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Abstract

The objective of the study was to explore the relationship between the indi-
cators of Alzheimer’s disease and dementia with Lewy bodies using the vox-
el-based specific regional analysis system for Alzheimer’s Disease (VSRAD)
advance. Among 36 patients with suspected dementia, patients with Alzhei-
mer’s disease and dementia with Lewy bodies were identified using VSRAD
advance from March 1 to October 30, 2019. All patients underwent brain
Magnetic Resonance Imaging (MRI). We diagnosed Alzheimer’s disease us-
ing Volume of Interest (VOI) in the Medial Temporal Lobe (MTL) atrophy
ratio > 2 and dementia with Lewy bodies using both VOI in the MTL atrophy
ratio < 2 and gray/white matter atrophy ratio > 0.2. The correlation between
the indicators of Alzheimer’s disease and dementia with Lewy bodies was
calculated. The number of patients classified as having Alzheimer’s disease
and dementia with Lewy bodies was 25 and 11, respectively. In the Alzhei-
mer’s disease group, the correlation coefficient between the extent of gray
matter atrophy and the severity of atrophy in the dorsal brainstem gray mat-
ter was r = —0.40 (p = 0.045). In dementia with Lewy bodies group, the corre-
lation coefficient between the extent of gray matter atrophy and the severity
of atrophy in the dorsal brainstem white matter was r = —0.78 (p < 0.01). Us-
ing VSRAD advance, gray matter atrophy and dorsal brainstem grey/white
matter atrophy were found to be negatively correlated in Alzheimer’s disease
and dementia with Lewy bodies.
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1. Introduction

Dementia is an urgent problem faced by the elderly. In 2002, an epidemiological
study conducted in Tajiri, Miyagi Prefecture on persons = 65 years old reported
an incidence of dementia of 8.5% [1]. However, the current number of patients
with dementia has likely increased. Previously, the reported overall prevalence
rates of various diseases among people aged > 65 years were as follows: 3.8% for
dementia, 2.1% for Alzheimer’s Disease (AD), 1.0% for vascular dementia, and
0.7% for other types of dementia [2]. However, a recent epidemiological study in
Hisayama, Fukuoka Prefecture, reported the following prevalence rates: 32.3% for
AD, 14.6% for vascular dementia, 9.5% for Dementia with Lewy Bodies (DLB), and
3.1% for mixed dementia [3]. Additionally, a study reported the involvement of
denatured proteins, a type of protein and a-synuclein believed to be related to the
occurrence of AD, in the onset of AD and DLB [4]. a-synuclein is thought to be re-
lated to the occurrence of DLB [5] [6]. As the prognosis of DLB is worse than that
of AD, there exists a need to differentiate between the two diseases [6]. In imaging
diagnosis, nuclear medicine is used to differentiate between AD and DLB, since the
reported cardiac uptake of 1231-Metal-Iodobenzylganidine (MIBG) is decreased in
DLB [7]. In Parkinson’s disease and DLB, tyrosine hydroxylase immunoreactive
nerve fibers are defective [7]. A loss of the dopamine transporter causes a de-
creased uptake of 123I-ioflupane in the basal ganglia [8].

Magnetic Resonance Imaging (MRI) is used to diagnose dementia. Particular-
ly, the voxel-based specific regional analysis system for Alzheimer’s Disease
(VSRAD) software developed by Eisai Co., Ltd. in Tokyo uses voxel-based mor-
phometry to compare the data of normal individuals with that of the test sub-
jects, calculate the Z score using standard deviation, and quantify the severity of
cerebral atrophy, if any. The accuracy of VSRAD in distinguishing between
normal individuals and AD patients has been reported to be 87% [9]. Further-
more, using the characteristic atrophy in the amygdala and hippocampus,
VSRAD can distinguish between normal individuals and AD patients at a prob-
ability of 290% [10]. Recent reports also state that it can distinguish between AD
and DLB [11]. In Japan, VSRAD received medical device approval as VSRAD
advance (in Katakana) in 2020. Although VSRAD is used in practice, the rela-
tionship between the indicators of AD and DLB, and whether they should be
suspected by VSRAD, is still unclear. Therefore, this study aimed to assess the
relationship between the indicators of AD and DLB using VSRAD advance.

2. Methods
2.1. Study Design

We used a single-center retrospective case-controlled study design. We obtained
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all cases of non-contrast enhanced brain MRI (simple brain MRI) for suspected
dementia at the hospital where the authors worked from March 1 to October 30,
2019. We further selected suspected cases of AD and DLB using the scores ob-
tained through VSRAD advance.

The Philips Ingenia 1.5T (Tokyo, Japan) was used for brain MRIs. The fol-
lowing images were examined for each case: diffusion (b = 0, b = 1000), T1- and
T2-weighted, fluid-attenuated inversion recovery, susceptibility-weighted, Ar-
terial-Spin Labeling (ASL), and Magnetic Resonance Angiography (MRA). The
brain MRI images were visually evaluated by the radiologist (Y.O.). The radiolo-
gist (Y.O.) is a board-certified radiologist and radiation oncologist (Japan Radi-
ological Society, Japanese Society for Radiation Oncology), board-certified nuc-
lear medicine specialist (Japan Society of Nuclear Medicine). The radiologist
(Y.0.) has a specialty of radiation oncology imaging and therapy, nuclear medi-
cine, and has experience of emergency imaging (trained from 2009-2011 in 2
hospitals, and started to work from 2018 to now at 1 hospital).

For the ASL image, we inspected the following: 1) decreased cerebral blood
flow at the posterior cingulate cortex and precuneus [12]; 2) normal cerebral
blood flow at the primary sensorimotor cortex (characteristic in AD under sin-
gle-photon emission computed tomography [SPECT]) [13]; 3) decreased cere-
bral blood flow at the occipital lobe [14]; 4) decreased cerebral blood flow at the
occipital lobe and increased blood flow at the striatum and/or thalamus [15];
and 5) decreased and preserved cerebral blood flow at the occipital lobe and
preserved cerebral blood flow at the posterior cingulate gyri relative to the pre-
cunei (cingulate island sign, characteristic in DLB under SPECT) [16].

In each patient, the coronal brain MRI T1-weighted image was analyzed using
VSRAD. Patients with a Z score exceeding a standard deviation of two were ex-
tracted and deemed outliers. For findings suggestive of AD, the Medial Tempor-
al Lobe (MTL)—which includes the entorhinal cortex, amygdala, and hippo-
campus—was set as the area of interest. We measured the following: 1) Volume
of Interest (VOI) atrophy ratio (mean Z score > threshold within the target area
of interest); 2) extent of gray matter atrophy (percentage of the total gray matter
area with a Z score > 2); 3) extent of VOI atrophy (percentage of area in the tar-
get area of interest with Z score > 2); and 4) ratio of atrophy (extent of atrophy
in the target area of interest and extent of gray matter atrophy if the entire brain
was 1). For findings suggestive of DLB, the dorsal part of the brainstem was set
as the area of interest, and the following parameters were measured: 1) ratio of
VOI atrophy in the gray matter (severity of VOI atrophy in the dorsal brainstem
gray matter/in the MTL gray matter); 2) ratio of VOI atrophy in the white mat-
ter (severity of VOI atrophy in the dorsal brainstem white matter/in the MTL
gray matter); 3) severity of VOI atrophy in the MTL gray matter; 4) severity of
VOI atrophy in the dorsal brainstem gray matter; and 5) severity of VOI atrophy
in the dorsal brainstem white matter. Per a report on VSRAD diagnosis, patients

with a VOI atrophy ratio > 2 were diagnosed as having AD, and cases with a
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VOI atrophy ratio < 2, GM VOI atrophy ratio > 0.2, and white matter VOI
atrophy ratio > 0.2 were diagnosed as having DLB.

2.2. Statistical Analysis

The Mann-Whitney U test and Fisher’s exact test were used to compare the re-
sults of the patients with suspected AD and DLB using VSRAD advance scores.
The correlation coefficients of the VOI atrophy ratio, the extent of gray matter,
atrophy, extent and VOI atrophy, and atrophy ratio suggested AD. The correla-
tion coefficients of the severity of VOI atrophy in the dorsal brainstem gray
matter, the dorsal brainstem white matter, and the MTL gray matter suggested
DLB. All coefficients were calculated using Spearman’s rank correlation coeffi-

cient. Statistical significance was defined as p < 0.05.

2.3. Ethical Considerations

This study was approved by the ethics review board of the hospital where the
authors work (approval number 565). All of the patients gave informed consent
before they participated in the study, and they could opt-out at any time through
the hospital website.

3. Results
3.1. Patients

A total of 42 patients were selected to participate in this study. Among them, 36
were included and 6 were excluded—5 due to previous cerebrovascular events
clearly shown on the MRI, and 1 due to a brain tumor. Previous cerebrovascular
events and brain tumor may affect the cognitive function and VSRAD score. Fi-
nally, 36 patients were selected. Using the VSRAD advance scores, 25 patients
were classified as having AD (male: 6, female: 19; mean age: 81.6 * 5.5 years) and
11 as having DLB (male: 5, female: 6; mean age: 81.3 + 6.2 years). A detailed
presentation of the participants’ characteristics is shown in Table 1.

3.2. Brain MRI Findings

Diffusion-weighted images showed no intracranial acute lesions in any of the 36
patients. Furthermore, no coarse lesions or relatively clear cerebrovascular acci-

dents were observed.

3.2.1. Patients Classified as Having AD

Hippocampal atrophy was observed in the T1-weighted sagittal images of all 25
patients with AD. ASL showed decreased blood flow in 16 patients, but un-
changed blood flow in 8 patients. One patient could not be evaluated. The fol-
lowing phenomena were observed: decreased cerebral blood flow at the posterior
cingulate cortex and precuneus in 16 patients; normal cerebral blood flow at the
primary sensorimotor cortex in 6 patients; decreased cerebral blood flow at the
occipital lobe in 16 patients; decreased cerebral blood flow at the occipital lobe
and increased blood flow at the striatum and/or thalamus in 11 patients; and
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Table 1. Summary of patient characteristics (n = 36).

Alzheimer’s Dementia with
disease group Lewy bodies group p-value
(n =25) (n=11)
Age (years, mean + SD) 81.6£5.5 81.3+6.2 0.78
Sex
Male 6 5 0.25
Female 19
Hippocampal atrophy 25 0 <0.01
Decreased blood flow in arterial-spin labeling 16 10 0.22
Microbleeding in susceptibility-weighted imaging 7 3 1.00
Magnetic resonance angiography findings 25 10 0.31
Decreased cerebral blood flow at
. 16 8 1.00
posterior cingulate cortex and precuneus
Normal cerebral blood flow at the primary 6 1 0.39
sensorimotor cortex ’

Decreased cerebral blood flow at the occipital lobe 16 8 1.00

Decreased cerebral blood flow at the occipital lobe
and increased blood flow at the striatum and/or 11 7 0.47

thalamus
. . . Present in 8 .

Cingulate island signs Present in 5 cases 0.71

cases

cingulate island signs in 8 patients. Susceptibility-Weighted Imaging (SWI)
showed microbleeding in only 7 patients, with 17 having none. One patient could

not be evaluated. Overall, the MRA findings were normal in all patients (Table 1).

3.2.2, Patients Classified as Having DLB

No hippocampal atrophy was observed in the T1-weighted sagittal images of all
11 patients with DLB. ASL showed decreased blood flow in 10 patients, with
unchanged blood flow in 1 patient. The following phenomena were observed:
decreased cerebral blood flow at the posterior cingulate cortex and precuneus in
8 patients; normal cerebral blood flow at the primary sensorimotor cortex in 1
patient; decreased cerebral blood flow at the occipital lobe in 8 patients; de-
creased cerebral blood flow at the occipital lobe and increased blood flow at the
striatum and/or thalamus in 7 patients; and cingulate island signs in 5 patients.
SWI showed microbleeding in only 3 of the 11 patients, and MRA showed mild
stenosis of cerebrovascular disease in 1 patient (Table 1).

3.3. VSRAD Advance Findings

All 36 patients were analyzed using VSRAD advance.

3.3.1. Patients Classified as Having AD
Regarding the indicators suggesting AD, the mean severity of VOI atrophy was

2.9 £ 0.7; the mean extent of gray matter atrophy was 6.8 £ 2.9; the mean extent
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of VOI atrophy was 66.6 + 17.1; the mean atrophy ratio was 11.2 + 4.4.
Regarding the indicators suggesting DLB, the mean ratio of VOI atrophy in
gray and white matter was 0.24 = 0.1 and 0.1 * 0.1 respectively; the severity of
VOI atrophy in the MTL gray matter was 2.9 * 0.7; the severity of VOI atrophy in
the dorsal brainstem gray and white matter was 0.7 + 0.2 and 0.3 + 0.3 respectively.
In 2 of the 25 patients classified as having AD, the ratio of VOI atrophy in

gray and white matter was both > 0.2.

3.3.2. Patients Classified as Having DLB

Regarding the indicators suggesting AD, the mean severity of VOI atrophy was
1.2 £ 0.4; the mean extent of gray matter atrophy was 6.1 * 3.5; the mean extent
of VOI atrophy was 14.2 + 11.7; the mean atrophy ratio was 2.6 + 1.9.

Regarding the indicators suggesting DLB, the mean ratio of VOI atrophy in
gray matter was 0.9 * 0.7; the mean ratio of VOI atrophy in white matter was 0.6
* 0.6; the severity of VOI atrophy in the MTL gray matter was 1.2 + 0.4; the se-
verity of VOI atrophy in the dorsal brainstem gray matter was 0.8 + 0.2; the sever-
ity of VOI atrophy in the dorsal brainstem white matter was 0.5 + 0.2 (Table 2).

3.4. Comparison of Patients Classified as Having AD and DLB

The extent of gray matter atrophy was 5.7% in patients classified as having AD,
and 5.5% in patients classified as having DLB, with a non-significant difference
between the two results. The severity of VOI atrophy in the dorsal brainstem
gray matter was 0.6 in patients classified as having AD and 0.8 in those classified
as having DLB; no significant difference was noted. However, the severity and
extent of VOI atrophy, VOI ratio, severity of VOI atrophy in the dorsal brainstem
white and gray matter, and ratio of VOI atrophy in gray and white matter were
significantly different (Table 2).

Table 2. Comparison of patients with Alzheimer’s disease and dementia with Lewy.

Alzheimer’s  Dementia with
Phenomena disease group Lewy bodies  p-value
(n =25) group (n =11)

Severity of VOI atrophy 2.9 1.3 <0.01*

Extent of gray matter atrophy 5.7 5.5 0.42
Extent of VOI atrophy 64.4 14.0 <0.01*
VOI ratio 10.2 2.8 <0.01*

Severity of VOI atrophy in the dorsal brainstem gray matter 0.6 0.8 0.07
Severity of VOI atrophy in the dorsal brainstem white matter 0.2 0.5 <0.01*
Severity of atrophy in the medial temporal lobe gray matter 2.9 1.3 <0.01*
Ratio of VOI atrophy in gray matter 0.2 0.6 <0.01*
Ratio of VOI atrophy in white matter bodies 0.1 0.4 <0.01*

*Indicates statistical significance. VOI—volume of interest.
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3.5. Correlation Coefficient

We calculated the correlation coefficient between the indicators of AD and DLB.

3.5.1. Patients Classified as Having AD

A correlation coefficient of r = 1.00 (p < 0.01) was noted between the severity of
VOI atrophy and atrophy in the MTL gray matter and of r = 0.84 (p < 0.01) be-
tween the extent of VOI atrophy and the extent of atrophy in the MTL gray
matter. As seen in Table 3, a correlation coefficient of r = —0.40 (p = 0.045) was
noted between the extent of gray matter atrophy and the severity of VOI atrophy
in the dorsal brainstem gray matter (Figure 1), r = 0.5 (p = 0.01) between the

Table 3. Correlation coefficients of patients with Alzheimer’s disease.

Severity of atrophy in Severity of VOI Severity of VOI
the medial temporal atrophy in the dorsal atrophy in the dorsal
lobe gray matter  brainstem gray matter brainstem white matter

. r=1.00 r=0.30 r=-0.01
Severity of VOI atrophy

p <0.01* p=0.15 p=0.94
Extent of gray matter r=0.04 r=-0.40 r=20.01
atrophy p=0.84 p = 0.045* p=0.99
=0.84 =0.25 =-0.08

Extent of VOI atrophy ' ' g
p <0.01* p=025 p=0.71
. r=0.50 r=20.50 r=-0.13

VOI ratio

p=0.01 p=0.01* p=0.53

*Indicates statistical significance. VOI, volume of interest.

Severity of VOI atrophy in the dorsal brainstem gray matter

1.2 °
1.0 4

oo

°
0.8 1 ° °
%
0.6 ° o ? 5
o, ~2_ o
° —

o °

0.4 °

I l6 8] 1;) 1]2 lll 1I6
Extent of GM atrophy
(T 1 . .

Figure 1. A correlation between the extent of gray matter atrophy and the severity of VOI
atrophy in the dorsal brainstem gray matter.
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atrophy ratio and the severity of VOI atrophy in the MTL gray matter, and r =
0.50 (p = 0.01) between the atrophy ratio and the severity of VOI atrophy in the

dorsal brainstem gray matter.

3.5.2. Patients Classified as Having DLB

A correlation coefficient of r = 1.00 (p < 0.01) was noted between the severity of
VOI atrophy and atrophy in the MTL gray matter, r = 0.97 (p < 0.01) between
the extent of VOI atrophy and atrophy in the MTL gray matter, and r = 0.78 (p <
0.01) between the extent of gray matter atrophy and the severity of VOI atrophy
in the dorsal brainstem white matter (Figure 2). No significant correlations were
noted for the other factors (Table 4).

Extent of GM atrophy

12 A

10

—‘7 2—0
T

03 04 05 06 07 08
Severity of VOI atrophy in the brainstem

white matter | | —

Figure 2. A correlation between the extent of gray matter atrophy and the severity of VOI

atrophy in the dorsal brainstem white matter.

Table 4. Correlation coefficients of patients with dementia with Lewy bodies.

Severity of atrophy in  Severity of VOI atrophy Severity of VOI atrophy
the medial temporal lobe in the dorsal brainstem in the dorsal brainstem

gray matter gray matter white matter

Severity of r=1.00 r=-0.39 r=0.07
VOI atrophy p <0.01* p=0.24 p=0.84
Extent of GM r=0.56 r=-0.24 r=0.78
atrophy p=0.08 p=0.49 p <0.01*
Extent of r=0.97 r=-0.48 r=0.04
VOI atrophy p <0.01* p=0.14 p=091
. r=0.54 r=-0.25 r=-0.55

VOI ratio
p=0.09 p =047 p=0.08

*Indicates statistical significance. VOI—volume of interest.
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4. Discussion

Dementia is an important health issue that continues to affect the elderly. How-
ever, with a worse prognosis for DLB than for AD, there is a need to differentiate
between the two. Therefore, this study examined the scores of patients classified
as having AD and DLB using VSRAD advance to differentiate between their in-
dicators. DLB is characterized by more severe atrophy of the white matter of the
midbrain, pons, and cerebellum than AD [17]. Additionally, DLB is characte-
rized by atrophy of the white matter of the pons [18]. However, our results
showed that in patients classified as having AD, the extent of gray matter atro-
phy and the severity of VOI atrophy in the dorsal brainstem gray matter were
significantly negatively correlated. Using VSRAD advance, the area of interest
was set in the medial temporal region—which includes the entorhinal cortex,
amygdala, and hippocampus—to identify the findings suggestive of AD. The
dorsal brainstem gray matter atrophies when the atrophy ratio is high, ie, at an
early stage where atrophy in the MTL selectively progresses, and gray matter
atrophy does not. However, when the atrophy ratio is low, ie, at a stage where
selectivity in the MTL decreases and gray matter atrophy progresses, atrophy in
the dorsal brainstem gray matter is less likely to occur. Based on this, patients
classified as having AD, the dorsal brainstem gray matter atrophies when the
gray matter atrophy is mild—which suggests that the dorsal brainstem gray matter
could be relatively preserved as gray matter atrophy progresses. In previous stu-
dies, brainstem atrophy was observed in patients with AD [19] and early AD
[20]. The volume of the brainstem is lower in patients with AD than in healthy
subjects [20]. Our results are consistent with these reports, suggesting that atro-
phy of the brainstem is also observed in AD, and that gray matter atrophy is
pronounced at a relatively early stage. However, in patients classified as having
DLB, the extent of gray matter atrophy and the severity of VOI atrophy in the
dorsal brainstem white matter showed a significant correlation. This suggests
that in DLB, the dorsal brainstem white matter also atrophies as the gray matter
atrophy progresses. It has been suggested that in DLB, the pathway of the Lewy
bodies and a-synuclein starts from the olfactory mucosa and continues to the ce-
rebral cortex via the hippocampus and amygdala. It then extends to the dorsal
nucleus of the vagus in the medulla oblongata via the autonomic nerves, pontine
tegmentum, midbrain substantia nigra, and cerebral cortex [21]. Our results may
reflect this “break” hypothesis, suggesting that Lewy bodies may develop in the ce-
rebral cortex as the atrophy of the dorsal brainstem progresses—causing further
cerebral atrophy. In this study, the extent of gray matter atrophy was 5.7% and
5.5% in the patients classified as having AD and DLB respectively. These results
indicate that both AD and DLB have an almost equal extent of gray matter atro-
phy. However, patients classified as having AD and DLB had different results for
gray matter and dorsal brainstem atrophy, which may reflect the difference in
pathological conditions. Furthermore, it was found that the severity of the dorsal

brainstem atrophy varied depending on the state of gray matter atrophy. This
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indicates that there is a need to consider the state of gray matter atrophy when
conducting the differential diagnosis between AD and DLB.

There were several limitations in this study that should be considered. First,
AD and DLB were classified based on VSRAD advance values. ASL analysis
showed no statistically significant differences in cerebral blood flow patterns
between AD and DLB. This may be due to several reasons: 1) ASL resolution is
not high; and 2) only one radiologist (have other specialty) evaluated the MRI
results. Moreover, VSRAD advance has a sensitivity of 50.6%, specificity of 75.6%,
and a correct diagnosis rate of 65.2% for the differential diagnosis between AD
and DLB [11]. Its diagnostic capability is also limited. It is important to note that
AD and DLB can coexist. AD-like changes have also been observed in DLB [22].
Cognitive function declines the fastest in persons with both DLB and AD [23]
and is also the poorest in such patients [24]. Therefore, the possibility of distin-
guishing between AD and DLB may have been limited. Second, based on SWI in
MR, it has recently been reported that in DLB, high intensity areas in the dorsal
substantia nigra reflecting melanin disappear [25], and high intensity reflecting
melanin in the locus coeruleus decreases [26]. Furthermore, in a study using VS-
RAD, atrophy of the entorhinal cortex was found to be milder in DLB than in
AD [27]. However, the Philips Ingenia 1.5T (Japan, Tokyo) used in this study
needed setting changes for melanin imaging. Third, we did not perform psycho-
logical tests since quantitative evaluation via VSRAD advance was the focus of
this study. However, a correlation between Neurobehavioral Cognitive Status
Examination results and Z score was recently found using the VSRAD [28]. Thus,
when studying dementia, it may be necessary to apply psychological testing and
utilize neurological examinations. Finally, we had a small sample of participants
because this was a single-center retrospective study. Using VSRAD, it was re-
cently found that there is an association between a patient’s number of teeth and
gray matter atrophy [29]. Thus, there is a need for prospective trials with a
greater number of participants using various tests, such as psychological indica-

tors, neurological examinations, and nuclear medicine tests.

5. Conclusion

This study showed a negative correlation between the extent of gray matter atro-
phy and the severity of atrophy in the dorsal brainstem gray matter in patients
who were identified to have AD using VSRAD advance. Additionally, a positive
correlation between the extent of gray matter atrophy and the severity of atrophy
in dorsal brainstem white matter was found in patients with DLB. These results
indicate that the severity of dorsal brainstem atrophy depends on the extent of

gray matter atrophy.
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