Methods: Input images were acquired using two 3T GE
scanners (models 750, Signa Excite) with ADNI-1 MP-RAGE
protocols and corrected for gradient distortion in 3D and nonuni-
formity using N3 and SPMS5. SPM12b was used to segment these
preprocessed images with stock priors, and these segmentations
were validated by image analysts. DARTEL was used to produce
new tissue priors and deformations from the input images to the
new template space via groupwise registration. A T1-weighted
template was produced by intensity-normalizing each scan, using
the DARTEL warps to transform them to the common space, and
averaging. Tissue priors were edited manually to reduce erroneous
GM at WM/CSF borders, in the brainstem, and in the neck, and to
create a more-defined fornix region in the WM priors. An AAL
atlas was transformed to the template using ANTs nonlinear regis-
tration and manually edited to create accurate boundaries. A lobar

Figure 1. The Mayo Clinic Adult Lifespan Template a) T1-weighted image
b) 122-region modified AAL atlas c) 14-region lobar atlas d) GM tissue
probability mask e) WM tissue probability mask f) CSF tissue probability
mask.
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