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Abstract

Background—Much is unknown about changes that occur in the brain in the years preceding the
cognitive and functional impairment associated with Alzheimer’s disease (AD). This period before
mild cognitive impairment is present has been referred to as preclinical AD, and is thought to
begin with amyloid-beta deposition and then progress to neurodegeneration and functional brain
circuit alterations. Prior studies have shown that there is increased medial temporal lobe activation
on functional magnetic resonance imaging (fMRI) early in the course of mild cognitive
impairment. However, it is unknown whether this altered fMRI activity precedes cognitive
impairment. The purpose of this study is to address this question using Pittsburgh Compound-B
(PiB) imaging and fMRI in a sample of cognitively normal older adults.

Methods—~Forty-four cognitively normal older adults underwent both PiB imaging and fMRI
with a face-name memory task: 21 were classified as PiB(+) and 23 were PiB(-). Additionally,
thorough cognitive and neuropsychological test batteries were administered outside the scanner.
The main outcome measure in this study is fMRI activation in the medial temporal lobe during a
face-name memory-encoding task.
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Results—PiB(+) subjects showed higher fMRI activation during the memory task in the
hippocampus relative to PiB(-) participants.

Conclusions—The increased medial temporal lobe activation in preclinical Alzheimer’s disease,
observed in this study, may serve as an early biomarker of neurodegeneration. Future studies are
needed to clarify whether this functional biomarker can stratify Alzheimer’s Disease risk among
PiB(+) older adults.
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1. Introduction

Much is unknown about changes that occur in the brain in the years leading up to the onset
of cognitive impairment in Alzheimer’s disease (AD). Recent studies have found patterns of
medial temporal lobe (MTL) brain activation unique to mild cognitive impairment (MCI)
and AD using a memory task during fMRI. The MTL is comprised of the hippocampus,
entorhinal cortex, perirhinal cortex, and parahippocampus; and is integral to the processing
of long-term memories (1, 2). Compared to elderly control subjects, individuals with MCI
— particularly those with early mild impairments — show hyperactivation in components of
the MTL whereas those with AD show hypoactivation (3). In addition, cognitively intact
carriers of the Apolipoprotein-E e4 allele also show increased activation during the same
memory task compared to those without the allele (3). This series of findings (increased
activation in those at risk, increased activation with early MCI, and decreased activation with
AD) supports the compensation model of AD (4). Increased activation is thought to
compensate for loss of brain integrity in order to complete a cognitive task (seen as
hyperactivation), while AD subjects no longer have the capacity to compensate and cannot
successfully complete the task (seen as hypoactivation).

The progression of biomarkers in AD is hypothesized to begin with amyloid-beta (AB)
deposition, proceeds to progressive neurodegeneration and functional neural circuit changes,
and leads to the cognitive and behavioral symptoms of AD(5, 6). The period of time between
the first detectable Ap deposits and cognitive dysfunction, which varies greatly between
individuals, is often referred to as preclinical AD (7). Twenty to 50% of cognitively normal
elderly individuals (depending on age and APOE genotype) show early evidence of AB
deposition, consistent with presumed preclinical AD (8-12).

The mechanism by which early Ap deposition explains the altered functioning of the MTL
memory circuit in cognitively normal individuals is unclear. Ap has neurotoxic (excitatory)
effects (13, 14) within the MTL, although these effects have not been causally connected to
impairment of the memory circuit. The hippocampus and neocortex are selectively
vulnerable to excitotoxic insult (15), thus it is plausible that neurotoxic effects of Ap upon
the MTL lead to loss of structural integrity of the memory circuit, and subsequent cognitive
decline. We hypothesize a three-stage biomarker model for AD (Figure 1) based upon the
idea that compensatory hyperactivation may maintain homeostasis within an MTL burdened
by an excitotoxic cascade (associated with AB). The model is based upon studies of MTL
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activity using adaptations of a face-name memory task (16). In the first stage, preclinical-AD
is characterized by compensatory hyperactivation in the MTL (Figure 1b) that may be
sufficient to offset AR neurotoxicity, thus preserving markers of structural integrity (Figure
1c) and function (Figure 1a) of the memory circuit. This first stage of our model is supported
by Huijbers et al (2014) (17). Their study of 48 cognitively intact older adults, found that
ApB-positive older adults (n=24), when compared to Ap-negative older adults (n=24), had
greater activation in the entorhinal cortex during an event-related face-name encoding task.
There were no group differences in memory, hippocampal volume, or hippocampal
activation. Further evidence of our model comes from an event-related face-name repetition
encoding task by Vannini et al. AB-positivity in older adults was positively associated with
right hippocampal activity (18). In the second stage, transition from preclinical-AD to MCI
may be caused by the inability for compensatory hyperactivation to offset excitotoxic
damage to the MTL memory circuit. Compensatory hyperactivation would reach a
maximum during MCI, after which MTL atrophy would lead to decline in MTL activity
(Figure 1b). is supported by longitudinal study MCI (19). Huijbers et. al found that Ap-
positivity was associated with greater hippocampal activation during a face-name memory
task, smaller hippocampal volumes, and greater cognitive decline. In the third stage, decline
from MCI to dementia is characterized by atrophy of the MTL (Figure 1c) (20-22) leading
to the precipitous decline of MTL activity (23) (Figure 1b) and cognitive capacity (Figure
1a) characteristic of AD. This third stage of our model is supported by a longitudinal study
of adults grouped by baseline scores on the Clinical Dementia Rating Scale (CDR) by
O’Brien et al (2010). They found that the older adults with very mild impairment (CDR=0.5)
at baseline demonstrated a longitudinal decline in hippocampal activity during a face-name
memory task, while the 21 cognitively intact older adults (CDR=0) experienced no change
in hippocampal activity (23). That study supports our model by observing that those with the
most rapid cognitive decline had the greatest hippocampal activity at baseline and the
greatest two-year decline in hippocampal activation.

The understanding of biomarker progression during preclinical AD can lead to earlier
diagnosis of impending A. The study of MTL activity by Vannini et al (2012) and Huijbers
et al (2014) has reinforced the importance of MTL activity and Ap-positivity as biomarkers
in cognitively intact older adults. Yet, the findings of these studies disagree over what MTL
regions are associated with Ap-positivity, the hippocampus or the entorhinal cortex. Several
explanations might account for discrepancies. First, each study used different adaptations of
the face-name encoding memory task. Second, uneven ratios of Ap-positive to AB-negative
older adults in the study by Vannini et al (8:32) compared to the study by Huijbers et al
(24:24) may also play a role. Third, Ap-positivity was ascribed with different thresholds
using different brain regions.

Using PiB PET imaging, fMRI to measure MTL activity during a memory task, and
neuropsychological testing, our study aims to add to the limited body of literature that has
investigated MTL activity in cognitively intact older adults. We hypothesize that cognitively
intact older adults with evidence of significant Ap [ PiB(+)] will have greater task-based
MTL activation than PiB(-) older adults. Because all subjects are cognitively intact, we
hypothesize that there will not be significant group differences in hippocampal volume,
neuropsychological assessment metrics, and task performance.
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2. Methods
2.1. Study Design

Data were collected from the first 44 recruited cognitively unimpaired subjects that had
undergone fMRI and PET imaging. Their mean age was 76.4 years (sd=5.6, Table 1). These
subjects were recruited through community advertisements and in a mailing to University of
Pittsburgh alumni. Some were recruited from a University registry of studies promoting
independence. To participate subjects had to be at least 65 years old, fluent in English, and a
minimum of 12 years of education. Exclusionary criteria included: a) diagnosis of MCI or
dementia (see below for assessment and adjudication details), b) history of a major
psychiatric or neurological condition (e.g., bipolar disorder, major depression within the last
5 years, stroke, Parkinson’s disease, substance abuse); c) an unstable medical condition that
could affect cognition d) visual, auditory or motor deficits sufficient to impair ability to
perform the tests; ) medications affecting cognitive performance (e.g., benzodiazepines,
narcotic analgesics; cholinesterase inhibitors); f) contraindications to MRI such as metal in
the body or claustrophobia. The Human Use Subcommittee of the Radioactive Drug
Research Committees and the IRB of the University of Pittsburgh approved all studies.

Participants were given a neuropsychological battery used by the ADRC to rule-out
individuals who would meet criteria for MCI (24-26) or dementia (according to DSM-1V)
(27). The testing battery included the following domains: (a) memory; (b) visuospatial
construction; (c) language; and (d) attention and executive functions. Neuropsychologists,
using the following principles as a basis for either MCI or dementia, reviewed the results
diagnosis (thus exclusionary for this study): 1) Evidence on at least two different tests of
performance below expectations (>1 SD) considering the individual’s age and education,
and 2) low test scores were accompanied by reports of concerns about cognition. See Table 2
for a summary of the neuropsychiatric scores by PiB group. There were no significant
differences between the means on any of the measures. Further details of the assessment can
be found in Nebes et al., 2013 (8).

Within six weeks of cognitive testing, subjects completed a PiB-PET scan. PiB
radiochemistry was as described in Price et al., 2005 (28). PiB was administered
intravenously (12-15 mCi, over 20 sec, specific activity ~1-2 Ci/umol). PET scanning was
performed over 50-70 minutes post-injection. Analysis of the PET data followed the
approach previously validated with visual ratings (29). A whole brain standardized uptake
value ratio (SUVR) was generated using the cerebellar gray matter as the reference region.
MRIs were used for co-registration, region of interest definition (28) and for correcting PiB
PET data for volume averaging(30). Using sparse k-means clustering (SKM)(29), we
defined regional cutoffs for anterior cingulate, anterior ventral striatum, and frontal, lateral
temporal, parietal, and precuneus cortex. Any subject with PiB retention values exceeding
the cutoff point in any of these six regions was defined as PiB(+).

2.2. Data Collection

Functional MRI data was collected at the University of Pittsburgh Magnetic Resonance
Research Center (MRRC) using a 3T Siemens Trio scanner and 12-channel parallel receive
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coil. A high-resolution, whole-brain sagittal T1-weighted MPRAGE sequence (with
GRAPPA of 2) was acquired in axial orientation (TE=2.98, TR=2300, FA=9°, 9 minute
sequence, 160 slices, 256X240, 1x1x1.2 mm3). During a memory task (described below), a
whole brain (excluding the cerebellum), axial blood oxygen-level dependent (BOLD)
sequence was acquired (TR=2 seconds, TE=32 ms, FA=90°, 276 volumes, FOV 256x256,
2x2x4mm3).

During fMRI scanning, participants performed a face-name memory-encoding task (16)
(Figure 2). This is a block=design task that presents face-name pairs. The blocks alternate
between familiar (“control”) faces (two faces the subject saw during training prior to the
fMRI) with novel faces. While in the scanner, subjects are asked to choose whether the name
“fits” the face and to remember the face-name combinations. Subjects are told that the “fit”
of the name is meant to aid in encoding. Each run contains four 48s blocks, with each block
presenting 8 faces for 5s each, with 1s of fixation. Between each block is a 25s fixation
period. Subjects performed two runs, totaling 34 face-name pairs (two familiar and 32 novel
pairs.) After the scanning session, participants are shown each of these 34 faces paired with
two names, and are asked which name was shown with the face when it was presented in the
scanner.

2.3. fMRI Data Analysis

The imaging data was preprocessed using SPM8 (motion corrected, co-registered to the
MNI template, and smoothed with a 10mm kernel). Robust regression using Weighted-
Least-Squares (WLS) SPM toolbox was used to perform a first-level analysis for the fMRI
memory task data. Robust Regression is useful to model data that contain outliers since it is
based on a weighting technique. The within-subject contrast was the novel>familiar
condition, in which the novel blocks (containing only new faces and names) were compared
with familiar blocks (containing the same two control pairs). As the MTL is a region that is
affected by air susceptibility artifacts, we have checked each subject individual scan for
coverage of this region. The subjects included in the analysis had good MTL area coverage.

To verify the efficacy of the face-name task, a one-sample t-test in the whole group was done
testing the novel > familiar contrast. To test for fMRI differences between PiB(+) and
PiB(-), a voxel-wise analysis was performed as well as a post-hoc analysis using the mean
fMRI activity in the MTL. We first created an MTL mask by combining the hippocampus,
parahippocampus, entorhinal, and perirhinal cortex using the wfupickatlas toolbox (31).
MarsBaR (32) was then used to extract the mean fMRI signal within this cluster. As air
susceptibility artifacts affect the MTL, we have also computed temporal signal to noise
(tSNR) in this region for each subject and found that the mean tSNR was 87.5 and the 95%
confidence interval was [77.9, 97.1]. For each subject, the mean novel>familiar contrast was
used to test whether the signal in this region differs between PiB(+) and PiB(-) groups, and
follows a compensation pattern of greater activity in PiB(+) subjects, ‘compensating’ for
neural deficits.

A secondary analysis was performed using task recall accuracy, which was calculated across
all encoding stimuli. Correlations between accuracy and MTL activation by PiB status were
used to further explore the compensation model.
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2.4. Hippocampus Segmentation

Structural images were automatically skull-stripped using the brain extraction tool (BET)
from FSL (33). Using ITK-SNAP these segmentations manually reviewed and corrected to
outline the brain (34). Using the image dimension and the number of voxels in the
segmentation of the brain, we calculated the total intracranial volume (ICV).

The structural images were then segmented using FIRST (35) generate total hippocampus
volume (sum of both hemispheres). This was with total intracranial volume.

3. Results

3.1. PiB Binding

Twenty-one of the participants were defined as PiB(+), and 23 as PiB(-). A scatter-plot of
the regional PiB SUVR values is shown in Figure 3.

3.2. Functional MRI with Face-name paired associate task

The novel>control contrast in the whole group (regardless of PiB status) was done using a
one-sample t-test with the novel versus familiar conditions (level-1 contrast). Results were
threshold with a whole brain Family Wise Error (FWE) correction, T(43)>4.97, corrected
p<0.05, Figure 4a. As expected, there were significant activations within the hippocampus.
This replicates previous findings showing that this task reliably activates the hippocampus
(16). Also as expected, there were no significant regions identified in the reverse contrast
(control>novel).

To test our hypothesis that cognitively normal PiB(+) subjects have increased activation in
the MTL compared to PiB(-) subjects, we extracted the mean fMRI signal within the medial
temporal lobe for each individual subject, and performed a t-test between the two groups.
See Figure 4b for a plot of the contrast (novel vs. control) in the MTL mask for each subject.

We found a significant difference in contrast (novel vs. control) between PiB(+) and PiB(-)
subjects (T(40.38)>2.38, p<0.0222). As expected, PiB(+) subjects showed higher activation
in this region during the novel>control contrast. Figure 5 shows a representation of these
results; activation shown is PiB(+)>PiB(-) in the main novel>control contrast (T(42)>2.7,
p<0.005, uncorrected). Here it is observed that the activation is localized around the medial
temporal lobe.

Our analysis was adjusted for age (an ANCOVA model was run with the MTL region as our
outcome variable and PiB status and age as our independent variables). PiB status remained
significant (t(41)=2.30,p=0.0264, $1=0.16 (se=0.07)) in the model containing age. The B
coefficient indicates the difference in the MTL activation between PiB(+) and PiB(-).

We have also performed an analysis between PiB status and MTL activation while
controlling for education. PiB status remained significantly associated with MTL activation
(B1=0.15 (se=0.07), t(41)=2.244, p=0.03) after adjusting for the effect of education.
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We did not control for gender because there was not a statistical difference in activation.
Also, no statistically significant association was found between MTL activation and
education (t (42)=-1.57, p=0.12). A two-sample t-test was used to test if there were any
differences between the average years of education in PiB(+) versus PiB(-) group. The
mean years of education in the PiB(+) was 14.52 (SD=2.52) and for the PiB(-) was 14.00
(SD=2.14). The t-statistic was equal to 0.74 (df=41.8, p=0.46) and 95% confidence interval
for the mean difference was equal to (-0.89, 1.94).

There was not a significant difference between PiB groups in memory [as measured with
mini-mental state exam (MMSE) (36) and the word recall test], or hippocampal volume.
Hippocampal volume was calculated using FIRST, a publicly available validated approach
(35) (Table 3).

Finally, we did not find a significant relationship between MTL activation and accuracy in
the A positive group (r=-0.15 and 95% CI (-0.55, 0.30), p=0.50, df=19). This failure to
find a significant association does not disprove the compensation model, but suggests that
other models may be more tenable, for instance perhaps the increased MTL activation in this
group reflects a prodromal higher level of activation, which allows the individuals to
withstand AP burden, as suggested in previous PET imaging studies [e.g., Cohen et al., 2009

(371

4. Discussion

We found that AB-positive older adults have greater activation in the MTL than individuals
without evidence of A deposition during a memory task. While both groups were
cognitively intact, those individuals with greater AR burden had a more robust BOLD
response. These findings add to a body of literature investigating the role of MTL activity
during memory tasks as a biomarker of preclinical AD. Our study suggests that a greater
BOLD response reflect compensation for neurotoxic effects associated with Ap deposition
and allow for successful task completion.

Studies investigating MTL activity in cognitively intact older adults with evidence of Ap
deposition during a face-name memory-encoding task include Huijbers et al (2014) (17) and
Vannini et al (2012) (18). Huijbers et al found greater activation in the entorhinal cortex,
while Vannini et al found greater activation (persistent activation) in the hippocampus. Our
study found that PiB-positivity was associated with increased activity in the MTL. The
greater activity was predominantly found in the parahippocampal region of the MTL.
Although our findings further characterize the role of MTL activity in preclinical AD, they
also emphasize the need to further investigate variable findings within the MTL.

Huijbers, Vannini, and our group each measured activity in the MTL during intentional
encoding paradigms. Adaptations of the face-name encoding memory task were unique for
each study. Huijbers et al reported hyperactivation of the MTL within PiB(+) subjects as
greater task-induced deactivation within the entorhinal cortex (contrast: fixation>task) when
presented with face-name pairs. Vannini et al reported hyperactivation of the MTL as the
persistent activation of the hippocampus after the repeated presentation of face-name pairs.
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Specifically, PiB(+) subjects had smaller decreases in hippocampal activation between the
first and third presentation of a face-name (18). Our study reported hyperactivation of the
MTL within PiB(+) subjects as greater activation predominantly within the
parahippocampus when encoding novel face-name pairs relative to familiar pairs.

Increased MTL activation in cognitively intact older adults with Ap deposition may be a
hallmark of preclinical AD. The excitotoxic effects associated with Ap deposition in
preclinical AD may be observed by BOLD fMRI as increased activity. Over time, the
accumulated neurotoxic Ap burden may overwhelm compensatory capacity, leading to loss
of structural integrity of the MTL and the progression of cognitive impairment toward AD.

Although this study supports the importance of MTL activation in identifying and measuring
the progression of preclinical AD, longitudinal studies are needed to adjudicate the
differences among results. The transition between preclinical AD and MCI is when we
hypothesize that MTL hyperactivation begins to lose its compensatory effect. At this
transition, we hypothesize that MTL activation will increase, while cognitive deficits begin
to accrue. A better understanding of the progression of preclinical AD may inform the
understanding of the pathogenesis of AD.

While we chose to focus on memory circuits other studies have investigated functional
changes in older adults in executive control functioning regions. Studies have found that in
these regions, increased activation is significantly associated with greater accuracy on task
(38). The increased activation in this case may also represent compensation for Ap
deposition, decreased structural integrity, and/or dysfunctional neurocircuitry. Resting state
fMRI has also been combined with PiB PET to study functional connectivity in the default
mode network (DMN). Several groups have found disruption in DMN functional
connectivity when comparing high risk/high-Ap groups with low risk/low-Ap groups (39).
Since there is no performance component during resting-state, it is difficult to relate DMN
connectivity to compensation. It may be that the lower functional connectivity in DMN in
the high-Ap group represents the underlying neurodegeneration more faithfully than task-
based fMRI, which is also influenced by performance, and possible compensation.

This study is limited by small sample, although the sample size is similar to other fMRI-PiB
PET studies (39), the sample totaled 44 subjects: 23 PiB(-) and 21 PiB(+). Studies with
larger sample sizes are needed to further investigate functional changes and the theory of
compensation in preclinical AD subjects.

This study is part of a larger ongoing study following the cohort longitudinally; future
analysis is needed to investigate whether MTL hyperactivation in PiB(+) individuals predicts
future cognitive decline. It has been shown that due to the presence of white-matter
hyperintensities (WMH) as well as possible atrophy due to aging, older subjects’ structural
data does not register to standard anatomical space accurately near the hippocampus/
parahippocampus. We have used SPM’s methods to perform this analysis. Our group has
shown that the effect of WMH is negligible on the parameter estimates in fMRI analyses
(40). However, due to the limited resolution of the fMRI data, the specificity of these
procedures becomes less critical.
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To conclude, this study found that AB-positive cognitively unimpaired individuals have
higher activation during memory encoding than those without significant AB. This supports
that increased MTL activation reflects compensation allowing individuals with higher Ap
burden to maintain high memory performance. Although this result supports the
compensation theory, the mechanistic relationship between increased activation and Ap
remain unclear. Is hyperactivation a moderator of the effects of AB? That is, among the
PiB(+) cognitively intact individuals, would those with increased MTL activation be more
likely to maintain normal cognition longer? Future longitudinal studies of Ap-positive
individuals are necessary to test whether MTL activation predicts cognitive decline.
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MTL Biomarker Model of AD Progression

(a)

Measures of Memaory
& Cognition

(b)

Encoding Task

MTL BOLD Response
to Face-Name
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n
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Figure 1.
The MTL biomarker model of AD progression. As a function of age, those progressing to

AD each have different temporal trajectories with regards to (a) memory and cognition, (b)
MTL BOLD response during a face-name encoding memory task, and (c) hippocampal
volume. The MTL BOLD response in those progressing to AD is depicted as having a peak
during MCI, which represents the compensatory efforts of the MTL.
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(a) ENCODING: performed inside scanner
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(b) RECALL: performed after scan is completed

Figure 2.

Illustration of the functional face-name memory encoding (a) and recall (b) task.
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Figure 3.
Pittsburgh Compound B (PiB) retention among cognitively unimpaired older adults

classified as PiB(+) (red circles) and PiB(-) (blue circles) broken down by the following
regions: anterior cingulate, anterior ventral striatum, frontal cortex, lateral temporal cortex,

parietal cortex, and precuneus cortex.
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Figure 4.
a. Main effect of Novel > Control contrast in the whole group. (T(43)>4.97, FWE corrected
p<0.05., cluster=48 voxels, MNI coordinates: —30, —34, -2); b. Box and whisker plot of

MTL activation in PiB(=) (red) versus PiB(+) (blue).
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Figure 5.
Voxel-wise analysis of PiB(+) > PiB(-) in the Novel > Control contrast (T(42)>2.7,

p<0.005, uncorrected). Figure shows a transparent brain in all three orientations with a
sagittal slice inlaid on the bottom right.
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Subject Demographics

Table 1

N | Age (mean(SD)) | Gender (%F) | APOE (% with at least one E4 allele)*
Whole Group | 44 76.4(5.6) 73% 16.3%
PiB Groups:
PiB(+) 21 76.9(5.5) 71% 25.0%
PiB(-) 23 76.0(5.7) 74% 8.7%

*
APOE data was not available for one PiB(+) subject; percentages are based on N=43 for whole group and N=20 for PiB(+)
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Table 2

Neuropsychological test performance by PiB status. WLL = Word List Learning. There were no significant
differences between the means on any of the neuropsych measures.

PiB (-) PiB (+)

Mean SD | Mean sD

Memory
WLL learning trials 22.1 33 21.9 3.1
WLL delayed recall 7.6 2.1 7.3 1.9
Rey figure immediate recall (max = 24) 16.9 29 15.7 3.7
Rey figure delayed recall (max = 24) 16.7 35 15.4 44

Logical Memory Story A immediate recall 16.3 3.4 16.5 3.9

Logical Memory Story A immediate recall 15.5 31 16.2 4.5

Visuospatial construction

Block design (max = 24) 13.8 3.6 15.2 48

Rey figure copy (max = 24) 19.4 2.0 19.3 23
Language

Semantic fluency (animals) 20.2 6.4 19.2 5.1

Letter fluency (FAS) 46.6 | 15.0 44.4 | 145

Boston Naming Test (max = 30) 28.8 17 28.1 2.4

Attention and executive functions

Trail Making Part A (sec) 29.8 | 13.7 29.1 8.4
Trail Making Part B (sec) 748 | 26.2 88.6 | 43.1
Digit Symbol 53.3 | 13.0 494 | 11.8
Stroop color-word interference 38.2 8.5 354 | 11.7
Clock drawing (max = 15) 14.2 0.7 14.4 0.7

1duosnuey Joyiny

1duosnuep Joyiny

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2018 May 01.



Page 19

Edelman et al.

Author Manuscript

(9'T)5'82 (901)8'%9 (ee)Tee (5000°0)6£00°0 (662)6929 (-)ad
(§'1)9'82 (e'TT)EL9 (T'e)6'12 (¥000°0)6£00°0 (ev6)€TL9 (+)ad
JSININ Aoeandoy ysel | 8409S [[eaay paopA | ADI AQ pazijewaoN awinjoA redwedsoddiq | sjaxoA jedwesoddiH

€ 9lqeL

Author Manuscript

((@s)ueaw) syuswainseaw Alowaw pue jedwesoddiH

Author Manuscript

Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2018 May 01.



	Abstract
	1. Introduction
	2. Methods
	2.1. Study Design
	2.2. Data Collection
	2.3. fMRI Data Analysis
	2.4. Hippocampus Segmentation

	3. Results
	3.1. PiB Binding
	3.2. Functional MRI with Face-name paired associate task

	4. Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

