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Abstract

The goal of the present study was to determine if there are global or regionally specific decreases
in callosal area in early Alzheimer’s disease (AD) and mild cognitive impairment (MCI). In
addition, this study examined the corpus callosum of healthy older adults who have subjective
cognitive complaints (CC) but perform within normal limits on neuropsychological tests. We used
a semi-automated procedure to examine the total and regional areas of the corpus callosum in 22
patients with early AD, 28 patients with amnestic MCI, 28 healthy older adults with cognitive
complaints, and 50 demographically matched healthy controls (HC). The AD, MCI, and CC
groups all showed a significant reduction of the posterior region (isthmus and splenium) relative to
healthy controls. The AD group also had a significantly smaller overall callosum than the controls.
The demonstration of callosal atrophy in older adults with cognitive complaints suggests that
callosal changes occur very early in the dementing process, and that these earliest changes may be
too subtle for detection by neuropsychological assessments, including memory tests.
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1. Introduction

Alzheimer’s disease (AD) is a progressive, neurodegenerative disorder associated with
impairments in memory, language, and thought [7,13]. In patients with AD, neurofibrillary
changes are first seen in the entorhinal region and then progress to other closely related
medial temporal areas including the hippocampus [5,6]. Previous magnetic resonance
imaging (MRI) studies have shown the corpus callosum is also a structure susceptible to
atrophy in AD [12,18,20,21,23,27,34,35,38]. Although the results in AD have been variable
regarding which subregions of the corpus callosum are affected, all of these studies except
one [12] have found significant atrophy in at least the posterior region.

To our knowledge, no imaging studies to date have examined the corpus callosum of
patients who formally meet the criteria for amnestic mild cognitive impairment (MCI);
however, one study has examined callosal area in patients with questionable dementia [20].
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The specific criteria for amnestic MCI include subjective and informant verified memory
complaints and scores on memory tests that are approximately 1.5 standard deviations below
the age and education appropriate mean of healthy controls. Patients with MCI do not meet
criteria for dementia and have generally normal cognition and the ability to function
independently in daily activities [28]. MCI is believed to be a transitional stage between
normal aging and dementia [26], and about 10-15% of patients diagnosed with MCI convert
to AD each year [29].

We used a semi-automated method to examine callosal area in patients with early AD, in
patients with amnestic MCI, and in healthy demographically matched controls (HC). This
study is the first, to our knowledge, to also examine the callosum in a group of healthy older
adults who have significant subjective cognitive complaints (CC) that are corroborated by an
informant, but show no significant impairment on detailed neuropsychological testing,
including assessment of the memory domain. By definition, the latter group did not meet
criteria for either MCI or AD.

2. Methods
2.1. Participants

Participants (7= 128) were recruited from our medical center’s Geropsychiatry and General
Internal Medicine clinics and from the community through flyers, talks, and newspaper
advertisements. Patients and controls came from both sources. Exclusion criteria included
any uncontrolled or confounding medical, psychiatric, or neurological condition (other than
MCI or AD), a history of head trauma with more than a 5-min loss of consciousness, a
current or past history of substance abuse or dependence, any factors contraindicating MRI
scanning, and left-handedness. Prospective participants were also excluded if they were
clinically depressed, as determined by a comprehensive evaluation by a board-certified
geriatric psychiatrist (RBS) based on information gathered from structured interviews,
informant questionnaires, and the Geriatric Depression Scale [39]. No participants were
taking CNS active medications likely to affect cognition. None had significant white matter
lesions based on a review of their MRI scans by a board-certified neuroradiologist (ACM).
The Dartmouth College Committee for the Protection of Human Subjects approved all
procedures used in this study, and all participants gave written informed consent prior to
participating.

Each participant underwent a uniform clinical evaluation and was classified into the AD,
MCI, CC, or HC group by consensus diagnosis based on clinical interviews, medical chart
reviews, subjective questionnaires completed by the participant and an informant, results
from a comprehensive neuropsychological testing, and a structural MRI to exclude other
disorders. The AD group consisted of 22 patients who met the criteria for diagnosis of
probable early AD, as defined by the NINCDS-ADRDA [25]. The MCI group was
comprised of 28 patients who met criteria for amnestic MCI [28]. The CC group included 28
participants who had significant cognitive complaints but performed within normal limits on
neuropsychological testing including memory measures. Fifty demographically matched
participants with no significant cognitive complaints or deficits were included in the healthy
control group. Despite the presence of complaints, the CC group did not differ from the HC
group on memory measures. The four groups did not significantly differ in age, education,
or sex distributions (all p> 0.05).

2.2. Neuropsychological assessment

All participants underwent a detailed neuropsychological evaluation including: Mini Mental
State Examination (MMSE) [14], Mattis Dementia Rating Scale (DRS) [24], California
Verbal Learning Test (CVLT-I or CVLT-II) [9,10], American National Adult Reading Test
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(ANART) [17], Boston Naming Test (BNT) [16], Geriatric Depression Scale, Trail Making
Test [11], Wechsler Adult Intelligence Scale (WAIS-I1I; Digit Symbol, Digit Span, Block
Design, Vocabulary, and Information subtests) [36], Wechsler Memory Scale (WMS-III;
Logical Memory and Visual Reproduction subtests) [37], and Wisconsin Card Sorting Test
(WCST, short form) [19]. Table 1 presents demographic and selected cognitive
characteristics of the participants, including results from post hoc pair-wise comparisons. As
expected, there were significant group differences on the DRS (p < 0.001), MMSE (p <
0.001), and CVLT (p< 0.001).

Each participant’s cognitive complaints were gathered from standardized interviews and
self-report inventories that included the Memory Self-Rating Questionnaire [32], self and
informant versions of an Activities of Daily Living Scale [31], four cognitive items from the
Geriatric Depression Scale, and a short form version of the Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE) [22]. A cognitive complaint index (range: 0—
100) was calculated based on the total number of items that could be endorsed by the
participant and/or the informant. The decision to characterize a participant as having
significant cognitive complaints was determined by a consensus evaluation of each
participant’s and informant’s responses. Participants considered to have significant cognitive
complaints usually endorsed 20% or more of the items on the cognitive complaint index.

2.3. MRI acquisition

All structural MRI scans were acquired using a single General Electric SIGNA 15T
scanner (General Electric Medical Systems, Milwaukee, WI). A coronal T1-weighted 3-D
SPGR volumetric scan (slice thickness = 1.5 mm, TR =25 ms, TE = 3 ms, FOV =24 cm,
NEX = 1) and an axial T2-weighted 3.0 mm scan were obtained for each participant.

2.4. Image processing, total intracranial volume, and corpus callosum area measurements

The software program BRAINS [2] was used to realign the images to the plane of the
anterior commissure and posterior commissure (AC-PC) to correct for any minor variability
resulting from head positioning during scanning. The images were then resampled into
isotropic 1.015625 mm3 voxels. A locally developed script for MATLAB 6 (Mathworks
Inc., Natick, MA) was used to extract the midsagittal slice. A semi-automated segmentation
program (ALICE™, Parexel International Corp., 1999), based on a Sobel watershed filter,
was then used to extract the boundary of the entire corpus callosum. Whenever a trace did
not fully encompass the corpus callosum or if it included parts of another structure (e.g.
fornix), minor manual editing was conducted by a single investigator (PJW) who was
blinded to the diagnoses of all participants. The total area of the midsagittal corpus callosum
was calculated using ALICE, based on the number of 1.015625 mm? pixels located inside
the callosal trace.

The corpus callosum was segmented into five subregions using a locally developed
MATLAB program (AJS) that placed a rectangle around the AC-PC aligned and segmented
corpus callosum. The rectangle with its greatest length along the long axis of the callosum
was then divided into five segments of equal length (Fig. 1). The resulting subregions were
labeled: C1 (rostrum and genu), C2 (anterior truncus), C3 (middle truncus), C4 (posterior
truncus), and C5 (isthmus and splenium). The software counted any inferior portion of C1
that extended underneath into the C2 section as part of C1. Our five subregions are very
similar to those used by a study that examined of the topography of the corpus callosum [8].

Inter and intrarater reliability measurements were performed. Total and regional callosal
areas from ten random traces were obtained by another researcher (JWM) and compared to
those of PJW. The intraclass correlation coefficient for interrater reliability for total area was
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0.99. For the regional areas, each was at least 0.95. Ten images were also retraced by PJW,
and the intrarater reliability for both total and regional areas was 0.99.

Total intracranial volume (ICV) was obtained by manually tracing the outer boundary of the
entire brain, including the cortical CSF, using the BRAINS software package [2—4].

2.5. Statistical analysis

3. Results

Callosal areas were adjusted for total ICV prior to group comparisons using regression
coefficients derived from the 50 healthy controls. We did not compute the adjustment for
ICV using a regression with all 128 participants in order to avoid potential biases caused by
cortical atrophy as a result of AD or preclinical dementia. Data distributions were assessed
and descriptive statistics computed. A repeated measures analysis of variance (ANOVA) of
the total and regional callosal areas was performed. Univariate orthogonal contrasts were
then used in post hoc pairwise comparisons to test for differences in callosal area between
groups.

Callosal areas, adjusted for ICV, are presented in Table 2. On the omnibus ANOVA, the
groups differed significantly for total callosal area (p < 0.05) and also for the C5 subregion
(p<0.01, Table 2). The overall group difference for the C4 subregion approached
significance (p= 0.07, Table 2). Univariate post hoc analyses indicated that the total
callosum (p < 0.01) and C4 and C5 subregions were significantly smaller (p< 0.02 and p <
0.01) for AD patients than HCs. Also, both the MCI group (p < 0.01) and the CC (p < 0.05)
group had a significantly smaller C5 subregion than the HCs. Although the four groups were
balanced for sex distribution, we also analyzed the data stratified by sex and found no
significant main effects or interactions for either total or regional areas.

4. Discussion

We confirm the presence of regionally selective corpus callosum atrophy in patients with
early AD and report the novel finding that this selective posterior callosal area reduction is
also present in older adults with amnestic MCI and in those with cognitive complaints but
generally intact neuropsychological functioning. Our findings are consistent with previous
reports of regionally specific posterior callosal atrophy in mild AD [23,38]. Studies showing
more pervasive callosal atrophy have typically involved AD patients with moderate or
severe dementia [18,20,21,23,27,34,35]. For example, one study [23] found atrophy in all
callosal subregions in their total AD sample; however, when just the mild AD subset from
the AD group was analyzed, only the posterior mid-body, isthmus, and splenium showed
significant reduction relative to controls. Also, a study [35] compared the extent of atrophy
of the hippocampus and amgydala with atrophy of the splenium in mild and moderate AD
patients and found that no significant difference existed, even after normalizing for ICV.
Our results further support the idea that posterior atrophy is present in the earliest stages of
AD and those at increased risk for AD.

The splenium consists of fiber tracts connecting the temporal—parietal-occipital cortex, the
superior parietal region, and the occipital lobe [8]. Studies utilizing [18F]
fluorodeoxyglucose (FDG) positron emission tomography (PET) have shown that patients
with AD have significantly reduced temporoparietal metabolism compared to healthy
controls [1,15]. Also, studies using diffusion tensor imaging (DTI) have found a significant
reduction in the structural integrity of the white matter tracts in the splenium of AD patients
[30,33]. Our posterior callosal findings complement the results from those studies.
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The presence of reduced isthmus and splenium areas in our MCI sample suggests that
callosal changes may occur prior to the onset of AD. This study is also the first to show
callosal changes in older adults who have cognitive complaints in the absence of significant
impairment on neuropsychological testing. An early occurrence of most of the expected
posterior callosal atrophy, before an individual develops a measurable psychometric
memory deficit, would be consistent with our findings of a non-significant difference in C5
area between the CC, MCI, and AD groups.

Future work involving larger samples of older adults in the CC group should yield further
information regarding the extent and significance of the subtle atrophic changes that may be
occurring in patients with only subjective evidence of cognitive disturbance. Also,
longitudinal research involving the early AD, MCI, and CC groups will help determine the
onset and progression of these callosal changes. One study [34] found that the annual rate of
atrophy of the total corpus callosum, rostrum, anterior truncus, and splenium of AD patients
was 7.7%, 12.1%, 10.3% and 7.3%, respectively. An additional important future direction
will be the application of computational anatomic approaches to model shape changes in the
early preclinical stages of AD and in those at risk for AD.
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Fig. 1.
The five subregions of the corpus callosum. C1, rostrum and genu; C2, anterior truncus; C3,
middle truncus; C4, posterior truncus; C5, isthmus and splenium.
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