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Abstract.
Background: Mild behavioral impairment (MBI) is one of the earliest observable changes when a person experiences
cognitive decline and could be an early manifestation of underlying Alzheimer’s disease neuropathology. Limited attention
has been given to investigating the clinical applicability of behavioral biomarkers for detection of prodromal dementia.
Objective: This study compared the prevalence of self-reported MBI and vascular risk factors in Southeast Asian adults to
identify early indicators of cognitive impairment and dementia.
Methods: This cohort study utilized baseline data from the Biomarkers and Cognition Study, Singapore (BIOCIS). 607
participants were recruited and classified into three groups: cognitively normal (CN), subjective cognitive decline (SCD), and
mild cognitive impairment (MCI). Group comparisons of cognitive-behavioral, neuroimaging, and blood biomarkers data
were applied using univariate analyses. Multivariate logistic regression analyses were conducted to investigate the association
between cerebrovascular disease, vascular profiles, and cognitive impairment.
Results: SCD had significantly higher depression scores and poorer quality of life (QOL) compared to CN. MCI had
significantly higher depression scores; total MBI symptoms, MBI-interest, MBI-mood, and MBI-beliefs; poorer sleep quality;
and poorer QOL compared to CN. Higher Staals scores, glucose levels, and systolic blood pressure were significantly
associated with MCI classification. Fasting glucose levels were significantly correlated with depression, anxiety, MBI-social,
and poorer sleep quality.
Conclusions: The results reflect current research that behavioral changes are among the first symptoms noticeable to the
person themselves as they begin to experience cognitive decline. Self-reported questionnaires may aid in early diagnoses of
prodromal dementia. Behavioral changes and diabetes could be potential targets for preventative healthcare for dementia.
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INTRODUCTION

It is an optimistic time in the field of cognition and
dementia. While the prevalence of dementia is rising
due to global aging and longevity, success of non-
pharmacological and pharmacological interventions
is increasing the hopes of slowing cognitive decline
[1–3]. With increasing success of early interventions
for cognitive decline, there is growing interest in the
transitional state between normal aging and demen-
tia: subjective cognitive decline (subjective decline
in cognition, without objective cognitive impairment;
SCD) and mild cognitive impairment (cognitive dis-
turbance that occur before clinical diagnoses of
dementia; MCI). However, the predominant empha-
sis in dementia biomarker research lies in the realms
of fluid and neuroimaging studies, with limited
attention given to investigating the clinical applica-
bility of behavioral biomarkers for early dementia
detection.

Progressive cognitive impairment, behavioral
changes, changes in brain imaging, and blood
biomarkers pathology are detectable decades before
clinical diagnoses of Alzheimer’s disease (AD) are
made [4]. Behavioral changes, also known as mild
behavioral impairments (MBI), may be one of
the early observable changes in AD and dementia
[5]. MBI is associated with dementia biomarkers
[6], and has been shown to be associated with
cognitive impairment [7, 8] as well as risk of
progression to dementia [9], and is a potential
preclinical manifestation of underlying AD neu-
ropathology [10]. In patients with SCD and MCI,
MBI is characterized by neuropsychiatric symptoms
(NPS)—“noncognitive behavioral and psychological
symptoms of dementia” [11, 12]. To systemati-
cally evaluate MBI, the Mild Behavioral Impairment
Checklist (MBI-C) was developed to assess five
domains of NPS: decreased motivation, emotional
dysregulation, impulse control, social inappropriate-
ness, and abnormal beliefs/perceptions [13]. A recent
study Creese et al. by has reported that the MBI-C was
able to detect cognitive decline at the MCI stage [14].
Additionally, the combination of MBI and SCD have
been found to be associated with the greatest risk of
decline in a cognitively normal cohort [15].

NPS are present in Western and Asian cohorts
and include psychosocial and lifestyle factors such
as depression, anxiety, stress, and sleep issues [16].
Issues with mood, motivation, inhibition, sleep, and
overall quality of life could be precursors to cogni-
tive decline and dementia. Additionally, unlike brain

imaging or blood biomarkers, behavioral changes can
be observed and detected by the individual, caregiver,
and laypersons around them. Therefore, being aware
of mild behavioral changes in healthy adults can be
a practical, cost-saving, and effective method for the
detection of early cognitive decline in older adults.
Early management of NPS could minimize devastat-
ing consequences for patients, caregivers, and society,
and lead to more successful outcomes in pharma-
cological and non-pharmacological treatments for
cognitive impairment. However, literature in a south-
east Asian cohort such as Singapore is lacking.

In addition to behavioral changes, cerebrovascular
disease (CVD) and vascular factors such as diabetes,
hypertension, and hyperlipidemia are linked to cogni-
tive impairment as well [17, 18]. There is increasing
evidence suggesting that vascular burden and CVD is
more prevalent in Asians [19–21] and is significantly
associated with cognitive impairment [22, 23]. It is
therefore worthwhile to account for cerebrovascular
and vascular factors when studying risk factors to
cognitive impairment in our Southeast Asian cohort.

Early, accurate diagnosis of SCD and MCI rep-
resents an important opportunity for intervention, as
prompt access to the right treatments improves prog-
noses. This study aims to investigate if the prevalence
of self-reported mood, NPS, and behavioral impair-
ments in a community-based Singaporean cohort
have early clinical implications for cognitive impair-
ment. Behavioral changes are compared across three
subgroups (cognitively normal (CN), SCD or MCI) to
capture early behavioral manifestations in the cogni-
tive continuum. MCI participants are hypothesized
to report more mood and behavioral impairments
compared to CN participants. Neuroimaging and vas-
cular factors were further examined to explore factors
related to cognitive impairment.

METHODS

Study design and participants

This cross-sectional study utilized baseline data
from the Biomarkers and Cognition Study, Singapore
(BIOCIS) at the Dementia Research Centre (Singa-
pore). BIOCIS is a 5-year longitudinal cohort study
where research participants are assessed annually.
BIOCIS aims to further the understanding of AD
and vascular cognitive impairment by characterizing
biomarker profiles, disease progression, neuropsy-
chological and clinical outcomes in a multi-ethnic
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Fig. 1. Inclusion and exclusion criteria of Biomarkers and Cogni-
tion Study, Singapore.

Southeast Asian population. Lower limits of popula-
tion were set at 30 years old, to research early-onset
cognitive issues, conduct risk factor analyses such
as lifestyle, environmental factors, and genetics, as
well as provide longitudinal insights into cognitive
health. Participants were recruited from the com-
munity living in Singapore from February 2022 to
February 2023. All participants completed a compre-
hensive neuropsychological assessment, behavioral
and lifestyle questionnaires, fasting blood tests,
and 412 eligible participants completed detailed
Three-tesla magnetic resonance imaging (MRI).
Figure 1 presents the inclusion and exclusion
criteria.

Informed consent was obtained from all patients
according to the Declaration of Helsinki and local
clinical research regulations, and procedures used in
the study were in accordance with ethical guidelines.
This study has been approved by the NTU Institu-
tional Review Board (NTU-IRB-2021-1036).

Study variables

Cognitive and neuropsychological assessments
Cognitive performance was evaluated by trained

raters using a standardized neuropsychological bat-
tery including the Clinical Dementia Rating (CDR)
and tests of: global cognition (Montreal Cognitive
Assessment (MoCA) and Visual Cognitive Assess-
ment Test); memory (Rey Auditory Verbal Learning
Test Delayed, Logical Memory immediate and
delayed, Rey Complex Figure Test); executive func-
tion (Trial Making Test B; Processing speed – Color
trials 1, Symbol Digit Modalities); language (Seman-
tic fluency); visuospatial skills (Block Design, Rey
Complex Figure Test Copy); attention (Digit Span
Backwards).

Demographic data

Demographics data including age, sex, housing
type, employment status, and years of education were
collected via self-report.

Behavior profiles

The self-reported standardized lifestyle and behav-
ioral questionnaires included: Depression Anxiety
Stress Scales [24]; MBI-C [13]; Dementia-Quality
of Life Instrument [25]; International Physical Activ-
ity Questionnaire [26]; Fried Phenotype Frailty [27];
Pittsburgh Sleep Quality Index [28]; Subjective
Memory Complaints Questionnaire (SMCQ) [29].

Classifications of participants

Participants were classified as CN, SCD, and MCI
according to published criteria [30] and the National
Institute on Aging-Alzheimer’s Association (NIA-
AA) criteria. Participants with CDR of 0, SMCQ
below 5, and MoCA above 26 were classified as CN;
Participants who self-reported cognitive symptoms
and had cognitive scores 1.5 standard deviations (SD)
below the CN mean, with no functional deficits were
classified as MCI; Participants who did not meet these
criteria for CN, MCI were classified as SCD. Partici-
pants who had CDR of 1 were classified as Dementia
and excluded from the analyses.

Neuroimaging protocols and quantification

Participants underwent neuroimaging assessments
using a 3T Siemens Prisma Fit (Siemens, Erlangen,
Germany). The T1-weighted MPRAGE sequence
was acquired with repetition time of 2000 ms, echo
time 2.26 ms, inversion time 800 ms, flip angle 8,
1 mm slice thickness, 176 slices, and 1 × 1 × 1 mm
voxel size. The T2-weighted FLAIR MRI sequence
was acquired with repetition time of 7000 ms, echo
time 394 ms, inversion time 210 0 ms, flip angle 120,
1.56 mm slice thickness, 192 slices, 0.8 × 0.8 × 1 mm
voxel size. The SWI sequence was acquired with rep-
etition time 28 ms, echo time 20 ms, flip angle 15,
2 mm slice thickness, ROW encoding direction, 72
slices, 0.625 × 0.625 × 1 mm voxel size. To quantify
the STAALS, Fazekas white matter hyperintensity,
medial temporal atrophy (MTA), microhemorrhages,
lacunes, and perivascular spaces (PVS) scores, MRI
visual ratings were performed on T1 and FLAIR MRI
sequences by two trained raters blinded to diagnosis
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Table 1
Descriptives of demographic, cognitive, brain imaging visual ratings, and vascular profiles

Overall CN SCD MCI Overall
n = 607 n = 126 n = 156 n = 325 p2

Age† 61.99 ± 10.19 60 ± 10.03 59.2 ± 9.62 64.54 ± 9.71 <0.0013

Sex (Male)1 230 (42.4%) 24 (45.45%) 77 (39.69%) 129 (43.88%) 0.0223

Education† 14.06 ± 3.49 14.62 ± 3.16 14.76 ± 2.88 13.5 ± 3.78 <0.0013

Ethnicity 0.717
Chinese1 556 (91.6%) 117 (92.1%) 147 (94.2%) 292 (89.8%)
Malay1 7 (1.2%) 2 (1.6%) 1 (0.6%) 4 (1.2%)
Indian1 28 (4.6%) 4 (3.2%) 5 (3.2%) 19 (5.8%)
Eurasian1 16 (2.6%) 3 (2.4%) 3 (1.9%) 10 (3.1%)

∧MoCA† 25.84 ± 2.7 28.21 ± 1.03 26.33 ± 2.16 24.69 ± 2.71 <0.0013

∧VCAT 25.96 ± 3.21 26.86 ± 2.31 26.97 ± 3.33 25.12 ± 3.62 <0.0013

Brain Imaging Visual Ratings
Staals Score 1.1 ± 1.05 0.86 ± 0.93 1.07 ± 1.04 1.23 ± 1.05 0.021
Fazekas 4.12 ± 2.81 3.74 ± 2.69 3.93 ± 3 4.41 ± 2.75 0.108
MTA 2.58 ± 1.16 2.48 ± 1.02 2.53 ± 1.11 2.67 ± 1.24 0.357
MB 0.2 ± 0.52 0.21 ± 0.57 0.23 ± 0.56 0.18 ± 0.47 0.782
Lacunes 0.99 ± 2.29 0.61 ± 1.29 0.99 ± 2.89 1.17 ± 2.31 0.139
PVS 2.08 ± 0.89 1.99 ± 0.75 2.09 ± 0.96 2.12 ± 0.94 0.506

Vascular history
Diabetes 91 (18.09%) 16 (12.7%) 13 (8.33%) 62 (19.07%) 0.026
HTN 175 (28.82%) 30 (23.8%) 38 (24.36%) 107 (32.92%) 0.024
HLD 252 (41.52%) 38 (30.16%) 62 (39.74%) 152 (46.77%) 0.014

p values significant at ≤0.05 are bolded. †mean ± Standard Deviation; 1Frequency (percentages); ∧higher value indicates better scores;
∨lower value indicates better scores; 2adjusted for age, gender, and education; 3non-adjusted. CN, cognitively normal; MCI, mild cognitive
impairment; SCD, subjective cognitive decline; MoCA, Montreal Cognitive Assessment; VCAT, Visual Cognitive Assessment Test.

according to methods previously published [31–33].
The average MTA rating was used to classify abnor-
mal MTA [34] and the Staals scores were assigned
to white matter hyperintensity, PVS, microbleed, and
lacunes ratings based on the Staals criteria [35].

Vascular history and fluid biomarkers

Clinical history of diabetes, hypertension, and
hyperlipidemia, as confirmed by a formal diagnosis
from a medical professional, were collected by
self-report. Blood pressure was measured twice,
and averages recorded. Cholesterol was measured
using fasting lipids (total Cholesterol in mmol/L)
and diabetes was measured using fasting (8 h)
glucose blood tests in mmol/L. Tests assessing fluid
biomarkers for AD pathology are carried out for the
BIOCIS study; however, as biomarker quantification
is on-going, individuals within this cohort were not
tested for AD pathology.

Statistical analysis

Continuous variables were reported as mean and
standard deviation, while categorical variables are
presented as frequency and percentages. Group
comparisons of demographics, cognitive, behav-
ioral, neuroimaging, and blood biomarkers data

were applied separately using univariate analyses
including χ2 test or Fisher’s exact test and analysis
of variance (ANOVA). Group comparisons of behav-
ioral data were applied separately using analysis
of covariance (ANCOVA) with age and education
as covariates, followed by Sidak post hoc test cor-
recting for multiple comparisons. To investigate the
association between CVD, vascular risk factors, and
MCI, multivariate logistic regression analysis with
Forward Wald method was conducted to identify
brain imaging and vascular history factors that
have the strongest influence on MCI classification.
Pearson’s correlation coefficient was performed to
evaluate the relationship between vascular factors
and behavioral outcomes. All statistical analyses
were performed using IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.
Statistical significance was set to p < 0.05.

RESULTS

Participant demographics

Data from 607 participants (mean age
61.99 ± 10.19, 31.1% males) were analyzed.
126 (20.8%) was classified as CN, 156 (25.7%) as
SCD, and 325 (53.5%) as MCI. Table 1 presents
demographic, cognitive, brain imaging visual rat-



Y.J. Leow et al. / MBI and Cerebrovascular Profiles 1731

ings, vascular risk factors of the BIOCIS cohort, and
Table 2 presents the behavioral phenotype profiles
with post-hoc comparisons. Participants classified as
SCD and MCI were significantly older (p < 0.001),
with fewer years of education (p < 0.001), had lower
global cognitive scores (p < 0.001), higher Staals
scores (p = 0.021) and higher prevalence of diabetes
(0.026), hypertension (0.024), and hyperlipidemia
(0.014) compared to CN.

Behavioral findings

After adjusting for age and education, SCD par-
ticipants were significantly more likely to report
symptoms of depression (p = 0.019) and poorer qual-
ity of life outcomes (p = 0.023) compared to CN
participants. MCI participants, after adjusting for
age and education, were significantly more likely to
report symptoms of depression (p = 0.012); MBI-C
total (p < 0.001), MBI-C interest (p = 0.006), mood
(p < 0.001), and beliefs (p = 0.05) subdomains; poorer
sleep quality (p = 0.025); poorer quality of life out-
comes (p < 0.001) compared to CN participants.

Cerebrovascular and vascular risk factors
associated with being classified as SCD and MCI

Logistic regression was performed to ascertain
the effects of CVD and vascular risk factors on
the likelihood of being classified as SCD and MCI.
Fasting glucose, lipids, and systolic blood pres-
sure readings were entered as predictors for the
vascular risk model. Staals score, Fazekas, MTA,
number of microbleeds and lacunes, and PVS scores
were entered as predictors for the CVD model.
Higher systolic blood pressure (OR = 1.017, 95% CI,
1.006–1.028; p = 0.002) were significantly associ-
ated with the likelihood of being classified as SCD.
Elevated glucose test scores (OR = 1.314, 95% CI,
1.11–1.56; p = 0.002) and higher systolic blood pres-
sure (OR = 1.012, 95% CI, 1–1.02; p = 0.011) were
significantly associated with the likelihood of being
classified as MCI. Staals score was significantly asso-
ciated with the likelihood of being classified as MCI
(OR = 0.785, 95% CI, 0.650–0.947; p = 0.012).

Relationship between vascular risk factors and
behavioral outcomes

Pearson’s correlation was performed with vascular
variables and behavioral scores. Glucose levels were
significantly correlated with depression (p = 0.013),

anxiety (p < 0.001), MBI-social (p < 0.001), and
poorer quality of sleep (p = 0.004). Table 3 presents
the correlation matrix.

DISCUSSION

This study examined self-reported NPS in a
community-based Singaporean cohort. The principal
findings include the significant differences in behav-
ioral profiles in adults with SCD and MCI compared
to cognitively unimpaired adults. The construct of
MBI describes the relationship between NPS and
cognitive decline, and this is reflected in our study
as MCI participants reported significantly worse NPS
symptoms than SCD and CN participants.

SCD and MCI participants reported higher depres-
sion scores and poorer sleep quality, which is
congruent with current research. Depression confers
a higher rate of progression along the neurodegener-
ative spectrum in cognitive impairment and is one
of the most common behavioral manifestation in
older adults with MCI [36, 37] and shown to be a
risk factor to dementia [38]. Sleep is a risk factor
for cognitive impairment [39] as well as a possible
early manifestation of cognitive decline [40]. Beyond
depression and sleep issues being risk factors or an
early manifestation of dementia, there is a possibility
of both symptoms occurring in tandem with cognitive
decline. Brain regions such as the hippocampus and
anterior cingulate gyrus are implicated in memory,
sleep and emotional processes, and atrophy in these
areas could affect all three domains [41]. Longitudi-
nal analyses of our cohort will identify if depression
and sleep quality are significant risk factors for pro-
gression to dementia in a Southeast Asian cohort.

Interestingly, MCI participants reported more mild
behavioral impairments (decreased interest, lower
mood, and abnormal beliefs) as well as poorer overall
quality of life compared to SCD and CN participants.
The SCD group did not differ significantly from the
MCI group on behavioral profiles. This could suggest
that as the progression along the dementia spectrum
continues, the shift from CN to MCI begins with more
behavioral manifestations, which affects the person’s
overall quality of life. Additionally, the shift from
SCD to MCI is not marked by significant behavioral
manifestations, suggesting behavioral manifestations
could begin before the person begins to experience
cognitive decline. However, this is speculative and
requires furthers investigation.
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Table 2
Demographic, cognitive, brain imaging visual ratings, vascular risk factors, and behavioral phenotype characteristics by cognitive function

Overall CN SCD MCI Overall CN versus CN versus SCD versus
n = 607 n = 126 n = 156 n = 325 p2 SCD p2 MCI p2 MCI p2

DASS
Depression† 3.65 ± 5.44 2.27 ± 3.41 4.21 ± 5.46 3.85 ± 5.98 0.008 0.019 0.012 0.993
Anxiety† 4.33 ± 4.9 3.92 ± 4.04 4.66 ± 4.81 4.33 ± 5.25 0.46 0.521 0.885 0.805
Stress† 6.22 ± 6.54 5.64 ± 5.27 7.19 ± 7.13 5.97 ± 6.65 0.149 0.158 0.761 0.379

MBI-C
∧Total† 2.52 ± 4.54 1.33 ± 2.53 2.3 ± 3.86 3.08 ± 5.31 <0.001 0.204 <0.001 0.106
∧Interest† 0.58 ± 1.42 0.31 ± 1.12 0.50 ± 1.20 0.72 ± 1.60 0.006 0.570 0.006 0.133
∧Mood† 0.81 ± 1.68 0.27 ± 0.76 0.91 ± 1.63 0.97 ± 1.91 <0.001 0.004 <0.001 0.860
∧Control† 0.94 ± 1.93 0.63 ± 1.28 0.91 ± 1.84 1.08 ± 2.16 0.155 0.184 0.068 0.836
∧Social† 0.14 ± 0.492 0.08 ± 0.397 0.08 ± 0.37 0.18 ± 0.569 0.077 1 0.222 0.163
∧Beliefs† 0.08 ± 0.34 0.0 ± 0 0.06 ± 0.3 0.12 ± 0.39 0.033 0.517 0.05 0.124

IPAQ1 (high) 309 (50.9%) 64 (50.79%) 76 (48.72%) 169 (53.65%) 0.930 0.976 0.988 0.999
∧Fried† 0.36 ± 0.66 0.36 ± 0.66 0.42 ± 0.61 0.59 ± 0.89 0.183 0.937 0.224 0.576
∧PSQI† 5.12 ± 3.09 4.45 ± 2.50 5.33 ± 3 5.31 ± 3.32 0.022 0.081 0.025 1
∨DemQOL† 99.70 ± 11.09 102.77 ± 8.47 99.15 ± 11.38 98.65 ± 11.73 <0.001 0.023 <0.001 0.435

p values significant at ≤0.05 are bolded. †mean ± standard deviation; 1Frequency (percentages); ∨higher value indicates better scores; ∧lower
value indicates better scores; 2adjusted for age, gender, and education; 3non-adjusted. CN, cognitively normal; MCI, mild cognitive impair-
ment; SCD, subjective cognitive decline; MoCA, Montreal Cognitive Assessment; VCAT, Visual Cognitive Assessment Test; WMH, white
matter hyperintensity; MTA, medial temporal atrophy; MB, microhemorrhages; PVS, perivascular spaces; HTN, hypertension; HLD, hyper-
lipidemia; DASS, Depression Anxiety Stress Scales; MBI-C, Mild Behavioral Impairment-Checklist; IPAQ, International Physical Activity
Questionnaire; Fried, Fried Phenotype Frailty; PSQI, Pittsburgh Sleep Quality Index; DemQOL, Dementia-Quality of Life Instrument.

Table 3
Correlation matrix of vascular risk factors and behavioral outcomes

DASS MBI-C PSQI
Depression Anxiety Stress Interest Mood Control Social Beliefs Sleep

Vascular History
Diabetes 0.102∗ 0.157∗∗ 0.074 0.010 0.044 0.067 0.176∗∗ 0.058 0.123∗∗
HTN –0.046 –0.006 –0.080 0.011 –0.009 0.005 –0.024 0.058 –0.041
HLD –0.016 –0.071 –0.070 –0.042 –0.013 –0.038 0.036 0.005 –0.048
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05. HTN, hypertension; HLD, hyperlipidemia; DASS, Depression Anxiety Stress Scales; MBI-C, Mild
Behavioral Impairment-Checklist; PSQI, Pittsburgh Sleep Quality Index.

CVD, blood glucose profiles, and systolic blood
pressure readings were shown to be associated with
cognitive impairment in our cohort of Southeast
Asians. Vascular risk factors have been increasingly
shown to a significant risk factor for cognitive decline
in Asians, compared to Caucasians [20]. Our results
show that cerebrovascular burden and vascular his-
tory could potentially be a useful means to assess
vascular cognitive impairment. This study adds to the
increasing research literature that vascular cognitive
impairment is highly prevalent in Asians. Vascular
history is readily available in a patients’ medical his-
tory, and therefore could be a target for development
of precision medicine for the diagnosis, prevention,
and treatment strategies of CVD to reduce the risk of
vascular cognitive decline. In addition, elevated glu-
cose levels were shown to be significantly correlated
with depression, anxiety, social inappropriateness,
and poorer sleep quality. Even though the correlation

was small, this could suggest that insulin resistance is
associated with a person’s emotional and behavioral
outcomes. Rasgon and Kenna [42] suggested that
inefficient glucose utilization from insulin resistance
leads to neuronal changes in brain regions includ-
ing the limbic system, resulting in neurodegeneration
and ultimately behavioral changes. Further research
investigating the mechanisms of insulin’s resistance
and behavioral impairment is needed.

Our results carry clinical and therapeutic impli-
cations and is in keeping with the strong evidence
that behavioral changes are among the first symptoms
noticeable to the person themselves, as they begin
to experience cognitive decline. As current research
indicates that MBI is associated with the greatest risk
of decline in a cognitively normal cohort, a person
presenting with MCI and NPS should be consid-
ered a high-risk group for progression to dementia
and recommended early intervention. Furthermore,
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our results have important real-world relevance,
as behavioral questionnaires can be administered
easily and conveniently anywhere. These low-cost
assessments will enhance the chance of an early diag-
nosis. In today’s post-pandemic world, any tools that
reduces strain on healthcare systems are of national
importance.

The limitations of this study include the lack of
informant behavioral data and longitudinal data. Cur-
rent research indicates that NPS in MCI confer a
greater risk for conversion to dementia in compar-
ison to MCI patients without NPS, and longitudinal
follow-up with informant interviews may confirm this
elevated conversion risk in our BIOCIS cohort. The
incomplete profiles for the a etiology of cognitive
impairment, particularly concerning AD pathology,
is an additional notable limitation of this study.
The strengths of the study are the relatively large
sample size, comprehensive behavioral and lifestyle
questionnaires, and the inclusion of blood and neu-
roimaging data.

Conclusions

We demonstrated that behavioral impairments
are associated with early cognitive impairment and
diabetes. Our study supports current research that
NPS constitutes an early manifestation of cognitive
impairment. Therefore, behavioral changes and dia-
betes should be considered when a person presents
with memory complaints as it could be indicative of
higher risk for progression to dementia. Future direc-
tions could include development of a risk algorithm
validated in Southeast Asians to identify undiagnosed
adults at higher risk of cognitive decline and put into
motion the early intervention paradigm for prevention
of dementia.
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