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ABSTRACT
Objective: Mild behavioral impairment (MBI) is characterized as later-life–
emergent and persistent neuropsychiatric symptoms (NPS). The symptom 
persistence criterion of MBI has shown to increase the signal-to-noise 
ratio of the syndrome, decreasing the likelihood of false-positive NPS. 
However, the long-term cognitive and prognostic impact of MBI remains to 
be evaluated against the traditional framework of NPS, especially in Asian 
cohorts. This study investigated the epidemiologic characteristics of MBI in 
a prospective clinical cohort of Singaporean elderly.

Methods: A total of 304 dementia-free individuals (mean [SD] age = 72.2 
[8.0] years, 51.6% female) were recruited between August 2010 and 
October 2019. All participants underwent annual neuropsychological, 
neuropsychiatric, and clinical assessments for 4 consecutive years and 
were diagnosed as having no cognitive impairment (NCI) or cognitive 
impairment–no dementia (CIND). MBI was ascertained using both baseline 
and year-1 Neuropsychiatric Inventory assessments. Cognitive Z-scores and 
Clinical Dementia Rating Sum-of-Boxes (CDR-SoB) scores were calculated.

Results: The prevalence of MBI was 14.5% (7.1% of NCI, 12.9% of CIND-
mild, and 24.7% of CIND-moderate patients). MBI patients showed poorer 
cognitive function at baseline (F1,295 = 8.13 [SE = 0.47], P = .005), primarily 
in memory and executive function domains. MBI was associated with 
accelerated decline in global cognition (β = –0.15; 95% CI, −0.23 to −0.07) 
along with faster increase in CDR-SoB (β = 0.92; 95% CI, 0.62 to 1.21) as 
compared to individuals without symptoms or transient NPS. A total of 
38.6% of MBI patients developed dementia as compared to 12.3% of non-
MBI elderly (χ2 = 19.29, P < .001). MBI increased risk of incident dementia 
by 2.56-fold as compared to no symptoms or transient NPS, regardless of 
cognitive impairment.

Conclusions: MBI is a neurobehavioral risk factor for dementia, 
representing a potential target for dementia risk modeling, preventive 
intervention, and disease management.
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Neuropsychiatric symptoms (NPS) are a 
common behavioral and psychological feature 

of dementia associated with greater caregiver burden 
and cognitive impairment.1,2 While some NPS such 
as post-stroke mood disturbances are transient,3 
many can be persistent.4,5 Alzheimer’s disease (AD) 
patients showing persistent NPS tended to have 
greater cognitive and functional decline as compared 
to patients with no or fluctuating symptoms.6 The 
diagnostic construct of mild behavioral impairment 
(MBI) has been proposed to identify an at-risk group 
for dementia. MBI is characterized by later-life–
emergent and persistent behavioral, perception, or 
personality changes in non-demented individuals.7 
The symptom persistence criterion of MBI has proven 
to be a robust feature, increasing the signal-to-noise 
ratio of the syndrome and decreasing the likelihood 
of false-positive NPS.8–10

MBI was reported in 14.5%–32% of dementia-
free elderly in a recent systematic review11 of studies, 
although with several different MBI case definitions. 
MBI patients, with or without concurrent cognitive 
impairment, showed poorer cognitive performance, 
particularly in the memory and executive function 
domains.12 It was also found that elderly with MBI 
showed a faster short-term (1-year) cognitive decline 
as compared to individuals with MBI symptom 
severity below threshold.13 The rates of conversion 
to dementia were also higher in MBI patients (29%–
71%)9,14,15 relative to individuals with NPS viewed in 
a more traditional framework (5%–50%) when only 
symptoms in the previous month were captured.16–18

However, most previous studies have been done 
in Western populations, with a limited number in 
Asian cohorts that had relatively smaller sample 
sizes and shorter follow-up periods.11 A number of 
previous studies included neurology and psychiatric 
outpatients14,15 or patients with mild cognitive 
impairment (MCI),12,19 which is a heterogeneous 
group with a broad spectrum of cognitive severity. 
Further evaluation is warranted on the long-term 
effects of MBI across groups with varying dementia 
conversion risks. Furthermore, as most existing 
studies have captured short-term (1–6 months) NPS,11 
it is optimal to have repeated assessments to confirm 
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the persistence of NPS and prevent false-positives due to 
transitory symptoms or reactive states.20 Therefore, it remains 
crucial to examine the prevalence of MBI and evaluate its 
impact on long-term cognitive and clinical outcomes, which 
will aid the understanding and identification of MBI as a 
potential early manifestation of neurocognitive disorders.

Here, we investigated the prevalence of MBI using 
established criteria7 and examined the clinical and cognitive 
correlates of MBI in a cohort of dementia-free memory clinic 
participants with a spectrum of cognitive impairment. We 
further evaluated the impact of MBI on cognitive trajectory 
and clinical prognosis for up to 4 years and in comparison 
to individuals with transient NPS (single occurrence of 
symptoms). We hypothesized that MBI predicts faster 
cognitive and functional decline and a greater risk of incident 
dementia as compared to transient NPS.

METHODS

Study Participants
This study was conducted as part of an ongoing prospective 

cohort study that recruits individuals from memory clinics 
and the community in Singapore. Participants were aged ≥ 50 
years, had sufficient language skills for neuropsychological 
assessments, and fulfilled diagnostic criteria of (a) no 
cognitive impairment (NCI)—no objective cognitive 
impairment on a comprehensive neuropsychological test 
battery21 or functional loss—or (b) cognitive impairment–
no dementia (CIND)—impaired in ≥ 1 cognitive domain 
on the neuropsychological test battery without loss of 
daily functions. Cognitive impairment in each test of each 
domain was defined as ≥ 1.5 standard deviations (SDs) below 
education-adjusted norms, and impairment in at least half of 
the tests in each domain was characterized as impairment 
in that domain. Exclusion criteria of this study were major 
psychiatric illness or substance abuse disorder (DSM-IV), 
cognitive impairment caused by a history of traumatic brain 
injury, multiple sclerosis, tumor, epilepsy or systemic disease, 
significant visual and auditory abnormalities, and diagnosis 
of dementia according to Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV), criteria.

A total of 342 dementia-free participants who had 
completed at least 1 follow-up visit were enrolled in the study 
between August 2010 and October 2019. All participants 
were invited to undergo annual clinical, neuropsychological, 

physical, and laboratory examinations at the National 
University Hospital and biennial magnetic resonance 
imaging (MRI) brain scans for up to 5 years. Thirty-eight 
participants without NPS data for MBI diagnosis were 
excluded, leaving a total of 304 participants for the current 
analysis. For neurocognitive trajectory analysis, 177 
participants had neuropsychological data available at all 
follow-up visits while 127 had data from at least 1 follow-up 
visit available (72 had data from 3, 18 had data from 2, and 
37 had data from 1 visit). Ethics approval for this study was 
obtained from the National Healthcare Group Domain-
Specific Review Board. Written informed consent was 
obtained in the preferred language of the participants prior 
to recruitment. The study was conducted in accordance with 
the Declaration of Helsinki.

MBI Assessment
We assessed MBI according to the International Society 

to Advance Alzheimer’s Research and Treatment of the 
Alzheimer’s Association (ISTAART-AA) criteria7 using the 
Neuropsychiatric Inventory (NPI).22 MBI was classified 
based on having NPS consecutively at baseline and year 1. 
Nine participants had no NPI data at baseline, and hence 
their NPI data at year 1 and year 2 were used to determine 
the presence of MBI. We operationalized 10 NPI items 
for the 5 MBI domains of decreased motivation, affective 
dysregulation, impulse dyscontrol, social inappropriateness, 
and abnormal perception/thought content following a 
previously validated algorithm.10,23 The persistent presence 
of at least 1 symptom within the respective domain was 
classified as the presence of that MBI domain. Non-MBI 
participants were further identified as having no symptoms, 
transient NPS (NPS at baseline only), or incident NPS (NPS 
at year 1 but not at baseline).

Research Diagnosis
Diagnoses were determined at weekly consensus 

meetings among clinicians, neuropsychologists, radiologists, 
and research personnel during which details of the clinical 
investigations, neuropsychological assessments, and brain 
scans were reviewed. At baseline, participants were diagnosed 
as having NCI (n = 99), CIND-mild (≤ 2 impaired domains on 
neuropsychological test battery; n = 116), or CIND-moderate 
(>2 impaired domains on neuropsychological test battery; 
n = 89). At follow-up assessments, dementia was diagnosed 
according to the DSM-IV criteria. We also conducted annual 
clinical interviews using the Clinical Dementia Rating (CDR) 
scale,24 and the CDR Sum-of-Boxes (CDR-SoB) scores were 
used to determine functional decline.

Neuropsychological Assessments
Participants underwent annual Mini-Mental State 

Examination (MMSE)25 assessment and a comprehensive 
neuropsychological test battery (the National Institute 
of Neurologic Disorders and Stroke and Canadian Stroke 
Network protocol) comprising the cognitive domains 
of attention/working memory (Digit span forward and 

Clinical Points
 ■ Mild behavioral impairment (MBI) is a risk factor for 

dementia, but it is unclear if MBI confers a greater risk 
of cognitive decline and dementia beyond transient 
neuropsychiatric symptoms (NPS), especially among Asian 
elderly.

 ■ Incorporating MBI evaluations into clinical assessments can 
lead to better risk modeling and identification of patients 
who are at heightened risk of cognitive decline and in need 
of timely intervention.
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backward), memory (Rey-Osterrieth Complex Figure Test 
[RCFT]—immediate and delayed recall and recognition, 
Hopkins Verbal Learning Test immediate and delayed recall 
and recognition), executive function (Color Trails Test 1 and 
2, Animal Fluency test), language (Modified Boston Naming 
Test), visuomotor speed (Symbol-Digit Modalities Test), and 
visuoconstruction (RCFT-copy).26,27 Raw scores of each test 
in the comprehensive test battery were standardized using the 
means and SDs of the reference group (NCI or CIND-mild 
without MBI) to compute Z-scores, which were averaged and 
standardized for each cognitive domain. Domain-specific 
Z-scores were averaged and standardized to derive a global 
composite Z-score indicative of global cognitive function.

Vascular Risk Factors and Clinical Measures
Vascular risk profile was obtained through clinical 

interview, physical examination, and review of laboratory 
and medical records. Hypertension was defined as systolic 
blood pressure ≥ 140 mm Hg and/or diastolic blood 
pressure ≥ 90 mm Hg or use of antihypertensive medication. 
Diabetes mellitus was defined as glycated hemoglobin ≥ 6.5% 
or use of diabetic medication. Hyperlipidemia was defined 
as total cholesterol levels ≥ 4.14 mmol/L or use of lipid-
lowering medication. Heart disease was defined as presence 
of coronary artery disease, ischemic heart disease, or atrial 
fibrillation. Stroke was defined as having a clinical history 
of rapid-onset focal or global neurologic deficits for > 24 
hours and confirmed on medical records. Apolipoprotein E 
(APOE) genotyping was performed following standardized 
procedures,28 and APOE ε4 allele (APOE-ε4) carrier 
positivity was determined by the presence of at least one ε4 
allele.

Statistical Analysis
First, unadjusted group differences between MBI and 

non-MBI participants in demographics, risk factors, and 
clinical and cognitive measures were tested using χ2 tests 
for categorical variables and independent-sample t tests/
Mann-Whitney U tests for continuous variables. Next, 
we conducted general linear models analyses to compare 
global and domain-specific cognitive Z-scores at baseline 
between MBI and non-MBI participants, adjusting for age, 
sex, education, diagnosis, year of MBI diagnosis (year 1/year 
2), and risk factors that were statistically significant in the 
group comparison.

Second, we conducted linear mixed models (LMM) 
analyses using an unstructured covariance matrix to 
compare the rates of change in cognitive Z-scores and 
CDR scores over 4 years. For each model, the presence 
of MBI, time, and their interaction were entered as fixed 
factors; age, sex, education, baseline diagnosis, year of MBI 
diagnosis, and risk factors that were statistically significant 
in the group comparison as covariates; and global cognitive 
Z-scores and CDR-SoB scores as dependent variables. To 
compare the effects of MBI on rates of change in cognitive 
Z-scores and CDR-SoB scores at different levels of cognitive 
burden, we added the interaction between MBI, cognitive 
burden (CIND-moderate vs NCI/CIND-mild), and time as 
a fixed factor in LMM. NCI and CIND-mild participants 
were previously found to have similar cognitive trajectory 
and MRI findings.29,30

Third, we used Kaplan-Meier curves for survival analysis 
and Cox proportional hazards models to evaluate the effect 
of MBI and its interaction with cognitive burden on the 
development of dementia over 4 years, adjusting for age, sex, 
year of MBI diagnosis, and baseline diagnosis. All analyses 
were performed using IBM SPSS Statistics 26 (2019).

Table 1. Baseline Participant Characteristicsa

Characteristic

Non-MBI, 
n = 260  
(85.5%)

MBI,  
n = 44 

(14.5%) P
Demographics
Age, mean (SD), y 71.4 (7.7) 73.0 (8.2) .200
Sex (female), n (%) 137 (52.7) 20 (45.5) .374
Ethnicity (Chinese), n (%) 224 (86.2) 38 (86.4) .970
Education, mean (SD), y 8.1 (4.8) 8.1 (5.6) .977
Diagnosis, n (%) .002

NCI 92 (35.4) 7 (15.9)
CIND-mild 101 (38.8) 15 (34.1)
CIND-moderate 67 (25.8) 22 (50.0)

APOE-ε4 carrier, n (%) 67 (25.8) 11 (25.0) .914
Vascular Risk Factors, n (%)
Hypertension 176 (67.7) 31 (70.5) .716
Hyperlipidemia 197 (75.8) 33 (75.0) .912
Diabetes mellitus 77 (29.6) 20 (45.5) .037
History of stroke 62 (23.8) 13 (29.5) .417
History of heart disease 15 (5.8) 1 (2.3) .337
Current smoker 23 (8.8) 3 (6.8) .656
Neuropsychological Measures
MMSE score, mean (SD) 25.2 (3.3) 23.5 (3.6) .001
CDR-SoB score, median (range) 0 (0–4.0) 1.0 (0–3.5) .002
aBoldface indicates statistical significance.
Abbreviations: APOE-ε4 = apolipoprotein E ε4 allele, CDR-SoB = Clinical 

Dementia Rating Sum-of-Boxes, CIND = cognitive impairment–no 
dementia, MBI = mild behavioral impairment, MMSE = Mini-Mental State 
Examination, NCI = no cognitive impairment.

Figure 1. Cross-Sectional Differences in Global and 
Domain-Specific Cognitive Z-Scores Between MBI and Non-
MBI Individualsa

aGeneral linear models with Bonferroni correction for multiple comparisons, 
adjusted for age, sex, education, diabetes mellitus, diagnosis, and year of 
MBI status. Ranges shown are 95% CIs.

Abbreviation: MBI = mild behavioral impairment.
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Figure 2. Slopes of (A) Global Cognitive Z-Scores and (B) CDR-SoB scores as a Function of MBI and Cognitive Burdena

aRanges shown are 95% CIs.
Abbreviations: CDR-SoB = Clinical Dementia Rating Sum-of-Boxes, CIND = cognitive impairment–no dementia, MBI = mild behavioral impairment, 

NCI = no cognitive impairment.
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Table 2. Effects of MBI on Cognitive Performance, CDR-SoB, and Risk of Incident 
Dementiaa

Change in Global 
Cognitive Z-Scoresb

Change in CDR-SoB 
Scoresb Incident Dementiac

Variable β 95% CI β 95% CI HR 95% CI
Compared to no symptoms

Transient NPS –0.06 -0.13 to −0.01 0.20 −0.03 to 0.43 1.64 0.68 to 3.95
MBI –0.20 -0.27 to −0.12 1.03 0.76 to 1.31 4.35 1.89 to 9.98

Compared to transient NPS
MBI –0.12 -0.23 to −0.02 0.73 0.27 to 1.18 2.53 1.14 to 5.65

a28 participants with incident NPS were excluded from these analyses. Boldface indicates statistical 
significance.

bAdjusted for age, sex, education, diabetes, baseline diagnosis, and year of MBI status.
cAdujusted for age, sex, baseline diagnosis, and year of MBI status.
Abbreviations: CDR-SoB = Clinical Dementia Rating Sum-of-Boxes, HR = hazard ratio, MBI = mild behavioral 

impairment, NPS = neuropsychiatric symptoms. 

RESULTS

Prevalence and Characteristics of MBI
Of the 304 participants recruited (mean [SD] age = 72.2 

[8.0] years, 51.6% female), we identified 14.5% (n = 44) 
with MBI and 85.5% (n = 260) as non-MBI (169 with 
no symptoms, 63 with transient NPS, 28 with incident 
NPS). MBI was identified in 7 NCI (7.1%), 15 CIND-mild 
(12.9%), and 22 CIND-moderate participants (24.7%). 
As summarized in Table 1, group comparisons showed 
that MBI participants had a higher rate of diabetes, lower 
MMSE scores, and higher CDR-SoB scores at baseline. The 
most frequent MBI domain was impulse dyscontrol (34.1%, 
n = 15), followed by affective dysregulation (11.4%, n = 5), 
decreased motivation (11.4%, n = 5), abnormal perception 
(11.4%, n = 5), and social inappropriateness (2.3%, n = 1).

Cognitive Profile of MBI
Baseline global cognitive performance differed 

significantly as a function of MBI (F1,295 = 8.13 [SE = 0.47], 
P = .005). MBI participants performed significantly poorer in 
the domains of memory (F1,295 = 20.73 [SE = 0.57], P < .001) 
and executive function (F1,295 = 4.70 [SE = 0.61], P = .031), but 
not attention, language, visuoconstruction, or visuomotor 
speed, even after Bonferroni correction for multiple 
comparisons (Figure 1). In the NCI/CIND-mild group, MBI 
participants performed significantly more poorly in memory 
(F1,207 = 12.68 [SE = 0.71], P < .001). In the CIND-moderate 
group, MBI participants performed worse in multiple 
domains including memory (F1,82 = 7.61 [SE = 0.55], P = .007), 
executive function (F1,82 = 11.01 [SE = 0.61], P = .001), 
visuoconstruction (F1,82 = 4.04 [SE = 1.63], P = .048), and 
visuomotor speed (F1,82 = 10.30 [SE = 0.28], P = .002).
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Figure 3. Kaplan-Meier Survival Analysis for Incident 
Dementia as a Function of MBI and Cognitive Burden

Abbreviations: CIND = cognitive impairment–no dementia, MBI = mild 
behavioral impairment, NCI = no cognitive impairment.

Cognitive Trajectory of MBI
The significant interaction between MBI and time on 

global cognitive Z-scores indicated that MBI participants 
showed more rapid decline in global cognition relative to 
those without symptoms or with transient NPS (Table 2). 
Overall, MBI was associated with accelerated decline in 
global cognition (β = –0.15; 95% CI, −0.23 to −0.07) as 
compared to individuals without symptoms or transient NPS. 
Simple slope analyses showed that MBI participants declined 
(β = –0.11; 95% CI, −0.20 to −0.03; P = .007), while non-
MBI participants (ie, those with no NPS or transient NPS) 
remained stable (β = 0.02; 95% CI, −0.05 to 0.01; P = .129) over 
4 years. Specifically, MBI participants declined more rapidly 
in memory (β = –0.11; 95% CI, −0.19 to −0.04; P = .003), 
attention (β = –0.14; 95% CI, −0.22 to −0.06; P < .001), and 
language (β = –0.22; 95% CI, −0.37 to −0.07; P = .004) even 
after correction for multiple comparisons. The interaction 
between MBI, time, and cognitive burden showed that 
MBI was significantly associated with more rapid cognitive 
decline in the CIND-moderate group (β = –0.16; 95% CI, 
−0.27 to −0.04; P = .008) but not in the NCI/CIND-mild 
group (β = –0.08; 95% CI, −0.19 to 0.02; P = .120) (Figure 2A).

Functional Decline and Clinical Prognosis of MBI
The significant interaction between MBI and time on CDR-

SoB scores showed that MBI participants had more rapid 
increase in CDR-SoB scores as compared to those without 
symptoms or with transient NPS (Table 2). Overall, MBI was 
associated with faster increase in CDR-SoB (β = 0.92; 95% CI, 
0.62 to 1.21) as compared to non-MBI. This corresponded to 
a 2.93-point (95% CI, 1.86 to 4.00; P < .001) increase in the 
MBI group compared to a 0.54-point (95% CI, 0.36 to 0.72; 
P < .001) increase in the non-MBI group over 4 years. The 
interaction between MBI, time, and cognitive burden showed 

that MBI was significantly associated with faster CDR-SoB 
increase in both the CIND-moderate group (β = 1.10; 95% 
CI, 0.69 to 1.52; P < .001) and the NCI/CIND-mild group 
(β = 0.45; 95% CI,  0.07 to 0.84; P = .020) (Figure 2B).

Over 4 years, 38.6% (n = 17) of MBI patients developed 
dementia as compared to 12.3% (n = 32) of non-MBI elderly 
(24 with transient NPS and 8 without symptoms) (χ2 = 19.29, 
P < .001). MBI participants showed a significantly greater risk 
of incident dementia as compared to those without symptoms 
or with transient NPS (Table 2). Overall, MBI increased 
risk of incident dementia by 2.56-fold as compared to non-
MBI, regardless of cognitive impairment. The significant 
interaction between MBI and cognitive burden showed that 
MBI was associated with a greater probability of incident 
dementia in both the CIND-moderate group (n = 35; hazard 
ratio [HR] = 2.06; 95% CI, 1.00 to 4.23; P = .05) and the NCI/
CIND-mild group (n = 14; HR = 2.02; 95% CI, 2.02 to 21.76; 
P = .002) (Figure 3).

Sensitivity Analysis
The overall rate of data loss was 12.8%. We imputed 

missing longitudinal data for global Z-scores and CDR-SoB 
scores using the linear interpolation method.31 We found that 
the effect of MBI remained significant on changes in global 
Z-scores (β = –0.13; 95% CI, −0.22 to −0.03; P = .007) and 
CDR-SoB (β = 0.36; 95% CI, 0.22 to 0.50; P < .001), suggesting 
the robustness of our results.

DISCUSSION

In this study of a non-demented Singaporean cohort with a 
wide spectrum of cognitive impairment, MBI was associated 
with (1) greater multidomain cognitive impairment at 
baseline; (2) accelerated cognitive and functional decline, 
indicated by faster rates of decline in the global cognitive 
scores and increase in CDR-SoB scores; and (3) an overall 
2.6-fold increased risk of incident dementia over 4 years. 
These results support the notion that persistent later-life NPS 
may be an important neurobehavioral marker of cognitive 
decline leading to dementia.

In this study, we operationalized the requirement of 2 
positive NPS assessments for MBI case ascertainment to 
capture individuals with persistent NPS, as emphasized 
in the MBI framework. We found an MBI prevalence of 
14.5%, which is lower than those reported in previous MBI 
studies assessing 1-month NPS,11 as there was more noise 
when transient NPS were included in the measure of risk. 
We found that individuals with MBI had a significantly 
higher rate of diabetes mellitus but not of other vascular risk 
factors. It was previously found that type 2 diabetes mellitus 
was related to the presence and incidence of NPS in MCI 
and early AD,32,33 suggesting that diabetes may increase the 
susceptibility to psychopathological changes in cognitively 
impaired individuals. This treatable and preventable risk 
factor may therefore be a potential target in preventing the 
development of MBI, but would benefit from replication in 
further studies.
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While the MBI domain of impulse dyscontrol was 
substantially higher among others in this Asian cohort, 
affective dysregulation was most common in a number of 
Western populations.12,23 This may possibly be explained 
by some cultural differences, as it was found that American 
caregivers tend to have more depression-related and apathy-
related distress than Asian caregivers, suggesting that Asians, 
who traditionally emphasized peace and moderation in 
the family, may be less sensitive to affective symptoms but 
more to hyperactive behaviors.34 It was recently found that 
impulse dyscontrol symptoms appeared as the strongest 
neuropsychiatric condition for progression to dementia.8,35 
This finding could potentially be mediated by AD structural 
changes, including impaired white matter integrity and gray 
matter atrophy.36 Hence, future studies with larger sample 
sizes could further evaluate if impulse dyscontrol and other 
MBI domains confer differential long-term impact on 
cognitive deterioration and disease progression.

We found that MBI is associated with poorer global 
cognitive function, driven by the domains of memory and 
executive function. Previous studies have also reported 
significantly worse performance in tests of working 
memory,13 executive function, attention, and episodic 
memory in individuals with MBI regardless of cognitive 
status.12 With a comprehensive neuropsychological battery 
and a longer follow-up duration, we are able to support 
the cognitive phenotype of MBI that was previously 
established but also extend these findings by evaluating the 
domain-specific cognitive trajectory of MBI. We found that 
participants with MBI had an accelerated decline in global 
cognition, particularly in the domains of memory, attention, 
and language, consistent with a previous study13 showing a 
faster rate of decline in attention and working memory over 
1 year. In addition to previous findings, we found that the 
impact of MBI on objective cognitive decline was significant 
only in individuals with moderate cognitive impairment. 
The cognitive impact of MBI in individuals with no or mild 
impairment did not reach statistical significance, which 
may be explained by higher mean (SD) years of education 
(8.7 [4.8] vs 6.7 [5.0] years) and younger age (70.0 [7.7] 
vs 75.3 [6.7] years) in this group. Alternatively, the study 
duration of 4 years may be insufficient to see change in this 
cognitively normal group. It is also possible that this group 
of elderly may show a more progressive decline in objective 
cognitive performance that may span over decades.37

However, we observed that MBI predicts accelerated 
functional decline and incident dementia across the 
spectrum of cognitive impairment. We found an overall 
2.6-fold increased risk of dementia associated with MBI 
compared to non-MBI, including a 4.4-fold increase 
compared to participants without NPS and a 2.5-fold increase 
compared to participants with transient NPS, highlighting 
the dissociation between transient NPS and MBI. Therefore, 
identifying individuals with MBI may be a novel strategy for 
disease prevention or mitigation. Such identification could 
potentially be done by incorporating MBI evaluations into 
clinical assessments for better risk modeling and identifying 

patients who may require more timely intervention or benefit 
from clinical trials. Emerging evidence has suggested a link 
between MBI and AD pathology such as β-amyloid positron 
emission tomography (PET) burden,38 plasma β-amyloid 
burden,39 tau-PET and cerebrospinal (CSF) tau,40 and plasma 
neurofilament light accumulation.41 Further, recent evidence 
has also linked MBI and atrophy in the entorhinal cortex 
and hippocampus in a non-dementia sample of memory 
clinic patients.42 Worsening of NPS was also found to be 
associated with small vessel disease progression.43 Moving 
forward, more research should evaluate the neurobiological 
phenotype associated with MBI to establish whether MBI is 
a potential proxy for neurodegeneration or vascular changes.

This study has several limitations. First, we were not able 
to evaluate the impact of each MBI domain or MBI in NCI 
due to the small sample sizes and therefore were not able to 
replicate previous findings in the preclinical stages such as 
subjective cognitive decline.9,13 Second, as it was suggested 
that age-related cognitive decline may span over decades,37 
we suspect that a longer follow-up duration may be required 
to capture the cognitive trajectory in milder stages. Third, as 
our cohort study commenced prior to the development of 
the MBI Checklist,20 we operationalized 2 NPI assessments 
over 1 year for MBI diagnosis to match the criterion of 
persistent NPS. This approach may not have captured the 
breadth of MBI symptomatology described in the MBI 
Checklist, possibly resulting in a lower rate of MBI in our 
study. Lastly, our findings may not be generalizable to other 
Asian populations and would benefit from replications in 
other larger cohorts of Asian elderly from specialized clinics 
as well as the community.

To conclude, our study provides a holistic view of MBI by 
studying its clinical and cognitive profile and demonstrating 
its significance in longitudinal cognitive decline and disease 
progression in a Singaporean elderly cohort ranging from 
cognitively normal to moderately impaired. Our findings 
support the use of MBI evaluations complementary to 
neurocognitive assessments as a potential dementia 
preventive strategy.

Submitted: May 21, 2021; accepted September 28, 2021.
Published online: March 16, 2022.
Potential conflicts of interest: None.
Funding/support: This study is funded by the Singapore National Medical 
Research Council (grants NMRC/CG/NUHS/2010 and NMRC/CG/013/2013).
Role of the sponsor: The Singapore National Medical Research Council 
provided funding for the Longitudinal Study of Vascular Cognitive Impairment 
and Dementia (Harmonization) study. The sponsor had no other role in 
addition to providing funding for the study.
Acknowledgements: The authors thank Ms Victoria Chan (the Royal Victoria 
Infirmary, Newcastle upon Tyne Hospitals NHS Foundation Trust) for her 
contribution to the preliminary data analysis and all the staff of the Memory, 
Ageing and Cognition Centre (MACC) for their important contributions to this 
study. Ms Chan has no potential conflicts of interest relevant to the subject of 
this study.

REFERENCES

 1. Karttunen K, Karppi P, Hiltunen A, et al; ALSOVA study group. 
Neuropsychiatric symptoms and quality of life in patients with very mild 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

     e7J Clin Psychiatry 83:3, May/June 2022

Cognitive Trajectories of MBI

and mild Alzheimer’s disease. Int J Geriatr 
Psychiatry. 2011;26(5):473–482. PubMed CrossRef

 2. Pocnet C, Antonietti JP, Donati A, et al. 
Behavioral and psychological symptoms and 
cognitive decline in patients with amnestic MCI 
and mild AD: a two-year follow-up study. Int 
Psychogeriatr. 2015;27(8):1379–1389. PubMed CrossRef

 3. Broomfield NM, Quinn TJ, Abdul-Rahim AH, et 
al. Depression and anxiety symptoms post-
stroke/TIA: prevalence and associations in 
cross-sectional data from a regional stroke 
registry. BMC Neurol. 2014;14(1):198. PubMed CrossRef

 4. Aalten P, de Vugt ME, Jaspers N, et al. The course 
of neuropsychiatric symptoms in dementia. Part 
I: findings from the two-year longitudinal 
Maasbed study. Int J Geriatr Psychiatry. 
2005;20(6):523–530. PubMed CrossRef

 5. Ryu SH, Ha JH, Park DH, et al. Persistence of 
neuropsychiatric symptoms over six months in 
mild cognitive impairment in community-
dwelling Korean elderly. Int Psychogeriatr. 
2011;23(2):214–220. PubMed CrossRef

 6. Poulin SP, Bergeron D, Dickerson BC; Alzheimer’s 
Disease Neuroimaging Initiative. Risk factors, 
neuroanatomical correlates, and outcome of 
neuropsychiatric symptoms in Alzheimer’s 
Disease. J Alzheimers Dis. 2017;60(2):483–493. PubMed CrossRef

 7. Ismail Z, Smith EE, Geda Y, et al; ISTAART 
Neuropsychiatric Symptoms Professional 
Interest Area. Neuropsychiatric symptoms as 
early manifestations of emergent dementia: 
provisional diagnostic criteria for mild 
behavioral impairment. Alzheimers Dement. 
2016;12(2):195–202. PubMed CrossRef

 8. Gill S, Mouches P, Hu S, et al; Alzheimer’s Disease 
Neuroimaging Initiative. Using machine learning 
to predict dementia from neuropsychiatric 
symptom and neuroimaging data. J Alzheimers 
Dis. 2020;75(1):277–288. PubMed CrossRef

 9. Ismail Z, McGirr A, Gill S, et al. Mild behavioral 
impairment and subjective cognitive decline 
predict cognitive and functional decline. 
J Alzheimers Dis. 2021;80(1):459–469. PubMed CrossRef

10. Mortby ME, Ismail Z, Anstey KJ. Prevalence 
estimates of mild behavioral impairment in a 
population-based sample of pre-dementia 
states and cognitively healthy older adults. Int 
Psychogeriatr. 2018;30(2):221–232. PubMed CrossRef

11. Pan Y, Shea YF, Li S, et al. Prevalence of mild 
behavioural impairment: a systematic review 
and meta-analysis. Psychogeriatrics. 
2021;21(1):100–111. PubMed

12. Rouse HJ, Small BJ, Schinka JA, et al. Mild 
behavioral impairment as a predictor of 
cognitive functioning in older adults. Int 
Psychogeriatr. 2021;33;(3)285–293. PubMed

13. Creese B, Brooker H, Ismail Z, et al. Mild 
behavioral impairment as a marker of cognitive 
decline in cognitively normal older adults. Am J 
Geriatr Psychiatry. 2019;27(8):823–834. PubMed CrossRef

14. Matsuoka T, Ismail Z, Narumoto J. Prevalence of 
mild behavioral impairment and risk of 
dementia in a psychiatric outpatient clinic. 
J Alzheimers Dis. 2019;70(2):505–513. PubMed CrossRef

15. Taragano FE, Allegri RF, Heisecke SL, et al. Risk of 
conversion to dementia in a mild behavioral 
impairment group compared to a psychiatric 
group and to a mild cognitive impairment 
group. J Alzheimers Dis. 2018;62(1):227–238. PubMed CrossRef

16. Liew TM. Neuropsychiatric symptoms in 
cognitively normal older persons, and the 

association with Alzheimer’s and non-
Alzheimer’s dementia. Alzheimers Res Ther. 
2020;12(1):35. PubMed CrossRef

17. Palmer K, Di Iulio F, Varsi AE, et al. 
Neuropsychiatric predictors of progression 
from amnestic-mild cognitive impairment to 
Alzheimer’s disease: the role of depression and 
apathy. J Alzheimers Dis. 2010;20(1):175–183. PubMed CrossRef

18. Peters ME, Rosenberg PB, Steinberg M, et al; 
Cache County Investigators. Neuropsychiatric 
symptoms as risk factors for progression from 
CIND to dementia: the Cache County Study. Am 
J Geriatr Psychiatry. 2013;21(11):1116–1124. PubMed CrossRef

19. Yokoi Y, Takano H, Sakata M, et al. Discrete 
effect of each mild behavioural impairment 
category on dementia conversion or cognitive 
decline in patients with mild cognitive 
impairment. Psychogeriatrics. 
2019;19(6):591–600. PubMed CrossRef

20. Ismail Z, Agüera-Ortiz L, Brodaty H, et al; NPS 
Professional Interest Area of the International 
Society of to Advance Alzheimer’s Research 
and Treatment (NPS-PIA of ISTAART). The Mild 
Behavioral Impairment Checklist (MBI-C): a 
rating scale for neuropsychiatric symptoms in 
pre-dementia populations. J Alzheimers Dis. 
2017;56(3):929–938. PubMed CrossRef

21. Hilal S, Ikram MK, Saini M, et al. Prevalence of 
cognitive impairment in Chinese: 
epidemiology of dementia in Singapore study. 
J Neurol Neurosurg Psychiatry. 
2013;84(6):686–692. PubMed CrossRef

22. Cummings JL. The Neuropsychiatric Inventory: 
assessing psychopathology in dementia 
patients. Neurology. 1997;48(suppl 6):S10–S16. PubMed CrossRef

23. Sheikh F, Ismail Z, Mortby ME, et al; PROMPT 
registry investigators. Prevalence of mild 
behavioral impairment in mild cognitive 
impairment and subjective cognitive decline, 
and its association with caregiver burden. Int 
Psychogeriatr. 2018;30(2):233–244. PubMed CrossRef

24. Hughes CP, Berg L, Danziger WL, et al. A new 
clinical scale for the staging of dementia. Br J 
Psychiatry. 1982;140(6):566–572. PubMed CrossRef

25. Folstein MF, Folstein SE, McHugh PR. “Mini-
mental state”: a practical method for grading 
the cognitive state of patients for the clinician. 
J Psychiatr Res. 1975;12(3):189–198. PubMed CrossRef

26. Chew KA, Chong EJY, Chen CLH, et al. 
Psychometric Properties of the National 
Institute of Neurological Disorders and Stroke 
and Canadian Stroke Network 
Neuropsychological Battery in an Asian older 
adult sample. J Am Med Dir Assoc. 
2020;21(6):879–883.e1. PubMed CrossRef

27. Xu X, Chan QL, Hilal S, et al. The diagnostic 
utility of the NINDS-CSN neuropsychological 
battery in memory clinics. Dement Geriatr Cogn 
Disord Extra. 2016;6(2):276–282. PubMed CrossRef

28. Chai YL, Yeo HK, Wang J, et al. Apolipoprotein 
ɛ4 is associated with dementia and cognitive 
impairment predominantly due to Alzheimer’s 
Disease and not with vascular cognitive 
impairment: a Singapore-based cohort. 
J Alzheimers Dis. 2016;51(4):1111–1118. PubMed CrossRef

29. Narasimhalu K, Ang S, De Silva DA, et al. The 
prognostic effects of poststroke cognitive 
impairment no dementia and domain-specific 
cognitive impairments in nondisabled 
ischemic stroke patients. Stroke. 
2011;42(4):883–888. PubMed CrossRef

Editor’s Note: We encourage authors to 
submit papers for consideration as a part of 
our Focus on Geriatric Psychiatry section. 
Please contact Jordan F. Karp, MD, at  
jkarp@psychiatrist.com, or Gary W. Small, MD, 
at gsmall@psychiatrist.com.

30. Tan CH, Hilal S, Xu X, et al. MRI markers of mixed 
pathology and cognitive impairment in 
Multiethnic Asians. J Alzheimers Dis. 
2020;73(4):1501–1509. PubMed CrossRef

31. Twisk J, de Vente W. Attrition in longitudinal 
studies: how to deal with missing data. J Clin 
Epidemiol. 2002;55(4):329–337. PubMed CrossRef

32. Sanderlin AH, Todem D, Bozoki AC. Obesity and 
co-morbid conditions are associated with 
specific neuropsychiatric symptoms in mild 
cognitive impairment. Front Aging Neurosci. 
2017;9:164. PubMed CrossRef

33. Shi Q, Zhou F, Mei J, et al. The effect of type 2 
diabetes mellitus on neuropsychological 
symptoms in Chinese early Alzheimer’s disease 
population. Neuropsychiatr Dis Treat. 
2020;16:829–836. PubMed CrossRef

34. Pang FC, Chow TW, Cummings JL, et al. Effect of 
neuropsychiatric symptoms of Alzheimer’s 
disease on Chinese and American caregivers. 
Int J Geriatr Psychiatry. 2002;17(1):29–34. PubMed CrossRef

35. Roberto N, Portella MJ, Marquié M, et al. 
Neuropsychiatric profiles and conversion to 
dementia in mild cognitive impairment, a latent 
class analysis. Sci Rep. 2021;11(1):6448. PubMed CrossRef

36. Gill S, Wang M, Mouches P, et al; Alzheimer’s 
Disease Neuroimaging Initiative. Neural 
correlates of the impulse dyscontrol domain of 
mild behavioral impairment. Int J Geriatr 
Psychiatry. 2021;36(9):1398–1406. PubMed CrossRef

37. Hayden KM, Reed BR, Manly JJ, et al. Cognitive 
decline in the elderly: an analysis of population 
heterogeneity. Age Ageing. 2011;40(6):684–689. PubMed CrossRef

38. Lussier FZ, Pascoal TA, Chamoun M, et al. Mild 
behavioral impairment is associated with 
β-amyloid but not tau or neurodegeneration in 
cognitively intact elderly individuals. Alzheimers 
Dement. 2020;16(1):192–199. PubMed CrossRef

39. Miao R, Chen H-Y, Gill S, et al. Plasma β-amyloid 
in mild behavioural impairment—
neuropsychiatric symptoms on the Alzheimer’s 
continuum. medRxiv. 
2021:2021.2001.2009.21249145.

40. Johansson M, Stomrud E, Insel PS, et al. Mild 
behavioral impairment and its relation to tau 
pathology in preclinical Alzheimer’s disease. 
Transl Psychiatry. 2021;11(1):76. PubMed CrossRef

41. Naude JP, Gill S, Hu S, et al; Alzheimer’s Disease 
Neuroimaging Initiative. Plasma neurofilament 
light: a marker of neurodegeneration in mild 
behavioral impairment. J Alzheimers Dis. 
2020;76(3):1017–1027. PubMed CrossRef

42. Matuskova V, Ismail Z, Nikolai T, et al. Mild 
behavioral impairment is associated with 
atrophy of entorhinal cortex and hippocampus 
in a memory clinic cohort. Front Aging Neurosci. 
2021;13:643271. PubMed CrossRef

43. Kan CN, Gyanwali B, Hilal S, et al. 
Neuropsychiatric correlates of small vessel 
disease progression in incident cognitive 
decline: independent and interactive effects. 
J Alzheimers Dis. 2020;73(3):1053–1062. PubMed CrossRef

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21445998&dopt=Abstract
https://doi.org/10.1002/gps.2550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25592615&dopt=Abstract
https://doi.org/10.1017/S104161021400283X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25269762&dopt=Abstract
https://doi.org/10.1186/s12883-014-0198-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15920712&dopt=Abstract
https://doi.org/10.1002/gps.1316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20863423&dopt=Abstract
https://doi.org/10.1017/S1041610210001766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28869463&dopt=Abstract
https://doi.org/10.3233/JAD-160767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26096665&dopt=Abstract
https://doi.org/10.1016/j.jalz.2015.05.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32250302&dopt=Abstract
https://doi.org/10.3233/JAD-191169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33554909&dopt=Abstract
https://doi.org/10.3233/JAD-201184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28931446&dopt=Abstract
https://doi.org/10.1017/S1041610217001909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33260271&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32456733&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30902566&dopt=Abstract
https://doi.org/10.1016/j.jagp.2019.01.215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31177229&dopt=Abstract
https://doi.org/10.3233/JAD-190278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29439333&dopt=Abstract
https://doi.org/10.3233/JAD-170632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234066&dopt=Abstract
https://doi.org/10.1186/s13195-020-00604-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164594&dopt=Abstract
https://doi.org/10.3233/JAD-2010-1352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23567370&dopt=Abstract
https://doi.org/10.1016/j.jagp.2013.01.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30891900&dopt=Abstract
https://doi.org/10.1111/psyg.12447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28059789&dopt=Abstract
https://doi.org/10.3233/JAD-160979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23385846&dopt=Abstract
https://doi.org/10.1136/jnnp-2012-304080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9153155&dopt=Abstract
https://doi.org/10.1212/WNL.48.5_Suppl_6.10S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28879833&dopt=Abstract
https://doi.org/10.1017/S104161021700151X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7104545&dopt=Abstract
https://doi.org/10.1192/bjp.140.6.566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32444287&dopt=Abstract
https://doi.org/10.1016/j.jamda.2020.03.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27504116&dopt=Abstract
https://doi.org/10.1159/000445050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26923016&dopt=Abstract
https://doi.org/10.3233/JAD-150902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21330625&dopt=Abstract
https://doi.org/10.1161/STROKEAHA.110.594671
mailto:jkarp%40psychiatrist.com?subject=
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31958085&dopt=Abstract
https://doi.org/10.3233/JAD-190866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11927199&dopt=Abstract
https://doi.org/10.1016/S0895-4356(01)00476-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28611655&dopt=Abstract
https://doi.org/10.3389/fnagi.2017.00164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32273709&dopt=Abstract
https://doi.org/10.2147/NDT.S240529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11802227&dopt=Abstract
https://doi.org/10.1002/gps.510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33742011&dopt=Abstract
https://doi.org/10.1038/s41598-021-83126-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778998&dopt=Abstract
https://doi.org/10.1002/gps.5540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21890481&dopt=Abstract
https://doi.org/10.1093/ageing/afr101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31914223&dopt=Abstract
https://doi.org/10.1002/alz.12007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33500386&dopt=Abstract
https://doi.org/10.1038/s41398-021-01206-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32597801&dopt=Abstract
https://doi.org/10.3233/JAD-200011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34108874&dopt=Abstract
https://doi.org/10.3389/fnagi.2021.643271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31884482&dopt=Abstract
https://doi.org/10.3233/JAD-190999

