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Objectives

1. Discuss the prevalence in a pre-dementia 

population of the 5 MBI domains: 

motivation/drive, affective/emotional regulation, 

impulse control, social appropriateness, and 

psychosis

2. Review the imaging findings in each domain

3. Explore gaps in knowledge, and future directions 

for neuroimaging studies of Neuropsychiatric 

Symptoms in pre-dementia



There is plenty of evidence for 

neural signatures of NPS in AD



PATH Study (Community Sample): NPS/MBI 

increase in frequency with time proximal to 

dementia





Prevalence of MBI Criterion 1 in Clinical 

Sample of SCD (76.5%) and MCI (85.3%)

 SCD n=94

 Affect 56.3%

 Agitation 47.9%

 Apathy 32.8%

 Social 21.8%

 Psychosis 4.2%

 MCI n=147

 Affect 68.7%

 Agitation 55.8%

 Apathy 49.1%

 Social 23.3%

 Psychosis 9.2%



Domain 1:

Drive / Motivation (i.e. apathy)

 N=369

 Baseline

 Pre-MCI had higher 

apathy scores and 

smaller l. hippocampal 

volumes compared to 

NC

 Follow-up 2-3 years 

progression to 

MCI/dementia

 Pre-MCI: 28.6%

 NC: <5%



ADNI: “apathy belongs to the spectrum of 

prodromal AD symptoms”

• MCI +/- apathy; n=65

• No cognitive 

differences between 

groups

• Apathy: decreased 

glucose metabolism in 

PCC



ADNI: “cross-sectional relationship between posterior 

cingulate hypometabolism and higher apathy scores”

• CN/ MCI/ early AD; 

n=405

• PCC more important in 

early stages, in contrast 

to ACC/ OFC in later 

stages



Domain 2: Emotional / Affective 

regulation (i.e. depression and anxiety)

Harvard Aging Brain
• CN; n=248

• Depressive sx (GDS)

• GDS score inversely 

correlated with 

hippocampal volume 

and FDG metabolism in 

AD metaROI



“NPS can be an important additional tool to the 

biomarker-based investigation of presymptomatic AD”

Mayo Clinic Study of 

Aging

• CN > 70 yrs; n=668

• Outcome: SUVR <1.32 

in AD regions

• OR for low SUVR=2.12 

with depression; OR= 

2.59 in Apoε4 carriers



functional disruption of the frontal region, known to be 

associated with primary or other secondary 

depression, underlies depression in preclinical AD

 aMCI +/- Depression 

(major/minor, HAMD for 

severity) n=36

 BA 6 (Right superior 

frontal gyrus) 

hypometabolism in MCI_D 

vs. MCI_ND



“Those whose depressive symptoms persisted over 

2 years also had higher conversion to AD and more 

decline on measures of global cognition, language, 

and executive functioning”

ADNI  MCI: D, no-D, no-symp; n=243

 Tensor based morphometry 2 

yr.

 Frontal, Parietal and Temporal 

WM Atrophy in depressed vs. 

asymptomatic participants



“co-existence of these clinical phenotypes is a 

potential marker for higher risk of AD”

Medical College of 

Wisconsin Study

 LLD+/- and aMCI+/-

 n=72; age>60

 Depression-Cognition 

interactions assoc w 

volume loss in  RIFG/ 

Ant Ins/ LMFG



Individuals with chronic SSD may represent an MCI 

subgroup that is highly vulnerable to accelerated cognitive 

decline, an effect that may be governed by frontal lobe and 

anterior cingulate atrophy

ADNI

• MCI +/- SSD (chronic); n=101

• 4 year follow up

• Depression had accelerated 

decline in cognition

• Depression had accelerated 

atrophy in frontal lobe and ACC



Chronic D: “additional risk factor for conversion to 

dementia in MCI as opposite to representing typical 

prodromal AD symptomatology”.

ADNI
• aMCI +/- chronic D; n=95

• 3-year f/u

• D: accelerated atrophy in 

frontal and ACC regions

• D had 60% shorter 

conversion time to AD 

than no-D participants



“Age-related demyelination is associated with memory 

impairment (especially in prodromal dementia states) and 

sx of depression in an anatomically specific manner”

University of Crete • NC, MCI, AD; n=101; 

age >60 yrs

• CESD



“anxiety is not a prodromal noncognitive feature 

of AD but may accelerate decline toward AD 

through direct or indirect effects on EC”

ADNI • aMCI +/- anxiety; n=376

• Median 3 year f/u

• Anxiety severity increased 

conversion rate to AD

• Anxiety predicted greater 

rate of EC volume decline



Domain 3: impulse control (i.e. agitation and reward 

salience)

ADNI • Preclinical AD, asymptomatic at 

risk, NC (biomarker confirmed); 

n=115; 2 year f/u with pre/ post 

FDG PET

• Irritability predicted subsequent 

hypometabolism in the PCC 

over 2 years only in preclinical 

AD.

“These findings support an emerging conceptual framework in which 

NPS constitute an early clinical manifestation of AD pathophysiology”



Domain 4: Social appropriateness 

(i.e. social cognition)



Domain 5: Thoughts / 

perception (i.e. psychosis)



Data is sparse as new onset 

psychotic patients go to psychiatry

ADNI



Summary of what the evidence is 

suggesting so far

Risk factor

 Affective/ Emotional 

Regulation

 Risk factor and

prodrome

 Time frame/ natural 

history is important

Prodrome

 Motivation/ Drive

 Agitation/ Impulse 

Control/ Reward

 Social Cognition

 Psychosis



Caveat: Measurement.

NEEDS Study - depression in cognitive 

clinic
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1-Specificity

PHQ-9 ROC area: 0.83 CES-D ROC area: 0.85

HADS ROC area: 0.85 Reference

 Cognitive Neurology Clinic; 

n=202

 SCID prevalence 12.4%

 PHQ-9 performed better with 

lowered cutpoint

 CES-D performed best

 But is the SCID an actual 

gold standard?

 Are cross sectional 

assessments adequate?ROC curve for the PHQ-9, CES-D, 

and HADS at traditional cut-points 



Measurement: MBI checklist

www.MBItest.org



PARADIGM Pre-dementia at-risk states: a 

longitudinal study of cognition and neuroimaging 

biomarkers in Mild Behavioural Impairment

 MBI +/- using MBI-C 

and ISTAART-AA MBI 

criteria

 MCI +/-

 2 year longitudinal 

observational study

 Cognitive outcomes

 Structural and 

functional MRI

 Genetics/ CSF



Future directions:

ADNI COMPASS-ND Study

 Canada’s ADNI

 NC; MCI; dementia

 MBI-C included as NPS 

instrument (in addition to 

NPI-Q)

 5 year observational 

study

 Imaging, biomarkers


