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Abstract

Introduction: The regional cerebral blood flow (rCBF) distri-
bution can affect brain functioning, leading to amnestic mild
cognitive impairment (@MCl) and mild Alzheimer disease
(AD). This study aimed to clarify the detailed characteristics
of rCBF distribution in patients with mild AD and aMCl. Meth-
ods: This cross-sectional study from April 2015 to March
2018 included 103 older adults (mean age 78.9 years; 60%
females), out of a total of 302 adults, and categorized them
into 3 groups according to cognitive symptoms. The normal
control (NC), aMCl, and mild AD groups included 20, 50, and

33 participants, respectively. The primary outcome was rCBF,
which was compared among the 3 groups using a 2-sample
t test without correction for multiple comparisons. Results:
In the aMCI group, the rCBF decreased in the bilateral pari-
etal and left frontal association cortex and the bilateral pre-
motor cortex (p < 0.01) butincreased in the bilateral cerebel-
lum (p < 0.01). In the mild AD group, the rCBF decreased in
the bilateral parietal and occipital association cortex, the bi-
lateral premotor cortex, the left temporal and frontal asso-
ciation cortex, and the left limbic lobe (p < 0.01). Conversely,
the rCBF increased in some parts of the cerebellum, the bi-
lateral frontal and temporal association cortex, the left oc-
cipital association cortex, and the right premotor cortex (p <
0.01). Conclusion: Based on the analysis of the values ob-
tained, it was inferred that the rCBF undergoes reduction
and elevation in aMCl and AD patients.
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Introduction

Single-photon emission computerized tomography
(SPECT) has been increasingly employed for the diagno-
sis of functional alterations in the brain, resulting in mild
cognitive impairment (MCI) or Alzheimer disease (AD)
[1-3]; the extent of hypoperfusion on SPECT is greater
than the atrophy on magnetic resonance imaging (MRI)
[4]. Studies with SPECT have indicated the characteristics
of the regional cerebral blood flow (rCBF) in older adults
with MCI [5-9] or mild AD [9-17]. Consequently, spe-
cific areas, such as the posterior cingulate gyrus, the pari-
etotemporal association cortex, and the medial temporal
lobe, are regarded as the primary affected regions; how-
ever, the primary motor, sensory, and visual cortices are
reported to be typically spared until the extremely severe
stages [5]. However, these findings are yet to be estab-
lished; the majority of such studies have been conducted

in a relatively minor group of subjects [9, 12, 13, 15], with
some analyzing exclusively those regions of the brain with
a decreased rCBF [8, 9, 11, 15, 17].

The aim of the present study was to specify the char-
acteristics of rCBF distribution in patients who have pro-
gressed to mild AD and amnestic MCI (aMCI) compared
to typical older adults.

Materials and Methods

Study Design and Participants

The present cross-sectional study included 302 Japanese older
adults who consulted the memory clinic of the Tokyo Saiseikai
Central Hospital for a cognitive function examination from April
2015 to March 2018; cerebral blood flow was examined by SPECT.
Out of 302 patients, 199 were excluded due to: age <65 years (n =
10), stroke comorbidity (n = 6), tracers other than 9mTc-ECD
(n=74),anon-AD dementia diagnosis based on National Institute
of Neurological and Communicative Disorders and Stroke and Al-

Table 1. Clinical and demographic characteristics

Overall NC aMCI Mild AD p value® Post hoc
testb
Subjects 103 20 50 33
Age, years 78.9+6.4 74.9+6.0 77.9+5.7 82.8+5.8 <0.001 a,b
Females 60 (58.3) 15 (75.0) 24 (48.0) 21 (63.6) 0.088
Education, years 12 (12-16)  12.5(12-15.5) 12 (12-16) 12 (9-14) 0.099
Handedness
Right 98 (95.1) 18 (90.0) 48 (96.0) 32 (97.0) 0.361
Left 1(1.0) 1(5.0) 0 (0.0) 0 (0.0)
Ambidextrous 4(3.9) 1(5.0) 2 (4.0) 1(3.0)
Household members (persons) 2 (1-2) 2(1-2.8) 2(1.8-2) 2 (1-2.5) 0.758
Living alone 30 (29.1) 8 (40.0) 12 (24.0) 10 (30.3) 0.406
Risk factors
Hypertension 53 (51.5) 7 (35.0) 25 (50.0) 21 (63.6) 0.124
Dyslipidemia 36 (35.0) 9 (45.0) 17 (34.0) 10 (30.3) 0.543
Diabetes mellitus 31(30.1) 4(20.0) 16 (32.0) 11 (33.3) 0.543
Atrial fibrillation 10 (9.7) 1(5.0) 7 (14.0) 2(6.1) 0.358
Comorbidities
Heart disease 14 (13.6) 2(10.0) 7 (14.0) 5(15.2) 0.863
Respiratory disease 10 (9.7) 1(5.0) 5(10.0) 4(12.1) 0.694
Orthopedic disease 15 (14.6) 1(5.0) 9(18.0) 5(15.2) 0.376
Kidney disease 9(8.7) 2(10.0) 3(6.0) 4(12.1) 0.612
Mental illnesses 5(4.9) 3 (15.0) 1(2.0) 1(3.0) 0.062
VSRAD z-score 1.34 (0.93-2.13) 1.17 (0.82-1.37) 1.16 (0.81-1.70) 2.15 (1.17-3.21) <0.001 a,b
MMSE points 26 (23-28) 29 (27-29.8) 27 (26-28) 22(21-24) <0.001  a,b,c
Anti-dementia medication (yes) 34 (33.0) 0 (0.0) 4(8.0) 30 (90.9) <0.001 a,b
Donepezil 17 (16.5) 0(0.0) 0(0.0) 17 (51.5) <0.001 a,b
Galantamine 7 (6.8) 0(0.0) 3(6.0) 4(12.1) 0.225
Rivastigmine 9(8.7) 0(0.0) 1(2.0) 8(24.2) <0.001 a,b
Memantine 1(1.0) 0(0.0) 0(0.0) 1(3.0) 0.343

Values are presented as means + SD, medians (IQR), or numbers (%).* ANOVA, Kruskal-Wallis test, or x2 test.” Bonferroni
test, p < 0.05. a, NC vs. mild AD; b, aMCI vs. mild AD; ¢, NC vs. aMCIL.
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Table 2. Brain regions showing a decreased rCBF

Association cortex Regions Side BA  MNI coordinates fvalue p value
(%7, 2)

In the aMCI group compared to the NC group

Frontal association cortex Inferior frontal gyrus L 47 -50, 22, -8 3.05 0.002

Premotor cortex Superior frontal gyrus R 6 2,26, 66 3.63 <0.001
Middle frontal gyrus L 6 -26, 26, 62 3.28 0.001

Parietal association cortex Precuneus R 7 28, -48, 46 3.10 0.001
Precuneus L 7 0, -34, 46 2.54 0.007
Inferior parietal lobule R 40 68, -26, 32 2.47 0.008
Inferior parietal lobule L 40 -38, -40, 42 2.61 0.006

In the mild AD group compared to the aMCI group

Premotor cortex Precentral gyrus R 6 38, -12,62 2.79 0.003
Superior frontal gyrus R 6 16, 20, 64 2.51 0.007
Middle frontal gyrus L 6 -32,-2,58 2.68 0.004

Parietal association cortex Precuneus R 7 12, -82,48 3.67 <0.001
Superior parietal lobule R 7 40, -54, 58 251 0.007
Precuneus R 7 10, =50, 46 2.48 0.008
Inferior parietal lobule L 40 -40, -48, 54 3.20 0.001
Postcentral cyrus L 40 -40, -30, 54 3.05 0.002

Temporal association cortex Inferior temporal gyrus L 37 —-66, -54, -12 3.24 0.001
Middle temporal gyrus L 37 -56, -50, -10 2.72 0.004
Middle temporal gyrus L 21 -68, -50, -4 2.89 0.002

Occipital association cortex Cuneus R 18 18, -100, 12 2.61 0.005
Middle occipital gyrus L 19 -46, -84, 12 3.17 0.001

Limbic lobe Parahippocampal gyrus L 35 -28,-14, -22 2.81 0.003

Others Cuneus L - -20,-94, 2 2.43 0.009

In the mild AD group compared to the NC group

Frontal association cortex Middle frontal gyrus L 46 -42,34,18 2.77 0.004

Premotor cortex Superior frontal gyrus R 6 12, 26, 64 341 0.001
Middle frontal gyrus L 6 -26, 24, 62 3.39 0.001

Parietal association cortex Inferior parietal lobule R 40 42,-50, 58 3.01 0.002
Inferior parietal lobule L 40 —-40, 46, 48 3.56 <0.001
Superior parietal lobule R 7 34, -58, 50 2.94 0.002
Superior parietal lobule L 7 -34, -68, 48 3.19 0.001
Precuneus L 7 -6, -68, 36 3.65 <0.001

MNI, Montreal Neurological Institute; L, left; R, right. Unpaired ¢ test in SPM8, uncorrected, covariate for age, p < 0.01.

zheimer’s Disease and Related Disorders Association (NINCDS-
ADRDA) criteria [18] or the Fifth Edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) [19] (n = 55), a
Mini-Mental State Examination (MMSE) [20] score <20 (n = 24),
non-aMCI (n = 1), and missing data (n = 27); the present study
analyzed 103 older adults. The study participants were divided into
the following 3 groups: normal control (NC), aMCI, and mild AD.
The NC category included those diagnosed with age-related cogni-
tive decline or impairment. The aMCI class included those diag-
nosed according to MCI criteria [21], brain imaging, and medical

Cerebral Blood Flow in Older Adults with
Cognitive Impairment

examination via an interview. The mild AD group included those
diagnosed based on NINCDS-ADRDA criteria [18] or the DSM-5
[19]. The NC, aMCI, and mild AD groups included 20, 50, and 33
participants, individually.

Study Measurements

Patient demographic and clinical characteristics were retro-
spectively extracted from medical records. These included age, sex,
years of education, handedness, number of household members,
dementia medication after diagnosis, prevalence of risk factors and
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Fig. 1. Brain regions mapping a decreased
rCBF in SPM8. SPM t mapping was thres-
holded at an uncorrected p < 0.01 at the
voxel level. A voxel-based unpaired t test
covariated for age was used to identify vox-
els that differed significantly in the aMCI
group compared to the NC group (a), the
mild AD group compared to the aMCI
group (b), and the mild AD group com-
pared to the NC group (c), respectively.
The most significant area was the right su- :
perior frontal gyrus (BA 6) in a, the right :
precuneus (BA 7) in b, and the left precu-
neus (BA 7) in ¢, respectively. R, right; L,
left.
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comorbidities, z-scores based on the voxel-based specific regional
analysis system for AD (VSRAD) to assess the degree of hippocam-
pal atrophy [7, 22], and MMSE scores. rCBF, as the primary out-
come, was examined by SPECT.

SPECT Evaluation

All of the participants underwent SPECT imaging with radio-
pharmaceutical technetium-99 m ethyl cysteinate dimer (99 mTc-
ECD; Neurolite, Fujifilm RI Pharma, Tokyo, Japan) for measure-
ment of the rCBF, injected with 600 MBq of 99 mTc-ECD in a
supine resting state. After 10 min, neurological scanning was per-
formed using an integrated SPECT/CT system (Discovery NM/CT
670 QSuite; GE Healthcare, Tokyo, Japan). The matrix and pixel
sizes of the images were 64 x 64 and 5.89 x 5.89 mm, respectively.
Tomographic 3-D reconstruction was performed using a filtered
back projection algorithm (Butterworth filter order 10 with a cut-
off frequency of 0.5 cycles/cm) and Chang attenuation correction
[23]. A voxel-by-voxel group study was performed using Statistical
Parametric Mapping version 8 (SPM8; Welcome Department of
Cognitive Neurology, University College London, London, UK),
running on R2013a (MATLAB 8.1; Mathworks, Inc., Sherborn,
MA, USA). The images were spatially normalized by SPM8 to an
original template for 99 mTc-ECD [24]. The data were standard-
ized with the Montreal Neurological Institute atlas using a 12-pa-
rameter affine transformation, followed by nonlinear transfigura-
tion and a trilinear interpolation. The dimensions of the resulting
voxels were 2 x 2 x 2 mm. The images were smoothened with a
gaussian kernel as full width at half maximum of 12 mm. The Mon-
treal Neurological Institute coordinates were finally converted into
Talairach values using the Talairach Daemon database.
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Statistical Analysis

Statistical analysis was performed using SPSS version 21 (IBM
Japan, Tokyo, Japan). The Shapiro-Wilk test assessed the normal-
ity of the clinical and demographic data. For group comparisons,
continuous variables with a normal distribution were analyzed by
ANOVA. Analysis of variables with a nonnormal distribution was
performed using the Kruskal-Wallis test; categorical variables
were analyzed using a x* test. The Bonferroni-adjusted p value was
used to assess differences in significance among groups. To com-
pare rCBF in the SPM8, aMCI NC, and mild AD groups, an analy-
sis was performed using the 2-sample ¢ test (the general linear
model at each voxel). Factors displaying significant differences be-
tween clinical and demographic characteristics were considered
nuisance covariates. The significance of the rCBF was estimated at
p < 0.01, without correction for multiple comparisons (T > 2.38).

Results

The clinical and demographic characteristics are de-
scribed in Table 1. The mean (+SD) age was 78.9 + 6.4
years and the median MMSE score was 26 (IQR 23-28)
points. Age and antidementia medications were signifi-
cantly higher in the mild AD group compared to the NC
and aMCI groups (p < 0.05); contrastingly, the VSRAD
z-score was significantly lower for in the mild AD group
(p < 0.05). Furthermore, significant differences in MMSE
scores were observed (p < 0.05).

Kunieda et al.



Table 3. Brain regions showing an increased rCBF

Association cortex Regions Side BA MNI coordinates tvalue p value
(. y,2)

In the aMCI group compared to the NC group

Temporal association cortex Inferior temporal gyrus L 37 -64, -60, -8 3.25 0.001

Occipital association cortex Cuneus R 18 28, -100,0 3.00 0.002
Fusiform gyrus R 19 36,-72,-8 2.73 0.004

Others Uvula R - 18, -74, -32 3.88 <0.001
Thalamus R - 26,-22,6 2.92 0.002
Culmen R - 44, -34, -26 2.64 0.005
Culmen L - -46, -38, -24 3.83 <0.001
Inferior semi-lunar lobule L - -18, -68, -36 3.73 <0.001

In the mild AD group compared to the aMCI group

Frontal association cortex Inferior frontal gyrus R 47 56, 20, -4 3.19 0.001
Inferior frontal gyrus L 47 -52,24, -8 2.56 0.006
Middle frontal gyrus L 11 -28,36,-2 2.40 0.009

Temporal association cortex Superior temporal gyrus R 22 64,0,4 2.61 0.005

In the mild AD group compared to the NC group

Frontal association cortex Inferior frontal gyrus R 47 48,40, -18 2.68 0.005

Premotor cortex Middle frontal gyrus R 6 36, —4, 44 2.64 0.005

Temporal association cortex Middle temporal gyrus R 37 62, -64, -2 2.82 0.003
Fusiform gyrus R 20 46, -34, -24 2.86 0.003
Fusiform gyrus L 20 =50, -32, -30 3.51 <0.001

Occipital association cortex Middle occipital gyrus L 19 -58, -70, -4 2.72 0.004

Others Cerebellar lingual R - 0, -48, -18 3.56 <0.001
Inferior semi-lunar lobule L - -10, -68, -40 3.60 <0.001

Unpaired t test in SPM8, uncorrected, covariate for age, p < 0.01. MNI, Montreal Neurological Institute; L, left; R, right.

The brain regions with a decreased rCBF are shown in

Table 2 and Figure 1.

o The aMCI group showed a reduction in the biparietal
parietal and premotor cortex and the left frontal asso-
ciation cortices (p < 0.01, uncorrected) compared to
NC; the most significant one was in the right superior
frontal gyrus (Brodman area [BA] 6; shown in Fig. 1a).

o Themild AD group demonstrated a decrease in the left
temporal, bilateral parietal, occipital association, and
premotor cortices, as well as the left limbic lobe (p <
0.01, uncorrected), compared to the aMCI group; the
most important one was in the right precuneus (BA 7;
shown in Fig. 1b).

o Compared to NC, the mild AD group indicated a de-
cline in bilateral parietal association and the premotor
cortex, as well as the left frontal association cortices
(p <0.01, uncorrected); the most critical one was in the
left precuneus (BA 7; shown in Fig. 1c).

The brain regions that showed an increased rCBF are

indicated in Table 3 and Figure 2.

Cerebral Blood Flow in Older Adults with
Cognitive Impairment

« Compared to the NC group, the aMCI group displayed

elevation in certain areas in the bilateral cerebellum, as
well as the left and the right occipital association cor-
tices (p < 0.01, uncorrected); the most significant one
was in the right uvula of the cerebellum (shown in
Fig. 2a).

In the mild AD group, rising rCBF levels were ob-
served in specific areas of the bilateral frontal or right
temporal association cortex (p < 0.01, uncorrected)
compared to MCI; the most critical one was in the
right inferior frontal gyrus (BA 47; shown in Fig. 2b).
Compared to NC, the mild AD group displayed an in-
crease in some of the cerebellum, the bilateral tempo-
ral cortex, the left occipital association cortex, the right
frontal association, and the right premotor cortices
(p <0.01, uncorrected); the most important one was in
the left inferior semi-lunar lobule of the cerebellum
(shown in Fig. 2¢).

Dement Geriatr Cogn Disord Extra 2021;11:91-98 95
DOI: 10.1159/000515864



Fig. 2. Brain regions mapping an increased
rCBF in SPM8. SPM t mapping was thres-
holded at an uncorrected p < 0.01 at the
voxel level. A voxel-based unpaired t test
covariated for age was used to identify vox-
els that differed significantly in the aMCI
group compared to the NC group (a), the
mild AD group compared to the aMCI
group (b), and the mild AD group com-
pared to the NC group (c), respectively.
The most significant area was the right
uvula at the cerebellum in a, right inferior
frontal gyrus (BA 47) in b, and the left in-
ferior semi-lunar lobule at the cerebellum
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in ¢, respectively. R, right; L, left.

Discussion

The present retrospective cross-sectional study investi-
gated the characteristics of rCBF in patients with aMCI and
mild AD. This was detected to be lower in the bilateral pre-
motor, parietal, and left frontal association cortices in the
aMCI group compared to NC; higher values were observed
in the bilateral cerebellum. Second, for mild AD, a reduc-
tion was seen in the bilateral parietal, premotor, left tempo-
ral, occipital, and frontal association cortices, as well as the
left limbic lobe, compared to the aMCI and NC groups.
Contrastingly, an elevation was seen in specific portions of
the cerebellum and the bilateral frontal, right premotor,
temporal, and left occipital association cortices.

The present investigation uncovered varying findings
compared to previous studies. The present study showed
decreased rCBF regions in the frontal lobe, such as the
dorsal premotor and supplementary motor areas, in MCI
patients; these are practically consistent with characteris-
tics of AD patients [25]. Interestingly, attention deficit,
especially executive control, may significantly contribute
to the behavioral and cognitive deficits of aMCI [26],
which are indicative of a decrease in rCBF. This is consis-
tent with the hypotheses of previous studies.

Some findings in the mild AD group and others were
consistent with previous studies; however, others were
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not. Regions with a reduced rCBF, such as the temporal,
occipital, and frontal association cortices, in addition to
the parietal cortex, extended to the entire brain [5]. Simi-
larly, mild AD displayed increased rCBF regions in the
cerebellum and prefrontal cortex; this was consistent with
previous studies comparing values to those of NC [16,
27-30]. However, the integrated elevation and reduction
in rCBF, including the cerebral hemisphere, lacked uni-
formity with previous studies [31, 32]. A significant in-
crease in the cerebellum may cause a vanishing phenom-
enon, compensating for rCBF in the cerebral cortex [10]
and possibly affecting aMCI or AD.

The present study has strengths and limitations. The
recruited patients were classified as mild AD, aMCI, or
NC; both the decreased and elevated regions were consid-
ered for rCBF. The findings of the present study suggest
detailed characteristics in mild AD and aMCI, providing
evidence for the establishment of an effective interven-
tion method. Contrastingly, its limitation is its cross-sec-
tional design; important indicators of rCBF, such as
memory and executive function, were not considered in
the present study. Therefore, the pathway of changes and
the relationship with multiple cognitive functions are not
precise. Further studies with a longitudinal cohort or a
clinical trial design in multiple facilities are required to
overcome these limitations.

Kunieda et al.



Conclusion

We observed the characteristics of changes in rCBF for
patients with aMCI and AD. The specified regions of re-
duced and elevated rCBF are novel findings of the present
study. Furthermore, it is necessary to clarify the back-
ground of the participants, including the cause and clini-
cal symptoms of MCI or AD, and subsequently conduct
a longitudinal clinical trial.
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