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Abstract.

Background: Mild behavioral impairment (MBI) and loneliness are associated with cognitive decline and an increased risk
of dementia.

Objective: Our aim was to examine the validity of the Japanese version of the MBI checklist (MBI-C) and investigate the
relationship between loneliness and MBI.

Methods: The participants in this cross-sectional study included 5 cognitively normal persons and 75 persons with mild
cognitive impairment. MBI-C and the revised University of California at Los Angeles loneliness scale (LS) were used to assess
MBI and loneliness, respectively. Diagnostic performance of MBI-C was examined using receiver operating characteristic
analysis. The relationship between MBI-C and LS was examined using multiple linear regression in 67 subjects who were
assessed with both scales, with MBI-C total or domain score as the dependent variable and LS as the independent variable,
adjusted for age, gender, living situation, presence of visual and hearing impairment, and Mini-Mental State Examination
score.

Results: Per the Youden index, in this mostly MCI sample, the optimal MBI-C cut-off score was 5.5 with sensitivity 0.917
and specificity 0.949. In multiple linear regression analysis, LS score was detected as a significant predictor of MBI-C total
scores, and MBI-C decreased motivation, affective dysregulation, and abnormal thought and perception scores.
Conclusions: The caregiver-rated Japanese MBI-C has excellent diagnostic performance. Loneliness is associated with a
greater MBI burden, especially in the decreased motivation, affective dysregulation, and abnormal thought and perception
domains. Interventions for loneliness in older people may have the potential to improve MBI.

Keywords: Alzheimer’s disease, dementia, living alone, loneliness, mild behavioral impairment, visual impairment

*Correspondence to: Teruyuki Matsuoka, Department of Psy-
chiatry, Graduate School of Medical Science, Kyoto Prefectural Kamigyo-ku, Kyoto 602-8566, Japan. Tel.: +81 75 2515612; Fax:
University of Medicine, 465 Kajii-cho, Kawaramachi-Hirokoji, +81 75 2515839; E-mail: tmms2004 @koto.kpu-m.ac.jp.

ISSN 1387-2877 © 2024 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:tmms2004@koto.kpu-m.ac.jp
https://creativecommons.org/licenses/by-nc/4.0/

1952 T. Matsuoka et al. / Relationship between Loneliness and MBI

INTRODUCTION

Mild behavioral impairment (MBI) is character-
ized by the emergence of significant and persistent
neuropsychiatric symptoms at >50 years of age
[1]. While MBI is distinct from dementia, it can
be identified in individuals with cognitive normal-
ity, subjective cognitive decline, and mild cognitive
impairment (MCI) [1]. Importantly, while the symp-
toms of MBI are not a result of psychiatric illnesses,
such illnesses can be complicated by MBI [2]. MBI
has been proposed as a risk factor for demen-
tia and may be an early marker of dementia in
some people [1]. Indeed, MBI is associated with
cognitive decline and incident dementia [3—7]. Neu-
roimaging studies support MBI as a prodromal
marker due to associations with regions affected
early in the disease course [8]. MBI comprises five
domains of decreased motivation (apathy), affective
dysregulation (mood/anxiety symptoms), impulse
dyscontrol (agitation, impulsivity), social inappro-
priateness (impaired social cognition), and abnormal
perception or thought content (psychotic symptoms).
Affective dysregulation and impulse dyscontrol are
most common among these domains [9]. While each
MBI domain is associated with a significantly greater
risk of dementia, this risk is highest for abnor-
mal perception or thought [10, 11], intermediate for
decreased motivation [12], and lowest for affective
dysregulation [13].

Loneliness has also been examined as a risk factor
for dementia, related to cognitive impairment [ 14, 15]
and greater risk [16—18]. A neuroimaging study sug-
gested that loneliness in older people may be linked
to atrophy of the left hippocampus, left entorhinal
cortex, and bilateral thalamus [19], while loneliness
in cognitively normal older people has been associ-
ated with cortical amyloid burden [20, 21] and tau
burden in the right entorhinal cortex [21]. Loneliness
in older people is also associated with psychiatric
symptoms, including depressive symptoms [22-28],
anxiety [24], hallucinations [26, 29], and delusions
[26].

Previous studies have shown associations of MBI
with activities of daily living [30], frailty [31, 32], dia-
betes mellitus [33], low vitamin D [34], high serum
triglyceride [34], and hearing impairment [35, 36].
However, the relationship of MBI with loneliness has
not been examined. Since both MBI and loneliness
are linked to dementia and loneliness is associated
with psychiatric symptoms, loneliness may be related
to MBI. The aim of this study was to examine the

validity of a Japanese version of the MBI checklist
(MBI-C) and investigate the potential link between
MBI and loneliness using MBI-C.

METHODS
Farticipants

This cross-sectional study was conducted at the
Center for Diagnosis of Dementia at Kyoto Prefec-
tural University of Medicine. The inclusion criteria
were: 1) age 60 and above; and 2) no psychiatric
diseases, organic brain diseases, or dementia. Eighty
participants were enrolled after providing informed
consent, including 5 cognitively normal persons and
75 persons with MCI. The participants included 51
females and had a mean age =4 standard deviation
(SD) of 78.5 £ 6.3 years. MCI was diagnosed using
the Petersen criteria [37]. Cognitively normal peo-
ple were defined as those who visited the Center for
Diagnosis of Dementia because of SCD or a care-
giver’s concern about the patient’s cognitive decline,
but did not meet criteria for MCI or dementia. MBI
was diagnosed in accordance with the International
Society to Advance Alzheimer’s Research and Treat-
ment (ISTAART) research diagnostic criteria [1]. The
diagnoses of MBI, MCI, and cognitively normal were
made without knowing the MBI-C scores. These
diagnoses were based on clinical assessments that
took into account all available data, including medical
interviews, neurological examinations, neuropsycho-
logical evaluations, blood tests, and neuroimaging
studies. The study was approved by the ethics com-
mittee of Kyoto Prefectural University of Medicine
(ERB-C-842-5).

Assessment

Information was collected for age, gender, and
living situation (alone or not alone). As in our
previous studies [26, 38], visual or hearing impair-
ments were retrospectively based on descriptions
in medical charts, which characterized them as
diminished visual or hearing abilities observed dur-
ing clinical examinations and in daily life. The
MBI-C (http://www.MBltest.org) [39] was used to
assess MBI. This scale uses 34 items to assess
decreased motivation (6 items), affective dysregula-
tion (6 items), impulse dyscontrol (12 items), social
inappropriateness (5 items), and abnormal thoughts
and perception (5 items). Each item is scored as
0 (absent), 1 (mild), 2 (moderate), and 3 (severe).
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Participated in the study (n = 80)

Assessed with initial version of the Japanese MBI-C (n=5)

Assessed with final version of the Japanese MBI-C (n = 75)

Not assessed with LS (n=8) ‘

{ Assessed with both the Japanese MBI-C and LS (n = 67)

Fig. 1. Flow of the study participants. LS, Loneliness Scale; MBI-
C, Mild Behavioral Impairment Checklist.

Therefore, the MBI-C total score ranges from 0 to
102.

The English version of the MBI-C was first trans-
lated into Japanese, and then we followed a standard
back-translation procedure to ascertain the semantic
equivalence of the Japanese version and the origi-
nal English version [40]. The initial version of the
Japanese MBI-C was tested in five participants in the
study, after which minor modifications were made
to create the final version. These five participants
were not included in the final analyses, which were
performed in 75 participants (Fig. 1), incorporating
caregiver MBI-C ratings.

The revised University of California at Los Ange-
les loneliness scale (LS) [41, 42] was used to assess
loneliness. This scale includes 20 items, with a
score of 1 to 4 for each item. Thus, the total score
ranges from 20 to 80, and higher scores repre-
sent more severe loneliness. Participants self-rated
this scale. The Neuropsychiatric Inventory-12 item
version (NPI-12) [43, 44] was used as a standard
assessment of neuropsychiatric symptoms and was
completed by the caregiver. The Mini-Mental State
Examination (MMSE) [45] was used to evaluate cog-
nitive impairment.

Sample size

The sample size for the correlation analysis
was calculated using G*Power 3.1 (Heinrich-Heine-
Universitat Dusseldorf, Dusseldorf, Germany) [46,
47] with the following conditions: effect size, 0.3;
a, 0.05; 1-B, 0.8. Consequently, 67 participants
were needed, and recruitment was stopped when the
number of participants with LS scores reached 67.
Assessments other than LS were completed in 75
participants (Fig. 1).

Statistical analysis

The validity and reliability of the Japanese version
of the MBI-C were first examined in 75 participants.
Concurrent validity of the MBI-C was assessed based
on the correlation of MBI-C and NPI-12 scores using
Spearman correlation analysis. Internal consistency
was examined with Cronbach’s alpha coefficient. The
diagnostic performance of the MBI-C was evaluated
using receiver operating characteristic (ROC) analy-
sis.

The relationship between MBI-C and LS was then
examined using Spearman correlation and multiple
linear regression in 67 participants. In multiple lin-
ear regression analysis, the MBI-C total or domain
score was used as the dependent variable and the LS
score as the independent variable, adjusted for age,
gender, living situation (alone or not alone), pres-
ence of visual and hearing impairment, and MMSE
score. A normal distribution of residuals was con-
firmed using a percentage probability (P-P) plot and
Durbin-Watson ratio. Statistical analyses were per-
formed using SPSS 29 (IBM Corp., Armonk, NY,
USA), with the significance threshold set at a p value
of 0.05.

RESULTS
Characteristics of participants

The characteristics of the participants are shown
in Table 1. The prevalence of MBI diagnosed by
ISTAART criteria was 48.0% in this sample of partic-
ipants, who were mainly female (64.0%) and about
one-third (29.3%) lived alone, and with a cognitive
diagnosis of MCI (93.3%). The prevalence of visual
impairment was 9.3% and that of hearing impairment
was 17.3%.

Validation of the MBI-C

MBI-C total scores were significantly correlated
with NPI-12 total scores (p =0.749, p <0.001). Cron-
bach’s coefficient alpha was 0.868. The area under the
curve (AUC) was 0.970 (95% confidence interval:
0.937-1.004, p <0.001) (Fig. 2). With the previously
published MBI-C cut-off score of 6.5 for MCI, the
sensitivity was 0.833 and specificity was 0.949. How-
ever, per the Youden index, the optimal MBI-C cut-off
score was 5.5 with an AUC of 0.866, sensitivity 0.917,
and specificity 0.949.
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Table 1
Characteristics of participants (n = 75)

Item Value
Age, years 78.5+6.5
Gender (male/female) 27/48
Living alone (+/—) 22/53
Visual impairment (+/—) 7168
Hearing impairment (+/—) 13/62
MMSE score 25.6+2.2
LS score 32.1£8.7 (n=67)
NPI-12 total score 443+£8.98
MBI (+/—) 36/39
MBI-C total score 7.80£8.12
MBI-C decreased motivation score 1.49+2.24
MBI-C affective dysregulation score 241+2.96
MBI-C impulse dyscontrol score 2.59+3.51
MBI-C social inappropriateness score 0.71+1.14
MBI-C abnormal thought and perception 0.60£1.38

score

Data are presented as a number or a mean = standard deviation
(SD). LS, Loneliness Scale; MBI-C, Mild Behavioral Impairment
Checklist; MMSE, Mini-Mental State Examination; NPI, Neu-
ropsychiatric Inventory.
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Fig. 2. Receiver operating characteristic analysis using the Mild
Behavioral Impairment Checklist.

Correlation analyses between loneliness and
MBI-C

LS scores were significantly correlated with MBI-
C total scores (p=0.366, p=0.002), and scores for
decreased motivation (0 =0.292, p =0.017), affective
dysregulation (p =0.307, p=0.011), impulse dyscon-
trol (p=0.332, p=0.006), and abnormal thought and
perception (p=0.264, p=0.031), but not with those
for social inappropriateness (p =0.065, p=0.602).

Multiple linear regression analysis

In multiple linear regression analysis, LS score
was identified as a significant predictor of MBI-
C total score (adjusted R%Z=0.323, F=5.508,
p<0.001) (Table 2). Female gender and living
alone were also significant variables (Table 2).
When each domain score was entered as a
dependent variable in multiple linear regression
analysis, the LS score was a significant predic-
tor of scores for MBI-C decreased motivation
(adjusted R2=0.274, F=4.567, p<0.001), affec-
tive dysregulation (adjusted R>=0.312, F=5.282,
p<0.001), and abnormal thought and perception
(adjusted R* =0.389, F=7.000, p <0.001) (Table 3),
but not for scores for MBI-C impulse dyscontrol
(adjusted RZ= 0.073, F=1.742, p=0.117) and social
inappropriateness (adjusted R?=0.009, F=1.088,
p=0.383). There were also significant relationships
of MMSE score and age with MBI-C decreased
motivation score, and of female gender and liv-
ing alone with MBI-C affective dysregulation score.
Visual impairment, living alone, female gender, and
age were also significant predictors of the MBI-C
abnormal thought and perception score (Table 3).
P-P plots in analyses of MBI-C total, decreased
motivation, affective dysregulation, and abnormal
thought and perception scores showed that the dis-
tribution of residuals was approximately normal. The
Durbin-Watson ratios in these analyses were nearly 2,
which indicates non-autocorrelation between residu-
als (1.974, 2.286, 2.061, 1.995, respectively).

DISCUSSION

This study demonstrated the association of loneli-
ness with MBI, and especially in the MBI decreased
motivation, affective dysregulation, and abnormal
thought and perception domains. Visual impairment
was linked to abnormal thought and perception,
and cognitive impairment was involved in decreased
motivation. Age was also related to decreased moti-
vation and abnormal thought and perception, while
female gender and living alone were associated
with affective dysregulation and abnormal thought
and perception. Thus, although various factors con-
tributed to MBI, loneliness may be among the most
important due to the consistency of its effect across
analyses.

In this study, loneliness was most involved with
MBI-C total scores, and female gender and living
alone were also linked to these scores. Loneliness,
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Table 2

Results of multiple regression analysis for MBI-C total scores in persons assessed with the
MBI-C and LS (n=67)

Variables B (95% CI) B P VIF
LS score 0.331 (0.123-0.540) 0.344 0.002 1.139
Age —0.032 (—-0.325-0.261) —0.025 0.828 1.284
Female 4.322 (0.726-7.918) 0.245 0.019 1.014
Living alone 4.303 (0.426-8.180) 0.238 0.030 1.119
Visual impairment 4.820 (—1.536-11.176) 0.166 0.135 1.172
Hearing impairment 3.023 (—1.563-7.610) 0.144 0.319 1.170
MMSE score —0.723 (—1.537-0.092) —0.191 0.081 1.130

CI, confidence interval; LS, Loneliness Scale; MBI-C, Mild Behavioral Impairment Checklist;
MMSE, Mini-Mental State Examination; VIF, variance inflation factor.

rather than social isolation, is related to depressive
symptoms [48] and dementia onset [16], and these
findings indicate the importance of loneliness in
MBI. Loneliness is associated with various psychi-
atric symptoms [22-29], and a relationship between
loneliness and depressive symptoms is most com-
monly reported [22-28]. Associations of loneliness
with anxiety [24], hallucinations [26, 29], and delu-
sions [26] have also been found. These findings are
consistent with the relationship of loneliness with
MBI found in the current study, and especially with
the associations with decreased motivation, affective
dysregulation, and abnormal thought and perception.

Visual impairment was the strongest predictor of
MBI abnormal thought and perception in this study.
Visual and hearing impairment have been suggested
to not be linked to MBI [49], but other studies have
shown involvement of hearing impairment in MBI
[35, 36]. There is also a relationship between visual
impairment and psychosis in older people [29, 38],
and thus, it is possible that visual impairment is
involved in abnormal thought and perception in MBI
Assessment of retinal structures using optical coher-
ence tomography suggested that the association of
visual impairment with psychosis in older people was
due to central nerve system dysfunction, rather than a
causal association [50]. Visual impairment may also
be a symptom of Alzheimer’s disease [51], although
a meta-analysis framed visual impairment as a risk
factor for dementia [52]. A recent study reported that
the presence of both amyloid and putative Lewy body
pathologies may be associated with MBI abnormal
thought and perception [53]. Therefore, both MBI
abnormal thought and perception, and visual impair-
ment may be early symptoms of dementia. Further
studies of the causal relationships between visual
impairment and MBI are needed.

In this study, female gender was linked to MBI
affective dysregulation and abnormal thought and

perception. This result is consistent with previous
reports of gender differences in MBI showing that
affective dysregulation is more common in females
[54], while decreased motivation [32, 36, 54, 55],
impulse dyscontrol [54, 55], and social inappropri-
ateness [54] are more common in males. Late-onset
psychosis has also been found to be more common
in female than male outpatients [38] and commu-
nity samples [56], but other studies have not found
prevalence of MBI psychosis to differ between gen-
ders [11]. However, despite our findings that affective
dysregulation and abnormal thought and perception
are more common in females, the link of loneli-
ness to mild to moderate depression has a stronger
association in males [28]. This previous finding is
inconsistent with our results showing that affective
dysregulation is related to loneliness and female gen-
der, and a further investigation is warranted.

A systematic review showed the effectiveness of
intervention for loneliness and social isolation in
community-dwelling older people, although the evi-
dence level was low [57]. It has been estimated that
removing loneliness could prevent 11-18% cases of
depression in people aged 50 years and above [27].
Therefore, it is plausible that intervention for lone-
liness could improve MBI. Whether MBI symptoms
are risk factors or prodromal symptoms of dementia,
reducing loneliness might prevent or reduce cognitive
decline and improve quality of life. These findings
suggest that interventions studies on loneliness are
worth exploring.

Several validations of the MBI-C have been pub-
lished [58], with translations into about 30 languages,
including Italian [59], Chinese [60—62], Mandarin
[63], Persian [64], French [65], German [66], Czech
[67], and Spanish [68]. In differentiating between
the presence and absence of MBI, cut-off scores of
6.5 for MCI [69] and 8.5 for SCD [70] have been
most commonly used. In one study using a cut-off of
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Table 3
Results of multiple regression analyses for MBI-C domain scores

Abnormal thought and perception

B (95% CI)
0.035 (0.002-0.068)
~0.048 (—0.095-—0.001)

Affective dysregulation

B (95% CI)
0.106 (0.030-0.182)

Decreased motivation

B (95% CI)
0.071 (0.011-0.131)

Variables

VIF
1.139
1.284
1.014
1.119
1.172
1.170
1.130

VIF

1.139
1.284
1.014

VIF
1.139
1.284
1.014

0.040

0.215

0.007

0.305
0.029

0.022

0.264

LS score
Age

0.044
0.024

-0.225
0.225

0.805
0.009

0.043 0.013 (—0.094-0.120)

0.245

0.088 (0.003-0.172)

0.669 (0.093-1.244)

0.278

1.772 (0.459-3.084)

1.566 (0.151-2.981)
1.507 (—0.813-3.827)
0.614 (—1.060-2.288)

—0.296 (—0.593-0.001)

0.144

0.156
—0.049 0.661

0.770 (—0.271-1.811)

Female

T. Matsuoka et al. / Relationship between Loneliness and MBI

0.008

0.280

0.854 (0.234-1.474)

1.119
1.172
1.170
1.130

0.031

0.239

1.119
1.172
1.170
1.130

—0.247 (—1.369-0.875)

1.334 (—0.505-3.174)
—0.481 (—1.809-0.846)

—0.319 (—0.555-0.084)

Living alone

<0.001
0.149
0.989

0.402

1.961 (0.944-2.978)
0.536 (—0.198-1.270)
—0.001 (—0.131-0.129)

0.199
0.466

0.144

0.081
—-0.216  0.051

0.152
0.471

0.165
—0.082

Visual impairment

0.152
—0.001

Hearing impairment

MMSE score

—0.302  0.009

CI, confidence interval; LS, Loneliness Scale; MBI, mild behavioral impairment; MMSE, Mini-Mental State Examination; VIF, variance inflation factor.

6.5, 50% of people with MCI had MBI [64]. In our
study, we demonstrated that the Japanese version of
the MBI-C has satisfactory concurrent validity and
reliability. The prevalence of MBI in this study was
48.0%, which is consistent with previous studies in
MCI showing prevalence of 14.2-85.3% [5, 33, 49,
55, 69, 71, 72]. In our sample, a cut-off of 5.5 opti-
mized sensitivity and specificity to obtain the best
discriminative performance of the MBI-C, but sen-
sitivity and specificity were still relatively high at
the 6.5 cut-off [69]. Our findings are consistent with
a recent validation in Brain Health Registry partici-
pants, in which cut-offs as low as >5 discriminated
MBI+ from MBI- for poorer memory and executive
function [73], although in largely cognitively nor-
mal participants. Similarly, an MBI-C cut-off of >5
identified a subgroup from mixed cognitively nor-
mal and MCI participants with fMRI changes in the
default mode network and salience network in early
Alzheimer’s disease [74]. The value of the 5.5 cut-
off warrants further examination. Studies have also
shown that the prevalence of MBI endorsed by infor-
mants was higher than that self-reported by subjects,
sometimes with weak correlations [75]. We did not
assess these differences, but self-informant differ-
ences require exploration in future studies.

There are some limitations in this study. First, the
number of participants was relatively small, although
the sample size was calculated to be sufficient. More-
over, it was not possible to examine construct validity
using exploratory factor analysis due to the small
sample size. Second, the prevalence of the MBI social
inappropriateness and abnormal thought and percep-
tion domains was low, with low mean scores for
these domains. Third, visual and hearing impairments
were assessed using descriptions on medical charts
only. Fourth, the cross-sectional study design cannot
determine causality, and the MBI affective dysregu-
lation domain might overlap with loneliness. Fifth,
the split-half reliability and repeatability reliability
of the Japanese version of MBI-C were not exam-
ined. Further studies are needed to overcome these
limitations.

Conclusion

Loneliness may exacerbate MBI, and especially
the decreased motivation, affective dysregulation,
and abnormal thought and perception domains. Inter-
ventions for loneliness in older people may improve
MBI and a further intervention study is warranted.
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