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Objective: The severity of cerebral small vessel disease (SVD) on magnetic
resonance imaging (MRI) has been assessed using hypertensive arteriopathy SVD
and cerebral amyloid angiopathy (CAA)-SVD scores. In addition, we reported the
modified CAA-SVD score including cortical microinfarcts and posterior dominant
white matter hyperintensity. Each SVD score has been associated with cognitive
function, but the longitudinal changes remain unclear. Therefore, this study
prospectively examined the prognostic value of each SVD score, imaging findings
of cerebral SVD, and neuropsychological assessment.

Methods: This study included 29 patients diagnosed with mild cognitive
impairment or mild dementia at memory clinic in our hospital, who underwent
clinical dementia rating (CDR) and brain MRI (3D-fluid attenuated inversion
recovery, 3D-double inversion recovery, and susceptibility-weighted imaging) at
baseline and 1 year later. Each SVD score and neuropsychological tests including
the Mini-Mental State Examination, Japanese Raven’'s Colored Progressive
Matrices, Trail Making Test -A/-B, and the Rivermead Behavioral Memory Test were
evaluated at baseline and 1 year later.

Results: Twenty patients had unchanged CDR (group A), while nine patients
had worsened CDR (group B) after 1 year. At baseline, there was no significant
difference in each SVD score; after 1 year, group B had significantly increased
CAA-SVD and modified CAA-SVD scores. Group B also showed a significantly
higher number of lobar microbleeds than group A at baseline. Furthermore, group
B had significantly longer Japanese Raven's Colored Progressive Matrices and
Trail Making test-A times at baseline. After 1 year, group B had significantly lower
Mini-Mental State Examination, Japanese Raven’'s Colored Progressive Matrices,
and Rivermead Behavioral Memory Test scores and significantly fewer word
fluency (letters).
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Conclusion: Patients with worsened CDR 1 year after had a higher number
of lobar microbleeds and prolonged psychomotor speed at baseline. These
findings may become predictors of cognitive deterioration in patients who

visit memory clinics.

KEYWORDS

mild cognitive impairment, mild dementia, hypertensive arteriopathy-small vessel
disease score, cerebral amyloid angiopathy-small vessel disease score, modified cerebral
amyloid angiopathy-small vessel disease score, memory clinic

1. Introduction

The incidence of dementia has declined over the decades in the
United States and England (Matthews et al.,, 2016); however, the
increase of the aging population continues to increase the number
of patients with dementia. Dementia is one of the main social and
public health problems worldwide. Alzheimer’s disease (AD) and
vascular dementia are two major causes of dementia and are linked
to cerebral small vessel disease (SVD) (Shindo et al., 2020).

The two major types of SVD are hypertensive arteriopathy
(HA) and cerebral amyloid angiopathy (CAA). Magnetic resonance
imaging (MRI) technology has made it possible to visualize lesions
caused by SVD (Pantoni, 2010). HA and CAA share common
MRI features of SVD, including white matter hyperintensities
(WMH), enlargement of perivascular spaces (PVS), and cerebral
microbleeds (MBs). However, the location and distribution of these
radiological findings are different. In CAA, the anteroposterior
distribution of WMH is posterior-dominant (Sekh et al., 2014).
The enlargement of PVS in the basal ganglia (BG-PVS) is
associated with hypertension, while patients with CAA show
centrum semiovale PVS (CSO-PVS) (Charidimou et al., 2014).
MBs in the BG, thalamus, or brainstem (i.e., deep MBs) indicate
HA, while MBs in the lobar brain compartment are associated
with CAA (Greenberg et al.,, 2009). Moreover, lacunar infarcts are
associated with hypertension, and cortical superficial siderosis (cSS)
is one of the MRI biomarkers in CAA (Linn et al., 2010). Cortical
microinfarcts (CMIs) are small foci restricted to the cerebral
cortex and caused by different pathological backgrounds, such as
CAA, arteriosclerosis, and microembolism (Kovari et al., 2017).
CMI has become detectable by MRI in clinical settings (Ii et al.,
2019). Furthermore, neuroradiological findings obtained using 3T
MRI might distinguish CMIs due to CAA and microembolisms
(Ishikawa et al., 2020).

These SVD imaging features have been associated with
cognitive decline (Staals et al., 2015). WMH is an independent

Abbreviations: AD, Alzheimer's disease; SVD, small vessel disease; MRI,
magnetic resonance imaging; CAA, cerebral amyloid angiopathy; HA-SVD,
hypertensive arteriopathy-small vessel disease; CAA-SVD, cerebral amyloid
angiopathy-small vessel disease; WMH, white matter hyperintensities;
PVS, perivascular spaces; MBs microbleeds; CSO-PVS, centrum semiovale
perivascular spaces; BG, basal ganglia; cSS, cortical superficial siderosis;
CMIs, cortical microinfarcts; MCI, mild cognitive impairment; CDR, clinical
dementia rating; MMSE, mini-mental state examination; RCPM, Raven's
colored progressive matrices; RBMT, Rivermead behavioral memory test;
SPS, standard profile score; SS, screening score; WF, word fluency; TMT,
trail-making test; FLAIR, fluid-attenuated inversion recovery; aMCl, amnestic
type; naMCl, non-amnestic type; VSRAD, voxel-based specific regional
analysis system for Alzheimer's disease; AB, amyloid beta.
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risk factor for progression from mild cognitive impairment (MCI)
to AD (Defrancesco et al., 2013), and several reports have shown
that WMH is an aggravating factor for cognitive decline in AD
(Brickman et al., 2008; de Leeuw et al., 2006; Park et al., 2011).
WMH could also become the predictor for cognitive decline
(Clancy et al,, 2022). In addition, an increase of lobar MBs are
associated with cognitive decline (Gregoire et al., 2013; Poels et al.,
2012), and the number of lobar MBs become the predictor for
cognitive decline (Gyanwali et al., 2021). Imaging markers for
ischemic and hemorrhagic stroke, as well as SVD markers, can
predict dementia in patients with stroke (Rost et al., 2022; Taniguchi
et al., 2022), there are a few reports that SVD markers can be a
predictor of cognitive decline in non-stroke patients prospectively.

In contrast, neuropsychological assessments also can predict
cognitive decline; studies on MCI have reported that deterioration
of verbal memory, executive functions or visual memory predict
conversion to AD (Belleville et al., 2017) and deficits in verbal
memory and psychomotor speed/executive function abilities
strongly predicted conversion to AD (Tabert et al., 2006). Moreover,
studies on aMCI (amnestic MCI) have reported that the rate of
change in TMT-B over 1 year is a predictor of conversion to AD
(Rozzini et al., 2007), and that memory tests can predict cognitive
decline better than executive functions, attention, and working
memory (Vyhnalek et al., 2022).

Recently, three types of MRI-based assessment scores have
been developed for SVD, including HA-SVD, CAA-SVD, and
modified CAA-SVD score (Klarenbeek et al.,, 2013; Staals et al.,
2014; Charidimou et al., 2016; Matsuda et al., 2021). Each SVD
score has been associated with cognitive function, but changes in
each score and each item of the score longitudinal changes remain
unclear. Therefore, this study aimed to examine prospectively the
prognostic value for the deterioration of cognitive function with
each SVD score, by comparing imaging findings of SVD and
neuropsychological assessments in the patients of our memory
clinic.

2. Materials and methods

2.1. Patients

We prospectively registered 42 patients who consulted memory
clinic in our hospital (Matsuda et al., 2021). Thirty-three of 42
patients were available for MRI, neuropsychological test, and
CDR follow-up at 1 year. After excluding four patients with
complications of other diseases or CDR improvement, total
twenty-nine patients were enrolled in this study (Figure 1).
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All
participants
(n=42)
Excluded due to:
Transfer to family doctor (n= 4)
No visit (n=3)
Brain MRI, cogniti and CDR could not be conducted (n=2)
CDR re-evaluation available after 1 year
(n=33)
| Excluded due to:
Complications of other diseases (n= 1)
Total patients enrolled in this study

(n=29)

‘ CDR impi (n=3)

[ No change in CDR (n=20): Group A ‘ | Deterioration of CDR (n=9): Group B |

FIGURE 1
Patient enrolment process. CDR, clinical dementia rating; MRI,
magnetic resonance imaging.

TABLE 1 Participant characteristics.

Demographics (€17e]0] )
B,
N=9
Age, years, mean (SD) 71.8(2.4) 75.3(2.1) 0.59
Education, years, mean (SD) 12.3 (0.5) 12.0 (0) 0.69
Duration of disease, months, 15.8 (4.9) 15.2 (5.6) 0.95
mean (SD)
CDR-SB, score, mean (SD) 3.1(0.3) 43(0.7) 0.11
MCI (CDR 0.5), N (%) 15 (75) 6 (66.6) 0.64
Mild dementia (CDR 1), N (%) 5(25) 3(33.3) 0.64
modified Boston Probable 4(20) 4(44.4) 0.40
criteria (ver 1.5) CAA, N (%)
Possible 8 (40) 2(22.2) 0.26
CAA, N (%)
Hypertension, N (%) 9 (45) 5 (55.5) 0.38
Dyslipidemia, N (%) 5(25) 1(11.1) 0.40

MCI, mild cognitive impairement; CDR-SB, clinical dementia rating sum of boxes; CAA,
cerebral amyloid angiopathy; SD, standard deviation.

Inclusion and exclusion criteria are shown in Supplementary
Table 1.

Among the participants, 20 had no change in CDR (group A)
and nine had CDR deterioration (group B). Table 1 presents the
clinical characteristics at baseline evaluation. Groups A and B did
not differ significantly in clinical characteristics. All procedures
followed the clinical study guidelines of the Ethics Committee of
Mie University Hospital and were approved by the internal review
board (Registration number: 1596). A complete description of all
procedures was provided to the patients, and written informed
consent was obtained directly from patients or their caregivers. All
patients were examined by neurologists with sufficient experience
in examining patients with dementia.

A diagnosis of MCI was made by CDR, and CDR 0.5 was
diagnosed as MCI (Hughes et al., 1982). MCI was classified into an
amnestic type (aMCI) or non-amnestic type (naMCI) depending
on the presence or absence of memory impairment, respectively
(Petersen, 2011). We diagnosed AD according to the National
Institute on Aging-Alzheimer’s Association guidelines (McKhann
et al,, 2011). Vascular dementia was diagnosed according to the
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criteria set forth by the National Institute of Neurological Disorders
and the Stroke Association International pour la Recherche et
I'Enseignement en Neurosciences (NINDS-AIREN) (Roman et al.,
1993).

2.2. Neuropsychological assessments

The Mini-Mental State Examination (MMSE) (Mori et al.,
1985) and Japanese Raven’s Colored Progressive Matrices (RCPM)
(Raven, 1962) were used to quantify intellectual function. Memory
was evaluated using the Rivermead Behavioral Memory Test
(RBMT). The scores included a standard profile score (SPS) and
screening score (SS) (Wilson et al., 1989). Constructional ability
was assessed using the Mie Constructional Apraxia Scale (Satoh
et al., 2016). Frontal lobe function was assessed using two tasks:
Word Fluency (WF) and Trail-Making Test (TMT) -A/-B (Abe
et al., 2004). The WF test consisted of category and letter domains.
In the category WF task, participants were asked to name as many
animals as possible in 1 min. In the letter WF task, participants were
asked to name as many objects as possible in 1 min, beginning with
each of the following four phonemes: ka, sa, ta, and te. The average
scores for these four phonemes were used for statistical analyses.

Two speech therapists performed CDR, and the results were
evaluated through a discussion between two neurologists and three
speech therapists based on the CDR determination rules (Hughes
etal., 1982).

2.3. MRI protocol

The MRI protocol was the same reported by Ii et al. (2019).
Briefly, MRI studies were performed with a 3T MRI unit (Ingenia,
Philips Medical System, Best, Netherlands) using an 8- or 32-
channel phased-array head coil. We used T1- and T2-weighted and
3D fluid attenuated inversion recovery (FLAIR) images to evaluate
WMH, lacunar infarcts, and PVS. Susceptibility-weighted image
(SWI) sequences were used for the detection of MBs and ¢SS. CMIs
were detected using 3D double inversion recovery (DIR) and 3D
FLAIR. Axial double inversion recovery imaging was performed
using two different inversion pulses. The long and short inversion
times were defined as the intervals between the 180° inversion
pulse and the 90° excitation pulse, respectively, which had been
optimized for human brain imaging and were provided by the
manufacturer.

Details of the 3D FLAIR: field of view 250 mm, matrix
256 x 184, section thickness 0.57 mm with over contiguous
slices, TR/TE 6,000 ms/390 ms (shortest), TI 2,000 ms, number
of signals acquired 2; and acquisition time 4 min 42 s; 3D
DIR: field of view 250 mm, matrix 208 X 163, section thickness
0.65 mm with over contiguous slices, turbo spin echo factor
173, TR/TE 5,500 ms/298 ms; long inversion time (TT)/short TI
2,550 ms/450 ms, number of signals acquired 2; and acquisition
time 5 min 13 s; SWI: field of view 230 mm, matrix 384 x 300,
section thickness 1.0 mm with over contiguous slices, TR/TE
31 ms/7.2 ms, echo spacing 6.2 ms; number of echoes 4; number
of signals acquired 1; flap angle 17°, and acquisition time 4 min
52 s; T1-weighted imaging (TIWI): field of view 260 mm, matrix
288 x 288, section thickness 0.9 mm, repetition time (TR)/echo
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TR/TE (ms) Matrix Thickness Acquisition
(mm) time

3D FLAIR imaging Sagittal 6,000/390 - 256*184 0.57 4min42s

(TT 2,000) (over contiguous)
3D double inversion recovery Sagittal 5,500/298 - 208*163 0.65 5min13s
imaging (T12,550/450) (over contiguous)
Susceptibility weighted Transverse 31/7.2 17 384*300 1.00 4 min 52 s
imaging (echo spacing 6.2, 4echo) (over contiguous)
3D T1 weighted imaging Sagittal 7.6/3.6 10 288*288 0.9 4min 42 s
2D T2 weighted imaging Transverse 7,000/90 - 384*345 3.0/0.5 2min43s

time (TE) 7.6 ms (shortest)/3.6 ms (shortest), flip angle 10°, and
acquisition time 4 min 42 s; T2-weighted imaging: field of view
220 mm, matrix 384 x 345, section thickness 3.0 mm, gap 0.5 mm,
TR/TE 7,000 ms (shortest)/90 ms; and acquisition time 2 min 43 s
(Table 2).

2.4.SVD scores

The HA-SVD score was evaluated as follows; 1 point was given
for the severity of each of the four MRI markers (lacunar infarcts,
MBs, BG-PVS, and WMH), with a minimum score of 0 and a
maximum score of 4 (Klarenbeek et al., 2013). The CAA-SVD
score was calculated as sum of points for the severity of each of
the four markers (lobar MBs, ¢SS, CSO-PVS, and WMH) with a
minimum score of 0 and a maximum score of 6 (Charidimou et al.,
2016). Specifically as follows: For lobar MBs, 1 point was given
if two to four MBs were present, and 2 points were for five or
more MBs. The presence of ¢SS was given 1 point if focal and 2
points if disseminated. The presence of CSO-PVSs was confirmed
if there were moderate to severe (>20) PVSs (1 point if present).
For WMH, 1 point was given if the score on the Fazekas scale was
3 for periventricular WMH and/or 2 or 3 for deep WMH. The
modified CAA-SVD score was evaluated as follows (Matsuda et al.,
2021): For posteriorly dominant WMH, tissue quantification was
performed using in-house software (FUsed Software for Imaging
Of Nervous system: FUSION) (Tabei et al., 2017). If there was a
large amount of posterior WMH, 1 point was added to the CAA-
SVD score. CMIs due to CAA were confirmed when CMIs localized
within the cortex, predominantly in the occipital lobe, were smaller
than 5 mm in diameter, and there were fewer than three lesions
(Ishikawa et al., 2020). When there were any CMIs due to CAA, we
added 1 point to the CAA-SVD score. Three raters (M.K, LY, and
U.Y) independently assessed these scores.

2.5. Statistical analyses

Differences in demographic variables and results from the
neuropsychological assessment between patients with unchanged
CDR after 1 year (group A) and those with worsened (group B)
were analyzed using a two-sample ¢-test for equal variance data,
the Welch test for unequal variance data. In addition, regression
analysis was performed using the significantly different items as
covariates and the change in CDR as the objective variable.
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Statistical analysis was performed using IBM SPSS Statistics
software version 25 (IBM Corp., Armonk, NY, USA). Clinical
and radiological characteristics were presented as numbers with
percentages and means with standard deviation. Statistical analyses
were performed using IBM SPSS Statistics software version 25
(IBM Corp., Armonk, NY, USA). Differences with p < 0.05 were
considered statistically significant.

3. Results

3.1. Patients

In group A, the mean age was 71.8 years with a standard
deviation (SD) of 2.4 years, the mean disease duration was
15.8 months with a SD of 4.9 months, and 12 patients (60%) met
the modified Boston criteria for CAA (version 1.5) (Greenberg and
Charidimou, 2018). Regarding vascular risk factors, nine patients
had hypertension (45%) and five (25%) had dyslipidemia. The
global CDR score was 0.5 for 15 patients (75%) and 1.0 for five
patients (25%), with a mean CDR-sum of boxes scores of 3.1 with a
SD of 0.3. Of the five patients with a global CDR score of 1.0, four
were diagnosed with probable AD and one with vascular dementia
by their respective criteria. Among the 15 patients with MCI, six
had aMCI (40%), and nine had naMCI (60%). In group B, the mean
age was 75.3 years with a SD of 2.1 years, the mean disease duration
was 15.2 months with a SD of 5.6 months, and six patients (66.6%)
met the modified Boston criteria for CAA (version 1.5). Regarding
vascular risk factors, five patients had hypertension (55.5%) and
one (11.1%) had dyslipidemia. The global CDR score was 0.5 for
six patients (66.6%) and 1.0 for three patients (33.3%), with a mean
CDR-sum of boxes scores of 4.3 with a SD of 0.7. All patients with
a global CDR score of 1.0 met the criteria for probable AD. Among
the six patients with MCI, five had aMCI (83.3%) and one had
naMCI (16.6%). After 1 year, four of five patients with aMCI had
converted to AD and one to vascular dementia; one patient with
naMCI had converted to AD (Table 3).

3.2. Longitudinal assessment of cognitive
function

Table 4 presents the longitudinal assessment of the participants’
cognitive function. At the baseline evaluation, the time required
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TABLE 3 Diagnoses before and after aggravation in group B.

Patient Diagnosis Lacune, No. Lobar MBs, No. | Deep MBs, No. WMH WMH CSO-PVS, BG-PVS,
(Fazekas; (Fazekas; score score
deep), score | Periventricular),
score
Follow-| Base-| Follow-| Base-| Follow-| Base-| Follow- | Base-| Follow- | Base-| Follow-| Base-| Follow-| Base-| Follow-| Base-| Follow-
up line up line up line up line (]} line up line up line up line up
1 probable  probable 23 16 0 0 0 2 0 0 3 3 3 3 4 4 1 2
AD AD
2 aMCI | probable 22 15 0 0 3 6 0 0 1 1 1 1 1 3 1 1
AD
3 probable  probable 27 21 1 1 23 26 3 3 3 3 2 3 3 3 3 3
AD AD
4 aMCI | probable 21 10 0 0 43 47 3 3 2 2 3 3 4 4 2 2
AD
5 aMCI vascular 23 19 2 2 3 3 0 0 3 3 3 3 3 3 2 2
dementia
6 naMCI | probable 27 27 0 0 0 0 0 0 2 2 3 3 3 3 3 3
AD
7 probable| probable 25 22 0 0 12 12 0 0 2 2 2 3 4 4 3 3
AD AD
8 aMCI | probable 27 26 0 0 0 6 0 0 2 2 1 2 4 4 1 1
AD
9 aMCI | probable 26 26 0 0 1 1 0 0 1 1 1 1 3 3 1 1
AD

AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive impairment; MMSE, Mini-Mental State Examination; MBs, microbleeds; WMH, white matter hyperintensities; CSO-PVSs, centrum semiovale enlargement of
perivascular spaces; BG-PVSs, enlargement of perivascular spaces in the basal ganglia.
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TABLE 4 Successive changes in the assessment of cognitive function.

Initial evaluation

Neuropsychological test

After 1 year evaluation

MMSE 26.7 (0.5) 26.0 (0.9) 0.30 25.4(0.9) 20.1 (1.6) 0.03*
RCPM Score 26.9 (1.7) 25.0 (2.7) 027 25.8 (1.4) 20.3 (2.0) 0.02*
Time, s 334.7 (41.4) 573.5 (70.2) 0.01* 353.3 (26.5) 681.6 (194.6) 0.13

RBMT SPS 13.7 (1.4) 116 (3.0) 0.29 153 (1.9) 7.2(3.5) 0.02*
sS 5.4(0.8) 4.6 (1.5) 0.40 6.5(1.0) 25 (1.5) 0.20

TMT As 180.2 (19.4) 244.6 (48.9) 0.02* 164.9 (16.3) 256.5 (71.9) 0.03*
B,s 2212 (15.7) 294.8 (52.3) 0.19 226.4 (26.9) 343.7 (86.7) 0.09

WE/min Animal 13.4(0.8) 12.6 (3.0) 033 142 (12) 117 (3.1) 0.08
Letters 6.4 (0.4) 5.6 (0.8) 0.11 7.3 (0.6) 5.7 (2.0) 0.03*

MCAS Score 3.1(0.5) 3.0(07) 0.60 2.6(0.4) 2.0 (1.0) 091
time, s 414 (7.4) 40.8 (9.8) 0.80 43.1(7.4) 352 (14.9) 0.49

MMSE, Mini-Mental State Examination; RCPM, Raven’s Colored Progressive Matrices; s, seconds; RBMT, Rivermead Behavior Memory Test; SPS: Standard profile score, SS: screening score;
TMT, Trail-Making Test; WE, word fluency; MCAS, Mie Constructional Ability Scale. *Differences with p < 0.05 was considered statistically significant.

Lobar MBs (No.) RCPM time (s)

14 800

b p=0.04" 00 p=0.01"

10 [ 600 [ k
8 500
6 400
4

N

, mN

Group A Group B

FIGURE 2

300
200
100

Number of MBs and time required for RCPM at baseline and follow-up in Group A and Group B. MBs, microbleeds; RCPM, Raven’s colored
progressive matrices. *Differences with p < 0.05 was considered statistically significant.

Group A Group B

B Baseline [ Follow-up

for RCPM (p = 0.01) (Figure 2) and TMT-A (p = 0.02) was
significantly longer in group B. Group A had MMSE scores of
26.7 + 0.5, RCPM scores of 26.9 4+ 1.7, RBMT-SPS scores of
13.7 £ 1.4, and WF-letters recall of 6.4 + 0.4 words. Group B
had MMSE scores of 26.0 + 0.9, RCPM scores of 25.0 &+ 2.7,
RBMT-SPS scores of 11.6 &+ 3.0, and WE-letters recall of 5.6 & 0.8
words. There was no significant difference in any of them. After
1 year, group A had MMSE scores of 25.4 &= 0.9, RCPM scores of
25.8 + 1.4, RBMT-SPS scores of 15.3 4+ 1.9, and WE-letters recall
of 7.3 £ 0.6 words. Group B had MMSE scores of 20.1 + 1.6,
RCPM scores of 20.3 £ 2.0, RBMT-SPS scores of 7.2 4+ 3.5,
and WEF-letters recall of 5.7 £ 2.0 words. Furthermore, group
B had significantly lower MMSE (p = 0.03), RCPM (p = 0.02),
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and RBMT-SPS (p = 0.02) scores, and significantly fewer WEF-
letters recall (p = 0.03). After dividing the patients into two
groups, one with markers and one without, and analyzing cognitive
function for each marker, we found that the group with Lobar
MBs had significantly less WF-letters recall (p = 0.014) and the
group with Deep MBs had significantly longer time to TMT-A
(p = 0.013). There were no significant differences in other imaging
markers.

For longitudinal changes in Groups A (Table 5) and B (Table 6),
Group A had significantly less recall of WEF-letters at follow-up
compared to baseline (p = 0.04). And Group B had significantly
lower (p < 0.01) MMSE scores at follow-up compared to baseline.
Other items were also worsened, but not significantly.
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TABLE 5 Successive changes in the assessment of cognitive function
and image evaluation in group A.

10.3389/fnagi.2023.1155122

TABLE 6 Successive changes in the assessment of cognitive function
and image evaluation in group B.

Neuropsychological test | Baseline | Follow- Neuropsychological test | Baseline | Follow-
up up
MMSE 26.7 (0.5) 25.4(0.9) 0.49 MMSE 26.0 (0.9) 20.1 (1.6) <0.01*
RCPM Score 26.9 (1.7) 25.8 (1.4) 0.38 RCPM Score 25.0 (2.7) 20.3 (2.0) 0.18
Time, s 334.7 (41.4) 353.3 (26.5) 0.49 Time, s 573.5(70.2) 681.6 0.72
194.6
RBMT SPS 13.7 (1.4) 15.3 (1.9) 0.45 ( )
RBMT SPS 11.6 (3.0 7.2 (3.5 0.18
SS 5.4 (0.8) 6.5 (1.0) 0.36 (3.0) (35)
SS 4.6 (1.5 2.5(1.5 0.65
TMT As 1802 (19.4) | 164.9(16.3) | 0.56 (1.5) (1-5)
T™MT Ass 244.6 (48.9) 256.5(71.9) 0.72
B,s 221.2 (15.7) 226.4 (26.9) 0.78
) i Bs 294.8 (52.3) | 343.7(86.7) | 0.2
WE/min Animal 13.4 (0.8) 14.2 (1.2) 0.38
WE/min Animal 12.6 (3.0) 11.7 3.1) 0.81
Letters 6.4 (0.4) 7.3 (0.6) 0.04*
Lett: 5.6 (0.8 5.7 (2.0 0.86
MCAS Score 3.1(0.5) 2.6 (0.4) 0.60 etters (08) 20)
MCAS Score 3.0 (0.7) 2.0 (1.0) 0.56
time, s 41.4(7.4) 43.1(7.4) 0.86
.. time, 40.8 (9.8 35.2 (14.9 0.81
MRI findings ime, s ©8) (149)
MRI findings
HA-SVD score, mean (SD) 1.8 (0.3) 2.0(0.3) 0.02%
HA-SVD score, mean (SD) 23(1.2) 2.6 (0.5) 0.10
CAA-SVD score, mean (SD) 1.7 (0.3) 2.2(0.3) 0.02%
CAA-SVD 5 SD 2.6 (0.6 3.0 (0.5 0.05
modified 20(0.3) 2.8(0.3) <0.01* score, mean (SD) (06) (05)
CAA-SVD score, modified 3.0 (0.5) 3.6 (0.5) 0.03*
mean (SD) CAA-SVD score,
mean (SD)
MBs, No., Deep 0.1(0.1) 0.1 (0.1) 1.00
mean (SD) MBs, No., Deep 0.6 (0.4) 0.7 (0.4) 0.31
SD
Lobar 1.4 (1.4) 1.8 (0.4) 0.06 mean (SD)
Lob: 9.6 (4.8 12.8 (5.6 0.04*
WMH deep 1.4 (0.1) 1.5(0.1) 0.87 obar (48) (56)
(Fazekas), WMH deep 2.2(0.3) 2.2(0.2) 0.89
score, mean (Fazekas),
(SD) score, mean
SD
Periventricular 1.4 (0.2) 1.7 (0.2) 0.78 (SD)
Periventricular 2.0(0.4) 2.4(0.2) 0.77
Lacune, No., mean (SD) 0.3(0.1) 0.3(0.1) 1.00
Lacune, No., mean (SD) 0.1 (0.1) 0.2 (0.2) 0.86
CSO-PVS, score, mean (SD) 2.7(0.2) 2.9(0.2) 0.10
CSO-PVS, 3 SD 3.6 (0.2 3.6 (0.2 1.00
BG-PVS, score, mean (SD) 1.7 (0.2) 1.8(0.2) 0.08 score, mean (SD) (02) (02)
BG-PVS, N SD 1.4 (0.4 1.6 (0.4 0.31
¢SS, No., mean (D) 02(02) 0.3(0.2) 0.85 score, mean (SD) 04) ©04)
X ¢SS, No., mean (SD) 0 0 1.00
posterior 5(25) 11 (55) 0.13
distribution of posterior 1(11.1) 4(44.4) 0.23
WMH, No. (%) distribution of
WMH, No. (%
CMI due to CAA, No. (%) 0.0(0.2) 0.0 (0.2) 1.00 o- %)
MI to CAA, No. (% 1.
MMSE, Mini-Mental State Examination; RCPM, Raven’s Colored Progressive Matrices; CMI due to C o (%) 0 0 00

s, seconds; RBMT, Rivermead Behavior Memory Test; SPS, standard profile score, SS,
screening score; TMT, Trail-Making Test; WE, word fluency; MCAS, Mie Constructional
Ability Scale; MBs, microbleeds; WMH, white matter hyperintensities; CSO-PVSs, centrum
semiovale enlargement of perivascular spaces; BG-PVSs, enlargement of perivascular
spaces in the basal ganglia; ¢SS, cortical superficial siderosis; CMI, cortical microinfarcts.
*Differences with p < 0.05 was considered statistically significant.

3.3. Changes of image findings and SVD
scores over time

Table 7 shows the changes of image findings and SVD scores
over time. At the baseline evaluation, group A had HA-SVD score
of 1.8 £ 0.3, CAA-SVD score of 1.7 £ 0.3, and modified CAA-SVD
score of 2.0 &= 0.3. The number of lobar MBs was 1.4 & 1.4; the
WMH had a Fazekas score of 1.4 &= 0.1 for deep and 1.4 & 0.2 for
periventricular, and 0.0 & 0.2 CMI due to CAA, and five patients
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MMSE, Mini-Mental State Examination; RCPM, Raven’s Colored Progressive Matrices;
s, seconds; RBMT, Rivermead Behavior Memory Test; SPS, standard profile score; SS,
screening score; TMT, Trail-Making Test; WE, word fluency; MCAS, Mie Constructional
Ability Scale; MBs, microbleeds; WMH, white matter hyperintensities; CSO-PVSs, centrum
semiovale enlargement of perivascular spaces; BG-PVSs, enlargement of perivascular
spaces in the basal ganglia; ¢SS, cortical superficial siderosis; CMI, cortical microinfarcts.
*Differences with p < 0.05 was considered statistically significant.

(25%) had posterior distribution of WMH. Group B had HA-SVD
scores of 2.3 £ 1.2, CAA-SVD scores of 2.6 £ 0.6, and modified
CAA-SVD scores of 3.0 = 0.5. The number of lobar MBs was
9.6 + 4.8; the WMH had a Fazekas score of 2.2 & 0.3 for deep and
2.0 £ 0.4 for periventricular, and no CMI due to CAA, and one
patient (11.1%) had a posterior distribution of WMH. Group B had
significantly higher lobar MBs (p = 0.04) (Figure 2). Furthermore,
group B had a higher Fazekas score of deep WMH (p = 0.06).
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TABLE 7 Changes in image evaluation over time.

MRI findings

Baseline

10.3389/fnagi.2023.1155122

Follow-up

HA-SVD score, mean (SD) 1.8 (0.3) 2.3(1.2) 0.38 2.0(0.3) 2.6 (0.5) 0.08
CAA-SVD score, mean (SD) 1.7 (0.3) 2.6 (0.6) 0.14 2.2(0.3) 3.0 (0.5) 0.04*
modified CAA-SVD score, mean (SD) 2.0 (0.3) 3.0 (0.5) 0.14 2.8(0.3) 3.6 (0.5) 0.03*
MBs, No., mean Deep 0.1(0.1) 0.6 (0.4) 0.44 0.1(0.1) 0.7 (0.4) 0.40
(SD)

Lobar 1.4 (1.4) 9.6 (4.8) 0.04* 1.8 (0.4) 12.8 (5.6) <0.01*
MBs, N (%) Deep 1(5) 2(22.2) 0.36 1(5) 3(33.3) 0.11

Lobar 12 (60) 6 (66.6) 0.89 12 (60) 8(88.8) 0.32
WMH (Fazekas), Deep 1.4 (0.1) 2.2(0.3) 0.06 1.5(0.1) 2.2(0.2) 0.06
score, mean (SD)

Periventricular 1.4 (0.2) 2.0 (0.4) 0.19 1.7 (0.2) 2.4(0.2) 0.12

Lacune, No., mean (SD) 0.3 (0.1) 0.1(0.1) 0.87 0.3(0.1) 0.2 (0.2) 0.98
Lacune, N, (%) 6 (30) 2(22.2) 0.68 6 (30) 2(22.2) 0.68
CSO-PVS, score, mean (SD) 2.7(0.2) 3.6 (0.2) 0.36 2.9(0.2) 3.6(0.2) 0.28
BG-PVS, score, mean (SD) 1.7 (0.2) 1.4 (0.4) 0.76 1.8 (0.2) 1.6 (0.4) 0.86
¢SS, No., mean (SD) 0.2 (0.2) 0 0.53 0.3(0.2) 0 0.56
Posterior distribution of WMH, N, (%) 5(25) 1(11.1) 0.32 11 (55) 4 (44.4) 0.06
CMI due to CAA, No., (%) 0.0 (0.2) 0 0.85 0.0 (0.2) 0 0.85

MRI, magnetic resonance finding; HA-SVD, hypertensive arteriopathy small vessel disease; CAA-SVD, cerebral amyloid angiopathy small vessel disease; MBs, microbleeds; WMH, white
matter hyperintensities; CSO-PVSs, centrum semiovale enlargement of perivascular spaces; BG-PVSs, enlargement of perivascular spaces in the basal ganglia; ¢SS, cortical superficial siderosis;
CM], cortical microinfarcts; SD, standard deviation. *Differences with p < 0.05 was considered statistically significant.

TABLE 8 Logistic regression analysis using change in CDR as the objective variable.

Variables

Exp

RCPM Time 0.011 0.005 5.737 0.001 1.011 1.002-1.020
Lobar MBs 0.470 0.227 4278 0.000 1.599 1.025-2.496
TMT-A - - - 0.466 - -

CDR, clinical dementia rating; RCPM, Raven’s Colored Progressive Matrices; MBs, micobleeds; CI, confidence interval.

After 1 year, group A had HA-SVD scores of 2.0 £+ 0.3,
CAA-SVD scores of 2.2 £ 0.3, and modified CAA-SVD scores
of 2.8 £ 0.3. The number of lobar MBs was 1.8 + 0.4, the
WMH had a Fazekas score of 1.5 £ 0.1 for deep and 1.7 & 0.2
for periventricular, and 0.0 £ 0.2 CMI due to CAA, and 11
patients (55%) had a posterior distribution of WMH. Group B
had HA-SVD scores of 2.6 & 0.5, CAA-SVD scores of 3.0 £ 0.5,
and modified CAA-SVD scores of 3.6 + 0.5. The number of
lobar MBs was 12.8 + 5.6, the WMH had a Fazekas score of
2.2 £ 0.2 for deep and 2.4 £ 0.2 for periventricular, and no
CMI due to CAA, and four patients (44.4%) had a posterior
distribution of WMH. Group B had a significantly higher lobar
MBs than group A (p < 0.01). Additionally, group B tended to
have higher Fazekas score of deep WMH (p = 0.06). Furthermore,
group B had significantly higher CAA-SVD (p = 0.04) and
modified CAA-SVD scores (p = 0.03) than group A. Group B
had higher HA-SVD score than group A, but the difference was
not significant.

Frontiers in Aging Neuroscience

For longitudinal changes in Groups A (Table 5) and B
(Table 6), HA-SVD scores, Group A had significantly increased
scores (p = 0.023), while Group B had increased scores, but
not significantly. CAA-SVD scores showed a significant increase
(p = 0.02) for Group A and a significant trend (p = 0.059) for
Group B. Modified CAA-SVD scores increased significantly for
both Group A (p < 0.01) and Group B (p = 0.03).

3.4. Relationship between assessment of
cognitive function and image evaluation

At baseline, the time required for RCPM and TMT-A, and the
number of lobar MBs differed significantly between group A and
B. We performed a regression analysis using these three variables
as covariates and the change in CDR as the objective variable. The
results showed that the time required for RCPM and the number of
lobar MBs affected the change in CDR after 1 year (Table 8). Then
we developed receiver operating characteristics curves for these two
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Visualization of ROC curves of the time required for RCPM (A) and the number of lobar MBs (B). ROC, receiver operating characteristic; AUC, area
under curve; RCPM, Raven's colored progressive matrices; MB, microbleeds.

items (Figure 3). The time required for RCPM had a cutoff of 514 s,
with a sensitivity of 90% and specificity of 67.8%. Furthermore, the
number of lobar MBs had a cutoff of 2.5, with a sensitivity of 80%
and specificity of 55.6%.

4. Discussion

Although several reports have examined factors that predict
cognitive decline, and we thereby examined neuropsychological
testing and MRI findings for predictive factors.

This study examined the prognostic value for the deterioration
of cognitive functions and revealed the following findings. First, the
delay in psychomotor speed from the time required for RCPM and
TMT-A at baseline may predict cognitive deterioration. Second,
the number of lobar MBs and the severity of deep WMH might
predict cognitive decline. Finally, CAA-SVD and modified CAA-
SVD scores could be associated with clinical symptoms.

At baseline, our results showed that the time required for
RCPM and TMT-A was significantly longer in group B. This
suggests that the RCPM and TMT-A time required may be
a predictor of cognitive deterioration at 1 year. The time to
perform RCPM and TMT-A is a measure of psychomotor speed,
and previous reports have indicated that psychomotor speed is
independently associated with the risk of incident AD and vascular
dementia (Kuate-Tegueu et al., 2017). And low psychomotor speed
has been associated with an increased risk of developing various
brain outcomes, including dementia, AD, Parkinson’s disease, and
depressive symptoms. Moreover, low psychomotor speed results
from many individual brain abnormalities and can be a marker
of brain vulnerability (Amieva et al., 2019). Indeed, in a study of
MCI, deficits in verbal memory and psychomotor speed/executive
functioning ability strongly predicted conversion to AD (Tabert
et al, 2006). A study of aMCI also reported that the rate of
change in TMT-B over 1 year was a predictor of conversion to
AD (Rozzini et al.,, 2007). These studies were conducted in healthy
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elderly participants or MCI; however, the novelty of our study is
that it suggested that psychomotor speed might also be a predictor
of cognitive exacerbations in MCI and mild dementia cases.

In imaging, we found that group B had significantly higher
number of lobar MBs and more severe deep WMH at baseline.
There have been several reports on relationship between lobar MBs
and cognitive dysfunction. A comparative study of AD patients
with multiple MBs and those without MBs found that the group
with multiple MBs had more severe cognitive impairment and
more white matter hyperintensities (Goos et al., 2009). In a study
with non-demented elderly patients with SVD, the presence and
number of lobar MBs especially in the frontal and temporal
lobes were related to global cognitive function, attention, and
psychomotor speed (van Norden et al, 2011); A population-
based cohort study of those without dementia showed that higher
number of lobar MBs was associated with lower MMSE scores
and psychomotor speed (Poels et al., 2012). In a memory clinic
study of dementia, MCI, and those without cognitive impairment,
the number of lobar MBs was predictor of cognitive worsening
(Gyanwali et al, 2021). Our study, which included only MCI
and mild dementia, similarly found that the number of lobar
MBs is predictor of cognitive worsening. The amount of WMH
significantly increases with increasing stages from healthy, MCI,
mild AD, to moderate to severe AD (Kandiah et al., 2015). The
severity and progression of WMH have been associated with a high
risk of developing dementia (Brickman et al., 2015). Our study
showed that deep WMH worsened at baseline in group B, and deep
WMH may become a predictor of cognitive deterioration in MCI
and mild dementia.

At baseline, the time required for RCPM and TMT-A and
the number of lobar MBs differed significantly. We performed
a regression analysis using these three items as covariates and
the change in CDR as the objective variable. The results showed
that the time required for RCPM and the number of lobar
MBs affected the change in CDR after 1 year. TMT-A is
generally presumed to be a test of visual search and psychomotor
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speed (Christopher and Harvey, 2006). In addition to psychomotor
speed, the RCPM can assess several functions, including executive
function, construct function, non-verbal reasoning, decision-
making, and visuospatial ability (Sophie et al., 2006). Thus, the
RCPM can assess more functions and may be more reflective
of symptoms in patients with MCI and mild dementia than the
TMT-A.

After 1 year, the CAA-SVD and the modified CAA-SVD scores
were significantly higher in group B with worse CDR. This suggests
that CAA and modified CAA-SVD scores were associated with
worsening of clinical symptoms. In this study, six of nine patients
(66.6%) in group B met the modified Boston criteria for CAA
(version 1.5). Furthermore, among the six patients with MCI, five
had aMCI (83.3%), and one had naMCI (16.6%). aMCI progresses
at a higher rate to AD (Bennett et al., 2005).

Aging is one of the main causes of SVD; however, several other
diseases, such as arteriosclerosis, CAA, genetic predispositions,
and inflammation, cause SVD (Pantoni, 2010). In particular,
hypertensive arteriosclerosis and CAA are the two major causes
of SVD. In contrast, CAA is characterized by the progressive
deposition of amyloid beta (AB) protein in the cerebral vessels;
the major peptide isoforms of AB mainly consist of AB;_49 and
AB1_4 (Pantoni, 2010). It is estimated that 80-100% of AD is
complicated by CAA. In addition, continuums of vascular dementia
and AD have been reported, and SVD has been associated with
AD (Shindo et al., 2020). The involvement of vascular lesions in
cognitive function of early AD is considered to be significant. The
pathologies of SVD and AD coexist and synergistically worsen with
advancing disease stages (Pfeifer et al., 2002). Patient characteristics
may indicate that they have a pathological background of
amyloid. CAA-SVD and modified CAA-SVD scores may reflect the
pathological background of AD, which may explain our results.
We previously reported that the CAA-SVD score may reflect
cognitive function and also that the modified CAA-SVD score
was significantly associated with cognitive function in patients
visiting memory clinics (Matsuda et al., 2021). In the current study,
although the CAA and modified CAA-SVD scores did not predict
prognosis, these scores were associated with worsening of clinical
symptoms. Moreover, our study showed that group B had a higher
HA-SVD score at baseline. The HA-SVD score was mainly used
for the evaluation of patients with lacunar stroke and vascular risk
factors or either (Staals et al., 2014) and associated with intellectual
functions (Huijts et al., 2013). Each SVD score has been associated
with cognitive function; however, the longitudinal changes are still
unclear.

This study has some limitations. First, it was based on a
relatively small sample size. Therefore, type I error cannot be
avoided. With a larger sample size, it may be possible to predict
prognosis of clinical symptoms with CAA and modified CAA-
SVD scores. Second, we were unable to conduct pathological
examinations. These issues should be addressed in future studies.
Despite these limitations, our study revealed that patients with
MCI or mild dementia should be evaluated using CAA-SVD and
the modified CAA-SVD scores. Furthermore, we suggested that
patients with MCI and mild dementia with decreased psychomotor
speed should be followed with caution.

In conclusion, this study revealed the imaging and
neuropsychological predictor for cognitive deterioration in patients
visiting memory clinics. After 1 year, patients with worsened CDR
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had a higher number of lobar MBs and prolonged psychomotor
speed at baseline. These findings may contribute to the prevention
of progression to dementia in patients visiting memory clinics.

Data availability statement

The original contributions presented in this study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of Mie University Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

KaM: draft of manuscript, acquisition of data, and analysis.
K-iT and YL revision of manuscript and interpretation of
data. MSh, YU, NN, YH, HI, HM, KeM, MSa, MM, and
RM: acquisition of data and interpretation of data. HT and
AS: revision of manuscript, interpretation of data, and study
supervision. All authors contributed to the article and approved the
submitted version.

Acknowledgments

We would like to thank Editage (www.editage.com) for English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.2023.
1155122/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1155122
http://www.editage.com
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1155122/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1155122/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Matsuda et al.

References

Abe, M., Suzuki, K., Okada, K., Miura, R,, Fujii, T., Etsurou, M., et al. (2004).
Normative data on tests for frontal lobe functions: Trail making test, verbal fluency,
Wisconsin card sorting test (Keio version). No To Shinkei 56, 567-574.

Amieva, H., Meillon, C., Proust-Lima, C., and Dartigues, J. F. (2019). Is low
psychomotor speed a marker of brain vulnerability in late life? Digit symbol
substitution test in the prediction of Alzheimer, Parkinson, stroke, disability, and
depression. Dement. Geriatr. Cogn. Disord. 47, 297-305. doi: 10.1159/000500597

Belleville, S., Fouquet, C., Hudon, C., Zomahoun, H., and Croteau, J. (2017).
Neuropsychological measures that predict progression from mild cognitive
impairment to Alzheimer’s type dementia in older adults: A systematic review
and meta-analysis. Neuropsychol. Rev. 27, 328-353. doi: 10.1007/s11065-017-9361-5

Bennett, D. A., Schneider, J. A., Bienias, J. L., Evans, D. A., and Wilson, R. S. (2005).
Mild cognitive impairment is related to Alzheimer disease pathology and cerebral
infarctions. Neurology 64, 834-841. doi: 10.1212/01.WNL.0000152982.47274.9E

Brickman, A. M., Honig, L. S., Scarmeas, N., Tatarina, O., Sanders, L., Albert, M. S.,
et al. (2008). Measuring cerebral atrophy and white matter hyperintensity burden to
predict the rate of cognitive decline in Alzheimer disease. Arch. Neurol. 65, 1202-1208.
doi: 10.1001/archneur.65.9.1202

Brickman, A. M., Zahodne, L. B., Guzman, V. A., Narkhede, A., Meier, L. B., Griffith,
E. Y, etal. (2015). Reconsidering harbingers of dementia: Progression of parietal lobe
white matter hyperintensities predicts Alzheimer’s disease incidence. Neurobiol. Aging
36, 27-32. doi: 10.1016/j.neurobiolaging.2014.07.019

Charidimou, A., Jaunmuktane, Z., Baron, J. C., Burnell, M., Varlet, P., Peeters, A.,
et al. (2014). White matter perivascular spaces: An MRI marker in pathology-proven
cerebral amyloid angiopathy. Neurology 82, 57-62. doi: 10.1212/01.wnl.0000438225.
02729.04

Charidimou, A., Martinez-Ramirez, S., Reijmer, Y. D., Oliveira-Filho, J., Lauer, A.,
Roongpiboonsopit, D., et al. (2016). Total magnetic resonance imaging burden of small
vessel disease in cerebral amyloid angiopathy: An imaging-pathologic study of concept
validation. JAMA Neurol. 73, 994-1001. doi: 10.1001/jamaneurol.2016.0832

Christopher, R., and Harvey, P. (2006). Administration and interpretation of the
Trail Making Test. Nat. Protoc. 1, 2277-2281. doi: 10.1038/nprot.2006.390

Clancy, U., Makin, S., McHutchison, C., Cvoro, V., Chappell, F., Hernandez, M.,
et al. (2022). Impact of small vessel disease progression on long-term cognitive
and functional changes after stroke. Neurology 98, e1459-€1469. doi: 10.1212/WNL.
0000000000200005

de Leeuw, F. E., Korf, E., Barkhof, F., and Scheltens, P. (2006). White matter lesions
are associated with progression of medial temporal lobe atrophy in Alzheimer disease.
Stroke 37, 2248-2252. doi: 10.1161/01.STR.0000236555.87674.¢e1

Defrancesco, M., Marksteiner, J., Deisenhammer, E., Kemmler, G., Djurdjevic, T.,
and Schocke, M. (2013). Impact of white matter lesions and cognitive deficits on
conversion from mild cognitive impairment to Alzheimer’s disease. J. Alzheimers Dis.
34, 665-672. doi: 10.3233/JAD- 122095

Goos, J. D. C., Kester, M. 1, Barkhof, F., Klein, M., Blankenstein, M. A., Scheltens,
P., et al. (2009). Patients with Alzheimer disease with multiple microbleeds: Relation
with cerebrospinal fluid biomarkers and cognition. Stroke 40, 3455-3460. doi: 10.1161/
STROKEAHA.109.558197

Greenberg, S. M., Vernooij, M. W., Cordonnier, C., Viswanathan, A., Al-Shahi
Salman, R., Warach, S., et al. (2009). Cerebral microbleeds: A guide to detection and
interpretation. Lancet Neurol. 8, 165-174. doi: 10.1016/S1474-4422(09)70013-4

Greenberg, S., and Charidimou, A. (2018). Diagnosis of cerebral amyloid
angiopathy: Evolution of the Boston criteria. Stroke 49, 491-497. doi: 10.1161/
STROKEAHA.117.016990

Gregoire, S. M., Scheffler, G., Jager, H. R,, Yousry, T. A., Brown, M. M., Kallis,
C., et al. (2013). Strictly lobar microbleeds are associated with executive impairment
in patients with ischemic stroke or transient ischemic attack. Stroke 44, 1267-1272.
doi: 10.1161/STROKEAHA.111.000245

Gyanwali, B., Lui, B., Tan, C,, Chong, E., Vrooman, H., Chen, C, et al. (2021).
Cerebral microbleeds and white matter hyperintensities are associated with cognitive
decline in an Asian memory clinic study. Curr. Alzheimer Res. 19, 399-413. doi:
10.2174/1567205018666210820125543

Hughes, C. P, Berg, L., Danziger, W. L., Coben, L. A., and Martin, R. L. (1982).
A new clinical scale for the staging of dementia. Br. J. Psychiatry 140, 566-572. doi:
10.1192/bjp.140.6.566

Huijts, M., Duits, A., van Oostenbrugge, R. J., Kroon, A. A, de Leeuw, P. W., and
Staals, J. (2013). Accumulation of MRI markers of cerebral small vessel disease is
associated with decreased cognitive function. A study in first-ever lacunar stroke and
hypertensive patients. Front. Aging Neurosci. 5:72. doi: 10.3389/fnagi.2013.00072

1i, Y., Maeda, M., Ishikawa, H., Ito, A., Matsuo, K., Umino, M., et al. (2019). Cortical
microinfarcts in patients with multiple lobar microbleeds on 3 T MRI. J. Neurol. 266,
1887-1896. doi: 10.1007/s00415-019-09350-9

Ishikawa, H., Ii, Y., Shindo, A., Tabei, K. I., Umino, M., Ito, A. O., et al. (2020).
Cortical microinfarcts detected by 3-tesla magnetic resonance imaging: Differentiation

Frontiers in Aging Neuroscience

11

10.3389/fnagi.2023.1155122

between cerebral amyloid angiopathy and embolism. Stroke 51, 1010-1013. doi: 10.
1161/STROKEAHA.119.028202

Kandiah, N., Chander, R. J., Ng, A., Wen, M. C,, Cenina, A. R, and Assam, P. N.
(2015). Association between white matter hyperintensity and medial temporal atrophy
at various stages of Alzheimer’s disease. Eur. J. Neurol. 22, 150-155. doi: 10.1111/ene.
12546

Klarenbeek, P., van Oostenbrugge, R. J., Rouhl, R. P., Knottnerus, I. L., and Staals,
J. (2013). Ambulatory blood pressure in patients with lacunar stroke: Association with
total MRI burden of cerebral small vessel disease. Stroke 44, 2995-2999.

Kévari, E., Herrmann, F. R., Gold, G., Hof, P. R,, and Charidimou, A. (2017).
Association of cortical microinfarcts and cerebral small vessel pathology in the ageing
brain. Neuropathol. Appl. Neurobiol. 43, 505-513. doi: 10.1111/nan.12366

Kuate-Tegueu, C., Avila-Funes, J. A., Simo, N., Le Goff, M., Amiéva, H., Dartigues,
J. F., et al. (2017). Association of gait speed, psychomotor speed, and dementia.
J. Alzheimers Dis. 60, 585-592. doi: 10.3233/JAD-170267

Linn, J., Halpin, A., Demaerel, P., Ruhland, J., Giese, A. D., Dichgans, M.,
et al. (2010). Prevalence of superficial siderosis in patients with cerebral amyloid
angiopathy. Neurology 74, 1346-1350. doi: 10.1212/WNL.0b013e3181dad605

Matsuda, K., Shindo, A., Ii, Y., Tabei, K., Ueda, Y., Ishikawa, H., et al. (2021).
Investigation of hypertensive arteriopathy-related and cerebral amyloid angiopathy-
related small vessel disease scores in patients from a memory clinic: A prospective
single-centre study. BM] Open 11:€042550. doi: 10.1136/bmjopen-2020-042550

Matthews, F., Stephan, B., Robinson, L., Jagger, C., Barnes, L., Arthur, A, et al.
(2016). A two decade dementia incidence comparison from the cognitive function and
ageing studies I and II. Nat. Commun. 7:11398. doi: 10.1038/ncomms11398

McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T, Jack, C. R,
Kawas, C. H., et al. (2011). The diagnosis of dementia due to Alzheimer’s disease:
Recommendations from the National Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7,
263-269. doi: 10.1016/j.jalz.2011.03.005

Mori, E., Mitani, Y., and Yamadori, A. (1985). Usefulness of a Japanese version of
the Mini-Mental State Test in neurological patients. Jpn. J. Neuropsychol. 1, 82-90.

Pantoni, L. (2010). Cerebral small vessel disease: From pathogenesis and clinical
characteristics to therapeutic challenges. Lancet Neurol. 9, 689-701. doi: 10.1016/
S1474-4422(10)70104-6

Park, K. H., Lee, J. Y., Na, D. L., Kim, S. Y., Cheong, H. K., Moon, S. Y., et al. (2011).
Different associations of periventricular and deep white matter lesions with cognition,
neuropsychiatric symptoms, and daily activities in dementia. J. Geriatr. Psychiatry
Neurol. 24, 84-90. doi: 10.1177/0891988711402351

Petersen, R. C. (2011). Clinical practice. Mild cognitive impairment. N. Engl. ]. Med.
364, 2227-2234. doi: 10.1056/NEJMcp0910237

Pfeifer, L., White, L., Ross, G., Petrovitch, H., and Launer, L. (2002). Cerebral
amyloid angiopathy and cognitive function: The HAAS autopsy study. Neurology 58,
1629-1634. doi: 10.1212/WNL.58.11.1629

Poels, M. M., Ikram, M. A,, van der Lugt, A., Hofman, A., Niessen, W. J,,
Krestin, G. P., et al. (2012). Cerebral microbleeds are associated with worse cognitive
function: The Rotterdam Scan Study. Neurology 78, 326-333. doi: 10.1212/WNL.
0b013e3182452928

Raven, J. C. (1962). Coloured progressive matrices, sets A, Ab, B. London: H.K. Lewis.

Romén, G. C., Tatemichi, T. K., Erkinjuntti, T., Cummings, J. L., Masdeu, J. C,,
Garcia, J. H,, et al. (1993). Vascular dementia: Diagnostic criteria for research studies.
Report of the NINDS-AIREN International Workshop. Neurology 43, 250-260. doi:
10.1212/wnl.43.2.250

Rost, N., Brodtmann, A., Pase, M., Veluw, A, Biffi, A., Duering, M., et al. (2022).
Post-stroke cognitive impairment and dementia. Circ. Res. 1330, 1252-1271. doi:
10.1161/CIRCRESAHA.122.319951

Rozzini, L., Chilovi, B., Conti, M., Bertoletti, E., Delrio, 1., Trabucchi, M., et al.
(2007). Conversion of amnestic mild cognitive impairment to dementia of Alzheimer
type is independent to memory deterioration. Int. J. Geriatr. Psychiatry 22, 1217-1222.
doi: 10.1002/gps.1816

Satoh, M., Mori, C., Matsuda, K., Ueda, Y., Tabei, K. L., Kida, H., et al. (2016).
Improved Necker cube drawing-based assessment battery for constructional apraxia:
The Mie Constructional Apraxia Scale (MCAS). Dement. Geriatr. Cogn. Dis. Extra 6,
424-436. doi: 10.1159/000449245

Sekh, T., Sergi, M., Octavio, M., Jun, N., Alison, A., Anne, R,, et al. (2014). Posterior
white matter disease distribution as a predictor of amyloid angiopathy. Neurology 83,
794-800. doi: 10.1212/WNL.0000000000000732

Shindo, A., Ishikawa, H., Ii, Y., Niwa, A., and Tomimoto, H. (2020). Clinical features
and experimental models of cerebral small vessel disease. Front. Aging Neurosci.
12:109. doi: 10.3389/fnagi.2020.00109

Sophie, B., Gianfranco, D., Marie, C., Alain, S., Philippe, R., and Latchezar, T.
(2006). Executive function deficits in early Alzheimer’s disease and their relations

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1155122
https://doi.org/10.1159/000500597
https://doi.org/10.1007/s11065-017-9361-5
https://doi.org/10.1212/01.WNL.0000152982.47274.9E
https://doi.org/10.1001/archneur.65.9.1202
https://doi.org/10.1016/j.neurobiolaging.2014.07.019
https://doi.org/10.1212/01.wnl.0000438225.02729.04
https://doi.org/10.1212/01.wnl.0000438225.02729.04
https://doi.org/10.1001/jamaneurol.2016.0832
https://doi.org/10.1038/nprot.2006.390
https://doi.org/10.1212/WNL.0000000000200005
https://doi.org/10.1212/WNL.0000000000200005
https://doi.org/10.1161/01.STR.0000236555.87674.e1
https://doi.org/10.3233/JAD-122095
https://doi.org/10.1161/STROKEAHA.109.558197
https://doi.org/10.1161/STROKEAHA.109.558197
https://doi.org/10.1016/S1474-4422(09)70013-4
https://doi.org/10.1161/STROKEAHA.117.016990
https://doi.org/10.1161/STROKEAHA.117.016990
https://doi.org/10.1161/STROKEAHA.111.000245
https://doi.org/10.2174/1567205018666210820125543
https://doi.org/10.2174/1567205018666210820125543
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.3389/fnagi.2013.00072
https://doi.org/10.1007/s00415-019-09350-9
https://doi.org/10.1161/STROKEAHA.119.028202
https://doi.org/10.1161/STROKEAHA.119.028202
https://doi.org/10.1111/ene.12546
https://doi.org/10.1111/ene.12546
https://doi.org/10.1111/nan.12366
https://doi.org/10.3233/JAD-170267
https://doi.org/10.1212/WNL.0b013e3181dad605
https://doi.org/10.1136/bmjopen-2020-042550
https://doi.org/10.1038/ncomms11398
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1177/0891988711402351
https://doi.org/10.1056/NEJMcp0910237
https://doi.org/10.1212/WNL.58.11.1629
https://doi.org/10.1212/WNL.0b013e3182452928
https://doi.org/10.1212/WNL.0b013e3182452928
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1161/CIRCRESAHA.122.319951
https://doi.org/10.1161/CIRCRESAHA.122.319951
https://doi.org/10.1002/gps.1816
https://doi.org/10.1159/000449245
https://doi.org/10.1212/WNL.0000000000000732
https://doi.org/10.3389/fnagi.2020.00109
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Matsuda et al.

with episodic memory. Arch. Clin. Neuropsychol. 21, 15-21. doi: 10.1016/j.acn.2005.07.
002

Staals, J., Booth, T., Morris, Z., Bastin, M., Gow, A., and Corley, J. (2015). Total MRI
load of cerebral small vessel disease and cognitive ability in older people. Neurobiol.
Aging 36, 2806-2811. doi: 10.1016/j.neurobiolaging.2015.06.024

Staals, J., Makin, S. D., Doubal, F. N., Dennis, M. S., and Wardlaw, J. M. (2014).
Stroke subtype, vascular risk factors, and total MRI brain small-vessel disease burden.
Neurology 83, 1228-1234. doi: 10.1212/WNL.0000000000000837

Tabei, K. I, Kida, H., Hosoya, T., Satoh, M., and Tomimoto, H. (2017). Prediction
of cognitive decline from white matter hyperintensity and single-photon emission
computed tomography in Alzheimer’s disease. Front. Neurol. 8:408. doi: 10.3389/fneur.
2017.00408

Tabert, M., Manly, J., Liu, X,, Pelton, G., Rosenblum, S., Jacobs, M., et al. (2006).
Neuropsychological prediction of conversion to Alzheimer disease in patients with
mild cognitive impairment. Arch. Gen. Psychiatry 63, 916-924. doi: 10.1001/archpsyc.
63.8.916

Frontiers in Aging Neuroscience

12

10.3389/fnagi.2023.1155122

Taniguchi, A., Shindo, A., Tabei, K. I, Onodera, O., Ando, Y., Urabe, T., et al. (2022).
Imaging characteristics for predicting cognitive impairment in patients with cerebral
autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.
Front. Aging Neurosci. 14:876437. doi: 10.3389/fnagi.2022.876437

van Norden, A. G. W,, van den Berg, H. A. C,, de Laat, K. F,, Gons, R. A. R,
van Dijk, E. J.,, and de Leeuw, F. E. (2011). Frontal and temporal microbleeds are
related to cognitive function: The Radboud University Nijmegen Diffusion Tensor and
Magnetic Resonance Cohort (RUN DMC) study. Stroke 45, 3382-3386. doi: 10.1161/
STROKEAHA.111.629634

Vyhnalek, M., Jester, D., Andel, R., Horakova, H., Nikolai, T., Laczo, J., et al. (2022).
Contribution of memory tests to early identification of conversion from amnestic mild
cognitive impairment to dementia. J. Alzheimers Dis. 88, 1397-1409. doi: 10.3233/
JAD-215364

Wilson, B., Cockburn, J., Baddeley, A., and Hiorns, R. (1989). The development and
validation of a test battery for detecting and monitoring everyday memory problems.
J. Clin. Exp. Neuropsychol. 11, 855-870. doi: 10.1080/01688638908400940

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1155122
https://doi.org/10.1016/j.acn.2005.07.002
https://doi.org/10.1016/j.acn.2005.07.002
https://doi.org/10.1016/j.neurobiolaging.2015.06.024
https://doi.org/10.1212/WNL.0000000000000837
https://doi.org/10.3389/fneur.2017.00408
https://doi.org/10.3389/fneur.2017.00408
https://doi.org/10.1001/archpsyc.63.8.916
https://doi.org/10.1001/archpsyc.63.8.916
https://doi.org/10.3389/fnagi.2022.876437
https://doi.org/10.1161/STROKEAHA.111.629634
https://doi.org/10.1161/STROKEAHA.111.629634
https://doi.org/10.3233/JAD-215364
https://doi.org/10.3233/JAD-215364
https://doi.org/10.1080/01688638908400940
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Magnetic resonance imaging and neuropsychological findings for predicting of cognitive deterioration in memory clinic patients
	1. Introduction
	2. Materials and methods
	2.1. Patients
	2.2. Neuropsychological assessments
	2.3. MRI protocol
	2.4. SVD scores
	2.5. Statistical analyses

	3. Results
	3.1. Patients
	3.2. Longitudinal assessment of cognitive function
	3.3. Changes of image findings and SVD scores over time
	3.4. Relationship between assessment of cognitive function and image evaluation

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


