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Abstract
Background—Atypical variants of Alzheimer’s disease (AD) have been pathologically defined
based on the distribution of neurofibrillary tangles; hippocampal sparing (HpSp) AD shows
minimal involvement of the hippocampus and limbic predominant (LP) AD shows neurofibrillary
tangles restricted to the medial temporal lobe. We aimed to determine whether MRI patterns of
atrophy differ across HpSp AD, LP AD and typical AD, and whether imaging could be a useful
predictor of pathological subtype during life.

Methods—In this case-control study, we identified 177 patients who had been prospectively
followed in the Mayo Clinic Alzheimer’s Disease Research Center, were demented during life,
had AD pathology at autopsy (Braak stage ≥ IV, intermediate-high probability AD) and an
antemortem MRI. Cases were assigned to one of three pathological subtypes (HpSp n=19, typical
n=125, or LP AD n=33) based on neurofibrillary tangle counts and their ratio in association
cortices to hippocampus, without reference to neuronal loss. Voxel-based morphometry and atlas-
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based parcellation were used to compare patterns of grey matter loss across groups, and to
controls.

Findings—The severity of medial temporal and cortical grey matter atrophy differed across
subtypes. The most severe medial temporal atrophy was observed in LP AD, followed by typical
AD, and then HpSp AD. Conversely, the most severe cortical atrophy was observed in HpSp AD,
followed by typical AD, and then LP AD. A ratio of hippocampal-to-cortical volume provided the
best discrimination across all three AD subtypes. The majority of typical AD (98/125;78%) and
LP AD (31/33;94%) subjects, but only 8/19 (42%) of the HpSp AD subjects, presented with a
dominant amnestic syndrome.

Interpretation—Patterns of atrophy on MRI differ across the pathological subtypes of AD,
suggesting that MR regional volumetrics reliably track the distribution of neurofibrillary tangle
pathology and can predict pathological subtype during life.

Funding—US National Institutes of Health (National Institute on Aging)

INTRODUCTION
Structural MRI measurements of atrophy are important biomarkers to track disease
progression in Alzheimer’s disease (AD). Progression of atrophy has been shown to match
the stereotypic pattern of progression of neurofibrillary tangles (NFT) described by the
Braak staging scheme1, 2; with early changes observed in medial temporal lobe, particularly
hippocampus, and then later spreading to involve association cortex. The density of NFT in
the hippocampus correlates well with the degree of atrophy on MRI3-5, showing that atrophy
is an antemortem correlate of NFT pathology in the elderly.

However, it has recently been shown that 25% of AD cases do not show the typical
distribution of NFTs in the brain6. Hippocampal sparing (HpSp) cases showed a relative
sparing of the hippocampus with higher NFT counts observed in cortex, and limbic
predominant (LP) cases showed unusually high NFT counts in the hippocampus, with a
relative sparing of cortex6. Clinical presentation, age at onset, disease duration and rate of
cognitive decline differed across these groups, and compared to cases that showed a typical
distribution of NFTs (typical AD), demonstrating that these represent different
clinicopathological subtypes of AD. The presence of atypical subtypes could be an
important confounder in MRI biomarker studies of AD. It is currently unknown whether
patterns of atrophy observed on antemortem MRI differ across these subtypes.

The aim of our study was to determine whether antemortem patterns of volume loss on MRI
differ between HpSp, LP, and typical AD, particularly in limbic and association cortices. We
also aimed to determine whether a ratio of hippocampal-to-cortical volume on antemortem
MRI could accurately predict these pathological subtypes at autopsy.

METHODS
Subject selection

A total of 198 subjects were identified from the Mayo Clinic Rochester, MN,
neuropathological database that fulfilled the following inclusion criteria: Braak stage IV or
greater1, intermediate-high probability of AD on NIA-Reagan criteria7, and had an
antemortem volumetric MRI. Of these subjects, 125 were classified pathologically as typical
AD (70%), 33 as LP AD (19%), and 19 as HpSp AD (11%). Subjects with hippocampal
sclerosis (n=21) were excluded from the study to avoid contamination by cases with low
NFT counts due to neuronal loss6.
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All subjects had been prospectively recruited and followed longitudinally in the Mayo Clinic
Alzheimer’s Disease Research Center (ADRC) or Alzheimer’s Disease Patient Registry
(ADPR)8 between 1992 and 2005. The ADRC recruits subjects referred to the Department
of Neurology with cognitive difficulties and the ADPR recruits subjects from the local
community. Autopsy is performed on all subjects that provide consent. All subjects
underwent clinical evaluations, cognitive testing and apolipoprotein E genotyping.
Diagnosis of dementia was made based on the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition9. The medical records of all cases were reviewed by an
experienced behavioral neurologist (K.A.J) blinded to pathological subtype in order to
determine whether the presenting syndrome of each subject was dominated by deficits in
memory, or another cognitive domain. This approach was used since it was not possible to
retrospectively fit current diagnostic criteria for all subjects in this cohort. Each of the 177
subjects were age and gender-matched to a normal control subject, resulting in a total of 177
controls. Controls were cognitively normal individuals that had been seen in internal
medicine for routine examinations and asked to enroll in the ADRC/ADPR. All controls
were evaluated by a neurologist to ensure they did not have active neurologic or psychiatric
conditions, had normal neurological and neurocognitive examinations, and were not taking
any medications that would affect cognition.

This study was approved by the Mayo Clinic IRB. All subjects and/or their proxies provided
written informed consent before participating in any research activity.

Pathological procedures
Neuropathologic examinations were performed according to the recommendations of the
Consortium to Establish a Registry for Alzheimer’s disease (CERAD)10 by one of two
neuropathologists (DWD/JEP), as described11. Each specimen was assigned a Braak stage1

using Bielschowsky silver stain based on the earliest appearance of NFT pathology, and AD
was diagnosed based on NIA–Reagan criteria as low, intermediate, or high probability AD7.
The presence of Lewy bodies and cerebrovascular disease was noted in all cases, and
amyloid burden was measured using CERAD. The presence of cerebrovascular disease was
considered if on H&E white matter rarefaction and/or cribriform change of the basal ganglia
was seen in association with marked arteriosclerosis or atherosclerosis; in addition to the
presence of multiple microinfarcts, lacunar infarcts, or large infarcts.

For this study, thioflavin-S fluorescence microscopy was utilized to quantitatively measure
NFT densities with an Olympus BH2 fluorescence microscope (Center Valley, PA, USA).
NFT counts, without separation of intracellular and extracellular tangles, were performed in
hippocampus (CA1 and subiculum) and three association cortices (mid-frontal, inferior
parietal, and superior temporal). Final NFT density for each region was based on the average
NFT density determined from the area with the highest density of pathology. An algorithm
was utilized to classify subjects into HpSp and LP AD using the hippocampal and cortical
NFT counts, and the ratio of hippocampal-to-cortical counts, as previously described6 and
detailed in Table 1. The algorithm was developed using an independent cohort of 889 AD
cases6. Cases not designated as HpSp or LP AD were classified as typical AD.

MRI analysis
All subjects had undergone a standardized protocol head MRI that included a T1-weighted
3-dimensional SPGR sequence (22×16.5cm or 24×18.5cm FOV, 25° flip angle, 124
contiguous 1.6mm thick coronal slices). Scans were performed on a total of 16 different
scanners. All scanners undergo a standardized quality control calibration procedure daily,
which monitors geometric fidelity over a 200mm volume along all three cardinal axes,
signal-to-noise, and transmit gain, and maintains the scanner within a tight calibration range.
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All images underwent pre-processing correction for gradient non-linearity and intensity non-
uniformity12. The earliest MRI was used for each subject in order to determine whether
imaging could be predictive of pathological subtype at an early stage of the disease. If a
subject had been scanned whilst clinically normal then we used the first MRI after the
subject became demented.

Grey matter atrophy was assessed at the voxel-level using voxel-based morphometry
(VBM)13 and SPM5. Standard preprocessing steps were employed, including normalization
to a customized template14, unified segmentation15, modulation and smoothing at 8mm full-
width at half-maximum. A full-factorial (ANCOVA) model was used to compare each AD
group (HpSp, typical, and LP AD) to their own specific age-matched control group (i.e. 19
HpSp subjects were compared to 19 matched controls (median [range] age=66yrs [51-86]),
125 typical subjects were compared to 125 matched controls (77yrs [43-94]), and 33 LP AD
subjects were compared to 33 matched controls (82yrs [71-92]). In addition, each AD group
was compared to the entire cohort of 177 controls, including age and gender as covariates.
Direct comparisons were also performed between AD groups, including age and gender as
covariates. Comparisons were assessed at p<0.05 using family wise error (FWE) correction
and uncorrected at p<0.001. Effect size maps were also assessed.

Grey matter volumes of specific regions-of-interest were also calculated using atlas-based
parcellation in SPM5 and the automated anatomic labeling (AAL) atlas16, as previously
described17. Grey matter volumes were calculated for hippocampus and three association
cortices (lateral frontal, temporal and parietal lobe) matching the NFT density assessments.
In addition, volumes were calculated for regions considered to be part of the limbic system
(amygdala, entorhinal cortex, parahippocampal gyrus, cingulate gyrus, orbitofrontal cortex,
substantia innominata and thalamus) and striatum and precuneus since these regions are
implicated in AD. Left and right volumes were averaged for each region. Total intracranial
volume (TIV) was calculated by propagating a template-drawn TIV mask to subject space
using a discrete-cosine transform registration model in SPM5. The propagated mask was
eroded by one pass of a 3×3×3 cube structuring element to remove border voxels, and the
volume estimate was obtained by multiplying the number of voxels in the mask by the voxel
size. Regional volumes were scaled by TIV to correct for head size.

Statistical analysis
We compared demographic characteristics across groups using one-way ANOVA followed
by pair-wise contrasts from the ANOVA model or chi-squared tests. For the chi-squared test
comparing clinical symptoms we report a p-value calculated using Monte Carlo simulation
due to low cell counts. We compared gray matter volumes across groups using ANOVA and
pair-wise contrasts. In these models the response was the natural log transform of grey
matter volume divided by TIV. In this way the response is adjusted by head size and the
contrast coefficients can be interpreted as the approximate percentage difference, i.e. a
relative difference, between groups due to the properties of logs18.

To summarize pair-wise group differences, we report the area under the receiver operator
characteristic curve (AUROC). This two-sample measure of effect size and group-wise
separation (i.e. discrimination) can be generalized to three or more groups using estimates of
the probability a subject belongs to a given group19. We estimated these probabilities using
a multi-nominal model although a linear discriminant analysis provided very similar group
membership probabilities. What we term the three-way AUROC has an interpretation of
how often three randomly selected subjects from the three AD groups can correctly be
classified taking into account their grey matter volume scaled by TIV. With three groups
there are 3×2×1=6 possible classifications thus chance alone would suggest a success rate of
1/6 (~17%). Therefore, we also report the observed three-way AUROC divided by 1/6 to
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estimate the relative improvement in classification. For both the three-way AUROC and the
ratio we provide 95% bootstrap confidence intervals using the BCa method and 1000
replicates. We note that like the AUROC, the three-way AUROC is not sensitive to the
relative sizes of the groups, i.e. group prevalence rates. In contrast, a measure of
discrimination such as the percent correctly classified is highly sensitive to the relative sizes
of the groups and could be increased simply by adding more subjects in whichever group is
most common.

Since the estimated three-way AUROCs are used to infer how well grey matter volumes can
discriminate among subjects in general (and not just our particular sample) we performed a
bootstrap validation analysis to assess the extent to which our estimates were a result of
over-fitting to the sample at hand and as such overly optimistic. We did this as follows: (a)
take 100 bootstrap samples; (b) fit a multinomial model to each bootstrap sample, and (c)
use the predictions from the bootstrap model to calculate the three-way AUROC based on
the entire sample. The mean difference between the values obtained in step (c) and the
original three-way AUROC is an estimate of the “over-optimism” of the reported statistics.

We also performed a number of sensitivity analyses to evaluate the robustness of our
findings. The models were evaluated adjusted for age as a main effect and as an interaction
term and found no appreciable differences in our results. Nor did we find differences when
adjusting our models for pathology covariates including Braak stage, CERAD score, or
presence of Lewy body or vascular pathology. In further sensitivity analyses, we modeled
the response on the untransformed scale, as well as with TIV as a covariate rather than a
scaling factor, and found no notable differences in our results. Lastly, since the MRI studies
were performed across 16 different scanners, we performed a variance components analysis
using mixed effects linear models with random group and random scanner effects. For each
of the ROIs we found that variance due to scanner constituted less than 0.5% of the total
variability.

We report p-values obtained from the individual models and did not adjust them to account
for examining 14 ROIs in total20, 21. A central motivation for this approach is that each ROI
represents a distinct anatomic region which was of interest and specified a priori. We note
that in the VBM analysis described above we utilize FWE correction due to the massive
scale of the hypothesis testing in that context. All analyses were performed using R
statistical software version 2.14.1 (R Foundation for Statistical Computing, Vienna, http://
www-R-project.org).

RESULTS
Clinical findings across groups

The three pathologically-defined AD groups did not differ in gender, education, APOE
genotype, or disease duration (Table 2). However, the groups did differ in age at scan, onset
and death (all p<0.001), with youngest age observed in HpSp AD and oldest age observed in
LP AD. Time from scan to death was shorter in HpSp AD, although, importantly, time from
onset-to-scan and cognitive performance at scan did not differ across groups suggesting they
are well matched for disease stage. Memory was the most commonly affected domain across
all three AD groups, although the proportion of subjects that presented with an amnestic
syndrome was lowest in HpSp AD (42%) and highest in LP AD (94%).

Voxel-level findings across groups
Patterns of grey matter loss in each AD group compared to specific age-matched control
groups are shown in Figure 1. Typical AD showed grey matter loss throughout medial
temporal lobe and lateral temporoparietal cortex, with additional involvement of precuneus,
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insula, medial and lateral frontal lobe, and caudate nucleus, compared to controls. In
contrast, HpSp AD showed a relative sparing of the medial temporal lobe, with loss instead
observed predominantly in the temporoparietal cortex, insula and precuneus. Mild loss was
observed in frontal lobe and caudate nucleus. In contrast to both other groups, grey matter
loss in LP AD was focused on medial temporal lobe, particularly involving hippocampus,
amygdala, and entorhinal cortex, with no loss observed in lateral temporoparietal cortex,
compared to controls. Patterns were very similar when each group was compared to the
entire cohort of 177 controls (Supplemental Figure 1), except some mild lateral temporal
loss was then observed in the LP AD group.

HpSp AD showed greater cortical loss than both typical and LP AD, predominantly
involving posterior temporal lobe, inferior parietal lobe, and precuneus; with greatest loss
observed in the right hemisphere (Figure 1). No other differences were observed between
any of the AD groups at FWE correction of p<0.05. However, typical AD showed greater
loss than LP AD in lateral temporal and frontal lobe uncorrected at p<0.001. Effect size
maps for all group comparisons are shown in Figure 2.

ROI-level findings across groups
The ROI volumes for each group are shown in Figure 3, with differences across groups
highlighted in Figure 4. Amygdala (p=0.003), hippocampus (p=0.006), and entorhinal cortex
(p=0.003) volumes were smaller in LP compared to HpSp AD, with the hippocampus
(p=0.006) and amygdala (p=0.04) also smaller in LP compared to typical AD, and the
entorhinal cortex (p=0.04) smaller in typical compared to HpSp AD. Conversely, lateral
temporal, frontal and parietal lobe and precuneus volumes were all smaller in HpSp
compared to typical (p=0.003, p=0.02, p<0.001, p=0.002 respectively) and LP AD (p<0.001,
p=0.01, p<0.001, p<0.001 respectively). Striatal volumes were smaller in typical (p=0.02)
and HpSp (p=0.004) compared to LP AD. The ratio of hippocampal-to-cortical volume gave
the most significant differences across groups (HpSp= median 0.049, (range 0.039-0.060),
typical = 0.042 (0.031-0.059), LP = 0.039 (0.022-0.050), p<0.001 for all comparisons), and
allowed the best discrimination across all three groups; with the three-way AUROC of 0.52
(95% confidence interval 0.47, 0.52) more than three times higher than the chance
classification rate (0.17). In fact, this ratio significantly improves classification beyond what
is obtained for age and clinical presentation alone (p<0.001). The bootstrap validation
analysis found no evidence that this three-way AUROC was overly optimistic and biased
high due to overfitting.

Correlates of clinical syndrome within typical AD
In order to understand the neuroanatomical basis of non-amnestic syndromes in typical AD,
regional comparisons were performed between typical AD subjects with and without a
dominant memory presentation. Subjects with non-memory presentations showed a
significantly greater ratio of hippocampal-to-cortical volume (Figure 5) compared to those
with memory presentations (non-memory= 0.045 (0.035-0.056), memory= 0.041
(0.031-0.057), p=0.001). In addition, those with non-memory presentations showed smaller
lateral temporal, striatal and substantia innominata volumes, and greater hippocampal,
amygdala and entorhinal cortex volumes, compared to those with dominant memory
impairment (Supplementary Table 1).

DISCUSSION
This study demonstrates striking differences in patterns of atrophy on MRI across the
pathological subtypes of AD, supporting the pathological classification and suggesting that
patterns of atrophy can predict pathological subtype during life.
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A ratio of hippocampal-to-cortical volume provided the best discrimination across all three
AD subtypes, with HpSp AD showing the least hippocampal atrophy, yet the most cortical
atrophy, and at the other extreme, LP AD showing the most hippocampal atrophy, yet the
least cortical atrophy. These patterns further support a relationship between NFT deposition
and atrophy2-5. The ratio of hippocampal-to-cortical NFT density was, of course, critical to
the classification of these subjects6. However, we now demonstrate that differences in this
ratio can be detected using MRI, and, importantly, that differences across groups can be
identified on the earliest MRI obtained for each subject, an average 6-8 years before death.
Discrimination was greatest between HpSp and LP AD since these types represent the two
extremes of the spectrum; however, discrimination across all three groups was also excellent
suggesting that this simple imaging ratio could be useful to differentiate pathological
subtypes at the individual level.

Although hippocampal involvement was the most obvious element of LP AD, other limbic
structures, such as amygdala and entorhinal cortex, were also involved. Conversely, these
limbic structures were relatively preserved in HpSp AD. However, other regions that are
often considered part of the limbic system, such as parahippocampal gyrus, orbitofrontal
cortex, thalamus and cingulate gyrus, did not differ across groups. If anything, they were
involved to a greater degree in HpSp AD. The striatum and precuneus also showed greatest
involvement in HpSp AD. It appears as though LP AD specifically targets medial temporal
lobe structures that are usually involved earliest in AD1, while HpSp AD targets cortical and
subcortical regions that are usually involved later in the typical AD pathological process1.

The profile of cognitive impairment differed strikingly across AD subtypes. Memory
impairment was the presenting symptom in the majority of typical and LP AD subjects, but
was less common in HpSp AD. The majority of HpSp AD subjects, instead, presented with
non-amnestic symptoms, such as language impairment, spatial/perceptual impairment, and
praxis, or a mixture of these symptoms. Atypical clinical syndromes defined by these non-
memory impairments have indeed previously been associated with AD pathology22-25. We,
and others, have demonstrated that atrophy patterns in these non-memory presentations of
AD typically differ from those observed in the amnestic form of Alzheimer’s dementia, with
involvement of the cortex but often relative sparing of the hippocampus17, 24, 26, 27. It is
likely that these findings are driven by the presence of HpSp AD cases in the non-amnestic
groups. Our findings suggest that non-amnestic presentations of AD arise not only as a result
of hippocampal sparing, but also due to proportionally greater involvement of the cortex
compared to the hippocampus. Some of the subjects with typical AD did, however, also
present with non-amnestic impairments, and interestingly, these subjects showed higher
hippocampal-to-cortical ratios than the typical AD subjects with memory impairments.
These subjects therefore appear to be closer on the neurodegenerative continuum to HpSp
AD. In contrast, almost every LP AD subject presented with memory complaints, which is
unsurprising given the severe hippocampal loss in this group.

Although non-amnestic syndromes were common in HpSp AD, some subjects did present
with memory impairment. A subject presenting with typical Alzheimer’s dementia,
dominated by memory impairment, could therefore have HpSp, typical or LP AD. This has
important implications for clinical trials that recruit patients with typical Alzheimer’s
dementia, especially since hippocampal atrophy has been used as a disease biomarker. The
presence of different pathological subtypes will introduce variability into the study, inflating
or decreasing hippocampal estimates, and influencing observed treatment effects on
hippocampal volume. It is likely that rates of hippocampal and cortical atrophy will also
differ across pathological types, although longitudinal studies will be needed to test this
hypothesis.

Whitwell et al. Page 7

Lancet Neurol. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Age also differed across pathological subtypes, with youngest age observed in HpSp AD,
and oldest age observed in LP AD, as previously reported6. Consistent with our clinical
findings, early age-at-onset has previously been associated with the presence of atypical
clinical syndromes in AD28. Our findings also likely explain why subjects with early-onset
Alzheimer’s dementia have been observed to have more widespread cortical involvement
than late-onset cases29, 30.

Although we studied a large cohort of pathologically-confirmed subjects, the power of the
analyses involving HpSp and LP AD subjects could have been limited by the small number
of subjects in these groups. In addition, the subjects were recruited from a specialized
tertiary care facility which may limit the generalizability of the findings. However, the
proportion of different AD subtypes, and the clinical/demographic differences across
subtypes, are almost identical to those observed in a larger (n=889) cohort recruited from a
more culturally and economically diverse population in Florida6, suggesting our findings
may generalize to more diverse healthcare settings.

This study demonstrates striking differences in patterns of atrophy across AD pathological
subtypes showing that the pathological classification is clinically meaningful and
highlighting the importance of recognizing atypical subtypes in imaging studies of AD. A
ratio of hippocampal-to-cortical volume could help predict pathological subtype during life.
Identifying the pathological subtypes of AD will be important clinically to help predict
progression, since cognitive decline is more rapid in HpSp AD6. In addition, recognizing the
fact that AD pathology may not always be associated with prominent hippocampal atrophy
will be important to help target treatment for these atypical patients.

RESEARCH IN CONTEXT
Systematic review

We performed a pubmed search for articles published in English between Jan 1 1984 and
May 1 2012, with the search terms “atypical Alzheimer’s disease”, “early onset Alzheimer’s
disease”, “hippocampal sparing Alzheimer’s disease”, “neurofibrillary tangles”,
“hippocampus”, and “imaging biomarkers”. We specifically selected studies that assessed
imaging in patients with autopsy-confirmed Alzheimer’s disease (AD) that had atypical
clinical presentations, and studies that had assessed correlations between imaging
biomarkers and pathology in AD.

Interpretation
We demonstrate that patterns of grey matter loss on antemortem MRI differ between
recently identified atypical pathological subtypes of AD (hippocampal sparing AD and
limbic predominant AD) and typical AD, with a ratio of hippocampal-to-cortical volume
providing good separation across AD subtypes. Hippocampal sparing AD was associated
with sparing of the hippocampus, atypical non-amnestic clinical presentations and younger
age, and is therefore the most likely cause of non-amnestic presentations of AD reported in
previous clinical studies. The pathological grouping was based solely on neurofibrillary
tangle densities, but we demonstrate clinical and imaging differences across subtypes
suggesting these groupings are clinically meaningful and useful. Imaging has the potential to
help predict these pathological subtypes during life.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Group comparisons of grey matter volume using voxel-based morphometry. Rows 1-3 show
patterns of loss in each pathological subtype compared to specific age-matched control
groups. Rows 4-5 show differences between the pathological subtypes. Results are shown on
three dimensional renderings of the brain after correction for multiple comparisons using the
family wise error correction at p<0.05.
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Figure 2.
Unthresholded effect size maps showing all group comparisons of grey matter volume using
voxel-based morphometry.
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Figure 3.
Box plots of gray matter findings by AD dementia group for 14 regions of interest. The set
of box plots at the top left show the hippocampus-to-cortex volume ratio. Otherwise the
value shown is the gray matter volume expressed as a percentage of TIV. Each box indicates
the lower quartile (25th percentile), the median, and the upper quartile (75th percentile) of
the distribution. By convention the “whiskers” of the box extend to the point furthest from
the box yet still within 1.5 times the width of the box (the inter-quartile range). Points
beyond the whiskers are individually indicated. As indicated in the key in the lower-right
corner of the figure, the boxes are color coded. Box height on the vertical axis is related to
sample size. The p-value for the one-way ANOVA test is shown in parenthesis at the top of
each plot.
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Figure 4.
Estimates and 95% confidence intervals for the difference in gray matter volume scaled by
TIV expressed as an approximate percentage difference. The numbers to the right of each
confidence interval indicate the P-value for the group-wise comparison from the ANOVA
model placed above the estimated AUROC for the two groups. At the right of the figure is
the three-way AUROC, with a 95% confidence interval, placed above the ratio of the three-
way AUROC to chance classification of 1/6 (95% confidence interval).
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Figure 5.
Box plots of the hippocampus-to-cortex gray matter volume for each AD dementia group.
The typical AD group has been divided into those with a predominantly memory domain of
impairment versus others. Two subjects from the typical AD group are not shown due to
insufficient clinical information. Each box indicates the lower quartile (25th percentile), the
median, and the upper quartile (75th percentile) of the distribution. By convention the
“whiskers” of the box extend to the point furthest from the box yet still within 1.5 times the
width of the box (the inter-quartile range). Points beyond the whiskers are individually
indicated. Box height on the vertical axis is related to sample size. At the top left is the p-
value for the one-way ANOVA test.
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