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Abstract.
Background: Mild behavioral impairment (MBI) is associated with accelerated cognitive decline and greater risk of dementia.
However, the neural correlates of MBI have not been completely elucidated.
Objective: The study aimed to investigate the correlation between cognitively normal participants and participants with
amnestic mild cognitive impairment (aMCI) using resting-state functional magnetic resonance imaging.
Methods: The study included 30 cognitively normal participants and 13 participants with aMCI (20 men and 23 women;
mean age, 76.9 years). The MBI was assessed using the MBI checklist (MBI-C). Region of interest (ROI)-to-ROI analysis was
performed to examine the correlation between MBI-C scores and functional connectivity (FC) of the default mode network,
salience network, and frontoparietal control network (FPCN). Age, Mini-Mental State Examination score, sex, and education
were used as covariates. A p-value of 0.05, with false discovery rate correction, was considered significant.
Results: A negative correlation was observed between the MBI-C total score and FC of the left posterior parietal cortex with
the right middle frontal gyrus. A similar result was obtained for the MBI-C affective dysregulation domain score.
Conclusion: FPCN dysfunction was detected as a neural correlate of MBI, especially in the affective dysregulation domain.
This dysfunction may be associated with cognitive impairment in MBI and conversion of MBI to dementia; however, further
longitudinal data are needed to examine this relationship.
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INTRODUCTION

The neural correlates of neuropsychiatric symp-
toms (NPS) have not been completely elucidated. For
example, the results for neural correlates of NPS
in Alzheimer’s disease (AD) are inconsistent; how-
ever, the involvement of the anterior and posterior
cingulate, frontal lobes, hippocampus, insula, and
amygdala has been suggested [1, 2]. These incon-
sistencies could be explained, in certain cases, when
the NPS are not caused by damage to specific brain
regions but rather due to dysfunction of certain reg-
ions within the specific brain networks. There are
three important brain networks in this regard: the
default mode network (DMN), salience network
(SN), and fronto-parietal control network (FPCN).
The DMN includes the medial prefrontal cortex,
posterior cingulate cortex, and bilateral inferior pari-
etal cortex, and is activated in the resting state [3];
while the FPCN, which is similar to the central
executive network (CEN), includes the dorsolateral
prefrontal cortex, anterior prefrontal cortex, anterior
inferior parietal lobule, and lateral intraparietal sul-
cus, and supports the decision-making processes and
cognitive control [4, 5]. The SN includes the ante-
rior cingulate cortex and orbital frontoinsula and is
involved in interoceptive autonomic processing [4].
The right frontoinsula within the SN plays an impor-
tant role in switching between the DMN and the CEN
[6].

The neural correlates of NPS using functional mag-
netic resonance imaging (fMRI) have demonstrated
the association of impairment in the DMN with apa-
thy in mild cognitive impairment (MCI) [7], multiple
NPS in MCI and AD [8], and hyperactivity in AD [9].
Changes in the SN have been correlated with agitation
[10] and hyperactivity syndrome [11] in AD, while
greater affective symptoms and apathy in MCI have
been associated with FPCN [7, 12]. These results
indicate the importance of the DMN, SN, and FPCN
as neural correlates of NPS.

Since NPS in older individuals is considered a risk
factor for dementia, new criteria for mild behavioral
impairment (MBI) were proposed by the Interna-
tional Society to Advance Alzheimer’s Research
and Treatment (ISAART) [13]. According to these
criteria, MBI comprises five domains: decreased
motivation, affective dysregulation, impulse dyscon-
trol, social inappropriateness, and abnormal thoughts
and perception. MBI has been shown to accelerate
cognitive decline [14, 15] and increase the risk of
dementia [15–17]; however, the neural correlates of

MBI have not been completely elucidated. Based on
the MRI, MBI in Parkinson’s disease (PD) has been
related to the right middle temporal cortex [18], and
with the DMN, SN, and FPCN using fMRI [19, 20].
However, the neural correlates of MBI in the AD
continuum may differ from those of the MBI in PD.
Very recently, an MRI study in a memory clinic on
patients with subjective cognitive decline (SCD) and
MCI detected correlations between MBI and entorhi-
nal and hippocampal atrophy [21]. MBI has also been
associated with a greater increase in plasma neurofil-
ament light levels in cognitively normal individuals
and individuals with MCI, suggesting a link with
accelerated neuropathological changes or faster or
greater neurodegeneration [22]. Therefore, revealing
the neural correlates of MBI might demonstrate how
MBI is involved in the cognitive decline and increased
risk of dementia, thereby adding to the very scant lit-
erature, which is in its infancy. This study aimed to
investigate these neural correlates in cognitively nor-
mal participants and participants with amnestic MCI
(aMCI) using resting-state fMRI.

METHODS

Participants

Volunteers or outpatients at the Center for Diag-
nosis of Dementia, Kyoto Prefectural University
of Medicine were recruited. The inclusion criteria
were age ≥ 60 years and maintenance of activities of
daily living. The exclusion criteria were brain injury,
dementia, anti-dementia drug treatment, inability to
undergo an MRI scan, history of mental illness,
intellectual disability, drug or alcohol abuse, seri-
ous impairment of vision or hearing, and use of
both hands. Using these criteria, 43 older adults were
enrolled in the study, including 30 cognitively normal
participants and 13 participants with aMCI. Cogni-
tively normal was defined as a clinical dementia rating
(CDR) [23] of 0. aMCI was diagnosed using a com-
bination of a CDR of 0.5, CDR memory score of 0.5
or 1, and Petersen criteria [24]. The assessments were
reviewed by a psychiatrist and psychologists, and the
diagnosis was made by the psychiatrist. This study
was approved by the ethics committee of the Kyoto
Prefectural University of Medicine (ERB-C-853-5).
Informed consent was obtained from all the partici-
pants. Of the 43 participants, 27 were included in a
previous report [25]; however, the aim of the previ-
ous study, which dealt with interoceptive accuracy,
differed from that of the current study.
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Assessments

The MBI checklist (MBI-C, available at http://
www.MBItest.org) [26] was used to assess the MBI.
The MBI-C consists of 34 items (decreased moti-
vation, 6 items; affective dysregulation, 6 items;
impulse dyscontrol, 12 items; social inappropriate-
ness, 5 items; and abnormal thoughts and perception,
5 items). These five domains were supported by fac-
tor analysis [27]. In each item, the score was 0 if the
symptom was absent, did not represent a change from
a longstanding pattern of behavior, or did not persist
for at least 6 months. If the symptom is endorsed,
the score is 1 (mild: noticeable but not a significant
change); 2 (moderate: significant but not a dramatic
change); or 3 (severe: marked or prominent, a dra-
matic change). Therefore, the MBI-C total score is
calculated by summing up the five domain scores
(total score range, 0 to 102) with a higher score rep-
resenting a more severe symptomatology.

The MBI-C was translated into Japanese with the
participation of the developer, following a standard
forward and back-translation procedure to confirm
the semantic equivalence of the Japanese version
with the original English version. The initial Japanese
MBI-C version was preliminarily administered to
five participants with MCI. Minor modifications were
then made to develop the final version. In the current
study, the MBI-C was self-reported by the partici-
pants. The Mini-Mental State Examination (MMSE)
[28] was also administered to evaluate cognitive func-
tion. The assessments and MRI scans were performed
on the same day.

Image acquisition

MRI was performed using a 3T Philips Achieva
scanner (Philips, Best, The Netherlands). T1-weig-
hted three-dimensional magnetization-prepared ra-
pid gradient-echo (MPRAGE) images were obtained
with repetition time, 6.8 ms; echo time, 3.1 ms; field
of view, 256 × 256 mm2; flip angle, 9◦; matrix,
256 × 256; resolution, 1.0 × 1.0 × 1.2 mm; and num-
ber of sagittal slices, 170. A 10 min resting-state fMRI
scan was also performed using T2∗-weighted echo
planar sequence with repetition time, 2500 ms; echo
time, 30 ms; field of view, 212 × 212 mm2; flip angle,
80◦; matrix, 64 × 64; resolution, 3.3 × 3.3 × 3.2 mm;
number of axial slices, 40; 0.8 mm gaps, and inter-
leaved collection, during which the participants
glanced fixedly at a black cross in the center of a
white screen.

Statistical analyses

Independent group t-tests and chi-square tests were
performed to compare the two groups using the SPSS
24 software (IBM Corp., Armonk, NY, USA). Statis-
tical significance was set at p < 0.05.

The structural and functional images were prepro-
cessed using CONN Toolbox ver.18.b [29] running
in MATLAB R2019b (MathWorks, Inc., Natick,
MA, USA). After discarding the initial ten functio-
nal images, functional realignment, subject-motion
estimation and correction, slice timing correction,
segmentation, and normalization to Montreal Neuro-
logical Institute (MNI) atlas space were performed.
Finally, the normalized images were smoothed with
an 8 mm full width at half maximum (FWHM)
Gaussian kernel. Artifact detection tools-based iden-
tification of outlier scans for scrubbing was used to
detect functional outliers in preprocessing in CONN.
In the first-level analysis, realignment parameter,
quality assurance timeseries, and scrubbing parame-
ter were used as covariates. Denoising tool in CONN
was also used to eliminate the effects of motion, white
matter (WM) and cerebrospinal fluid (CSF) noise,
and other physiological noise. After creating the ROI-
to-ROI and voxel-to-voxel connectivity matrices for
each participant at the first-level analysis, general lin-
ear model was conducted using the data acquired at
the first level to obtain group-level estimates at the
second-level analysis [29].

Region of interest (ROI)-to-ROI analysis was per-
formed as described in our previous study [25].
Seeds were selected from within the DMN, SN, and
FPCN. The anatomical locations were the medial pre-
frontal cortex, bilateral lateral parietal, and posterior
cingulate cortex for the DMN seeds, the bilateral
rostral prefrontal cortex, anterior cingulate cortex,
bilateral anterior insular cortex, and bilateral supra-
marginal gyrus for the SN seeds, and the bilateral
lateral prefrontal cortex and bilateral posterior pari-
etal cortex for the FPCN seeds. ROIs were a set
of whole brain 164 ROIs provided by the CONN
software. In the second-level analysis, one-sample
general linear model analyses were performed to
examine the regression between MBI-C scores and
functional connectivity (FC) of the DMN, SN, and
FPCN. Age, sex, education, and MMSE scores were
used as covariates. A p-value of 0.05, with false
discovery rate (FDR) correction, was considered sig-
nificant.

To identify the FC correlates with the MBI-C score,
group-level independent component analysis (ICA)

http://www.MBItest.org
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was performed using the CONN toolbox ver.18.b,
as in our previous study [25]. The number of inde-
pendent components to be estimated was set to 40,
and the dimensionality reduction was set to 64. The
summary option in the ICA networks’ second-level
results was used to search the estimated ICA net-
works. Spatial correlations between each component
and the CONN default network file were calculated
using the “compute spatial match to template” option
using the ICA tools. Components associated with the
DMN, SN, and FPCN were determined by visual
inspection. In the second-level analysis, the deter-
mined ICA networks were entered into a general
linear model, which was used to examine the correla-
tions with the MBI-C score using age, sex, education,
and MMSE score as covariates. Statistical thresholds
were set to uncorrected p < 0.001 at the voxel level
and to FDR corrected p < 0.05 at the cluster level.

Voxel-based morphometry (VBM) was performed
using Statistical Parametric Mapping (SPM) 12
(Wellcome Department of Cognitive Neurology, Uni-
versity College, London, UK) in MATLAB R2019b.
MPRAGE images were segmented into gray mat-
ter (GM), WM, and CSF with bias correction. The
template for diffeomorphic anatomical registration
through exponentiated lie algebra (DARTEL) was
created using data acquired during the segmenta-
tion process. Next, each segmented GM image was
spatially warped to the MNI space using the DAR-
TEL algorithm with the created template. Finally, the

images were smoothed using an 8 mm FWHM fil-
ter. In image analysis, multiple regression analysis
was performed to examine the relationship between
the MBI score and regional GM volume. Age, sex,
education, MMSE score, and total intracranial vol-
ume (sum of the GM, WM, and CSF volumes) were
used as covariates. Thresholds were set to a p-value of
0.001 (uncorrected) at the voxel level and to a p-value
of 0.05 (FDR corrected) at the cluster level.

RESULTS

Participants

The clinical characteristics of the 43 participants
are shown in Table 1. Using a cut-off score of
6.5 [30], 5/43 total participants (12%), 3/30 cogni-
tive normal participants (10%), and 2/13 participants
with MCI (15%) had MBI. Eight participants (19%)
were taking psychotropic drugs, including suvorex-
ant (n = 2), zolpidem (n = 2), flunitrazepam (n = 2),
triazolam (n = 1), brotizolam (n = 1), etizolam (n = 1),
and duloxetine (n = 1). The characteristics of the par-
ticipants taking and not taking these drugs were not
significantly different.

ROI-to-ROI analysis

A negative correlation was observed between the
MBI-C total score and FC of the left posterior

Table 1
Clinical characteristics of the participants

Characteristic All participants Cognitive normal Participants
participants with MCI

(n = 43) (n = 30) (n = 13)

Age, y 76.9 ± 5.7 76.1 ± 5.7 78.8 ± 5.4
Sex, male/female 20/23 12/18 8/5
Education, y 13.3 ± 2.4 13.2 ± 2.3 13.6 ± 2.8
MMSE score 27.6 ± 2.5 28.3 ± 2.2 26.1 ± 2.6
CDR, 0/0.5 30/13 30/0 0/13
MBI-C total (range) 2.7 ± 4.2 (0–20) 2.7 ± 4.9 (0–20) 2.6 ± 2.5 (0–7)
MBI-C total score ≥ 1, number (%) 29 (67) 19 (63) 10 (77)
MBI-C decreased motivation (range) 0.7 ± 1.4 (0–6) 0.6 ± 1.4 (0–6) 1.0 ± 1.2 (0–3)
MBI-C decreased motivation score ≥ 1, number (%) 14 (33) 7 (23) 7 (54)
MBI-C affective dysregulation (range) 1.0 ± 1.6 (0–8) 1.1 ± 1.8 (0–8) 0.8 ± 1.0 (0–3)
MBI-C affective dysregulation score ≥ 1, number (%) 19 (44) 13 (43) 6 (46)
MBI-C impulse dyscontrol (range) 0.8 ± 1.5 (0–7) 0.9 ± 1.7 (0–7) 0.5 ± 1.0 (0–3)
MBI-C impulse dyscontrol score ≥ 1, number (%) 17 (40) 13 (43) 4 (31)
MBI-C social inappropriateness (range) 0.1 ± 0.5 (0–3) 0.1 ± 0.3 (0–1) 0.3 ± 0.9 (0–3)
MBI-C social inappropriateness score ≥ 1, number (%) 4 (9.3) 2 (6.7) 2 (15)
MBI-C abnormal thought and perception (range) 0.0 ± 0.2 (0–1) 0.0 ± 0.2 (0–1) 0.0 ± 0.0 (0)
MBI-C abnormal thought and perception 1 (2.3) 1 (3.3) 0 (0)

score ≥ 1, number (%)

CDR, Clinical Dementia Rating; MBI-C, mild behavioral impairment checklist; MCI, mild cognitive impairment; MMSE, Mini- Mental
State Examination. Data are shown as the mean ± standard deviation, except for sex and CDR.
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Fig. 1. Brain regions showing a significant correlation of seed functional connectivity with the mild behavioral impairment checklist (MBI-C)
total score. The connectivity value between the left posterior parietal cortex and right middle frontal gyrus was negatively correlated with
the MBI-C total score.

parietal cortex with the right middle frontal gyrus
(t [37] = –4.39, FDR-corrected p = 0.015) (Fig. 1).
The MBI-C affective dysregulation score was also
negatively correlated with FC between the left pos-
terior parietal cortex and right middle frontal gyrus

(t [37] = –4.14, FDR-corrected p = 0.032). MBI-C
scores for decreased motivation and impulse dyscon-
trol were not significantly correlated with FC of seeds
within the DMN, SN, and FPCN using whole-brain
ROIs. MBI-C scores for social inappropriateness and

Table 2
Results of independent component analysis

Brain area MNI coordinates at Cluster size Cluster p
the peak voxel (FDR-corrected)

X Y Z

MBI-C total
Left frontal pole –18 52 18 315 0.008
Right precentral gyrus 56 –4 36 257 0.012
Left superior frontal gyrus –18 18 60 191 0.034
MBI-C affective dysregulation
Left frontal pole –22 56 22 414 0.001
Left superior frontal gyrus –6 34 36 292 0.007
Left superior frontal gyrus –18 18 58 268 0.007
MBI-C impulse dyscontrol
Right precentral gyrus 12 –16 62 901 < 0.001
Right precentral gyrus 64 2 28 663 < 0.001
Left precentral gyrus –60 –2 24 545 < 0.001
Left superior frontal gyrus 12 36 46 203 0.022
Left frontal pole –18 52 18 158 0.041
Right cerebellum 44 –80 –42 158 0.041

FDR, false discovery rate; MBI-C, mild behavioral impairment checklist; MNI, Montreal Neurological Institute.
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Fig. 2. Brain regions with a significant positive correlation (red) and a significant negative correlation (blue) of voxel-based functional
connectivity and the mild behavioral impairment checklist (MBI-C) total score. The left frontal pole and superior frontal gyrus were
negatively correlated with the MBI-C total score, and the right precentral gyrus was positively correlated with the MBI-C total score.

abnormal thoughts and perceptions were not analyzed
because these characteristics were only found in a few
participants.

ICA analysis

In the component associated with the FPCN, the
MBI-C total score was negatively correlated with the
voxel-based FC in the left frontal pole and supe-
rior frontal gyrus, and positively correlated with
the voxel-based FC in the right precentral gyrus
(Fig. 2, Table 2). No brain regions were significantly
correlated with the MBI-C total scores in the compo-
nents associated with the DMN and SN. The MBI-C
affective dysregulation score was also negatively cor-
related with the voxel-based FC in the left frontal pole

and superior frontal gyrus (Fig. 3, Table 2); the MBI-
C impulse dyscontrol score was positively correlated
with the voxel-based FC in the bilateral precentral
gyri, and negatively correlated with the left superior
frontal gyrus, left frontal pole, and right cerebellum
in the component associated with the FPCN (Fig. 3,
Table 2). The MBI-C decreased motivation score did
not show a significant correlation with components
associated with the DMN, SN, and FPCN.

VBM analysis

VBM analysis did not detect any brain regions
that were significantly correlated with the MBI-C
total, decreased motivation, or affective dysregula-
tion scores. The MBI-C impulse dyscontrol score was
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Fig. 3. Brain regions with a significant positive correlation (red) and a significant negative correlation (blue) of voxel-based functional
connectivity and the mild behavioral impairment checklist (MBI-C) affective dysregulation score (a) and impulse dyscontrol score (b).
The left frontal pole and superior frontal gyrus were negatively correlated with the MBI-C affective dysregulation score (a). The bilateral
precentral gyri were positively correlated with the MBI-C impulse dyscontrol score, and the left superior frontal gyrus, left frontal pole, and
right cerebellum were negatively correlated with the MBI-C impulse dyscontrol score (b).

Fig. 4. Brain regions correlated with the mild behavioral impair-
ment checklist (MBI-C) impulse dyscontrol score. The gray matter
volume of the left superior temporal gyrus was negatively corre-
lated with the MBI-C impulse dyscontrol score.

negatively correlated with the regional brain volume
in the left superior temporal gyrus (cluster size 547;
FDR-corrected p = 0.033, MNI coordinates of peak
voxels -51/-20/9) (Fig. 4).

DISCUSSION

The results of the study demonstrated that MBI,
especially affective dysregulation, correlated with
decreased FC between the left posterior parietal cor-
tex and right middle frontal gyrus. Decreased FCs in
the left frontal pole and superior frontal gyrus are also
involved in MBI. Therefore, dysfunction of FPCN
might be linked to MBI.

Affective and emotional dysregulation are com-
mon symptoms in preclinical and prodromal dem-
entia [17, 31], and decreased connectivity in the
FPCN has been associated with subthreshold depres-
sive symptoms in the general population [32] and
affective symptoms in MCI [12]. A meta-analysis of
resting-state FC found associations between major
depressive disorder and hypoconnectivity within the
FPCN and hyperconnectivity within the DMN [33].
Another meta-analysis showed involvement of the
right middle frontal gyrus in the FPCN [34]. These
results suggest that the FPCN might be an impor-
tant network as a neural correlate of MBI, especially
for symptoms comprising the affective dysregulation
domain.
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The FPCN plays an important role in working
memory, executive function, and general task-swit-
ching processes [4, 35]. Previous studies have exam-
ined the association between MBI and impairment
of executive function, working memory, and atten-
tion. Thus, comparison of cognitive function between
MBI without cognitive complaints and MCI showed
poorer language and executive function in MBI, but
worse memory in MCI [16]. In a study at the National
Alzheimer Coordinating Center, participants with
MBI had greater impairment of attention, executive
function, and episodic memory, compared to partic-
ipants without MBI [36]; measurement of MBI with
the MBI-C in a large sample of cognitively normal
community-dwelling elderly people demonstrated a
decline in working memory and attention over one
year [14]. Therefore, FPCN dysfunction could result
in impairment of executive function in MBI; indeed,
impairment of set shifting in PD with MBI has been
associated with such dysfunction [20]. Thus, the find-
ings of the current study link networks associated
with cognitive impairment, in advance of overt cog-
nitive impairment, and support the utility of MBI for
identification of the risk group for incident cognitive
decline and dementia.

MBI manifests with early symptoms of various
types of dementia, including AD, frontotemporal
dementia (FTD), PD dementia, dementia with Lewy
bodies, and vascular dementia [13]. We previously
reported an increased risk of dementia in participants
with affective dysregulation symptoms of MBI [17],
which was the most common symptom in the cur-
rent study. Since our sample consisted of cognitively
normal participants and participants with aMCI, these
symptoms and their association with the FPCN could
represent early symptoms of AD. Previous studies
have shown relationships between MBI and biomark-
ers for AD, including brain amyloid deposition [37],
a high tau-PET signal in early Braak stages, ele-
vated CSF P-tau181 [38], Alzheimer’s genetic loci
[39, 40], and plasma neurofilament light [22]. More
recently, in a comparable Alzheimer’s Disease Neu-
roimaging Initiative sample of persons with normal
cognition or MCI, MBI was associated with low
plasma A�42/A�40, a signal driven by the affective
dysregulation domain [41].

Functional neuroimaging implicated the frontal
cortex [42], precuneus [42, 43], and temporopari-
etal cortex [44] in predicting the conversion of MCI
to AD. Participants with AD had FC reduction not
only in the DMN, but also in the CEN and FPCN
[45]. Attention deficits in AD have been associated

with less activation in the parietal and frontal lobes
[46]. Therefore, affective dysregulation and FPCN
dysfunction could be predictors of conversion to AD.
On the other hand, the impairment of executive func-
tion and theory of mind, and focal frontal atrophy
have been detected as predictors of conversion from
MBI to dementia, especially the behavioral variant of
FTD (bvFTD) [47]; the SN is involved in the symp-
toms of bvFTD [10]. Thus, MBI in PD associated
with the DMN, SN, and FPCN [19, 20] could be an
early symptom of PD dementia. These results sug-
gest a dependence of neural correlates of MBI on the
neuropathological background, and further longitu-
dinal neuroimaging studies are needed to identify the
predictors of conversion of MBI to dementia.

The current study demonstrated the involvement
of the bilateral precentral gyri, left superior frontal
gyrus, left frontal pole, right cerebellum, and left
superior temporal gyrus with impulse dyscontrol
symptoms of MBI. These symptoms include agita-
tion, aggression, rigidity, stubbornness, impulsivity,
and abnormal reward salience [13, 26]. A recent net-
work analysis of impulse dyscontrol in MCI and SCD
identified irritability, agitation, and rigidity as the
central symptoms in the network [48]. More recently,
in a mixed sample of normal cognition, MCI, and
AD, impulse dyscontrol was associated with changes
in fractional anisotropy and/or radial diffusivity in
the fornix, superior fronto-occipital fasciculus, cingu-
lum, and uncinate fasciculus, and grey matter atrophy
in the parahippocampal gyrus [49]. In fMRI studies,
the SN and DMN have been associated with hyper-
activity syndrome, including irritability, agitation,
euphoria, aberrant motor behavior, and disinhibition
in AD [9, 11], and reduced connectivity in the olfac-
tory cortex and posterior cingulate cortex has been
linked to agitation and irritability in cognitively nor-
mal participants and those with aMCI and AD [50].
However, an association between impulse dyscon-
trol symptoms of MBI and SN and DMN was not
detected in the current study. We were unable to detect
the neural correlates of decreased motivation, social
inappropriateness, and abnormal thoughts and per-
ception due to the low severity and prevalence of these
symptoms in the participants. In the current study,
the neural correlates of the MBI-C total score and
MBI-C affective dysregulation score were similar.
This could be because the MBI-C affective dysreg-
ulation score represented a large portion of MBI-C
total score. On the other hand, the neural correlates
between affective dysregulation and impulse dyscon-
trol symptoms of MBI were partially different. Since
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the neural correlates of MBI may differ in each MBI
domain, further neuroimaging studies are warranted
to examine these correlates in each domain. However,
total MBI-C score identifies the global risk of incident
cognitive decline and dementia, of which individ-
ual domains may not be endorsed frequently enough
to do. Further, there are no published cut off scores
for individual domain positivity, and individual items
may load onto different domains based on the sam-
ple and the psychometric properties of the specific
translation. Thus, considering the state of the field
at present, the global MBI burden remains the best-
validated approach to risk assessment, and the neural
correlates of this burden may still represent a distinct
risk marker.

The characteristics of the MBI in this study were
consistent with those of previous studies. Various
prevalence estimates have been reported with diff-
erences based on setting (primary care population,
community population, psychiatric clinic, and neu-
rology clinic), and on case ascertainment (neu-
ropsychiatric inventory, MBI-C, semi-structured
interview/chart review). These prevalences have
ranged from 5.8 to 75.5% for SCD, and 14.2 to 85.3%
for MCI [17, 30, 51–53] with the most conservative
prevalence generated using the MBI-C (which most
accurately measures the MBI). The affective dys-
regulation domain has been the most common [17,
27, 51, 52], and the mean MBI-C total score ranges
from 1.94 to 5.08 [30, 37, 53]. Using a cut-off score
of 0/1, 45% of the participants self-reported MBI-C
symptoms [27]. A prevalence of MBI of 14.2% has
been found in primary care participants with MCI,
and a cut-off of 6.5 for the MBI-C total score best
distinguished patients with and without MBI [30].
Therefore, the Japanese version of the MBI-C could
accurately assess the MBI symptoms.

This study has certain limitations. First, the MBI-
C was self-reported by the participants, and while
this method has been shown to be associated with
1-year cognitive decline in a cognitively normal com-
munity sample [14], the self- and informant-rated
MBI-C were weakly correlated and could possess
different psychometric properties [27]. MBI-C scor-
ing by informants tends to be higher than that by the
participants [27]; however, the self-reported MBI-
C is also significant since many older adults who
are cognitively normal or have MCI do not have
informants or have subtle symptoms that could be
better recognized by themselves before others notice
these symptoms. Second, MBI severity was low since
the number of participants was small; 70% of the

participants were cognitively normal. Moreover, only
a few participants endorsed social inappropriateness
and abnormal thoughts and perceptions, which pre-
cluded analysis of these domains. It is possible that
the loss of insight could have resulted in underesti-
mation of these symptoms by self-report. Previous
research has demonstrated that self-rated scores for
impulse dyscontrol and social inappropriateness were
lower than the informant scores in a sample of cog-
nitively normal people [27]. Third, results of the
validation study of the Japanese MBI-C version
have not yet been published. However, this transla-
tion demonstrates satisfactory concurrent validity and
reliability (data not shown). Fourth, the assessment of
cognitive function could be insufficient since it was
evaluated using only the MMSE and CDR. Fifth, the
current study was cross-sectional, and thus, does not
provide information on the changes in MBI, cogni-
tion, or FC over time. These limitations should be
taken into account when interpreting our results, and
further investigations are clearly warranted to confirm
the preliminary findings in the present study.

In conclusion, FPCN dysfunction was detected as
a neural correlate of MBI, especially in the affec-
tive dysregulation domain. This dysfunction may be
associated with cognitive impairment in MBI and
conversion of MBI to dementia, and longitudinal neu-
roimaging studies in the future are warranted for
further examination of MBI.
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