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Abstract

Objective: To investigate the utility of the voxel-based specific regional analysis system for
Alzheimer’s disease (VSRAD).

Methods: Clinical data from patients who underwent screening for dementia using VSRAD and
the Japanese version of COGNISTAT, the Neurobehavioral Cognitive Status Examination, were
retrospectively investigated to specify the domains of cognitive function that correlate with the
statistical mean value of positive Z-scores in the target volume-of-interest (VOI). A receiver
operating characteristic (ROC) curve was constructed to assess the mean value of positive
Z-scores in discriminating patients with AD.

Results: A total of 72 patients were included (18 male and 54 female; |5 patients with AD). The
mean value of positive Z-scores in the target VOI was significantly correlated with standardized
COGNISTAT scores for Orientation and Memory in all patients (r =-0.35 and —0.38, respec-
tively). ROC curve analysis revealed that a cut-off of 1.57 for mean value of positive Z-scores in
the target VOI provided 69.4% accuracy in discriminating patients with AD, with a sensitivity of
0.80 and specificity of 0.67.

Conclusions: The results evinced the value of VSRAD in diagnosing AD. The degree of atrophy
represented by the target VOI may reflect impairments in Orientation and Memory, which are
early stage symptoms observed in AD.
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Introduction

The voxel-based specific regional analysis
system for Alzheimer’s disease (VSRAD)
is a magnetic resonance imaging (MRI)-
based volumetric software program used
to evaluate the degree of atrophy of the
middle temporal area of the brain, includ-
ing the hippocampus, amygdala, and ento-
rhinal cortex.! The system has been widely
used as a sensitive diagnostic tool to detect
the early stages of Alzheimer’s disease (AD)
in Japan. Voxel-based morphometry
(VBM) utilizes the mean value of positive
Z-scores in the target volume-of-interest
(VOI) as an indicator for characterizing
atrophy, by comparing a given subject’s
grey matter concentration with that of the
original healthy individual database tem-
plate. When using the degree of atrophy in
the target VOI, sufficient accuracy has been
shown for discriminating patients with very
mild AD from healthy controls.

Although the VSRAD evaluates the
degree of atrophy represented by the
target VOI, it has also been suggested to
be indicative of disease progression. For
example, a longitudinal study showed that
the mean value of positive Z-scores increased
stepwise over time, in parallel with a
decrease in  Mini-Mental Examination
(MMSE) score.* To date, few studies have
investigated the relationship between the
mean value of positive Z-scores and neuro-
psychological test scores, including the
revised version of Hasegawa’s Dementia
Scale (HDS-R),* the Alzheimer’s Disease
Assessment Scale-Cognitive Part (ADAS-
cog),” the Wechsler Adult Intelligence
Scale-III (WAIS-III),° and the Wechsler
Memory Scale-Revised (WMS-R).” Li et al.®

observed a significant positive correlation
between the mean value of positive
Z-scores and the ADAS-cog score
(P=0.0129), and an inverse correlation
with the WAIS-IIT Information subset
score (P=0.0294) in 18 patients with AD
and 12 patients with mild cognitive impair-
ment. There was also a tendency toward an
inverse correlation between mean value of
positive Z-scores and scores for the HDS-R,
the WAIS-III Similarities subset, and the
WMS-R Delayed Visual Reproduction
subset (P=0.0532, 0.0635, and 0.0609,
respectively), while there was no other cor-
relation with the intelligence quotient (I1Q)
or other subsets of the WAIS-III and
WMS-R.® A further study of 24 patients
with dementia that included 20 patients
with AD, found a significant inverse
correlation between the mean value of
positive Z-scores and the HDS-R score
(P=0.001), while there was no significant
correlation with IQ or any subsets of the
WAIS-IIL.” Thus, the mean value of posi-
tive Z-scores is suggested to be related to
the stage of AD; however, it is unclear
what aspect of AD symptoms are reflected
in this parameter, or whether the relation-
ship is restricted to AD and not applicable
to other types of dementia. In this context,
elucidating the relationship between the
mean value of positive Z-scores and neuro-
psychological function levels may help to
resolve these questions and may improve
the utility of VSRAD. In particular, there
may be value in specifying the domains of
cognitive function that correlate with atro-
phy of the middle temporal area.

The aim of the present study was to ret-
rospectively investigate clinical data from
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patients who underwent screening for
dementia using VSRAD and the Japanese
version of the Neurobehavioral Cognitive
Status Examination (COGNISTAT), a cog-
nitive screening test which assesses five
major cognitive ability areas: language,
construction, memory, calculations, and
reasoning,'’ in order to specify the domains
of cognitive function that correlate with the
mean value of positive Z-scores in the target
VOI, obtained using VSRAD. An addition-
al aim was to evaluate the performance of
VSRAD for differential AD diagnosis in
clinical practice, i.e. in a heterogencous
population including other types of
dementia, mild cognitive impairment, and
psychiatric disorders. The present article is
based on a study first reported by Oshikubo
in 2018."

Patients and methods

Study population

A systematic chart review was performed
for all patients screened for dementia in
the Department of Psychiatry, Teikyo
University Hospital between February 2013
and December 2017. Both COGNISTAT
and VSRAD were conducted during this
period as a routine diagnostic procedure
for all patients suspected of dementia, as
per the results of the HDS-R and MMSE
or due to atypical symptoms of depression,
anxiety, or visual hallucinations in old age.
Diagnosis of the patients was confirmed ret-
rospectively by at least two of the authors
according to the DSM-5 criteria,'? using
clinical chart information, including
symptoms, clinical course, and examination
findings. Patients were required to have been
screened for dementia using both
COGNISTAT and VSRAD between
February 2013 and December 2017 for
study inclusion. The study protocol was
approved by the Ethics Committee of
Teikyo University (No. 17-043), and study

information can be accessed via the follow-
ing weblink (https://www.teikyo-u.ac.jp/affil
iate/research/ethic_committee/).

COGNISTAT

The Japanese version of COGNISTAT was
performed on the basis of the 2009 manual,"
following an improvement in patient status in
cases of delirium or major depressive disorder
comorbidity. Standardized scores of 10 subt-
ests were obtained, comprising Orientation,
Attention,  Comprehension,  Repetition,
Naming, Constructional Ability, Memory,
Calculation, Similarities, and Judgement.
Scores were standardized as mean=1 and
SD = 1. Lower scores related to worse cogni-
tive ability and scores >9 were considered to
be within normal range.'® The consciousness
levels of patients were determined as the state
of arousal at assessment.

MRI procedure

The MRI assessments were performed
using a Signa HDxt 3-T system (GE
Healthcare, Chicago, IL, USA). The
VSRAD utilises a database of normal
data obtained using a 1.5-T MRI scanner,
and the applicability of VSRAD to 3-T
MRI data has been shown in a previously
published study.'* For VSRAD, 3D sagittal
sections of T1 weighted spin-echo images
were obtained with the following parame-
ters: FOV 25.6cm x25.6cm, matrix
256 x 256, 1.0-mm slice thickness, and
voxel size 1.0mmx 1.0mm x 1.0 mm.
VSRAD advance or advance 2 software
(Eisai Co., Tokyo, Japan) was used to
determine the mean value of positive
Z-scores in the target VOIs, as the degree
of atrophy by comparing a given subject’s
grey matter concentration voxel-by-voxel
with that of the original healthy individual
database template.
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Statistical analyses

Data are presented as n prevalence or mean
+SD. One-way analysis of variance
(ANOVA) was used for between-group
comparisons, and Bonferroni correction
was adopted for multiple testing of the
mean value of positive Z-scores and 10
subtests of the COGNISTAT. The utility
of VSRAD was evaluated using receiver
operating characteristic (ROC) curve anal-
ysis: accuracy was determined as (true pos-
itives + true negatives)/all tests at the point
closest to the upper left corner in the ROC
curve, created with the mean values of pos-
itive Z-scores in the target VOI as the var-
iable of interest and AD diagnosis as the
classification variable. In order to investi-
gate the relationship between the mean
values of positive Z-scores in the target
VOI and each subtest of the
COGNISTAT, partial correlation analysis
was conducted using age as the control var-
iable. All statistical analyses were per-
formed using PASW Statistics 18 (SPSS
Inc., Chicago, IL, USA), and a P val-
ue<0.05 was considered statistically
significant.

Results

Charts from a total of 74 patients were
reviewed, and of these, data from 72
patients were included for retrospective
analyses. The study population comprised
18 male and 54 female patients (age, 73.0
+8.52 years; and COGNISTAT and
VSRAD test periods, 47.74+109.4 days).
Two patients were excluded: one due to a
comorbid status of delirium at the time of
the COGNISTAT assessment, and the
other because the VSRAD was not applica-
ble due to a destructive lesion of the
cerebrum.

Fifteen patients were diagnosed with AD
(three with a history of delirium, and one
with a history of major depressive disorder)

and 12 were diagnosed with dementia other
than AD, comprising: dementia with Lewy
bodies (two patients), vascular dementia
with a history of delirium (one patient),
dementia due to traumatic brain injury
(one patient), alcohol-induced dementia
with a history of delirium (one patient),
dementia due to multiple aetiologies (one
patient), and six patients with unspecified
dementia (one with a history of major
depressive disorder and delirium, one with
a history of major depressive disorder, and
one with a history of delirium). Fourteen
patients were diagnosed with mild cognitive
impairment (one with a history of major
depressive disorder and delirium, five with
major depressive disorder, two with bipolar
disorder, and one with an unspecified psy-
chotic disorder) and were grouped separate-
ly from the patients with dementia. The
additional 31 patients were diagnosed with
other psychiatric disorders as follows:
11 patients were diagnosed with major
depressive disorder (one with a history of
delirium), six were diagnosed with bipolar
disorder (two with a history of delirium),
four were diagnosed with schizophrenia
spectrum disorder, one had a history of
delirium, one had adjustment disorder,
one had dissociative disorder, one had
panic disorder, one had somatic symptom
disorder, one had autism spectrum disor-
der, three had an unspecified psychotic dis-
order (one with a history of delirium), and
one had traumatic epilepsy. Table 1 sum-
marizes patient demographics according to
the four diagnosis groups, AD, dementia
other than AD, mild cognitive impairment,
and other psychiatric disorders.

The mean values of positive Z-scores in
the target VOI and the standardized scores
for each subtest of the COGNISTAT were
grouped according to diagnosis (Table 1).
Between-group comparisons showed that
there were statistically significant differen-
ces in the mean value of positive Z-scores
(P=0.017), the standardized scores for
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Table |I. Demographic characteristics, mean values of positive Z-scores in the target volume of interest,
and standardized scores for each subtest of the COGNISTAT in patients categorized into four diagnosis

groups.

Diagnosis group

Dementia
other than Other
Alzheimer’s  Alzheimer’s Mild cognitive  psychiatric Statistical
Characteristic disease disease impairment disorders Total significance®
N I5 12 14 31 72
Sex, male: female I:14 2:10 59 10:21 18:54
Age, years 76.7+54 73.8+9.4 73.8+6.4 70.7£9.7 73.0+85 NS
Mean value of 227+094  1.33+0.63% 1.744+0.78 1.45 + 0.54%+ 1.66+0.77 P=0.017
positive Z-scores®
COGNISTAT items
Orientation 4.47+421 7.00+3.10 8.64 +£3.03% 923+ |.59%*  775+335 P=0.00014
Attention 4.60+4.52 550+3.78 5.93+4.20 7.35+£3.89 6.19+£4.13 NS
Comprehension 5.87+422 492+3.58 893+2.79 9.10 4+2.34%* 7.69+3.52 P=0.0017
Repetition 773+£3.15  6.92+2.15 8.50+2.18 9.74 £ 1.59*% 861+241 P=0.013
Naming 720+£262 858+1.24 8.79 £ 1.48* 948 £0.93%  872+1.76 P=0.0032
Constructional 6.53+242 7.00+£2.30 836+ 1.99 829 £2.52 772+244 NS
ability
Memory 587+125 658+ 1.5l 679+ 1.12 7.65 £ .66+ 6.93+1.60 P=0.025
Calculation 800+273 8.17+248 943 £ 1.65 942+ 1.18 8924198 NS
Similarities 860+ 140 825+1.22 9.14+1.23 9.57 £ 1.01 9.06 126 NS
Judgement 9.60+1.84 9.33+£1.83 9.93+1.33 10.37+1.25 994+ 153 NS

Data presented as n prevalence or mean =+ SD.

Corrected P value; Pobtained using the voxel-based specific regional analysis system for Alzheimer’s disease.
*P < 0.05; *P < 0.01; *P < 0.005; ¥***P < 0.001 (post hoc analysis compared with Alzheimer’s disease, corrected).
NS, no statistically significant between-group difference (P> 0.05).

Orientation (P=0.00014), Comprehension
(P=0.0017), Repetition (P=0.013),
Naming (P=0.0032), and Memory
(P=0.025; all ANOVA, corrected). Post
hoc analysis on the basis of AD revealed
statistically significant differences between
AD and dementia other than AD and
between AD and other psychiatric disorders
regarding the mean value of positive
Z-scores (P=0.0056 and 0.0024, respective-
ly); between AD and mild cognitive
impairment and between AD and other
psychiatric  disorders in  terms  of
Orientation (P=0.0011 and 0.0000073,
respectively), between AD and other psychi-
atric disorders regarding Comprehension
and Repetition (P=0.0091 and 0.029,
respectively), between AD and mild

cognitive impairment and between AD and
other psychiatric disorders in terms of
Naming (P =0.0497 and 0.00010, respective-
ly), and between AD and other psychiatric
disorders regarding Memory (P =0.0015)
(Table 1).

In the ROC analysis, the area under the
curve was 0.770. A cut-off value of 1.57 for
the mean value of positive Z-scores in the
target VOI provided a sensitivity of 0.80, spe-
cificity of 0.67, and accuracy of 69.4% in dis-
criminating patients with AD (Figure 1).

The correlation coefficients between the
mean value of positive Z-scores and each
subtest of the COGNISTAT in patients
with AD and the total study population,
obtained through partial correlation analy-
sis using age as the control variable, are
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Figure |I. An ROC curve using mean values of positive Z-scores in the target volume of interest (VOI;
obtained using the voxel-based specific regional analysis system for Alzheimer’s disease) as the variable of
interest and Alzheimer’s disease diagnosis as the classification variable. The area under the curve was 0.770,
and a sensitivity of 0.80, specificity of 0.67, and accuracy of 69.4% were obtained with a cut-off value of 1.57
for the mean value of positive Z-scores in the target VOI.

shown in Table 2. With a total of
72 patients, the mean value of positive
Z-scores in the target VOI was
statistically significantly correlated with
the standardized scores for Orientation
and Memory in the COGNISTAT
(r=-0.35 and —0.38, uncorrected
P =0.0026 and 0.0013, respectively). Other
subtests did not show any significant corre-
lation in the total patient group, and there
was no statistically significant correlation
between the mean value of positive
Z-scores and any subtest of the
COGNISTAT in the 15 patients with AD.
Scatter plots of the mean value of positive
Z-scores, and Orientation and Memory in
the COGNISTAT are shown in Figure 2.

Discussion

In the present study, the performance of
VSRAD for diagnosing AD in clinical prac-
tice was verified through investigating the
clinical data of 72 patients screened for
dementia using the COGNISTAT and
VSRAD. There were significant differences
in Orientation, Comprehension, Repetition,
Naming, and Memory when comparing the
standardized scores for each COGNISTAT
subtest between four diagnosis groups: AD,
dementia other than AD, mild cognitive
impairment, and other psychiatric disor-
ders. Post hoc analysis showed significant
differences between AD and at least one
of the other three groups in the
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standardized scores for these five
COGNISTAT subtests.

In patients with other psychiatric disor-
ders, the mean standardized scores for
Orientation, Comprehension, Repetition,
Naming, Calculation, Similarities, and
Judgement were greater than nine, which
is defined as the normal range in the
COGNISTAT.! In contrast, the means
for Attention, Constructional Ability, and
Memory ranged from seven to eight, indi-
cating a mild to moderate impairment.
These findings in patients with other psychi-
atric disorders may reflect why they were
suspected of cognitive impairment in clini-
cal practice. In patients with AD, the means
for Calculation, Similarities, and
Judgement ranged from eight to nine, indi-
cating normal to mild impairment, which
suggests that that most of these patients
were in the mild stages of dementia. This
may be the reason why significant differen-
ces between patients with AD and other
diagnosis groups were observed in such
domains as Orientation and Memory,
which are the first observed symptoms of
AD in the early stages.

It may be of note that a relatively high
accuracy of 69.4% was obtained for dis-
criminating patients with AD from other
patients with dementia or cognitive impair-
ment, in the present study that did not
include healthy controls. The mean value
of positive Z-scores in the target VOI may
be a helpful indicator for discriminating
AD from other dementia or psychiatric dis-
orders, as post hoc analyses revealed statis-
tically significant differences between AD
and dementia (P=0.0056) and between
AD and other psychiatric disorders
(P=0.0024). To the authors’ knowledge,
the present study is the first to date to
verify the performance of VSRAD for
differential diagnosis of AD in a heteroge-
neous population in clinical practice.
A limitation in the present study was the
lack of healthy control data, which

031 0.22
—0.0l

0.07

—0.0l

Memory Calculation Similarities Judgement
—0.16

—0.38
—0.38*

Constructional

Orientation Attention Comprehension Repetition Naming Ability
—0.34
—0.20

—0.17
—0.18

0.30
0.09

—0.21
—0.14

0.45
—0.0l

COGNISTAT subtest
15 —0.18
—0.35%

n
72

Table 2. Correlation coefficients between the mean value of positive Z-scores in the target volume of interest, obtained using the voxel-based specific

regional analysis system for Alzheimer’s disease, and each subtest of the COGNISTAT.

Alzheimer’s disease
*P < 0.005, uncorrected.

Patient group
Total
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Figure 2. Scatter plots of the mean value of positive Z-scores in the target volume of interest (y-axis) and
the standardized scores for (a) Orientation and (b) Memory in the COGNISTAT (x-axis). Patients with

Alzheimer’s disease and those without Alzheimer’s disease are shown as @ and O, respectively. Statistically
significant correlations were observed between the mean value of positive Z-scores and the standardized
scores for both Orientation and Memory (r =-0.35 and —0.38, respectively, and uncorrected P=0.0026 and

0.0013, respectively).

precluded the comparison between the pre-
sent and previous studies in terms of the
accuracy of distinguishing patients with
AD form healthy controls.>'* Further inves-
tigations should be encouraged in larger
multicentre studies, while caution may be
needed for the possibility that VSRAD
may misdiagnose such diseases as juvenile
AD and frontotemporal dementia.'>
Significant inverse correlations were
observed between the mean value of posi-
tive Z-scores in the target VOI and the stan-
dardized = COGNISTAT  scores for
Orientation and Memory in the whole
study population (r=-0.35 and -0.38;
uncorrected P=0.0026 and 0.0013, respec-
tively). The present correlation findings
seemed to be valid on the basis of the fol-
lowing: First, previous studies have
observed significant inverse correlations
between the mean value of positive
Z-scores and the HDS-R score,®” which
includes items for orientation and

memory; Secondly, in a study investigating
the concurrent validity of the Japanese ver-
sion of COGNISTAT, Orientation and
Memory were the subtests that showed the
strongest correlation with the MMSE as an
external criterion (r=0.87 and 0.76, respec-
tively);'® and Thirdly, there was a relatively
strong internal  correlation  between
Orientation and Memory in the subjects
used for standardizing the Japanese version
of COGNISTAT (r=0.42, P<0.01)."* The
present study results may be limited by
the retrospective cross-sectional nature of
the study and the lack of definition of a
causal relationship, as well as the fact that
VSRAD specifically evaluates the degree of
atrophy of the middle temporal area.
Nonetheless, the correlations observed in
the present study may reflect functional rel-
evance, and the relationship between
memory deterioration and atrophy of the
hippocampus or entorhinal cortex has been
suggested in healthy subjects in several
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studies.!” " In contrast, the COGNISTAT
Orientation subtest comprises items con-
cerning time, place, and identity (name
and age),'” and it may be relatively difficult
to provide a simple explanation for the pre-
sent relationship concerning Orientation;
however, the functional relevance may be
supported by the speculation that the
middle temporal area, including the hippo-
campus, provides long-term storage of envi-
ronmental representations in  spatial
cognition.”®

When analysing in the 15 patients with
AD in the present study, no significant cor-
relation was observed between the mean
value of positive Z-scores and any subtest
of the COGNISTAT. The limited sample
size may be the reason for the discrepancy
in Memory, as the correlation coefficients
were basically the same between the analy-
sis in all subjects and in patients with AD
(r=-0.38 and -0.38, respectively). The
explanation for the discrepancy in
Orientation may be more complicated, as
the correlation coefficient when analysing
in all subjects was —0.35, while that in
patients with AD was —0.18. Except for
type II error, one of the reasons for the dis-
crepancy may be that the Orientation subt-
est in the COGNISTAT comprises several
items,'® which may reflect the function of
different areas in the brain. For instance,
impairment of the posterior parietal lobe,
which is frequently observed in patients
with AD and considered to be responsible
for egocentric disorientation,”’ was not
analysed in VSRAD. A similar reason
may be applicable to the result of a previ-
ously published study,” in which no signifi-
cant correlation with any subset of the
WAIS-IIT was observed in 24 patients with
dementia, including 20 patients with AD.

In conclusion, the results of the present
study support the utility of VSRAD in clin-
ical practice. Exploration of the domains of
cognitive function that may be correlated to
the degree of atrophy in the target VOI

using VSRAD, revealed that orientation
and memory, the first observed AD symp-
toms at early stages, may be potential can-
didates. Future studies involving patients
with AD, in larger multicentre settings,
may be helpful to further validate and
improve the utility of VSRAD.
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