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For every patient ADD 1-3 caregivers



The common view of dementia



The real view of dementia



Facing reality:

balancing “cure” with “care”

• Near and medium-term outcome: new “amyloid 
meds” extend time course of MCI and dementia

→ higher prevalence

• We must take proper care of the130+ million patients 
& caregivers worldwide with dementia by 2050



Auguste D: hospitalized for delusions and change 

in personality, not cognitive impairment



NPS are UNIVERSAL (97%) & fluctuate 
Cache County Dementia Progression Study 

Steinberg et al, Int J Ger Psychiatry 2008

Tschanz et al, Am J Geriatr Psychiatry 2012



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



Medication treatment development for NPS

The past: BEFORE 2011

• Use DSM-IV syndromic definitions

– Target specific symptoms groups

• E.g., depression, mania or psychosis



Challenges of DSM-IV phenotypes

• Developed for younger ages: ignore the aging brain

• Disease-specific conditions of later life 

– AD, LBD, FTD, VaD

– Phenotypes do no fit DSM

• Unique symptom overlap patterns

– Emerging knowledge of disease-specific causes



Medication Rxs disappointing
when using existing DSM/ICD phenotypes

• Antipsychotics: small benefit, mortality risk

• Antidepressants: ineffective for depression

• Anti-cholinesterases & memantine: ineffective

• Anticonvulsants: ineffective, risky, often used

• Benzodiazepines: ineffective, risky, often used

Chan and Lyketsos 2021



Medication treatment development for NPS

The present: 2011-2023

(1) Target Alzheimer specific NPS

[top down] →[bottom up]

(2) Hypotheses based on etiology



• Agitation (IPA 2014)

• Apathy (Miller 2021)

• Psychosis (Cummings 2021)

• Depression (Olin 2003)

• Sleep/circadian/SWS (several)

Target Alzheimer specific NPS
by observed NPS symptoms profile



British Medical Journal 2015; NIMH/NIA Panel May 2017

Hypotheses based on etiology



Neurobiological model
proposed by the ISTAART NPS-PIA (2013)

1. Fronto-subcortical circuit disruption

2. Cortico-cortical circuit disruption

3. Monoamine regulatory imbalance



Neurobiological model
updated by Nowrangi et al. (2023)

NPS in AD are associated with

• Atrophy in ACC, PCC, hippocampi (MRI)

• Loss of cortical & subcortical interconnectivity (fMRI) in 

areas with neuronal projections of SER and DA

• Genes for acetylcholine, tau, and glutamate

• Genes for monoamine synthesis and function (SER, DA)

 

• Loss of cell bodies in monoamine nuclei (pathology)



Novel medications for agitation 

• Citalopram & escitalopram

• Brexpiprazole

• Dextromethorphan + buproprion or quinidine

• THC—dronabinol or nabilone

• Dexmedetomidine (α2 agonist)

• Prazosin (α1 antagonist)

• Masurpidine (5-HT6 antagonist)



Target Alzheimer specific NPS
focus on agitation



British Medical Journal 2015; NIMH/NIA Panel May 2017

Hypotheses based on etiology
focus on agitation



Rationale for Citalopram
targeting “Agitation in AD”



R01AG031348; PI: Lyketsos

Big benefit: 26% placebo vs. 40% citalopram



Broad symptomatic improvement
psychosis and beyond

Leonpacher et al,  Am J Psychiatry 2016



Response limited to a subgroup
HETEROGENEITY

Schneider et al,  Am J Psychiatry 2016



Breaking down the heterogeneity of NPS

The future: 2023 and beyond

PRECISION 

MEDICINE



Genetic
Polygenic risk: overall

Polygenic risk: system

Stem Cells
Neuronal function

Effect of treatments

Imaging
Structure

Function

Clinical
Cognition

Behavior

Physiology
Inflammation

Brain perfusion

Exosomes

Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4



• Clinical phenotype: Symptom mix, severity

• Circadian chronotype (actigraphy)

• iPSC derived neurons from each patient

Breaking down the heterogeneity of NPS

The future: 2023 and beyond



Breaking down the heterogeneity of NPS

The future: 2023 and beyond

• Clinical phenotype: Symptom mix, severity

• Circadian chronotype (actigraphy)

• iPSC derived neurons from each patient



S-CitAD
(1) test the “Affective Agitation” hypothesis 

(2) reduce heterogeneity by identifying subgroups

N=589

R01AG052510; PI: Lyketsos

http://adtrial.org/


Breaking down the heterogeneity of NPS

The future: 2023 and beyond

• Clinical phenotype: Symptom mix, severity

• Circadian chronotype (actigraphy)

• iPSC derived neurons from each patient



AD versus non-AD

2 Average Log Activity Profiles 3

2 Average Log Activity Profiles

10

20

30

40

50

0:
00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0

11
:0

0

12
:0

0

13
:0

0

14
:0

0

15
:0

0

16
:0

0

17
:0

0

18
:0

0

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

24
:0

0

Time of Day
L
o
g

 o
f 

A
c
ti
v
it
y
 C

o
u
n

ts

Study

LEARN
A4

3 Standard Deviation Log Activity Profiles
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Courtesy of Paul Rosenberg



Breaking down the heterogeneity of NPS

The future: 2023 and beyond

• Clinical phenotype: Symptom mix, severity

• Circadian chronotype (actigraphy)

• iPSC derived neurons from each patient



iPSC derived serotonergic neurons 

as drug testing platforms

Daisy A. Robinton & George Q. Daley Nature 481 (2012)

PBMCs



Serotonergic neurons protocol

Adapted from: Valiulahi et al. Stem ell Reports. 2021, Lu et al. Nat Biotechnol. 2016

Embryoid Body (EB) formation



Escitalopram effects on 5-HT levels
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Novel medications for agitation 

• Citalopram & escitalopram

• Brexpiprazole

• Dextromethorphan + buproprion or quinidine

• THC—dronabinol or nabilone

• Dexmedetomidine (α2 agonist)

• Prazosin (α1 antagonist)

• Masurpidine (5-HT6 antagonist)



Questions & 
Discussion
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