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Tekin et al. Ann Neurol 2001

Guadagna et al. Neurobiol Aging 2012



Agitation/aggression: IAD 34.6%
HAD 49.6% (p=0.0001)

Sennik et al,J Alzheimers Dis 2017
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PiB Marshall et al.
Dement Geriatr Cogn Disord 2006

Mori et al. 
J Neurol Neurosurg Psychiatry 2014
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No association with CERAD plaque scores

Hippocampus

Rapp et al. Am J Geriatr Psychiatry 2008

Rapp et al. Arch Gen Psychiatry 2006





No association with PET amyloid burden

No association with Braak stage or NP scores



• Amyloid and tangle burden, neocortical Lewy bodies, hippocampal sclerosis, 
gross infarcts or microinfarcts were not related to depressive symptoms or 
change in symptoms over time

• Depressive symptoms have an association with cognitive decline that is 
independent of the neuropathologic hallmarks of dementia

• No association with  plaque and tangle counts, cortical Lewy bodies or gross, 
lacunar and microinfarcts



Correlates of depression in cognitively normal subjects

Tsopelas et al. Br J Psychiatry 2011



• No association with  cortical amyloid burden by PET

• No association with  positivity on amyloid PET



• Depressive symptoms are modestly associated with increased with tau 
burden in inferior temporal and entorhinal cortex by PET

• No association with amyloid burden by PET

• Higher amyloid burden was associated with increasing anxious-depressive 
symptoms over time
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Psychosis in AD
 Defined as occurrence of delusions or hallucinations

 40-60% of AD patients

 Most rapid rate increase in early to middle AD stages

 Psychosis is associated with
o Worse cognitive impairment and more rapid cognitive decline
o Higher rate of institutionalization and caregiver stress
o Higher mortality
o Higher rates of additional neuropsychiatric disturbances, e.g. 

aggression, agitation, depression



Psychosis in AD

 Psychosis aggregates in families
o Heritability is 30-60%

 In imaging studies, psychosis is associated with 
o Reduced cortical gray matter volume
o Reduced cortical blood flow
o Reduced cortical glucose metabolism 



AT8 intensity prefrontal cortex

Zubenko et al. 
Arch Neurol 1991

Farber et al. Arch Gen Psychiatry 2000

Murray et al. J Alzheimers Dis 2014



Zubenko et al. 
Arch Neurol 1991

Farber et al. Arch Gen Psychiatry 2000

Sweet et al.Int Psychogeriatr 2000



No association with Braak stage or CERAD plaque scores Fischer et al. J Alzheimers Dis 2016

Ting et al. Sci Rep 2016



Patient cohort

 140 cases from University of Pittsburgh ADRC 
neuropathology core (1993-2014)

 Primary pathology diagnosis of AD
o Intermediate to high (NIA-RI)
o Braak stage III-V
o End-stage cases (Braak VI) excluded

 Psychosis was defined as the presence of 
delusions or hallucinations at any visit
o CERAD behavioral rating scale



AD - P
(n = 59 [42%])

AD + P
(n = 81 [58%]) p

Age at death (yrs) 83.3 ± 7.8 82.1 ± 6.5 0.35

Gender
Male
Female

32 (54%)
27 (46%)

44 (54%)
37 (46%)

1.0

PMI (hours) 6.6 ± 5 6.5 ± 5 0.87

Age of onset (yrs) 74.6 ± 8.1 72.7 ± 6.7 0.36

Duration of illness (yrs) 7.6 ± 3.2 8.6 ± 3.6 0.09

Braak stage
III
IV
V

9 (15%)
28 (47%)
22 (37%)

12 (15%)
26 (32%)
43 (53%)

0.14

ApoE ε4 positive (%) 29 (52%) 45 (56%) 0.73
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Variable AD-P (N=59) AD+P (N=81) P

PHF-1 tau Volume fraction
Log2(volume fraction)

0.009 [0.0001, 0.3347]
-6.86 (3.76)

0.025 [0.0002, 0.3294]
-5.30 (2.84) 0.01

Oligomeric
tau

Volume fraction
Log2(volume fraction)

0.002 [0.0001, 0.0418]
-9.22 (2.37)

0.003 [0.0002, 0.0402]
-8.57 (2.08) 0.10

Aβ Volume fraction
Log2(volume fraction)

0.037 [0.0008, 0.1098]
-4.76 (1.34)

0.037 [0.0018, 0.1298]
-4.76 (1.15) 0.99

Univariate analysis

PHF1 T22 Merge

P < 0.0001
Spearman 

r=0.84



Variable AD-P (N=59) AD+P (N=81) P
Lewy 

pathology
Positive
Negative

43%
57%

56%
44% 0.20

TDP-43 
pathology

Positive
Negative

45%
55%

65%
35% 0.04

Univariate analysis
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Variable AD-P (N=59) AD+P (N=81) P

MVL 0
>0

63%
32%

80%
19% 0.20

Vascular sum 
score 4.52 (1.60) 3.99 (1.29) 0.04

Univariate analysis
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Variable AD-P (N=59) AD+P (N=81) P

PHF-1 tau Volume fraction
Log2(volume fraction)

0.009 [0.0001, 0.3347]
-6.86 (3.76)

0.025 [0.0002, 0.3294]
-5.30 (2.84) 0.01

Oligomeric
tau

Volume fraction
Log2(volume fraction)

0.002 [0.0001, 0.0418]
-9.22 (2.37)

0.003 [0.0002, 0.0402]
-8.57 (2.08) 0.10

Aβ Volume fraction
Log2(volume fraction)

0.037 [0.0008, 0.1098]
-4.76 (1.34)

0.037 [0.0018, 0.1298]
-4.76 (1.15) 0.99

HLA-DR Volume fraction
Log2(volume fraction)

0.006 [0.0002, 0.0542]
-7.40 (1.79)

0.005 [0.0001, 0.0552]
-7.64 (2.12) 0.46

Iba1 Volume fraction
Log2(volume fraction)

0.025 [0.0034, 0.088]
-5.31 (0.92)

0.028 [0.0044, 0.0774]
-5.15 (0.92) 0.32

HLA-DR : 
Iba1

Volume fraction
Log2(volume fraction)

0.235 [0.0072, 7.2941]
-2.09 (2.06)

0.177 [0.0024, 2.2169]
-2.50 (2.20) 0.27

Lewy 
pathology

Positive
Negative

43%
57%

56%
44% 0.20

TDP-43 
pathology

Positive
Negative

45%
55%

65%
35% 0.04

MVL 0
>0

63%
32%

80%
19% 0.20

Vascular sum 
score 4.52 (1.60) 3.99 (1.29) 0.04

Krivinko et al, Am J Psych 2018

Univariate analysis



Variable Odds ratio p value R2

PHF-1 tau, log2(volume fraction): 1.16 0.01 0.07

TDP-43 pathology, positive 2.22 0.04 0.05 

HLA-DR : Iba1, log2(volume fraction ratio) 0.85 0.08 0.01

Microvascular lesion count, >0 0.56 0.21 0.04 

Vascular Sum Score 0.80 0.11 0.04

Total Variance Explained 0.18

Stepwise logistic regression

Krivinko et al, Am J Psych 2018



Synaptic proteome

 Liquid chromatography-mass spectrometry (LC-MS/MS)

 190 synaptically localized proteins
Vesicular fusion Energy metabolism
Protein trafficking Cytoskeletal scaffolding
Glutamate receptors Kinases
Phosphatases

 Dorsolateral prefrontal gray matter homogenates

 3 groups:
o AD+P (n=38)
o AD-P (n=18)
o Unaffected controls (n=12)



Protein Name Mean ratio 
(AD+P vs AD-P) p

CASK
(Calcium/calmodulin dependent serine protein kinase) 0.5314 0.0104

SYNGAP1
(synaptic Ras GTPase activating protein 1) 0.5517 0.0260

MTOR
(mechanistic target of rapamycin kinase) 0.6757 0.0350

PRKCG
(protein kinase C gamma) 0.6782 0.0409

MAP2
(microtubule associated protein 2) 0.6860 0.0435

Synaptic proteins differentially expressed in AD+P at 
nominal significance (n=5)





Krivinko et al, Am J Psych, under revision



p=0.01

Proteomics

RNAseq
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Summary

 BPSDs are variably associated with neuropathological 
disease burden
o Incomplete neuropathological characterization of many 

phenotypes

 NFTs/tau burden most consistently associated with 
BPSDs
o Quantitative measures required to detect associations
o Region-specific analysis may be required

 TDP-43 pathology associated with psychosis and 
agitation/aggression



Summary

 Neuropathological variables predict <20% of variance 
in psychosis status

 Accumulation of synaptically expressed proteins in 
AD-P compared to AD+P and unaffected controls may 
represent signature of resilience
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