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Learning objectives

• Propose a novel approach to Precision Medicine

• Overview the MBI construct and its outcomes

• Lay the foundation for an effort to prevent AD 

dementia by targeting MCI+MBI 



Illustrative patient
Mr. MCM

• 83 year old man

• College graduate, retired military

• Excellent health, no meds

• Behavioral changes for 3-4 years: MBI

– Irritable, moody, seeking attention suspicious of 

wife, at times verbally aggressive

• Cognitive complaints for 1-2 years: MCI

– Repeats, less disorganized, easily mixed up

• Treated with escitalopram for ~12mos
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The right treatment for the 

right patient at the right time

Precision Medicine in a nutshell



Ab 1-42 oligomers

Symptoms

Tangles

Neuronal Loss

Circuit Loss

CURRENT PARADIGM 

The Amyloid Hypothesis



Where are we in 2021?

After 40 years of research we have:

▪ Four approved symptomatic therapies

▪ None in the last 17 years

▪ NO clear disease modifying therapies



Failures of “anti-amyloid” therapies
when given to all comers with clinical AD symptoms



Symptoms

Tau tangles

Neuronal loss

Circuit loss

Other processes

Other processes

Ab 1-42 oligomers

Upstream

Shifting the paradigm
it’s not one disease: different paths for different people

Upstream

-Genetics

-Reserve

-Trauma

-Stress

Other processes

-Inflammation

-Chronic stress

-Insulin resistance

-Brain hypoperfusion

-Aging linked NT loss
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Technique: brain vessel 

reactivity with inhaled CO2

• Healthy perfusion

• Hypoperfusion

Improve CVR in people with low CVR using a widely 

available safe medication (atorvastatin)

Vascular Subgroup project 

PIs: Paul Rosenberg and Sevil Yasar

Identify people where vascular factors play major role
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NPS are UNIVERSAL in Dementia
Cache County Dementia Progression Study 

Steinberg 2008



NPS are “bad” for patients & caregivers

• Greater ADL impairment1

• Worse quality of life2

• Earlier institutionalization3

• Major source of burden4

• Higher costs5

• Faster to severe dementia6

• Accelerated mortality6

1Lyketsos et al, 1997; 2Gonzales-Salvador et al, 1999; 3Steele et al, 1990; 

4Lyketsos et al, 1999; 5 Murman et al, 2002; 6 Peters et al, 2015

 

~2 yrs



NPS in CIND/MCI 
faster conversion to dementia



NPS cognitively unimpaired individuals
faster conversion to MCI



In fact, over half of people who develop dementia 

develop NPS BEFORE cognitive symptoms

Sequencing of NPS Presence 

with Cognitive Diagnosis

(overall N=1,980)

Normal→ MCI

NPS Before MCI: 55%

Normal→ Dementia

NPS Before MCI 55%

Normal→ Dementia (no MCI)

NPS Before Dementia 64%

Wise 2019



Mild Behavioral Impairment (MBI)
faster conversion to dementia than MCI alone

Taragano 2009; Taragano 2018

____   MCI only

……    MCI + MBI

_._._   MBI only

_ _ _   MBI + SCD





• 739 with MCI to dementia (NACC cohort)

– MBI v. no MBI: OR 2.13

• 820 with MCI to dementia (French clinic)

– MBI v. no MBI: OR 2.76

• 2,853 with MCI to dementia (Japanese cohort) 

– MBI v. other psych: OR 8.07

• 2,769 CU with SCD to CDR>0 (Canadian cohort)

– MBI v. no MBI: OR 8.15

MBI: accelerated onset of dementia
ISTAART criteria

McGirr 2022; Chen 2021; Matsuoka 2019; Ismail 2021



Might we prevent AD 

dementia by targeting MBI?

How do we target MBI?



Pathophysiology of MBI
complex interplay of aging, ATN, SER loss

• NPS/MBI linked to 

– Monoamine, esp. SER system loss

– ATN pathology

• Aging leads to monoamine, SER system loss

• ATN pathology accelerates SER system loss

• SER system loss accelerates amyloid pathology



Amyloid Tau Synapse

s 

impaired

Neuron &

system loss

SCD MCI
Dementia

Behavior 

change MBINPS

Aging 5-HT

Pathophysiology of MBI
complex interplay of aging, ATN, SER loss



Is there a treatment that 

targets both ATN and SER 

pathology and that can 

reduce MBI symptoms?



Escitalopram: SSRI

Sheline 2020; Sheline 2014; Cirrito 2020; Posteinsson 2014



Might escitalopram prevent dementia? 
YES in people with MBI



Design issues

• Primary aim: improve MBI

• SCD or MCI

• Blood AD biomarkers present

• Moderate+ MBI

• Escitalopram dose: 15mg/day

• Duration: 12 months

• Effects on cognition and biomarkers

32



Proof of concept trial design

• MCI or SCD

• AD B/M+

• MBI

• MBIC ≥ 8

S-Cit 15mg/d

Placebo

• MBIC scores

• NIH Toolbox battery

• Blood BMK

12 months

Phase II



Time to find out if we can 

prevent AD dementia by 

targeting MBI!



Questions & 
Discussion

Thank you! 

Ευχαριστώ



• Pathology

– Loss of dorsal raphe cells early in AD

– Loss of cortical serotonin projections early

– Loss of SERT by PET imaging

• Loss of serotonin impairs memory function

• Serotonin regulates Abeta & tau levels 

• In AD models loss of 5-HT precedes Abeta

Serotonin system loss in AD
early but not universal

Lyness 2003; Smith 2021; Rub 2000; Vakalopoulos 2017; Metaxas 2019



Pathophysiology of MBI
links to ATN

• Lower CSF Abeta, higher tau/Aβ42, t-tau/Aβ42

• Decreasing CSF Aβ42, Aβ42/40 

• Increasing p-tau, t-tau, p-tau/Aβ42, t-tau/Aβ42 

• Higher amyloid-PET SUVR 

• Higher tau-PET SUVR

• Entorhinal & hippocampal atrophy

Chen 2021; Ismail 2021; Matsukova 2021; Lussier 2020; Johansson 2021 



• Pathologically NPS linked to

– Loss of cortical serotonin innervation

– Serotonin-cholinergic imbalance

– Lower cell counts in Dorsal Raphe

• Absent serotonin pathology → absent NPS

• In AD models loss of 5-HT precedes NPS

Pathophysiology of MBI
links to serotonin system loss

Palmer 1996; Chen 1996; Lai 2003; Garcia Alloza 2005; Zweig 1988; 
Forstl 1994; Liu 2008
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