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Introduction

As therapeutic treatments for Alzheimer’s disease (AD) are developed, the ability to identify
persons prior to the clinical diagnosis of AD becomes increasingly important. Mild cognitive
impairment (MCI) (Petersen et al., 1995, 2004) is a cognitive deficit syndrome associated
with increased dementia risk. MCI is subtyped as amnestic or nonamnestic involving single
or multiple cognitive domains (Winblad et al., 2003).

Amnestic MCI, particularly the multiple domain subtype, is associated with highest AD risk
(Arnaiez et al., 2004; Bozoki et al., 2001; Petersen et al., 2009; Tabert et al., 2006) and
progresses largely to AD at a rate of 10% to 15% annually (Farias et al., 2009). Autopsy
studies show AD-like medial temporal neurofibrillary pathology as a predominate feature
(Marksbury 2010; Petersen et al., 2006; Price and Morris et al., 1999).

Although amnestic subtypes have high AD risk, predicting AD from MCI subtypes is
imprecise. Some patients remain stable, while others revert to normal cognition or develop
non-AD dementias (e.g. vascular, frontotemporal) (Norbold et al., 2010; Petersen et al.,
2004, Rozzini et al., 2007). Some amnestic MCI patients who progress to clinical AD do not
demonstrate primary AD neuropathology (Jicah et al., 2008; Marksbury 2010).

The neuroimaging biomarker, 2-(1-{6-[(2-[F-18]fluoroethyl)(methyl)amino]-2-
naphthylethylidene) malononitrile (FDDNP) labels senile plaques (SPs) and neurofibrillary
tangles (NFTs) in vitro (Agdeppa et al., 2001). FDDNP-PET neuroimaging distinguishes
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among cognitively normal, MCI (predominately amnestic subtypes) and AD subjects (Small
et al., 2006).DD Recently (Ercoli et al., 2009)D we hypothesized that if older adults vary
according to cerebral patterns of SPs and NFTs, then FDDNP-PET imaging might identify
homogeneous subgroups, which in turn may have implications for identifying individuals at
highest AD risk. We then performed a cluster analysis according to regional FDDNP-PET
binding values on a group combining subjects with either normal cognition or amnestic MCI
(single or multiple domain subtypes). One FDDNP-subgroup (LG) had low FDDNP binding
globally in all brain regions of interest (ROI), and two subgroups had relatively high
FDDNP binding. One high binding subgroup demonstrated high frontal, parietal and medial
temporal binding (HF/PA subgroup), and the other demonstrated high FDDNP binding in
medial and lateral temporal and posterior cingulate regions (HT/PC subgroup). Notably,
both the HF/PA and HT/PC subgroups showed similarly elevated medial temporal binding,
but differed in binding levels in other ROI.

All three clusters included both MCI and cognitively normal subjects, but in different
proportions. Most HT/PC and HF/PA subjects had amnestic MCI subtypes (71% for HF/PA;
88% for HT/PC) compared to 21% in LG. The HT/PC and HF/PA subgroups did not differ
from each other on cognitive tests; however, both subgroups had worse performances
relative to the LG subgroup in several domains. We would expect relatively lower AD risk
in subjects with both low FDDNP binding and better cognition (i.e. LG subjects); and higher
AD risk in subjects with both high FDDNP bin5ding and poor cognition (HT/PC and HF/PA
subjects); however, additional supportive evidence of AD risk is needed.

The purpose of the current study was to further assess dementia risk associated with the
FDDNP-subgroups by comparing them according to cerebral glucose metabolism with 2-
deoxy-2-[F-18]fluoro-D-glucose (FDG) PET neuroimaging. FDG-PET has high sensitivity
and specificity for autopsy confirmed AD and other neurodegenerative dementias
(Silverman et al., 2001) D, and thus would provide external validation for dementia risk in
the FDDNP-subgroups.

The 54 subjects were from our previous report of differential FDDNP-PET binding patterns
in non-demented subjects (Ercoli et al., 2009).X Subjects were volunteers recruited through
advertisements and media coverage of a study of mild memory impairment, and referrals by
physicians and families. The subjects were selected from an original volunteer pool of 116
persons who had undergone FDDNP scanning and cognitive testing as part of a large,
ongoing study (Small et al., 2006). XXX We computed the FDDNP binding clusters using
only the cognitively normal or amnestic MCI subtype subjects from the larger, ongoing
study. We excluded 25 subjects with AD, 17 subjects with other diagnoses (e.g.
frontotemporal dementia, depression), 5 subjects with non-amnestic MCI (because they are
less likely to progress to AD), and 13 subjects who had head motion during scanning.
Finally, two subjects from the previous study (Ercoli et al., 2009) who did not have FDG-
PET scans suitable for spatial transformation to template space for quantitative assessments
were not included. Investigators were unaware of the clinical data when excluding potential
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subjects on the basis of PET scan quality and were unaware of the scans when excluding
potential subjects on the basis of clinical data.

Of the 54 subjects, 10 with MCI were receiving cognitive enhancing drugs (a cholinesterase
inhibitor or an N-methyl-D-aspartate receptor antagonist) at a steady dose for at least 3
months before study entry. All subjects underwent screening laboratory testing,
neuropsychiatric evaluation, and structural imaging scanning to rule out other causes of
cognitive impairment (e.g. stroke, brain tumor). Subjects with significant medical,
neurological or psychiatric illness (e.g. major depression, psychotic disorders, seizures, head
injury), diabetes (due to glucose injections for FDG-PET), cardiac abnormalities on EKG,
uncontrolled hypertension, or MRI evidence of stroke or significant ischemia were excluded.
Most subjects (N = 50) underwent magnetic resonance imaging (MRI). Four subjects who
could not have MRIs had CT scans. All subjects received the Mini-Mental State
Examination (Folstein, Folstein and McHugh, 1975), the Hamilton Rating Scale for
Depression (Hamilton, 1960), a clinical interview, and a battery of neuropsychological tests
(Lezak, Howieson and Loring, 2004).DD The test battery covered five cognitive domains:
memory (Wechsler Memory Scale-Third Edition Logical Memory and Verbal Paired
Associations I, Buschke-Fuld Selective Reminding Test, Rey-Osterrieth Complex Figure
delayed recall); language (Boston Naming, F.A.S., Animal Naming tests); attention and
speed of information processing (Trail Making Test-A, Stroop Color Naming [Kaplan
version], and Wechsler Adult Intelligence Scale-Third Edition [WAIS-I11] Digit Symbol);
executive functioning (Trail Making Test-B, Stroop Interference, Wisconsin Card Sorting
Test-Perseverative Errors); and, visuospatial functioning (WAIS-I11 Block Design, Rey-
Osterrieth Complex Figure copy, Benton Visual Retention Test). Raw scores for cognitive
tests in each domain were converted to Z scores and then averaged to form an average Z
score for each domain (Bilder et al., 2000). Domain Z scores were the dependent variables
for comparing clusters on cognitive tests.

Study clinicians (GWS, HL, KIM, LME) used clinical judgment (Petersen, 2004) and the
following standard guidelines (Winblad et al., 2004) to diagnose MCI: (1) patient awareness
of memory decline, preferably confirmed by another person; (2) greater-than-normal
cognitive impairment on standardized tests; (3) normal daily activities performance, and (4)
no dementia. The threshold for identifying mild impairment was scores = 1 SD below age-
corrected norms on neuropsychological tests for high sensitivity for predicting dementia
(Busse et al., 2006; Jak et al., 2009). To balance increased sensitivity with specificity we
required impairment on at least two neuropsychological tests per cognitive domain (Jak et
al., 2009). Subjects with only memory impairment were diagnosed as single domain
amnestic MCI (MCI-A); subjects with memory and other cognitive impairments were
diagnosed with multiple domain amnestic MCI (MCI-A+); subjects with cognitively normal
aging (CN) were without impairment. Functional abilities were assessed based on
information obtained from the interview with corroboration by a collateral when possible.

Among MCI subjects, 13 had MCI-A and 15 had MCI-A+. The MCI subjects included 2
African-American, 1 Latino and 25 Caucasian individuals. The CN subjects included 1
African-American, 1 Latino and 24 Caucasians. Table 1 presents additional demographic
data.
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The study was conducted at UCLA. Written informed consent was obtained from all
subjects in accordance with procedures of the Human Subjects Protection Committee of the
University of California, Los Angeles and with the Helsinki Declaration of 1975, as revised
in 1983. All subjects were able to provide consent. Cumulative radiation dosimetry for scans
was below the mandated maximum annual dose and in compliance with state and federal
regulations.

Scanning methods and analyses—All FDG-PET scans were performed with the
ECAT HR or EXACT HR+ tomograph (Siemens-CTI, Knoxville, TN) with subjects supine
with the imaging plane parallel to the orbito-meatal line. A bolus of FDG (370 MBq) was
injected via an in-dwelling venous catheter and consecutive dynamic PET scans were
performed for 60 mins. Scans were decay corrected and reconstructed using filtered back-
projection (Hann filter, 5.5 mm FWHM) with scatter and measured attenuation correction.
The resulting images contained 47 contiguous slices with plane separation of 3.37 mm
(ECAT HR) or 63 contiguous slices with plane separation of 2.42 mm (EXACT HR+).

FDDNP preparation (Liu et al., 2007), FDDNP-PET acquisition and quantification of
FDDNP binding are detailed elsewhere (Small et al., 2006). Briefly, quantification of
FDDNP binding was performed with the Logan graphic method, with the cerebellum as the
reference region (Logan et al., 1996; Kepe et al., 2006). The Relative Distribution Volume
(DVR, the distribution volume of the tracer in an ROI divided by the distribution volume of
the tracer in the reference) was obtained and DVR parametric images were generated. DVR
images were analyzed using ROIs drawn manually on the co-registered MRI or CT scans for
bilateral medial temporal (hippocampus, parahippocampal area and entorhinal cortex),
lateral temporal, posterior cingulate, and frontal regions.

Anatomical MRI scans for 50 subjects were obtained using either a 1.5 Tesla (N = 16) or 3
Tesla (N = 34) magnet (General Electric-Signa, Milwaukee, W1) scanner. Fifty-four
transverse planes were collected throughout the brain superior to the cerebellum using a
double-echo, fast-spin echo series with a 24-cm field of view and 256 x 256 matrix with 3
mm/0 gap (TR = 6000 [3T] and 2000 [1.5T]; TE = 17/85 [3T] and 30/90 [1.5T]). Chi Square
analyses indicated that frequency of subjects in the FDDNP-subgroups did not differ
significantly according to MRI scanner [ChiSQ(2) = 1.03, p = .6].

Data analysis—~Prior to statistical analyses, all data were inspected for outliers, skewness,
kurtosis and homogeneity of variance to ensure appropriateness for parametric statistical
tests.

Cluster Analysis: As previously described (Ercoli et al., 2009) XX, the FDDNP-PET
subgroups resulted from a disjoint cluster analysis on the FDDNP binding (DVR) values for
all subjects. The DVR values were first standardized to a mean of 0 and standard deviation
of 1. Then, a disjoint cluster analysis was performed on the basis of Euclidean distances
computed from the five regional FDDNP binding values (i.e. the k-means clustering
method). Based on both the cubic clustering criterion and test statistics from the
discriminant analyses, three clusters were identified as the optimal number—namely LG,
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HT/PC and HF/PA. These FDDNP clusters served as independent variables for the
following analyses:

Visual ratings of FDG-PET scans: All subjects were stratified into 7 groups (N1, N2, N3,
P1, P1+, P2, P3) according to visual ratings of their cerebral metabolic pattern on the FDG-
PET scans and relationships to autopsy-proven diagnostic categories (Silverman et al.,
2001)XX. FDG-PET scan results were classified by a nuclear medicine physician blinded to
all pathological and clinical information except age, sex, and (when available at the time
PET had been performed) CT and MRI reports. PET scans were classified as indicative of a
progressive or non-progressive clinical course. The metabolic patterns, detailed elsewhere
(Silverman et al., 2001), are summarized as follows: normal (N1); normal except for age-
appropriate atrophic changes (N2); abnormal only in a non-neurodegenerative pattern (N3);
abnormal in a neurodegenerative pattern involving posterior cortical hypometabolism
consistent with AD (P1); abnormal in a neurodegenerative pattern that includes posterior
cortical hypometabolism but is nevertheless inconsistent with AD as the sole cause of
dementia (P1+) (e.g., due to involvement of brain regions known to be preserved in AD);
abnormal in a neurodegenerative pattern that is most consistent with frontotemporal
dementia (P2), or a predominantly subcortical neurodegenerative process (P3). Figure 1
shows examples of visual ratings of FDG-PET scans. Inter-rater reproducibility between
nuclear medicine physicians trained in visual categorization is high (94%, based upon
blinded ratings of 100 FDG-PET scans) (Silverman et al., 2001). For statistical analyses, we
applied chi-square tests to assess for associations involving the two broadest FDG diagnostic
categories—between AD-like (P1, P1+) and non-AD-like (N1, N2, N3, P2, P3)—with
FDDNP cluster assignments.

Standard statistical parametric mapping—FDDNP-subgroup-based differences in
FDG scans were analyzed on a voxel-by-voxel basis using standard statistical parametric
mapping techniques. As previously described, (Silverman et al., 2007) D images from all
subjects were co-registered and reoriented into a standardized coordinate system using the
SPM2 software package courteously provided by the image analysis team at the Wellcome
Department of Cognitive Neurology, Functional Imaging Laboratory (London, UK). Data
were then spatially smoothed and normalized to mean global activity. The set of pooled data
were then assessed with the t- statistic on a voxel-by-voxel basis to identify the profile of
voxels that significantly differed according to FDDNP-cluster subgroups. To protect against
false positive findings potentially arising from multiple comparisons, results were
considered significant only for uncorrected p values < 0.0005, and/or for voxels < 0.001
located in the a priori regions corresponding to the specific patterns of FDDNP binding in
the high-retention clusters (lateral temporal and posterior cingulate for HT/PC; frontal and
parietal for HF/PA). Multiple comparison corrections made with family-wise error and/or
false discovery rate adjustments at the voxel and cluster levels with p < 0.05 were also
provided for each of the spm-based analyses.

Standardized region of interest (sROI) analysis—The sROI analyses were used to
confirm and further detail the SPM mapping. FDG scans were quantified according to levels
of activity present in a large panel of SROI’s using computerized algorithms developed in
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our group and subsequently implemented in the FDA-approved brain-PET software product
NeuroQ(TM). The software measures, after correction for tissue-based attenuation, the
number of radioactive events emitted by a positron source (gamma-ray lines of coincidence)
per second detected by the PET scanner, emanating from pixel locations assigned by a
computerized reconstruction algorithm as falling within each sROI. Mean pixel activity
values were calculated within each of 240 sROI’s defined throughout those transaxial planes
across the field of view in which brain tissue was represented, following the transformation
of each PET scan to a template space by a method previously described by Tai et al., (1997).
The sROI’s were then automatically grouped into 47 clusters of regions falling within
structurally defined boundaries corresponding to distinct neuroanatomical (e.g. left inferior
parietal lobule) or functional (e.g., Broca’s area) standardized volumes of interest (sVOI’s)
and the mean activities for each of these volumes calculated. Finally, all mean activity
values were automatically normalized to the mean pixel activity measured throughout that
brain scan, or to the mean activity of an individual user-specified reference sVOI within that
scan. Regional differences between FDDNP-cluster groups were assessed by Student’s t or
similar parametric tests.

Subjects (Table 1) did not differ by age or education. MCI subjects had lower estimated
premorbid 1Q compared to CN subjects. More female subjects had MCI, but we did not
control for gender because neither FDDNP binding nor resting state FDG-PET patterns of
regional metabolism have been consistently found to significantly differ between men and
women (Small et al., 2006; Volkow et al., 1997; Iseki et al., 2010; Hsieh et al., 2011). Table
2 shows cognitive status and test scores in the FDDNP clusters.

Visual FDG-PET scan ratings

The proportion of AD-like and non-AD-like FDG-PET patterns across the three FDDNP-
subgroups differed significantly (exact chi-square (df = 2) = 6.98, p < 0.03) (Table 2). The
HF/PA group had a predominantly AD-like FDG-PET pattern (14 of 24) while the LG and
HT/PC groups had predominantly non-AD-like FDG-PET patterns (18 of 23 for LG; 5 of 7
for HT/PC). Thus, if a subject had an AD-like FDG-PET scan there was a 67% chance of
being in the HF/PA FDDNP-subgroup and only a 33% chance of being in LG or HT/PC. By
contrast, subjects with FDG-PET patterns inconsistent with increased AD risk had a 70%
chance of being in the LG or HT/PC subgroups.

Within the Non-AD-like FDG group, most LG subjects were CN. Within the AD-like FDG
group most HF/PA subjects were MCI, and most CN subjects were in LG. We found no
significant differences in the distribution of MCI-A versus MCI-A+ subjects across the
FDDNP-subgroups for either the AD-like or non-AD like FDG-PET group (Table 3).

SPM and region of interest analyses

Both analyses confirmed significant differences in the pattern of regional glucose
metabolism among the FDDNP-subgroups. LG subjects had no areas of significant glucose
hypometabolism relative to the other subgroups. HT/PC subjects had a preponderance of
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hypometabolism in anterior temporal and frontal (i.e. left mid and inferior frontal gyrus
interface area; anterior mid-temporal gyrus), posterior cingulate and bilateral
parahippocampal regions (range, p.001 to < .0005) compared to LG (Figure 2). The sROI
analysis confirmed that the most significant hypometabolism for HT/PC subjects occurred in
anterior temporal cortex (p<0.02). The HT/PC subgroup showed relative hypermetabolism
that was most significant in the superior parietal area (bilateral; right greater than leftp =.
001, also corroborated by sROI analyses) and anterior parietotemporal area (p = .002)
compared to LG.

Subjects in HF/PA compared with those in LG demonstrated hypometabolism in bilateral
inferior parietal/parietotemporal cortex (left more than right); bilateral posterior cingulate
cortex; perisylvian regions; left mid temporal gyrus; and left dorsolateral prefrontal cortex
(all having p <.0005) (Figure 3). The sROI analysis corroborated the most significant
HF/PA hypometabolism occurring in left parietotemporal and posterior cingulate cortex
(p<0.01). These patterns are consistent with increased AD risk.

Directly comparing the glucose metabolism of the HT/PC subgroup to the HF/PA subgroup,
relative hypometabolism was found for HT/PC subjects in the left superior frontal gyrus,
midbrain and hypothalamus. HF/PA subjects had lower glucose metabolism in bilateral
inferior parietal regions compared to HT/PC subjects (range p < .01 to <.001).

The current findings demonstrated that the three FDDNP-subgroups showed different
glucose metabolic patterns from each other according to both visual ratings and SPM
analyses of FDG-PET images. The FDG-PET scans of the lowest FDDNP binding (LG)
subgroup were suggestive of relatively lower risk for AD. By contrast, the FDG-PET scans
of subjects in the higher FDDNP binding subgroups (HT/PC and HF/PA) showed greater
regional hypometabolism compared to LG and different glucose metabolic patterns from
each other. The HF/PA group, with hypometabolism in mid-temporal, inferior parietal,
posterior cingulate, and dorsolateral prefrontal regions, resembled a high AD risk pattern
(Silverman et al., 2008). DLarge multi-center trials correlating FDG-PET imaging results
with postmortem histopathological evaluation of brain tissue indicated that FDG-PET
identified patients with autopsy confirmed AD with a sensitivity of 94% and specificity of
73%, and patients with neurodegenerative diseases of various kinds (e.g. frontotemporal
dementia, Creutzfeld-Jacob disease, AD) with a sensitivity of 94% and a specificity of 78%..
(Silverman et al., 2001).

The meaning of the HT/PC FDDNP pattern is less clear. FDG-PET patterns for the HT/PC
subgroup appeared neither normal nor AD-like. HT/PC may be an etiologically diverse
group, including people with underlying cerebrovascular changes (Luchsinger et al., 2009;
Marksbury et al., 2010; Petersen et al., 2006) or, with elevated frontotemporal dementia risk
given the predominance of anterior frontal and anterior temporal hypometabolism (Foster et
al., 2007; Silverman et al., 2001)

The current results are consistent with those of other studies that indicate the utility of
combining neuroimaging approaches for early AD detection and for enhancing diagnostic
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accuracy (Shin et al., 2010; Silverman et al., 2006). Using voxel based analyses, Shinn and
colleagues (2010) compared FDG, FDDNP and PIB-PET images in the same subjects with
either normal cognition or AD. SPM t maps of AD subjects” FDG-PET scans revealed
hypometabolism in frontal, parietal, temporal and posterior cingulate/precuneus cortices.
FDG hypometabolism and elevated FDDNP retention overlapped in the parietal region.
FDG hypometabolism and high PIB retention overlapped in frontal, parietal, and temporal
cortices. In the current study, the HF/PA FDDNP-PET pattern of relatively high frontal,
parietal and medial temporal binding was most often associated with a high AD risk FDG-
PET pattern. Taken together, the results support the combination of high amyloid and tau
deposition and glucose hypometabolism in these regions as indicating high risk for AD.

The HF/PA subjects were also likely to demonstrate an AD risk FDG-PET pattern, which
would be expected based on neuropathological determinations of the sequence of amyloid
plaque and tau tangle brain accumulation in normal aging and MCI (Braak and Braak 1991,
1997; Petersen et al., 2006; Price and Morris, 1999). Patients with MCI already show
predominate AD-like medial temporal tangle accumulation, which precedes the proliferation
and spread of plaque and tangle deposition in frontal and parietal regions. Our finding that
the HF/PA FDDNP-subgroup had AD-like FDG-PET patterns supports our prediction that
the spread of these abnormal protein deposits to frontal and parietal regions indicates high
risk for more accelerated neurodegeneration.

In this study, the amnestic MCI subtypes were similar with respect to FDG and FDDNP-
PET patterns. Amnestic and non-amnestic MCI have been distinguished using FDG-PET in
some studies (Clelisi et al., 2009; Jauhiainen et al., 2008) but not in others (Alexopoulos et
al, 2009); and, no differences were found using PIB amyloid imaging (Wolk et al. 2009).
The varied findings suggest that MCI reflects different cognitive manifestations of
preclinical AD, several different underlying conditions, or a combination of both
(Alexopoulos et al., 2009; Clerici et al., 2009). For instance, cerebrovascular risk and
disease occur frequently in MCI subtypes and may play a role in progression to AD (L.i et
al., 2011; Luchsinger et al., 2009; van Straaten et al., 2008).

The current study has methodological limitations that could affect our results, their
interpretation and generalizability, including partial volume effects (Protas et al., 2010)DD,
error introduced from head motion during scanning (Wardas et al., 2010), relatively small
subgroup sample, variability on outcomes due to MCI subtype heterogeneity, and the use of
two different magnet strengths. Generalizability is limited to amnestic MCI subtypes.

The current findings provide external validation that different patterns of FDDNP-PET
binding provides information about clinical prognosis as a result of independent validation
from a well-established imaging method, FDG-PET. Moreover the HF/PA PET pattern was
associated with greater AD risk according to FDG-PET scanning compared to the LG and
HF/PA FDDNP patterns. Amnestic MCI subtypes had similar AD risk by neuroimaging
standards. Longitudinal follow-up and the inclusion of other MCI subgroups and other
diagnostic groups with amyloid or tau neuropathology are ongoing and will be important for
further validating the current findings.
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The FDDNP-subgroups demonstrated different glucose metabolic patterns according to both
visual ratings and SPM analyses of FDG-PET data. FDG-PET provided independent
validation that different patterns of FDDNP-PET binding in non-demented individuals may
be associated with differential dementia risk.
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Key Poins

1. Positron emission tomography with 2-(1-{6-[(2-[F-18]fluoroethyl)(methyl)

amino]-2-naphthyl} ethylidene)malononitrile (FDDNP), a molecule that binds
to plaques and tangles in vitro, identified three subgroups of non-demented
subjects according to FDDNP binding patterns: (a) relatively low FDDNP
binding throughout the brain (LG); (b) high medial, lateral temporal and
posterior cingulate binding (HF/PA); and (c) high frontal, parietal and medial
temporal binding (HT/PC).

FDG-PET provided independent validation that different patterns of FDDNP-
PET binding in non-demented individuals may be associated with differential
dementia risk.

The FDG-PET pattern for the HF/PA FDDNP subgroup was consistent with
increased AD risk. The FDG-PET pattern for the HT/PC FDDNP subgroup
suggested a heterogeneous etiological group. The FDG-PET pattern for the LG
FDDNP subgroup showed relatively no hypometabolism, and was consistent
with lowest risk for AD.
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Typical patterns of FDG distribution in brains of subjects undergoing evaluation for
cognitive dysfunction. For the seven columns of images, each representing a distinct pattern
of regional cerebral glucose metabolism (N1, N2, N3, P1, P1+, P2, and P3, as described in
the text), the top row depicts a high transaxial slice (at the level of cingulate cortex), the
bottom row depicts a mid-transaxial slice (at the deep gray matter level) from the same
subject, and the middle row shows the sROI representation of cortical regional
quantification and statistical data provided by NeuroQ of the transaxial slice immediately
above it. For sROI’s with metabolism falling in the lowest 5% of a normal distribution,
hypometabolism is color-coded according to the two-dimensional scale shown at the top left
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(horizontal axis, magnitude of hypometabolism; vertical axis, number of standard deviations
below mean values in database of asymptomatic control subjects), ranging from blue (least
hypometabolic) to red (most hypometabolic).
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Figure 2.
Statistical Parametric Mapping of FDG-PET images comparing subjects in the High Frontal/

Parietal (HF/PA) FDDNP binding subgroups with Subjects in the Low Global (LG) FDDNP
binding subgroup. The color scale highlights the location of all cortical voxels (p < 0.01) in
which lower metabolism occurred in the HF/PA group than in the LG group.,
Hypometabolism in HF/PA relative to LG was found in the following regions: right
perisylvian, with peak significance at 38,20,4; t = 5.05, p < 0.0005, pyoxelcorrected = 0.03; left
mid-temporal gyrus with peak significance at —70, —28, —12; t = 4.66, p < 0.0005; left
inferior parietal/ parietotemporal hypometabolism with peak significance at -56, —50,44; t =
4.64, p < 0.0005, pelustercorrected = 0.001; bilateral posterior cingulate cortex (right greater
than left), with peak significance at 6, —54,38; t = 4.59, p < 0.0005, largest cluster with 6992
contiguous voxels, Pelustercorrected < 0.0005; Left dorsolateral prefrontal cortex, with peak
significance at —38,52,30, t = 3.84, p < 0.0005, pcjustercorrected = 0.01.
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Figure 3.
The color scale highlights the location of all cortical voxels (p < 0.01) in which lower

metabolism occurred in the HT/PC group than in the LG group. Hypometabolism in HT/PC
relative to LG was found in the following regions: bilateral parahippocampal gyrus (left
greater than right) with peak significance at —36, —34, —10; t = 4.36, p < 0.0005, largest
cluster with pejustercorrected = 0.003; left mid frontal —inferior frontal gyrus interface at
Brodman’s 10 with peak significance at —-50,52, -2; t = 3.99, p < 0.0005; left anterior
middle temporal gyrus with peak significance at -52,2, —16; t= 3.61, p =0.001; bilateral
posterior cingulate cortex with peak significance at —20, —=52,26; t = 3.56, p = 0.001.
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Table 1
Subject demographic variables
Diagnostic Groups

Characteristic MCI Control All Subjects

(N=28) (N=26) (N=54)
Age —yr 68.1+11.8 67.3+11.7 682%114
Education — yr 16.2+29 17.7+26 17.1+£3.0
Female sex — no. (%)~ 16 (57) 9(34) 25 (46)
AD family history—no (%) 12 (43) 13 (50) 25 (46)
APOE-4 carrier— no. (%) 9 (36) 13 (50) 22 (43)
Mini Mental State Exam? 27618 29113 28217
Estimated Verbal 1Q8 1103£84 117.3+61 1136+8.1
HRSD-21 19+24 2324 22+24

MCI = Mild Cognitive Impairment; AD = Alzheimer’s disease; APOE-4 = Apolipoprotein Epsilon-4; HRSD = Hamilton Rating Scale for

Depression 21-item version.
X2(1) = 3.92, p = 0.05;
TAPOE-4 missing for 3 MCI subjects;

t(53) = 4.4, p < 00001,

Page 17

§Intelligence Quotient estimated using adult reading tests (the Wechsler Test of Adult Reading, N = 8; or the National Adult Reading Test, N =

41); t(47) = 3.32, p =.002. N = 5 missing values,
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Table 2

Diagnostic Group and Memory Domain Z Scores of the FDDNP Clusters.

FDDNP Signal Clusters

Diagnostic Group No. of subjects per cluster
LG HF/PA HT/PC

Normal cognition 19 7 1

MCI 5 17 7

MCI-A 4 7 2

MCI-A+ 1 10 5

Mean (SD) Domain Z Scor es for Clusters®

LG HFIPA  HT/PC
Memory! 59(70) -.33(81) -.43(56)
Executivet 48(49) -42(L04) -28(1.02)

LG = Low Global; HF/PA = High frontal/parietal and medial temporal signal with intermediate signal in temporal and posterior cingulate; HT/PC
= High lateral temporal/posterior cingulate. MCI-A = single domain amnestic mild cognitive impairment; MCI-A+ = multiple domain amnestic
mild cognitive impairment.

*
Lower (more negative) Z scores represent poorer performances.
TMemory Domain: [F(2,46) = 8.07, p =.001; LG vs HF/PA: t(46) = 3.82, p = .0004; LG vs HT/PC: t(46) = 2.39, p = .02];

¢Executive Domain [F(2,46) = 5.25, p = .01; LG vs HF/PA: t(46) = 3.24, p = .002]
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Table 3

Number and Cognitive Status of Subjects in FDG-PET visual rating and FDDNP-PET Subgroups.

FDDNP-PET Pattern

Visual Rating of FDG-PET Pattern LG HT/PC HF/PA
N=23 N=7 N=24

AD-like™ 5 (3/1/1) 2(0/1/1) 14 (1/5/8)

Non-AD-like™ 18 (15/3/0) 5 (1/1/3) 10 (6/2/2)

PET = Positron Emission Tomography; FDG = 2-deoxy-2-[F-18]fluoro-D-glucose; FDDNP = 2-(1-{6-[(2-[F-18]fluoroethyl)(methyl) amino]-2-
naphthyl} ethylidene)malononitrile; AD-like = Alzheimer’s disease like FDG-PET pattern; LG = Low global FDDNP binding; HT/PC = high
FDDNP binding in medial and lateral temporal and posterior cingulate regions; HF/PA = high FDDNP binding in frontal, parietal and medial

temporal regions.

*
Frequencies are for Total Subjects (Cognitively Normal/MCI-A/MCI-A+).
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