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Corpus Callosum Atrophy, White Matter
Lesions, and Frontal Executive Dysfunction
in Normal Aging and Alzhelmer s Disease.

A Community-Based Study The Tajiri Project

KenicH MEGURO, JEAN-MARC CONSTANS, MASUMI SHIMADA,
SATOSHI YAMAGUCHI, JUNICHI IsHIZAKI, HIROSHI ISHII, ATSHUSHI YAMADORI,
AND YASUYOSHI SEKITA -

ABSTRACT. Background and Objectives: Cerebral MRIs of normal aging and Alzheimer’s disease
(AD) frequently reveal corpus callosum (CC) atrophy, white matter hyperintensity (WMH), and
hippocampal atrophy. However, their relationship or the relationship between these findings and
cognitive function has not been fully studied. We investigated the relationship between CC atro-
phy, WMH, and hippocampal atrophy, together with frontal executive dysfunction in both nor-
mal aging and AD. Method: We examined 170 randomly selected residents from a designated
community: 99 Clinical Dementia Rating (CDR) 0 (healthy, control group, HC) participants, 54
CDR 0.5 (very mild AD) patients, and 17 CDR 1 & 2 (probable AD) patients. By means of MR,
WMH and CC atrophy were visually rated. Four portions of the CC and the hippocampal width
were measured. A Mini-Mental State Examination and Cognitive Abilities Screening Instrument
(CASD were performed to assess global function. For the frontal function, the CASI subitems of
_ attention and word fluency, letter-based fluency, the Digit Symbol test of the WAIS-R, and Trail
Making Tests were performed. Results: Those patients with CDR 1 & 2 had both hippocampal and
CC atrophy, whereas the CDR 0.5 patients had only hippocampal atrophy. Frontal executive dys-
function was associated with CC atrophy in both the HC and AD groups. Significant Spearman
correlations were noted between CC atrophy and WMH in both groups. The combined effect of
CC atrophy and WMH was noted only in the verbal fluency test in the HC group. Conclusion: In
both groups, CC atrophy was associated with frontal executive dysfunction. The combined effect
of CC atrophy and WMH in normal aging was probably due to subclinical ischemic conditions.
KEYWORDS: Alzheimer’s disease; corpus callosum; executive function; white matter lesion;
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Cerebral MRIs of healthy elderly adulis
and patients with Alzheimer’s disease
(AD) frequently reveal corpus callosum
- (CC) atrophy (Black et al., 2000; Hampel
et al., 1998; Janowsky et al., 1996; Lyoo et
al., 1997; Teipel et al., 1998, 1999, 2002;
Vermersch et al., 1996; Yamanouchi et al.,
1993), white matter hyperintensity
(WMH) (Barber et al., 1999), and hip-
pocampal atrophy (Deweer et al,, 1995;
Erldnjuntti et al., 1993). Because an atro-
phied CC is considered to indicate neo-
cortical dysfunction (Hampel et al,
2000), which is in turn related to left-right
asymmetry, as demonstrated by PET
(Haxby et al., 1990), it is reasonable for
AD patients to show signs of CC atrophy.
As for WMH, AD patients were found to
have it like in healthy elderly adults.
However, the neurological significance of
WMH in AD is still controversial, unlike
that of normal aging, which is associated
with brain atrophy (Meguro et al., 1993),
hypertension (Kobayashi et al., 1997;
Meguro et al, 1992), and "ischemia
(Meguro et al,, 1990) as confirmed by
" neuropathology (Fazekas et al., 1993).
The relationship between CC atrophy,
WMH, and hippocampal atrophy in nor-
mal aging and AD still remains to be fully

K Meguro et al,

ischemia in the white matter and since
the CC is made of fibers consisting of
white matter, cortical ischemia resulis in
CC atrophy by Wallerian degeneration

- and leads to WMH, not only due to the

investigated. As for the relationship

between CC atrophy and WMH alone,
WMH was previously found to be corre-
lated with CC atrophy in patients with
cerebral ischemia (Meguro et al., 2000).
The largest numbers of neurons project-
ing into the CC are those found in the
large pyramidal cells of cortical layer III;
they terminate on neurons in layers IIIHV
of the coniralateral hemisphere (Inno-
centi, 1986). Cerebral ischemia may
result in damage to the neurons in layer
Il (Graham, 1992), thus leading to Waller-
“ian degeneration of the CC (Leys et al.,
1991). Because WMH is manifested as

International Psychogeriatrics, 15(1), March 2003
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Wallerian degeneration but also as a
result of sclerotic changes of the small
arteries. In AD, however, such a relation-
ship is controversial (Teipel et al., 1998;
Vermersch et al., 1996). A possible inter-
pretation may be that of nonischemic
neuronal loss. WMH (Kertesz et al., 1990)
as well as CC atrophy (Yamanouchi et al,,
1993) may be the markers of cortical neu-
ronal loss.

Regarding the relationship between
these MRI findings and cognitive function,
a connection between hippocampal atro-
phy and memory impairment in AD has
been established (Laakso et al., 1995).
However, as with multiple sclerosis, the
relationship of CC atrophy or WMH with
cognitive function such as frontal execu-
tive dysfunction has not been fully inves-
tigated (Pozzilli et al., 1991). Because
frontal lobe function is- considered to be
affected by the normal aging process or in
patients with even very mild dementia, it
is possible that methods of sampling
would be biased and could easily yield
different results. Therefore a community-
based study was necessary: one that cov-
ered all cognitive stages, i.e., healthy
elderly adults with the Clinical Dementia
Rating (CDR, Hughes et al., 1982) of 0,
guestionable dementia (CDR 0.5), and
dementia (CDR 1+). Morris and col-
leagues (1991) noted that CDR 0.5 partici-
pants already had-- AD pathological
changes and referred to such a condition
as very mild AD.

To investigate the relationship between
CC atrophy, WMH, and hippocampal atro-
phy, together with impaired cognitive
function, we examined randomly selected
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elderly residents of a designated commu-
nity, who underwent MRI investigation,
and hypothesized the following: (a) Very
mild AD patients (CDR 0.5), mainly with
-memory problems (with other slightly
impaired cognitive domains), would show
hippocampal atrophy independent of CC
atrophy; (b) Probable AD patients (CDR

1+), as per the NINCDS-ADRDA criteria

(McKhann et al., 1984) with memory and
other apparent cognitive dysfunction,
would have both hippocampal and CC
atrophy; (c) As Teipel (1998, 1999) report-
ed, WMH would not be correlated with CC
-atrophy in AD patients but would be cor-

- velated in healthy elderly adults; (d) Some
frontal executive dysfunction would be
associated with WMH and/or CC atrophy
in healthy adults but only with CC atrophy
in AD patients.

METHODS

Participanis’ Selection

The protocol for selecting.the partici-
pants was previously described by Ishii
and colleagues (1999) and is as follows:
All 2,516 residents over 65 years of age
in the town of Tajiri were targeted. A total
of 2,266 respondents completed an inter-
view with a Mini-Mental State Examina-
tion (MMSE; Folstein et al., 1975). Testing
was carried out by trained public health
nurses and psychologists under the
direction of neurologists and a psychia-
trist. We had previously discussed nor-
mative, standardized data of MMSE
scores in relation to the effects of age and
educational level (Ishizaki et al., 1998).
Based on age and sex, 240 participants
were randomly selected from the first

-survey population and requested to

undergo MRI investigation. Of these par-

. ticipants, 200 underwent the first MRI
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1
(“MRl-administered participants”). Th
remaining 40 participants were predom
nantly 80 years of age and over an
unable to undergo an MRF because ¢
physical weakness or sudden illness, etc
After excluding those participant:
whose MRI showed moderate o
advanced WMH and/or cerebrovascu
lar disease (see below), neuropsycho
logical interviews were carried out or
170 of the 200 “MRI-administered par
ticipants.” Medical diagnoses using the
MMSE and Cognitive Abilities Screening
Instrument (CASL Teng et al., 1994
were performed. The CDR stages were
determined by a “clinical team” that
consisted of medical doctors and pub-
lic health nurses and were independent
of the neuropsychological assessment.
The stages were determined in the fol-
lowing manner: (a) Before interviews
by the medical doctors, public health
nurses visited the participants’ homes
to evaluate their daily activities; (b)
Observations by family members
regarding the participants’ lives were
described in a semistructured ques-
tionnaire; (¢) The participants were
interviewed by medical doctors to
assess episodic memory, orientation,
judgments, etc; (d) Finally, referring to
the information provided by family
members, the participants’ CDR stages
were decided at a joint meeting of neu-
rologists, public health nurses, and a
psychiatrist. A reliable Japanese ver-
sion of the CDR scales had previously
been established (Otoyama et al.,
2000). The participants were classified
into three CDR groups, i.e.,, CDR 0 (n =
99), CDR 0.5 (n = 54), and CDR 1 & 2
groups (n=17).
In the CDR 0.5 and CDR 1 & 2 groups,

possible metabolic diseases causing

dementia were ruled out by laboratory
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testing and electrocardiogram. Neuro-
logical examinations disclosed that
none of the participants in these groups
had Parkinson’s disease, visual symp-
toms, or focal neurological signs and
symptoms, suggesting other dementing
conditions such as dementia of Lewy
body disease (McKeith et al., 1996) or
vascular dementia (Roman et al., 1993).

They had no or only mild WMH and/or -

. cerebrovascular disease. The partici-
. pants in the CDR 1 & 2 group met the
NINCDS-ADRDA criteria of probable AD
(McKhann et al., 1984). The participants
in the CDR 0.5 group were considered to
have very mild AD. A

Table 1 shows the demographics of
each CDR group. There were significant
group differences for age (F=7.733, p =

.001) and educational level (¥ = 3.627, p
= .029, a one-way analysis of variance
[ANOVA]). No significant difference for
male-to-female ratio was noted (3 x 2
chi-square test).

K Meguro etal

Assessments of the CC, WMH,

and Hippocampal Widih by
MRI =

The MRI equipment used was an MRVec-
tra 0.5 T scanner (GE-YMS, Japan). A
midsagittal Tl-weighted (TR/TE 300/15)
image was used for assessment of the
CC, combined axial Tl-weighted and T2-
weighted images (TR/TE 2100/90) were
used to evaluate the WMH, and a semi-
axial Tl-weighted image along the long
axis of the hippocampus was used for
assessment of the hippocampal width.
To define the midsagittal image, three
images were scanned and the one with -
the largest CC area was selected. Lesions
were considered to be “cerebrovascular
disease” operationally by MRI when they
showed low intensity on the T1-weighted
MRI and high intensity on the T2-weight-
ed MRI at the same location. The lesions -

. were considered to be WMH when they

had right-left symmetrical high intensity -

TABLE 1. Demographics and CC Measures in Each CDR Group

AD
HC Very Mild AD Probable AD
: (CDR 0) (CDR 0.5) (CDR1&2)
n 99 54 : 17
Age, years 72.4 (0.5) 74.0 (0.7) 77.8 (1.3)2b
Male/Female 40/59 30/24 10/17
Education, years 8.1 (0.2) 7.6 (0.3) 6.8 (0.5)2
CC measures (%)
ANT 6.7 (0.2) 6.6 (0.2) 5.9 (0.4)
MIDANT 8.5 (0.3) 8.1 (0.3) 7.0 (0.6)
MIDPOST 7.8 (0.2) 7.1 (0.3) 6.0 (0.6)2
POST 7.6 (0.1) 7.4 (0.2) 6.7 (0.9
- Hippocampal measure
Hippocampal width (%) 9.0 (0.1) 8.3 (0.2)2 1.7(0.4)?

Note. Values shown for age, education, CC measures, and hippocampal measure are mean (SE). HC = healthy con-
trol; AD = Alzhelmer’s disease; CDR = Clinical Dementia Rating; CC = corpus callosum; ANT = anterior; MIDANT =

midanterior; MIDPOST = midposterior; POST = posterior.

abSignificantly different from HC group and CDR 0.5 group, respectively (p < .05, post hoc test).

International Psychogeriatrics, 15(1), March 2003
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on the T2-weighted MRI with an isointen-
sity on the T1-weighted MRI, being adja-
cent to the lateral ventricle. ‘

Visual Rating of the CC and WMH,
Two radiologists independent of this
study rated the atrophy of the CC based
on a 4-point scale: 0 (none), 1 (ques-
tionable), 2 (present), and 3 (signifi-

- cant). As for WMH, it was classified as

follows: 0 (none), 1 (minimal), 2 (imild,
punctate, but thin), 3 (a definite halo),
and 4 (confluent).

Measurement of the CC. The CC was
measured using a T1-weighted midsagit-
tal image for the four portions, i.e., the
anterior portion (ANT), the posterior
portion (POST), the midanterior por-
tion (MIDANT), and the midposterior
portion (MIDPOST). Figure 1 illustrates
this procedure, which has previously
been reported (Meguro et al., 2000).

Measurement of the Hippocampal
Width. Using a Tl-weighted semiaxial
plane along the long axis of the hip-
pocampus, the minimum thickness of
the hippocampus was ~measured
according to a method by Jobst and col-
leagues (1992) and divided by the brain
width on the same plane. This method
is clinically available with high repro-
ducibility without needing accurate
equipment for volumetry and is also
available for longitudinal studies (Jobst
et al.,, 1994). We defined it as the hip-
pocampal width (Yamaguchi et al.,
1997). Figure 2 illustrates the proce-
dure.

All ratings and measurements were
made by two radiologists: Each made two
measurements and the average value of
the four (i.e, two measurements by two
readers) was used for both sides. The
interreader and intrareader reproducibili-
ty was calculated as follows: 1 - (Value 1 -
Value 2) / (Value 1 + Value 2) / 2.

95
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“ For the interreader reproducibility,
two readers assessed Values 1 and 2.
For the intrareader reproducibility, the
same reader assessed Valués 1 and 2.
Both reproducibilities were better than
0.95.

Participant Classification by
Diagnosis and CC Atrophy

‘According to the visual ratings of the

CC and the diagnoses, participants
were classified into four groups: the HC-
CC(-) group (i.e., the control group with
no or questionable CC atrophy); the HC-
CC(+) group (i.e., the control group with
CC atrophy present or advanced); the
AD-CC(-) group (AD means Alzheimer’s
disease, and CC(-) is the same as
above); and the AD-CC(+) group. Taking
into consideration the fact that the
smaller number of CDR 1 & 2 partici-
pants might negatively affect statistical
weighting, we grouped the CDR 0.5 and
CDR 1 & 2 groups together to give the
AD group, because they were consid-
ered to have very mild AD and probable
AD, respectively.

Table 2 shows the demographics of
the groups. There were significant
effects of diagnosis (F = 7.874, p = .006)
and CC atrophy for age (F = 5.217, p =
.0024) without interaction. The AD-
CC(+) group was shown to have an
older average age compared to the HC-
‘CC(-) group (p = .001) and included a
greater number of men without a signif-
icant difference (2 x 3 chi-square test).
As for educational background, there
was a significant diagnostic effect (F =
4,975, p = .027) without interaction.

Neuropsychological Tests

Global Function. Frontal lobe func-
tion tests using the MMSE and CASI were
performed by the “neuropsychological
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TABLE 2. Demographxcs and the CC Measures in Each Group Classified by Diagnosis
and CC Atrophy
HC - AD
(CDR 0) (Very Mild AD & Probable AD)
CCE) CC(») CCE - CC(+)
n 65 34 41 - 30
Age, years 71.8 (0.7) 74.(0.9) 74.0 (0.8) 76 (1.0)2
Male/Female 26/39 14/20 - 19/22 21/9
- Education, years 8.0 (0.2) 8.3 (0.3) 7.3 (0.3) - 1.6 (0.4
HTN (n) - 30 15 22 11
CC measures (/6) ' :
ANT 7.4 (0.1) 5.3 (0.2)%¢ 7.2 (0.2) 5.2 (0.2)2¢
 MIDANT 9.9 (0.2) 6.0 (0.3)2¢ 9.3 (0.3) 5.6 (0.3)¢
MIDPOST 8.6 (0.2) 6.4 (0.3)2¢ 8.4 (0.3) 4.5 (0.4)3be
POST 8.1 (0.1) 6.7 (0.2)2¢ 8.2 (0.2) 5.9 (0.2)abe

Note. Values shown for age, education, and CC measures are mean (SE). HC = healthy control; AD = Alzheimer's dis-
ease; CC = corpus callosum; CC(+) = CC atrophy; ANT = anterior; MIDANT = midanterior; MIDPOST = midposterior;
POST = posterior; CDR = Clinical Dementia Rating; CC(-) = no or questionable CC atrophy; HTN = hypertension.
abeSianificantly different from HC-CC(-) group, HC-CC(+) group, AD-CC(-) group, and AD-CC(+) group (p < .05).

team,” which consisted of neuropsy-
chologists and trained public health
nurses and was independent of CDR
assessments.

Frontal Lobe Function. (1) CASI

subitem of attention: Repetition of three

words and two sentences were scored
as 0-8. (2) CASI subitem of word fluency:
As the CASI subitem of word fluency,
category-based fluency was evaluated
by the number of names of four-legged
animals generated verbally over a 30-
second period. (3) Verbal fluency: For
verbal fluency, letter-based fluency was
assessed by the number of words begin-
ning with the sound “a,” produced ver-
bally over a 30-second period. (4) Digit
Symbol test of the WAIS-R, (5) Trail Mak-
ing Tests (TMT)-A and B.

Analyses

- Effect of CDR Group A one-way
ANOVA with 4-repeated measure-
ments with the covariance of age was
performed to determine the regional
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distributions of CC measurements in
each CDR group. To determine the
relationship between CC atrophy and
hippocampal atrophy in relation to
the CDR, CC measurements and hip-
pocampal width were compared using
multivariate analysis of variance
(MANOVA) with the covariance of age.

Effect of the Groups Classified by
the Diagnosis and CC Atrophy. To con-
firm the reliability of the participant clas-
sification by the visual rating method,
CC measurements of the groups were
compared using MANOVA with the
covariance of age. The cognitive func-
tion of each group was compared using a
two-way (HC vs. AD, and CC(-) vs. CC(+))
MANOVA with the covariances of age
and educational level.

Combined Effect of WMH and CC
Atrophy. Spearman correlations were
performed between the ratings of CC
atrophy and WMH, together with par-
tialling out of the effects of age and sex
by covariances.
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Figare 1. Derived from Meguro et al. (2000) Neuroradiology, 42, 413-419, Measurement of cor-
pus callosum. The CC was measured using a Tl-weighted midsagittal image for the four por-
tions, i.e., the ANT, POST, MIDANT, and MIDPOST. On the MRI image, a straight line was
drawn through the inferior borders of the splenium and rostrum (a-b). The CC-ANT and CC-

. POST were the maximum lengths of the rostrum (c-d) and splenium (e-f), respectively, par-

allel to the straight line. Two lines vertical to the straight line were drawn to divide the CC

- into three parts. The length of the anterior vertical line (g-h) was that of the CC-MIDANT, and

the posterior vertical line (i) was that of the CC-MIDPOST. The CC-ANT and CC-POST were
divided by the brain length (a-b) (%), and the CC-MIDANT and CC-MIDPOST were divided by
the brain height (k) (%) of the same image. CC = corpus callosum; CDR = Clinical Dementia
Rating; ANT = anterior; MIDANT = midanterior; MIDPOST = midposterior; POST = posterior.

" To determine the possible combined RESULTS
effect of WMH and CC atrophy on cog-

nitive function, a three-way MANOVA

(HC vs. AD, WMH(> vs. WMH(+), and
CCE) vs. CC(+)) with the covariances of
age and educational level was per-
formed: WMH(-) showed no or minimal
WMH, whereas WMH(+) indicated mild

or advanced WMH. Written informed

consent was received from all the HC
participants and the family members of
the AD group. SYSTAT software (SYSTAT

Co. Ltd., US) was used.

o7

Effect of CDR Group. Figure 3 illus-
trates the regional distributions of CC
measurements in each CDR group. A
one-way ANOVA with 4-repeated meas-
urements disclosed a significant CDR
group effect without a covariant effect
of age. A post hoc test indicated that
the MIDPOST value of the CDR 1 & 2
group was significantly smaller that

that of the CDR 0 group.
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Figure 2, Measurement of the hippocampal width. Using a T1-weighted semiaxial plane along
the long axis of the hippocampus (a-b), the minimum thickness of the hippocampus (c-d, e-
f) was measured and divided by the brain width in the same plane (g-h). We defined it as the

hxppocampal width (%).

Table 1 shows the CC measurements
and hippocampal widith of each CDR
group. There was a significant group effect
F = 3.604, p = .029) for CC measurements
(a one-way ANOVA, 4-repeated measure-
ments) with a significant effect of MID-
POST (univariate Ftest, F = 2.338, p = .014):
The CDR 1 & 2 group showed a signifi-
cantly (post hoc test, p = .016) smaller
value than the CDR 0 group. As for the hip-
pocampal width, a significant group effect
was noted (F = 8.359, p = .000, a one-way
ANOVA). A post hoc test indicated that
the CDR 0.5 and CDR 1 & 2 groups were

 significantly (p < .01) different from theé
CDR 0 group. Namely, the CDR 0.5 group
showed no remarkable difference to that
~ of the CDR 0 group for CC ‘measurements,
although the hippocampal width of the
CDR 0.5 group was significantly less than
that of the CDR 0 group. The CDR 1 & 2
group showed a significantly smaller mid-
posterior portion of the CC (MIDPOST)
together with a smaller hippocampal
width compared with the CDR 0 group.
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Figure 4 illustrates the distributions
of the MIDPOST values and the hip-
pocampal widths in each CDR group.

Effect of the Groups Classified
by Diagnosis and CC Atrophy

Table 2 shows CC measurements in
each group classified by diagnosis and
- CC atrophy. There were significant dif- . :
ferences between the groups, indicating
the reliability of the group classification
based on the visual rating method.
There were significant effects of CC
atrophy for ANT (F = 111.917, p = .000),
MIDANT (F = 169.238, p = .000), MID-
POST (F = 90.025, p = .000), and POST (¥
= 99.388, p = .000) (a two-way ANOVA).
There was a significant diagnostic effect
with interaction with CC atrophy for
MIDPOST (F = 10.396, p = .002; F = 6.636,
= .011, respectively). As for POST,
there was a marginal diagnostic effect
F = 3.432, p = .066) with interaction
with CC atrophy (F = 5.844, p = .017) (a
two-way ANOVA, 4-repeated measures).
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