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Objectives

1. Discuss the prevalence in a pre-dementia
population of the 5 MBIl domains:
motivation/drive, affective/emotional regulation,
Impulse control, social appropriateness, and
psychosis

2. Review the imaging findings in each domain

3. EXxplore gaps in knowledge, and future directions
for neuroimaging studies of Neuropsychiatric
Symptoms in pre-dementia
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Identify a shared neural circuit linking multiple neuropsychiatric
symptoms with Alzheimer’s pathology

Xixi Wang' - Ping Ren? - Mark Mapstone® - Yeates Conwell* - Anton P. Porsteinsson® -
Jobn J. Fooe® - Rajeev ). 5. Raizda® - Feng Lin®**# . and the Alsheimer's Disease

Meuro imaging Initiative

i Springer Scienoe +Business Media, LLC X117

Abstract Neuwropsychiatric symptoms {NP5) are com-
mon in Alzbeimer's disease (AD}-associated neurode gen-
eration. However, NPS lack a consistent relationship with
AD pathology. It is unknown whether any common neural
circuits can link these clinically disparate while mechanisti-
cally similar features with AD pathology. Here, we explored
the neural circuits of NPS in AD-associated neurndegen-
eration using multivariate patiern analysis (MVPA) of mest-
ing-state functional MRI data. Data from 98 subjects (70
ammnestic mild cognitive impaimment and 28 AD subjects)

Xixi Wang and Ping Ren contribued equally to this work.

Dt used in preparation of this articlke were obtained from the
Abbeimes”s Disease Neurnimaging Initistive { ADNT) databases
{hitp-Nadni.loni_usc.edu ). As such, the vest gators within the
ADNI comiribaied i the design and implementation of ADNI
andfor provided data but did not participate in analysis or writing
af this report. A complete listing of ADNI investigators can be
found mt- hitpc¥adni loni use edu.

werne obtained. The top 10 megions differentiating symptom
presence across NPS weme identified, which were maostly
the fronto-limbic regions {medial prefrontal coriex, candate,
atc.). These 10 regions’ functional connectivity classified
symptomatic subjects scross individual NPS at 69.46-
31.27%. and predicted multiple NP'S (indexed by Neuropsy-
chiatric Symptom Que stionnaire-Imventory ) and AD pathal-
opy (indexed by baseline and change of beta-amyloid’ pTan
ratio] all above TO%. Our findings suggest a fronto-limbic
dominated meural circuit that links multiple NPS and AD
pathology. With further examination of the structural and
pathological changes within the cincuit, the circuit may shed
light on linking behaviora] distorbances with AD-associaed
neurode gene ration.

Keywords Alzheimer’s disease - Functional magnetic
resonance imaging - Mild cognitive impairmeant -
Multivariate pattern analysis - Meuropsychiatric symptoms
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PATH Study (Community Sample): NPS/MBI
Increase in frequency with time proximal to
dementia

Journal of Alzheimer's Discase 59 (2017) 141-153 141
DO 10.3233/JAD-170050
Press

Neuropsychiatric Symptoms and Cognitive
Impairment: Understanding the Importance
“of Co-Morbid Symptoms

5l
Moyra E. Mortby"b‘*, Richard Burns®, Ranmalee Eramudugolla®, Zahinoor Ismail®
and Kaarin J. Anstey®
4| *Centre for Research on Ageing, Health and Wellbeing, Research School of Population Health,
The Australian National University, Canberra, Australia
= PNHMRC National Institute for Dementia Research, Australia
= ¢Departments of Psychiatry and Clinical Neurosciences, Mathison Centre for Mental Health Research &
E 3 Education, Ron and Rene Centre for Healthy Brain Aging Research, Hotchkiss Brain Institute,
’E‘ University of Calgary, Calgary, Canada
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Prevalence estimates of mild behavioral impairment in a
population-based sample of pre-dementia states and
cognitively healthy older adults

Moyra E. Mortby,-? Zahinoor Ismail® and Kaarin J. Anstey’
I Cemere for Ressarch on Apeing, Health and Weilbeing, Resaarch School of Populasion Heslh, The Aurtmlian National Umiversity, Camberra, Austrabiz

I NHMEBC National Irrtinede for Dementia Rersgrch, Comberme, Awntrmba

? Departments of Prpcietry and Clnicad Neurorowmces, Matfison Cemtre o Semial fealth Revsmrck & Edweation, Ko and Rene Cemtre fior Hsalthy Brain
Apimg Rerearch, Hotchiniss Bromm Institute, University of Calpary, Calpary, Cosada

Table 3. Prevalence of mild behavioral Impalrment In the PATH through life study

MILD BEHAVIOEAL COGNITIVELY NOEMAL CH-AR MCI GROUP
IMPAIRMENT (N = 847) (w = 39T) (N =133) x DIFFERENCES
N %) (95% CI) N () (o5% CI) ) (e (03% CI}
Any MBI 234 (27.6) (245,307 171 (43.1)  (3B.6,47.09) 63 (4897 (40.8,57.1) (D =420, MCI=CH
f = 0.001
CM-AR = CN
Diecreased motivation 26 (3.0 (2,49 33 @3 (5.7, 1L1) 12 (o0 (4.2, 13.9) (=197  MCI=CHN
= 0.001
CM-AR = CN
Affective dysregulation 146  (17.2)  (14.8,19.8) 104  (26.2)  (22.3,30.T) 43 (32.3) (24.3,40.8) x* (D =237, MCI=CN
B = 0.001
CM-AR =~ CN
Impulse dyscontral 138 (163 (13.9,19) 114 (2870  (24.1,33.2) 45 (33.8) (25.7,41.5) x* (=378  MCI= CN
B = 0.001
CMN-AR =~ CN
Social inappropriateness 40 (4.7  (3.3,6.3) 28 (7.1} (4.6, 0.6) 5 (3.8 (0B, 7.2 2 () = 3.62,
= 0.164
Abnormal perceptionor = 8 (0.0 (0.4, 1L.6) 11 (2.8) (L3, 4.6) 2 (1.5 0D 2 (2) = 6.00, CH-AR = CN
through content p=0.050
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Prevalence of MBI Criterion 1 in Clinical
Sample of SCD (76.5%) and MCI (85.3%)

AL L Ty 30 B Pl | U L,

Prevalence of mild behavioral impairment in mild cognitive
impairment and subjective cognitive decline, and its
association with caregiver burden

Faisal Sheikh,! Zohinoor lsmail %2245 Moyra E. Mortby, &7 Philip Barber, 2

Alicja Cieslak,®* Karyn Fischer,* Robert Granger,’ David B. Hogan,*-*

Aaron Mackie," Colleen J Maxwell, > Bijoy Menon,? Patricio Mueller,® David Patry,?
Dawn Pearson,? Jeremy Quickfall,? Tolulope Sojobi,® Eric Tse,® Meng Wang'+?

and Eric E. Smith®**, for the PROMPT reqgistry investigators

" epermant o Pryekisery, Cvensing Scoed of M, Ueinersty of Capery, Calpary, Jllass, Cimends
Mizthizom Centrs for Mimiai Hlaxizh Rimcorch & Fducotion, Urinersiy of Calpery, Calpary, JAiherss, Canada
* ot of (CErical Noronciencan, {imerriny of Calgary, Cajpary, Alberiz, Canasda
*ftom e lema Eerd Camat for Hoadihy Hoesie iy Remaare, Hiichkinr inim i, Linersity of Calpary, Cialparry, JAilferia, Conaida
et of ooty Flasith Sciomcer, ooty of Calpery, Calpary, Afbria, Cnda
. fanstmaion National Uity Canders, JAustmbia
* NN B Natiomad buriis e Diomosti Ricacerck, Canberms, sarradia
*{Knizion of Cericric M, Departmmi of Maskicing, {imineriny of Calgery, Galgary, Alherss, Canada
* ity of Wrieriss, Fisterion, Chuiarin, Canada
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Backgroumd: Mild behaviom] impairment (MBI) describes later life noguired, sustmined neuropsychistric
symptoms (WNFPS) in cognitively normal individuals or those with mild cognitive impairment (MCI), =5 an
nt-risk state for incident cognitive decline and dementia. We developed an opemational definition of MBI and
tested whether the presence of MEI was related to caregiver burden in patients with subjective cognitive
decline (SCIY) or MCI assessed ot o memary climic.

Methods: MBI was nssessed in 282 consecutive memary clinic patients with SCIY (m = 119) or MCI (0 = 163)
in sccordance with the International Society to Advance Alzheimer’s Research and Treatment — Alzheimer's
Associption (ISTAART-AA) research disgnestic criteria. We operstionalized » definition of MBI using the
MNeuropsychistric Inventory Questionnaire [NPI-()). Caregiver burden was assessed using the Zarit caregiver
‘burden scale. Generalized linear regression was used to model the effect of MBI domains on caregiver burden.

Results: While MBI was more prevalent in MCI (85.3%) than in SCI (76.5%), this difference was not
stntistically significant {f = 0LDE). Prevalence estimates across MBI domains were affechive dpmegmalation
(T7.8%:); impualre cowrrol (64.4%); decrearsd morfoaton (51.7%); social imapproprictaness (27.8%:); and abnormal
jperzeption or thought comient (8.7%). Affectior dysrepulstion (f = 0.03) and decreased mofration (p=0.01] were
mare prevalent in MCI than SCID patients. Caregiver burden was 3.35 tdmes higher when MBI was present
ufter controlling for age, education, sex, and MOCI {p < 0.00017.

Comdusions: MEI was commaon in memaory clinic patients without dementia snd was pssocinted with greater

BRAIN INSTITUTE

e 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%
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Domain 1;
Drive / Motivation (i.e. apathy)

e N=369
Pre-MCI and MCI:

Neuropsychological, Clinical, ® B ase | Ine

and Imaging Features and .
Progression Rates e Pre-MCI had hlgher

Ranjan Duara, M.D., David A. Loewenstein, Ph.D., Maria T. Greig. M.D., ap at h y S C O re S a. n d

Elizabeth Potter, Ph.D)., Warren Barker, M.5.. Asbok Raj, M.I), Jolbn Schinka, Ph.D.,

et e . i pten, s+ smaller |. hippocampal
, — — volumes compared to
Objective: To compare clinical, imaging, and neuropsychbological characteristics and

longitudinal coturse of subjects with preanild cognitive impairment (pre-MCI), who N C

exhibit featnres of MCI on cinical examination but lack impairment on newropsycho-

logical examinarion, io subjfects with no cognitive impairment (NCI, nonamnestic

MCI (naMCD, ammnestic MCI (aMCI), and mild dementia. Methods: For 367 subjects,

clinical dementia rating sum of boxes (CDR-SB), ApoE genotyping. cardiovascilar

risk factors, parkinsonism (UPDRS) scores, structural brain MRIs, and neuropsy- F

chological testing were obiained at baseline, whereas 275 of these subjects received . O OW- u p - ye a rS
an annal follow-up for 2-3 years. Resulis: At baseline, pre-MCI subjects showed

impairment on lesis of executive function and language, bigher apathy scores, and .

lower left bippocampal volumes (HPCV) in comparison o NCI subjects. Pre-MCI

subjects showed less impairment on ai least one memory measure, COR-SE and p rO g reSS I O n O
UPDRS scores, in comparison to naMCl, aMCl and mild dementia subjects. Follow-uf

over 2-3 years showed 28 6% of pre-MCI subjects, bt less than 5% of NCI subjects firo- .
gressed to MCI or dementia. Progression rates to dementia were equivalent between M C I / d t

naMcl (22.2%) and aMCI (34.5%) groups, bui greater than for the pre-MCI group e I I l e n I a
(2.4%). Progression to demventia was best predicted by the CDR-5B, a list learning and

executive function test. Conclusion: This study demonsirates that climically defined

pre-MCI bas cognitive, functional, motor, bebavioral and imaging feaitires that . O
are intermediate between NCI and MCI states ar baseline. Pre-MCI subjects showed . re = ] ] 0

e NC: <5%
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ADNI: “apathy belongs to the spectrum of
prodromal AD symptoms”
- MCI +/- apathy; n=65

- No cognitive
differences between

RESEARCH ARTICLE

Apathy as a feature of prodromal Alzheimer’s disease: an
FDG-PET ADNI study

Julien Delrien', Thomas Desmidt’, Vincent Camus®, Sandrine Sourdet’, Claire Boutoleau- Bretonniére”,

Emmanuel Mullin®, Bruno Vellas™, Pierre Payoux™’, Thibaud Lebouvier’

- Apathy: decreased
e e o e e g e e glucose metabolism in

‘CM2R, CHU de Tours, Tours, France

+ CHU de Nantes, Nantes, France

*C

‘CM2R, CHU de Nice, Nice, France

*UMR1027 INSERM, Universite de Toulouse, Toulouse, France

“Department of Nuclear Medicine, Toulouse University Hospital, Toulouse, France

‘UMRS25 INSERM, Universite de Touluse, Toulouse, France
Comapondence t: | Delrieu, E-mail: delriew j@chu-toulousefr

"l used in preparasian of thisaride were abminsd from the Alth simer’s [¥aease Nearolmaging |nitiative { AN} datbhase {adniloni odaedu). As auch, the investiguors within Coordinates p-value

the ADNI conmriuted 1o the design and implementatian of ADNI andor provided dita bur did not participe in anabpis or wing of this =port. A cample lsting of ADNI

imvestigatars can be found at hep:fadnilon,ucla sduhep doa difhone_ta_spphy ADM Lisupdf. Aastomical region x y z Unconected Zscore
Left cerebrum, kmbic lobe, cinguiate gyrus, Brodmann area 31 -10 -36 40 <0.001 456
Right cerebaum, mbic lobe, cingulate gyrus, Brodmann area 31 2 -26 2 <0.001 396
Left carebrum, limbic lobe, cinguiate gyrus, Brodmann area 31 14 -34 42 <0.001 3%

Objective: The goal of this study is to evaluate brain metabolism in mild cognitive impairment (MCI)
patients with and without apathy (as determined by the Neuropsychiatric Inventory Questionnaire ).

Methods: Baseline data from 65 MCI participants (11 with apathy and 54 without) from the Alzheimer’s A B

Disease (AD) Neuroimaging Initiative study were analyzed. All participants underwent a comprehensive

cognitive and neuropsychiatric assessment, volumetric MRI and measures of cerebral glucose metabo- L R
lism applying '¥F-fluorodeoxyglucose positron emission tomography at baseline. The presence of

apathy at baseline was determined by the Neuropsychiatric Inventory Questionnaire. - <

Results: There was no difference between apathy and apathy-free MCI patients regarding cognitive
assessment and neuropsychiatric measures when apathy-specific items were removed. Cerebrovascular
disease load and cerebral atrophy were equivalent in both groups. Compared with the apathy-free MCI pa-
tients, MCI patients with apathy had significantly decreased metabolism in the posterior cingulate cortex.
Conclusion: The presence of apathy in MCI patients is associated with AD-specific pattem of brain meta-
bolic defect. These results could suggest that apathy belongs to the spectrum of prodromal AD symptoms.

Copyright © 2014 John Wiley & Sons, Ltd. C
Key words: apathy; FDG-PET; biomarker; Alzheimer's disease; mild cognitive impairment; Alzheimer’s disease neurcimaging
initiative (ADNI) L
History: Received 18 April 2013; Accepted 28 May 2014; Published online in Wiley Online Library
(wileyonlinglibrary.com) ~<

DOIL: 10, 1002/gps. 4161

R

Fgure2 Statistial g ping eight projections showing corrected arexs with redaced gl in MCI subjects spathys
compared with MCI subjects apathy—
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ADNI: “cross-sectional relationship between posterior
cingulate hypometabolism and higher apathy scores”

- CN/ MCI/ early AD;
n=405

- PCC more important in

Regional 18F-Fluorodeo lucose .
Hypom%itabnlism is Assuciat;dygvith Higher earl y Stag es, In contrast

Apathy Scores Over Time in Early .
Alzheimer Disease to ACC/ OFC in later
stages

Jennifer R. Gatcbel, M.D., Pb.D., Nancy J. Donovan, M.D., Joseph J. Locascio, Pb.D.,
J. Alex Becker, Pb.D)., Dorene M. Reniz, Psy)., Reisa A. Speriing, M.D.,

Keith A. Jobnson, M.D., Gad A. Marsball, M.I), for the Akbeimer's Disease Apathy
Neuroimaging Initiative’ 09
08{% ~ %
Objectives: Apathy &5 among the earites and most pervasive menropspchiatric symp- 07
Tomis m prodrommal and mild Afsbeimer disease (AD) demeniia thal correlates with
fuenctional imfsatrmvent and dissase frogresson We investigaled the association of apaly 0.6
wilh repronal FEFinorodeaxypiucose (FING) metabolism (n cogrittvely normal, mild
copRilive impairment, and AL dementia subfecs from the Alzbeimers INsease 05

Neurodmaging fnilialive database. Design: Cross-sectional and fongituaing siudies.
Setthag: 57 Nonth American ressarch sites. Pacticipanes: 402 communiy adweliing alders
Measnremednts: Ay was assessed using [be Newropsychiairic Impenlory Question-
atre. Baseline FING melabofism (n foe repions tfdicated tn e newrobiodogy of apatby
and Al wras inpestipated (v refalionsiy [o apathy @ baseline forossseciional peneral
ltmaar model) and longttudinally catxed random,fved affect model). Covartates in-

cltcded ape, sex, diggnosts, apolibofrolam F penotype, fremorhid intelipence, cogmition, |
and anttdepressant use. Resuls: Cross-sealfonal anafysis repealed thal posierfor oin- 01
pulale Fypomaabodiam, diagrosis, male sex, and antilefressanl use were assoctaled 0.0

FDG Posterior Cingulate

PN
G
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Domain 2: Emotional / Affective
regulation (i.e. depression and anxiety)
. CN; n=248
- Depressive sx (GDS)

S - GDS score inversely
cognitively normal older adults C O r rel at ed W I t h

Nancy J. Donovan, MD35.%", David C. Hsu, MD%®, Alexander 8. Dagley, B.A.%8, Aaron P.

Schultz, PhD4.2, Rebecca E. Amariglio, PhDa-b.cd, Elizabeth C. Mormino, PhDY, Olivia I :
Okereke, MD, SM>, Dorene M. Rentz, PsyD29, Keith A. Johnson, MD®f, Reisa A. h I p p O C am p al V O I u m e
gperling, MD*24, and Gad A. Marshall, MD=2d

#Center for Alzheimer Research and Treatment, Brigham and Women's Hospital, Harvard

Medical School, Boston, MA 02115, USA a_n d FDG m etab O I I S m I n

bDepartment of Neurology, Brigham and Women's Hospital, Harvard Medical School, Boston, MA

02113, USA
“Department of Peychiatry, Brigham and Women's Hospital, Harvard Medical School, Baston, MA / \ D I I l et al a O I

Harvard Aging Brain

Published in final edited form as:
J Alzheimers Dis. 2015 May 7; 46(1): 63—73. doi:10.3233/TAD-142940.

02115, USA Page
9Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston,
MA 02114, USA A M
“Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Beston, L _——
MA 02114, USA - . fe ., £
H .t 4
'Department of Radiclogy, Massachusetts General Hospital, Harvard Medical School, Boston, MA T e > .:- M -.; L » =
02114, USA £ 3.7 -
! E = > L s . 3
ST % £ L PR
Abstract ] ST . g
Even low levels of depressive sympioms are associated with an increased risk of cognitive decline g * ) 2
in older adults without overt cognitive impairment (C). Our objective was 0 examine whether toes "

-
2 ] 8 s 24 H [ a [

very low, “subthreshold symptoms of depression” (55D) are associated with Alzheimer™s disease
(AD) biomarkers of neurodegeneration in CN adults and whether these associations are specific o

particular depressive symptoms. We analyzed data from 248 community-dwelling CN older . . . . , .
. including meas ts of cortical amyloid burden, newrodegeneration markers of Figure 2. The relation of GDS to Hippocampal Volume (A) and FDG Metabolism (B)

hippocampal volume (EIV) and cerebral 18F-Auorodzoxyglucose (FDG) metabolism in a Multiple regression models with backward elimination were employed. In each model the

composite of AD-related regions and the 30-item Geriatric Depression Scale (GDS). Participants pool of predictors included GDS, age, sex, premorbid intelligence, prior depression,

with GD5>10 were excluded. General linear regression models evaluated the cross-sectional antidepressant medication use, amyloid status and the inferaction of GDS with amyloid.
Hippocampal volume was adjusted for intracranial volume . Abbreviation: GDS (Genatric
Depression Scale-30 item) FDG (18F-fluorodeoxyglucose)

HOTCHKISS ERERS
N IN: MEDICINE

i .
Adjiitad GOS total scare Adjustadl CD5 1614l scare




“NPS can be an important additional tool to the
biomarker-based investigation of presymptomatic AD”

- CN>70yrs; n=668
Mayo Clinic Study of . Outcome; SUVR <1.32
Aging in AD regions

FDG-PET and Neuropsychiatric Symptoms ) O R fo r I oW S UVR:2 ' 12
among Cogni_ti\_zely Normal El‘dcrly Persons: W I t h d e p Fession ’ O R:
The Mayo Clinic Study of Aging . ]

Janina Krell-Rocsch®, Hanna Ruider', Val J. Lowe®, Gorazd B. Stokin®, Anna Pink®, 2 - 59 I n Ap°£4 ca rrl e rs

Rosebud 0. Robens™®, Michelle M. Mielke®, David 5. Knopman®, Teresa I. Christianson’, Table 2
Mary M. Machulde®, Clifford R. Jack®, Ronald C. Petersen®® ond Yonas E. Geda®®24*

Sourssl of Alzhoiner's Disease 53 {2016} 1609-1616 1605
DiH 103353IAD SB35
S Press

“Mayo Clinic Transtarional Neurnscience and Aging Program, My Clinic, Scottsdale, AZ, USA NPS and FDG-PET

P international Clinical Research Center, Brao, Cgech Republic .

“Department of Radiology, Mayo Clinic, Rochester, MN, USA NPS Abnormal FDG-PET Normal FDG-PET OR (95% CI)

" Division of Epidemiclogy, Department of Health Sciences Research, Maya Clinic, Rochester, MN, USA (N=204) (N=454)

& Department of Nenrology, Mayo Clinic, Rochester, MN, USA n (%) n (%)

¥ Difviic Binmedical Sratisti d |, ii Health Sci R Maye Clinii

mc;g:ﬂjmdx atistics and Informatics, Department of Hea iences Research, Mayo Clinic, Agimion 5025 9.20) 1.21(0.383.79)

EDepartment of Psychintry & Prychology, Mayo Clinic, Rochester MN, /54 Depression 31152 33(73) 212(1.23-3.64)*

:'DEPE-I'TM!M of Psychiatry & Psychology. Mayo Clinic, Scttdale, AZ, USA Anxiety 13(6.4) 19(4.2) 161 (0.76-3.42)

Department af Newrology, Mayo Cliric, Scottsdale, AZ, USA Apathy/Indifference 0(4.4) 20 (4.4) .86 (0.37-1.97)
*p = 0.05. Note: Neuropsychiatric data were missing for | participant with an abnormal FDG-PET and 9 participants

Accepted 20 May 2016 with a normal FDG-PET. In this analysis, we only included participants in which NP3 (agitation, depression, anxiety,

o ) o and apathy as measured by NPI-Q) were present.
Abstract. Onc of the koy research agenda of the ficld of aging is imvestigation of prosymplomatic Alzheimer’s discass
{AD). Furthermore, abnormalities in brun glacose metbolism (3s measured by FIDG-PET) have been reparted amang
cognitively narmal clderly persons. However, litthe is known sbout the association of FIN-PET abaarmalitics with neu- Table 3
ropsychiairic symptoms (NPS) in a population-based sciting. Thus, we conducied a cross-sectional study derived from the - - - -
ongaing population-based Mayo Clinic Study of Aging in order 1o examine the mssocialion between brin glucose metabolism DE’P‘TES'SJBII‘ EJ]I'I'E‘I'}" E.I.'ld [E“Blﬁns Dr interest
and NF'S among cogitively normal (CN) persons aged >0 years. Participants underwent FDG-PET and comleted the

i Inventory Questionnaire (NP10), Bock Depression Inventory (BIN), and Beck Anxicty Inventory (BAT). ROI BDI (N=635) P BAI (N=655) p
Coognits classiBcaion was made by an cxper conscrus pand, We sanducted mul ivasable lagistic ragnession analyses io . .
e s o S o e e O G Ch et i1 s, 354 maley. Anterior Cingulate ~0.0014 (-0.0033, 0.0005) 0.14 10,0015 (0.0038, 0.0008) 0.20
05 had an sbnormal FG-PET (i, standantized uptake vl ratio<: 1.3 in AD-related regions). Abpormal FDG-PET Prefrontal —0.0015 (—0.0040, 0.0011) 0.26 —0.0013 (—0.0044, 0.0018) 0.41
PO 5 e (OR =259, 10066 hgh gy cigadhctn. AcBIonaEy, e saceve] it sciaion Temporal -0.0006 (-0.0026, 0.0013) 052 ~0.0000 (-0.0023, 0.0023) 0.99
betwocn aboarmal FIY-PET and depressive and anxicty symptoms when treated 2 continsous measurcs. These findings Caudate —0.0015 (—0.0036, 0.006) 0.15 00019 (—0.0044, 0.0006) 013
Dmrd::ﬂ:.::lbﬂﬁi.:ﬂ;.mwmmml)'-hnzdnmplcs..crmbcmun])erhuliddlhunnlbuollnﬂrbmmﬂrbcr—'hlmd||:m:‘s|.|gn].|nu Insu l_a _0.0011 (_0.0028. 0.0006) 021 _0.0009 (_D.0029, 0.0012) 0.40
Keywards: Agitation, Alzhcimer's discase, anxicty. apathy, cognitirely normal persons, depression, FGPET, nesroimaging., Me!:lmi Temporal -0.0001 (-0.0013, 0.0011) 0.86 ~0.0000 (-0.0014, 0.0014) 1.00
Beuropeychialric symploms Parietal —0.0012 (—0.0041, 0.0017) 042 —0.0008 (—0.0042, 0.0027) 0a7
Thalamus —0.0004 (—0.0024, 0.0015) 0.66 —0.0009 (-0.0033, 0.0014) 044
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functional disruption of the frontal region, known to be
associated with primary or other secondary
depression, underlies depression in preclinical AD

Frontal Dysfunction Underlies Depression
in Mild Cognitive Impairment: A FDG-PET Study

Hye Sook Lea', Il Han Choo’, Dong Young Lee'” , Joe Wook Kim', Eun Hyun Seo®,
Shin Gyeom Kim?, Shin Young Park*, Ji Hye Shin', Ki Woong Kim® and Jong Inn Woo'2
harypmga-nmrmme ..u-eme,c:wegeu' Medicine, Saoul Nafional Univessity, Seoul, Korea

“Deparment of NeurapsychiaTy, Cailge of Meddne, Seoul Naional Untversty, Sundang Hospitsl, Seongnam, Korsa

‘Objective Depression 1s a very common symptom in people with mild cognttive Impalrment (MCI), a preclinical stage of Alzhelmers
diisease (AD), and In those with dinlcally evident ATy Moreover, MCT individuals with depression show a higher conversion rate to clin-
ical AT than those withaut depression. This stdy almed to ehscidate the fanctsonal neumanatomica] substrate of depression In MCL

Mathods Thirty-six patlents were recrufied from 2 University Hospial-based cohort; 18 of thesa subjects had MCT with depresston
(MCI_D; the remaining 18 subjects were 2ge- and gender-matched, and had MCI with no depression (MCI_ND). For compartson, 16

The relationship between severtty of depression, as messured by Hamilton Rating Scale for Depression (HRSDY) sooes, and glsoose me-
taholism was also Investigated.

Resuite  MCI_D showed lower glucose metaboltsm in the right supersor frontal gyrus than MCI_ND. There was a significant negative
correlation between HRSD score and glecose metsbolism at the ssme frontal reglon for overall MCT subjects. When compared with CN,
‘hoth MCI_I and MCI_NID showed decreased ghicoss metsholism in the precuneus, whils MCI_D had, 1n addttion, reduced metsholtsm
In other difisse brain regions.

Conclualon  Given previms observations on depression in AD, our resulis sisgpest that functtonsl disrupéion of the frontz] region, known
to be associated with primary or other sscondary depression, underiies depression in preclinical AD as well 25 clinically evident AD.
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Paychiatry Investig 2010:7-208-214

KeyWords  Mild cognitive Impatrment, Depression, Frontsl, Fuomdeoxyglucose Postron Emission Tomography

INTRODUCTION

Depression is a very comman and significant psychiatric
complication that affects 30 to 50% of Alzheimers disease
(ADY) patients.* Depression increases the suffering of AD pa-
tients and their families, and compounds consequent disabil-
ity. While other psychiatric symptoms, such as delusion, hal-
lhucination, agitation, and apathy, ocour mainky in the later

Reaelved: February 1, 2010 Revised: April 26,2010

Acoepled: May 14,2010 Avallable onlime: Angusi 13, 3010
Correspondence: Dong Young Lee, ML, PR

Department of Kesmopsychialry, Seoul Nabional University College of Medi-
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stages of AD, depression is commaon even in the very eardy
stage of the disease. Patients with mild cognitive impairment
(MCI), a preclinical stage of AL, also frequently experience
depression. The prevalence of depression in MCI has been
reporied to be 16-20%.% MCI with depression has more than
a two-fold higher AD conversion rate, compared to MCI
with no depression™

A couple of functional neuroimaging studies revealed that
functional impairment of frontal cortical regions was associ-
ated with depression in AD.™* A previous report by our study
group has indicated that depressive AD patients have lower
ghucose metabolism in the right superior frontal gyrus than
non-depressive AD patients.” Other ["*F] Fluorodeoxyglu-
«cose Positron Emission Tomography (FDG-PET) studies have
also reported that superior frontal bypometabolism is assod-
ated with depression in AD™ Hirono et al* reported that de-

aMCIl +/- Depression
(major/minor, HAMD for
severity) n=36

BA 6 (Right superior
frontal gyrus)
hypometabolism in MCI_D
ND

vs. MCI _

Figure 1. Statistical parametric maps sh-
owing decreased glucose metabolism
in mild cognitive impairment (MCI) with de-
pression compared with MCI without de-
pression at p < 0.001 (uncorrected).
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“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

e MCI: D, no-D, no-symp; n=243
Depressive Symptoms in Mild Cognitive Impairment ® Ten SOr b as ed maor p h om et ry 2
Predict Greater Atrophy in Alzheimer’s Disease-

Related Regions yr .

Grace J. Lee, Po H. Lu, Xue Hua, Suh Lee, Stephanie Wu, Ken Nguyen, Edmond Teng, Alex D. Leow,

Clifford R. Jack Jr., Arthur W. Toga, Michael W. Weiner, George Barizokis, Paul M. Thompson, and the -
Alzheimer's Disease Neurcimaging Initiative . Fro n tal y Par I etal an d Tel I l p O ral
Background: Depression has been assoclated with higher conversion rates from mild cognitr (MCT) to s disease

{AD) and may be a marker of prodromal AD that can be used to ldentify Individuals with MClwho are most likely to progress to AD. Thus, we
examined the neurcanatomical changes assocdated with depressive symptoms In MCL

Methods: Two-hundred forty-three MO subjects from the Alzheimer's Dt maging Inttiathe had brain magnetic resonance
Imaging scans at baseline and 2-year follow-up were dassified Into depressed (n = 44), nondepressed with other neurnpsychlatnc
symptoms {n — 93), and no-symptom (NOSYMP; n — 106} groups based on the psychiatric Inventory O

monphometry was used to create individual three-dimensional maps of 2-year brain changes that were compared between groups.

Results: Depressad subjects had maore frontal (p = 024), parietal (p = 0300, and temparal (p = .03E) white matter atrophy than NOSYMP
subjects. 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 compared with stable NOSYMP subjects. Nondepressed with other neuropsychiatric
symptoms and NOSYMP groups exhibited no differences in rates of atrophy.

WM Atrophy in depressed vs.
asymptomatic participants

Conclusions: Depressive symptoms were assoclated with greater atrophy In AD-affected reglons, Increased cognitive decline, and higher
rates of conversion to AD. Depression In Individuals with MOl may be assodated with underfying neurcpathologlcal changes, Incuding

prodromal AD, and may be a potentially useful dinical marker In identifying MCl patients who are most likely to progress to AD.

Key’ sdisaasa, dep ,mild cognitive impair-
ment, neuropsychiatric symptoms, tensor-based morphometry,
white matter

transttional state between normal aging and early Alzhel-

mer's disease (AD). Im longttudinal studies, Individuals
meeting criteria for MCl are at Inoreasad risk for progressing to AD
compared with age-matched control subjects (1,2). However, rates
of conversion from MOl to AD are highly vanable (3) because the
cognitive deficits exhibited by these Individuals may be related toa
numiber of different patholegies. In an effort to detect AD In prodro-
mal stages, there have been attempts to identify subgroups of MCI
patlents who are at highest risk for progression to AD. Many ap-

M lid cognitive Impalrment (MC) (1) Is conceptualized as a

From the Department of Neuralagy (GJL, FHL, XH, 5L, SW, ET, AWT, FMT],
and Labaratory of Meuro Imaging (XH, 51 ADL, AWT, GB, PMT), David
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Angeles, Califarni; Department of Medicine (KN), Bostan University,
Baston, Massachusetts; Depariments of Peychistry and Bioengineering
(ADL, Unw:mly of Winois, Chicago, linais; Community Psychiatry As-

o, Califomiz; Radiclogy (AL,
Mizyo Cllmc. Rnchem Minnesata; Veterans Affairs and University of
Calfformia at San Francisco (MWW, San Francisco, Calffornis; and Depart-
ment of Psychiatry and Biabehaviaral Sciences (GE), David Geffen
Schocl of Medicine at University of Califomis Los Angeles, Los Angeles,
Califormia.
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proaches foous on idantifying eary biological markers In structural (4)
and functional (5) neurimaging and cercbrospinal fluld (6), but clini-
cal tooks, such as neurepsychalogical testing (7). have also been useful.

Another potential dinical marker for identifying MO individuzls
at high risk of deweloping AD Is the presence of neuropsychiatric
symptoms. Depression, in particular, has been assodated with in-
creased risk of dementia (8,9). We previously demonstrated that

ipto ted prog to AD in MCl patients
4] {} 11}, but the neurobiological mechanism underlying this assod-
ation ks not yet fully understood. In several cross-sectional studies,
depressed elderly appear to have underlying brain changes assod-
ated with AD, Inchuding reduced temporal lobe (12), hippocampal,
and amygdala volume (13,14). As depressive symptoms may be a
cinical marker of prodromal AD, we wanted to extend the findings
i the extsting Iiterature and demonstrate that depressive symp-
toms would be associsted with AD-related neurcanatomical
changes, particularly In white matter reglons.

Tensor-based morphometry (TBM) Is a relatively novel compu-
tational approach that can compare longitudinally acquired Images
and visualize the spatial profile of brain atrophy over time, Includ-
Ing estimates of tissue volurme loss at each voxel In the brain (15).
This approach has been successfully used to track longmudinal
changes assoctated with normal brain aging and neurcdegenera-
tive disorders (16,17). Also, It may be more sensitive in detecting
changes In whilte matter volume, as It does not require a segmen-
tation step, thus avolding potential errors In accurate tissue dassl-
fication. We applied TEM to compare pattems of brain atrophy in
MO patients with and without depressive symptoms. Specifically,
we hypothestzed that MO patients with depressive symptoms
would demonstrate greater brain atrophy over 2 years compared
with those without depressive symptoms In reglons specfically
assocated with AD pathology.

BIOL PSYCHIATRY 201271:814—521
© 2012 Sockety of Biokogical Peychiamy
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“co-existence of these clinical phenotypes is a
potential marker for higher risk of AD”

e LLD+/- and aMCI+/-
e N=/2; age>60

e Depression-Cognition
Interactions assoc w
volume loss in RIFG/
Ant Ins/ LMFG

Medical College of
Wisconsin Study

Conients ists avallable al Sciverse SclenceDirect

Behavioural Brain Research

Journal page: www.elsevier.com/| /bbr

Research report

The co-existence of geriatric depression and amnestic mild cognitive impairment
detrimentally affect gray matter volumes: Voxel-based morphometry study*

Chunming Xie?, Wenjun Li?, Gang Chen3, B. Douglas Ward 2, Malgorzata B. Franczak?,
Jennifer L. Jones®, Piero G. Antuono?®, Shi-Jiang LiZ*, Joseph 5. Goveas©*
2 Deper met of Biophysics, Mediced Colioge of Wiscansin, Mibwasier, W1, LI

* Department

'dww Midicad Coflege of Wisconsie, Mibwouer, W, LI
© Department o ¥ of Wiscoesin, Mifwaukee, W1 USA

HIGHLIGHTS

* Geriatrica e related o mocd-regalating regional gray matter (CM] lo. Depression Cognitive Impairment
= MOis r!\a(:d to GM volume lossin brain regions imvolved in cognitive functions.
* Depression- MO are redated t p GM loss.

* Depressive symptom-memory interactions detrimentally affect frontal and insula GM.
* Co-existence of late-life depression and MCl may be a potential marker of earty AD.

ARTICLE INFO ABSTRACT

rr— ‘While late-ife depression (LLD) and amnestic mild cognitive impairment (aM(). alone and in cambi-
Recetved 7 June 2012 nation, is associated with an increased risk of incident Alzheimer’s disease (AD) the newrobiological
Recetred n revised form 2 Augst 2012 mechanisms of this link are unclear. We examined the main and interactive effects of LLD and aMCl
e a2 an the gray matter (GM) volumes in 72 physically healthy participants aged 60 and older. Participants

were separated into normal cantrals. cognitively normal depressed. non-depressed sMCL, and depressed
W groups. Optimized voel_based marphometry estimated GM volumes. The main and ineractive

fm_']‘“l[ﬁ"mﬂm effects of LLD and aMCI, and of dep dic memary defi e GM wolumes

Mild cognitive impairment were analyed While decreased GM volumes in lhe lmnd lezulinnﬁ circuitry structures were associ-

Vinel_based morphometry ated with dep GM atrophy in for various cogritive performance were related 1o

Elderly aMCL LLD- 3MCT interactions were associated with widespread subcortical and cortical GM volume loss

Alrhesmer's disease of brain structures implicated in AD. The interactions between episodic memory deficits and depressive 7
Episadic memory symptam severity are associated with volume loss in right infesior frantal gyrusfanterior insula and beft vmPFC [e]

medial frontal gyrus clusters. Our findings suggest that the co-existence of these clinical phenotypes isa
potential marker for higher risk of ADL
© 2012 Published by Elsevier BY.

Depression * Cognitive Impairment

1. Introduction currently in various phases of clinical trials, several of these have
failed to show benefit. Modification of vascular, lifestyle, and psy-

An estimated 35 million people worldwide are living with chosocial factors may prevent or reduce the incidence of AD in a
Alzheimer's disease (AD) today, and this number is anticipated to ignificant of individuals [2] Late-life (uoj,
rise to 113 million by year 2050[1]. while AD- agents are one such risk fartor, affects a significant proportion of
older adults, and is associated with poorer outcomes of co-morbsd
medical disorders, increased mortality risk and incident cognitive
decline [3].

LLD is associated with increased risk of developing mild cog-

* This work was presented a5 3 poster at the Alheimers imaging Censortum
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sexsion of the Alzheimers Assnciation International Conference, Vancowver, Britsh nmitive impairment (MCI) and AD [24.5]. In LLD, volume declines

Columbia, Canada, July 14-19, 2012
# Corresponding author at: Department of Psychiatry and Behavioral Medicine,
Medical College of Wiscomnsin, E701 Watertown Flank Road, Milwaukee, W1 53235,
UIsA. Tel: +1414 955 BOB3; o +1 414955 2200
E-mail e jgrveasgmow.edu (L5 Goveas).

0166-4328/% - see front matter & 2012 Published by Elsevier BV,
hitpclix ded orgd 10,1016/ b 2012.08.007

in the brain regions earliest affected by AD, including the frontal
and medial temporal lobe (MTL) structures are seen, although
these findings are not universal [6-15]. Groumscribed hippocam-
pal abnormalities are reported in LLD, and depressed elderly with
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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

Cortical Atrophy is Associated
with Accelerated Cognitive Decline in
Mild Cognitive Impairment with
Subsyndromal Depression

Mitzi M. Gonzales, Pb.D)., Philifr 5. Insel M.S., Craig Nelson, M.ID., Duygu Tosun, Pb.ID.,
Niklas Mattsson, M.D.. Pb.D., Susanne G. Mueller, M.D., Simona Sacuin, M.D., Ph.I).,
David Bickford, BA., Michael W, Weiner, M.D.. B Scott Mackin, Pb.D. and the
Ak beimer’s Disease Neurotmaging Initiative’

Objoctives: To investigale tbe association befiveen cognitive dedine and contical atropiny
i inalividials with mld cogritive impairment (MO and chronic subsyndronal symf-
Toms of depression (8810 over a $-pear period. Design: Progpective cobort sy, Seting:
Multicenter, clinic-based. Participants: Within tbe Alxbeimer’s Disease Neuroimaging
Initiative reprository, the Neuropaychialric fnventory was nsed to ddentify individo-
als writh MOT and stable endorsenerndt (S50 growup N = 320 or no endorsement (mon-
S50 growpy N = 600 of deprressive sympioms aoross (ime poinis. Measuremenis: Repeated
measures of cogrilive oulommes, cortical atroply, and their associalfons were evaln-
aled with mixed effects models adinsting for age, education, sex, and APOE gemolye.
Results: The 550 group demonstrated acceleralted decline on measures of global
cognition CAlzbeimer Disease Assessment Scale;dff = 421, 1= 2242, p = 0.025), memory
(Wechsler Memory Scale-Revised Logical Memory I df =244, 1 =-2.525, p=0.011),
frformalion processing steed (Trad Making Test Pants A Jdf =421, 1=2376 p= 0018
and B jdf=421, 1 =2533, p==0.012{), and semantic ffwency (Category Fuency;df =424,
1==2418 jp=0016G), as well as accelenaled fronial lobe (df = 341, 1 = -2.648, p = 0008}
and anterior cingulate (df = 341, 1= -1 786, < 0001} atroply No growp differences
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MCI +/- SSD (chronic); n=101

4 year follow up

Depression had accelerated
decline in cognition

Depression had accelerated
atrophy in frontal lobe and ACC
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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
Chronic Depressive Symptomatology in 3 yea lu

Mild Cognitive Impairment Is Associated - '
with Frontal Atrophy Rate which Hastens D: accelerated atro P h yn

Conversion to Alzheimer Dementia frontal and ACC reg lons

Kimona Sacwiu, M.D., Ph.D., Philip 5 Insel M.K, Susanne Mueller, M.I)
s i ’ P - D had 60% shorter
Duygn Tosun, Ph.D., Niklas Matisson, MD., Pb.D., Clfford R. Jack jr. M.D,
Charles DeCarli, M.ID, Ronald Pelersen, M., Pb.I), Paul 5 Aisen, MDD,

Michael W. Weiner, M.D, J; :::.mﬂ‘:;zu,:z‘i,‘ﬂr:beuxbe{mnm.mse CO nver Slon tl me to AD
than no-D participants

Objective: Brvestigate the assoclation of chronic depresd ve symiplomatodogy (cbri}S)
with cortical amropby rates and conversion to Alzbeimer dementia (A) over 3 years
i mdld cognitive fmpairment (MCT). Methods: In a mdticenter, dinfc-based study,
MCT dderly participanis were selected from the Alzbeimers Disease Neuroftnaging
Iitiarive repository, based on avaidabidity of botl serial strictural magRetic reso-
narnce tmaging and cheldS endorsed on three depression-reated items from ihe
Nerropsychiatric fnvertory Questiomraire (chrDS N = 32 orno depressive symploris e 51 FIGIREZ Ps
N =62} ibroughbout follow-ep. Clinfoal and laboratory fnvestigations were performed E <l
every 6 morths during the first 2 years and yearly thereafter (median follow-up: 3 -
years interquartile range: 1.5—40 years). Cortical atroply rates in 16 predefined
fromtotemporoparietal regfons affected in major depression and AD and ibe rate of
fricidert AD at follow-wp, Resalts: Chel)S in a stngle domaln annestic MCT samle
were associated with accelerated oortical atroply i the fromial lobe and anterior
cingulate but not with avroply rates in temporomedial or otber AD-ffected reglons,
During follow-up, 38 participants (42.7%) developed AD, Participants with cbrl)§ bad
60% shorter conversion time o AD than those withow! depressive symptoms, Tiis
amodation randined significant in sorvival models adfusted for temporomedial ar- . ___Anterior Cnguiate
roplvy rates and showed the same trend in models adjusted for fromtal cortical ar-

rofrlvy rate, which @l tnoreased the risk of AD. Conchosion: Our resulls suggest that

chrldS amsociated with progresive atroply of fromtal regions may represent ar

Frontal Lobe
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“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;

>
Myelin Content Changes in Probable age 60 yrS

Alzheimer’s Disease and Mild Cognitive .
Impairment: Associations With Age and CESD
Severity of Neuropsychiatric Impairment

Eleftherios Kawoulakis, MSc, ' Panagiotis G. Simos, PhD,” Georgics Kalaitzakiz, BA
Thomas G. Mars, PhD* Dimitra Karageorgow, MD," loannis Zaganas, MDD, PhD,’
Simeon Panagiotakis, MD, PhD.® Maria Basta, MD, PhD
Alex anchos Vigontzas, MD, PhD,” and Ekosini Papadaki, MD, PhD'*

Baskgronid Eailiveg inchoin ol whils maller mlagdly ek & ool armslmny afd Magrlisdion Ll fan
ey rol provice o r?l—hi spmcifcity 1o Al conle. [n comma, mpelin water racon (WWT) dedeed o ke sullie-
e Ty i ey ol Mechricpon Py S @ @ o o irec ) eeaiers of sypelin coriee
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“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 Symptoms in Amnestic Mild

C itive I i t Are A iated with ' I I
CHedinl Termporal Atrophy and Predict Anxiety severity increased

Conversion to Alzheimer Disease convers | on rate to AD

Linda Mab, M., M.HSc., F.R.CP.C. Malcolm A. Rinns, Pb.I,

David ¢ Steffens, M, M.HSc, for tbe Alzbeimer's Disease Neuroimaging Imitiative* @ A n X I ety p r e d I C t e d g reat er
o e ot o 3 o e e e rate of EC volume decline

(@ MT) increages mtes of aRversion fo Albeiner deace (AD) and b jdenbfy fotential
el mechanions underlying auch an acescietion, Methods: Particifong (N = 376)
with aMi ¥ Fom e Alzbetrers Dieas Nenrofmsgig infiatoe (AN were srdied
arpeer a mreian ferked of 36 nontbs A Cox rroportton albbazards redel weas wed to asess

the agmciation bdtween andety sverly rafigge on the Newropsydhlainc Inoentory TABLE 4. Efkcl ol Clasisgs fin O (AR o Bl Vil Eoam
Ouestionnaire and AD ride. Other parfables wen deprossion, nrenory Joes and MEF HBiacs e e o e ol ATY svind < Biaceend Rl
derivedd Alrelated reyions of infered (ROIS, induding bipfocanjsl, anypdalar, enfo- (HR ) Eor Aoty

il corticad (B} ¢ o, amal BT In a Iiear roegs mneled e Hl'.tl:r '*'“'H""T
e o degernvine the offed o anciety in aMT on rales of atreplby wibin RO Resulis: wald ¥ il Dol iy il
Anxely sererdy fnoreasd rafe of aMCl conmersion o AD, afer confroliing for difrrecston ROE HR, Value P AROH iy Ol S
atried copruiive dedine. The asaciadion beiuven arciety and Al emained sigrofficant coen

with mdnston of BN basline walues or aroffy raies as exflanafory ceriabies Furdber, ANV wnl. 101 +1.5T7 @iz | Be.s

anviety siufue fredicied greater raies of deorease tn BC eolume, An agactation befveen AR, el 233 109 O 12T
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Domain 3: impulse control (i.e. agitation and reward
salience)

“These findings support an emerging conceptual framework in which
NPS constitute an early clinical manifestation of AD pathophysiology”

ADNI
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Neuropsychiatric symptoms predict
hypometabolism in preclinical Alzheimer
disease

[oPEn ]

ABSTRACT

Objective: To identify regional brain metabolic dysfunctions seociated with naropaye
ayrptarms (MPS) in preclinical Alzheimer disease (AD).

Methode: We stratified 115 cognitively normal indiideals into prechinical AD (both arryla
tau pathologies present), asymptomatic at risk for AD (either armyoid or tan patholegy pn
o heathy controls fno amyloid or tau pathology present) using [=FAflobetapr PET am
prosghorylated tau biomarkers. Regression and voxelbased regression models evaluat
relat ionships betwesen baseline NPS measured by the Neuropsychiatric nventory (NP1) and
lime and 2-year change in met dbolism measured by [SAfluorodeasoyglecose (FDG) PET.
Resoles: Individuals with preclinical AD with higher NP1 scores had higher FAFIFDG uptake
poeterion cimgulate cor tex (POC), vent rormedial prefrontal cortex, andright anterion insula al
lime. High NPl scores predicted subsequent hypametabalism in the POC over 2 years ¢
inclividhueal s with preclinical AD. Sleephighttime behavior disorders amd irr itability and labilit
the corrponents of the NP that drowe this metabolic dysfune tion

Condosions: The magniteds of NPS in preclinical cases, drven by sleep belhavior and irril
darmains, is linked to transitory metabalic dysfunctions within |imbic networks vulnerable
AD process and predots subseguent POC ypometabolism. These findings support @ em
conceptual framewaork n which NPS constitite sn early clinical manifestation «
pathophysidogy. Neurclogy® 2017:881814-1821

GELOSSARY
AD = B i Gasncis ADMI = A7 e D6 eces Melrcimsd rey itk v ADNFSsE = A0 mears D
i e I T Ty TR T o g A = @Dy iy AR D = oy Pl @it Ak o B2 s e o s

Clhinical Damentds Raing PRFDE = [ fuoroceo pyluccds: B0 = mild cognithes impsimeant, HIP1 = Maunopa:
rearlory: HIPS = maurepoay dhiateC apmeoms: POE w paod arior CirZuians ool pride = phaapdardated b SH -
raTvarh; SUVR = & e e uptake walls rat valP PG = senTomsedel pred el oo

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.
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Domain 4: Social appropriateness
(I.e. social cognition

ImeraTiong! pageloine PSyEhOgeriait Asodion 2017
ok XM/ S04 1EI0Z 1 TG0

REVIEW
Social inappropriateness in neurodegenerative disorders

Philippe Desmarais, >3-4 Krista L. Lanct6t,** Mario Masellis, 3487
Sandra E. Black?4.6.7 and Nathan Herrmann?.5.8

FGeriatri: Prychiarry, Sunmpbrook Helh Soimces Cemtre, Toromto, Canady

2 Cogmitive & Mowement Disarders Clinic, Summybrook Hlealth Scimees Centre, Toromts, Canada

L. Comapbell Cogritive Neurnlopy Research L, Stmmybmolk Health Sciemcer Cenirr, Toronts, Canada

* Hureitz Hroin Sciences Progrom, Sunmytrook Resaarch fnstitue, Toronte, Conada

* Department of Pryckiniry, University of Toronts, Toronte, Camads

& Diviviom of Newroiogy, Department of Medicine, University of Toromin, Toromin, Canads

? Instituts of Medical Science, University of Tmmts, Tormts, Canada

*J ey Chair in Ceriatric Poychiatry, Department of Prychiatrsy, Sumybrook Health Sciences Centre, Toronts, Canada

ABSTRACT

Background: New onset of mood and behavioral changes in middle-aged patients are frequently the first
manifestations of an unrecognized neurocognitive disorder. Impairment of social cognition, the cognitive
ability to process social information coming from others, such as emotions, to attribute mental states to others,
and to respond appropriately to them, is often at the origin of behavioral manifestations in neurodegenerative
disorders.

Methods: This paper reviews the current literature on social cognition impairment in neurocognitive
disorders, particularly in prodromal stages of behavioralvariant frontotemporal dementia (bwFTD),
Alzheimer’s disease (ADD), idiopathic Parkinson’s disease (IPDY), and Lewy body dementia (LBDY). The
concepts of social cognition will be reviewed, including its impairment and neural basis, its clinical assessment,
and the different therapeutic interventions available clinically.

Results: Socially inappropriate behaviors, such as loss of empathy, inappropristeness of affect, and
disinhibition are frequently reported in prodromal bvFTD and in prodromal AD. Lack of self-control,
reduced perception of social cues, such as recognition of facial emotions and sarcastic speech, and impaired
Theory of Mind all contribute to the neuropsychiatric symptoms and are secondary to neurodegeneration in
specific brain regions. In contrasts to bvFI'D) and AD, deficits in social cognition in IPD cccur later in the
course of the disease and are often multifactorial in origin.

Condusions: Through various manifestations, social inappropriateness is frequently the first clinical sign of
a neurcdegenerative process, especially in AD and bvFTD, years before noticeable impairment on classical
neuropsychological assessment and bram atrophy on imaging.

Key words: cognifive disorders, mild behavior impairment (MBI}, Akheimer's disease (AD), mild cognitive impairment (M), frontofemporal
dementia (FTD)
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Domain 5: Thoughts /

perception (I

Paychiary Research Neamimaging 20 (2012) 3895

‘Contonts lists availahia at SoiVarse Scienos Dot

Psychiatry Research: Neuroimaging

joumal homapage: www.alsevier.com/locate/psychrasns

Review artice

Neuroimaging of delusions in Alzheimer’s disease
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ARTICLE INFO

ABSTRACT

Amrite hizory
Raveiad 25 Jaly 2001

e el in revimd form 13 Denemier 3011
At pasd 29 Jarisary 2002

MEDLINE. Emihase and PsydNR) weres mrched using the keywards “imaging”. “neurai maging™, "CT". MR,
=PET", “SPECT*, “Alheimer's”, “dementia”, “deusions” and “paychasis”™ to find studies specificall y assessing
ar neparting an neurgimaging of delusions in Alzheimer's Dementia [AD), separate from halludnations ar
'ps}dmm in generalin ADL Twenty-five studies were found mesting criteria and are inchuided in this review

parts an structural, regional perfusion, metbalicand recspror binding i maging modalities assesing
ddmm:aaﬁdcuuﬂﬂmmmmdnmdmuﬁcm dehusional subtypes. Themajarity of stud-
e implicate right-sided pathalogy. primarily fronial lobe Left-frontal predominance and relemse, secmdary
tungh sided pathalogy, may ceze 1 hyperinfamential sty resulting in the farmation of delusions This per-
turbation and mh]ntedmm]nenucﬂ:n asmociated with delusional phenomenalogy. Temparal lobe
are alsa @ in which have a different natural histary than
paranaid delusions. Consisent with the neuropathalogial and genetic livratuns, neurcimaging has s hown
that paranoid versus mis identificati on del wsions ane zsocated with diffenent phenomenalogy and different
meural subsrates. Dehmional subtype i an impartant fctar in und ersanding the neurobiol ogical underpin-
mings of dedusions in demetia We ako disouss methodalogicl isues relitsd @ neuimaging of dsusions
inAD

© 212 Elsevier Ineland Ind All ights reserved.
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Neurobiology of Delusions in Alzheimer’s Disease

Fahinoor Ismail - Minh-(uan Nguyen «
Corinne E. Fischer - Tom A. Schweizer «
Bemoii H. Mulsani - David Mamo

Pahlished online: 15 Maxch 2011
1 Springer Science+ Business Madia, LLC 2011

Abstract Alzheimer’s disease (AD) i associasted with
cognitive and functional impaiment as well as newropsy-
chiatric sequelae, including psychotic sympioms such as
delusions and hallucinations. Strong evidence supports the
noed to stedy delusions separate from  hallucinations.
Integrating the epidemiology, clinical correlaies, and new-
mopatholegical and genetic literature for delusions in AD
allows us to speculate on etiology and mechanisms. Plague
and tang e deposition in individueak with susceptible alleles
of srotonergic, muscarinie, nicotinic, or dposd genes
appears to result in disruption of cortical circuitry, culmi-
nating in delusions. While delusions in AD comespond to a
phenotype distinet from AD without delusions, subtypes of
delusions may also define further digtinet clinical entities.

Z Tsmail - M. Ngayan - B. H. Mubamt - D, Mamo
(Cemire fir Addiction and Mental Hekth,

Gesisiric Menital Health Program, University of Taromin,
1001 Qreen St W,

Towmin, Critario MAJ 1H4, Canada

. E. Fischer- B. H. Mulsant - T. Mama

Depastment of Psychiztry, University of Toromta,
Tommin, Omano, Canada

. E. Fischer

Persecutnry delusions may occur earlier in the illness and
have a more significant genetic component than misiden-
tification delusions, which are associated with increased
cognitive impaimment and advanced dementia. Cleardy
distinguishing between these two syndromes & essential
to making progress in the ara of delusions in AD.

Keywords Alzheimer's - Dementia - Psychosis - Delusions -
Pemecutnry delusions - Misident fications - BPSD -
Weuropsychiatry - Neuropsychiatric sympioms - NPS-
Weuropathology - Genetics - Cognition - Paranoia -
Suspiciousness - Confabulation

Introduction

Diespite being considered a dizorder of cognition, Alzheimer's
disease (AD) is associzgied with many newnopsychiatric
symptome (WPS) of clinical significance. NP8, ako called
behavioral and paychological symptoms of dementia (BPSD),
ame present in up o 97% of poople diagnosed with dementia,
resulting in suffering, caregiver distress, and edensive
resource utilization [1]. These noncognitive manifesttions
of dementia are the primary reason for transfer of patients
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Data Is sparse as new onset
psychotic patients go to psychiatry

ADNI e

Curremt Aliheimer Research, W15, 12, 165-172 165
- ‘| Grey Matter Atrophy in Mild Cognitive Impairment / Early Alzheimer
Disease Associated with Delusions: A Voxel-Based Morphometry Study
_Gray_matter atrop_hy in patients with mild cognitive Windsor Kvan Chun Ting!* Cornne . Fischer®, Collen P. Milkiv, Zabinoor T,
impairment/Alzheimer’s disease over the course of Tillny W, o™, Tom A S+ o e Al s D ging

developing delusions

'Institute of Medical Seience, University o f Tovonto, Toronta, ON, Canada; ‘Keenan Research Cantre for
Biomedical Science, the Li Ea Shing Knowledge Institute, 5t. Michael’s Hospital, 209 Victoria Street, To-

Corinne E. Fischer™", Windsor Kwan-Chun Ting'*, Colleen P. Millikin®, Zahinoor lsmail®, ronto, ON. Canada, M5B 1T5; *Faculty of Medicine, Deparment of Psychiatry, University of Toronio,
Tom A. Schweizer” 28 and The Alzheimer Disease Neuroimaging Initiative * Camada; “Instinute of Bi and ngineering. University of Toronto, Toronto, ON, Can-

ada; *Division af Neurosurgery, D?wmnnf af Surgery, Facully of Medicine, University gf Toronto, To-
‘Institute of Medical Science, Univessity of Toronto, Toronto, O, Canada ronto, ON, mﬂdﬂ; M35 145; “Division of Newrosurgery, 5t Michael’s Hospital, Toronto, ON,
*Keenan Research Centre for Biomedical Science, The Li Ka Shing Enowledge Institute, St. Michael’s Hospital, Toronto, ON, Canada Camada, M3E 1S, " Department af Clinical Health BJ“:""’“"ﬂ' Faculty of Medicine, University of Mani-

foba, 5306 - 2100 Portage 4veme, Winnipeg, ME, R3J 0L3; *Hotchkiss Brain Institute, 1403 29 St N
Calgary, Calgary. AB T2N 1T%; anrmmrqﬂ{nihms Neurology Division, University af Toronto, To-
ronto, ON, Camada; "Department of Medicine, Geriatric Mﬂ'ﬂﬂ‘ Division, l'.’nnmma af Toromto, Toronto, ON,

“*Faculty of Medicine, Department of Psychistry, University of Toronto, Toronto, ON, Canada
“Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, ON, Canada

gl . PR . [
Ecpar‘mmn of (inical Health Psychology, College of Medicine, Health Sciences, University of Manitoba, Winnipeg, MB, Canada Canada; " Ro R h Instinute, . iogy. Dap of ing. B + 3560 Bathurst St, 954
ot chikiss Brain Institute, Calgary, AB, Canada Toronto, ON, M64 2EI, Canada
"Division of Neurosurgery, Department of Surgery, Faculty of Medicine, University of Toronto, Toronto, ON, Canada
*Division of Meurosurgery, 5t. Michael's Hospital, Toronto, ON, Canada Abstract: Objectives: Grey matter atropity in the right hemisphers has been shown to be more severe in dementia patients
Cﬂﬂ’ﬁpﬂﬁ-ﬂ’ﬁfﬂﬂ % E. Fischer, E-mail: fischerc @smbh.ca with delusions, suggesting a neuroanatomical localization that may be pertinent to impending neumdegensration. Dehr-
sional symptoms may arise when atrophy in these areas reduces the regulatory functions of the right hemisphere, in tan-
dem i the left We patients with either amnes-
Thgqual contribution. tic mild cogmitive impairment (MCT) or early Alzheimer Disease (ADY) would experience more pronounced grey matter at-
#nm e in preparasion of this artide were bt insd from the Alzhel mess Dissase Nenroimaging Initiarhe (4 DN1) datdhase (adnibonl o s ) As such, the investignrs within rophy in the right froatal lobe compared with matched patients without delusions. Methods: We used neurvimazing and
the ADNI comribaed to the dasign and m)i:nm\znnafnuhland.lnrﬂ:wdﬂ data bt did not partcipae mam.}pn ar wiitng of this mpoart. A complas listing of ALNI cliniral data obtined from the Alzheimer’s Dizease Neurommaging Iitiative. A comparison group of twenty-nine non-
investgatars can be foand a1 hepoadn anl s ada/wp-c antent o plaad 4 Pl ALNI_Adenonlsdgemant List paf dehrsional MCTiearly AD participants were compared with twenty-nine delsional participants using vouel-based mor-
This wirk was previousdy presented 2 4 poster pEsentation &t the 2014 American Asnciation for Gerlawic Paypch larys Anmmal Meeting, in Orlanda, Flarida, USA. The sbemacy phometry, matched at baseline by ae. sex, aducation. and Mini-Mental State Exam score. All inchudd participants were

fram rchived in Am | G B 13, % 1,pp 132133
o presenmmon B " ] Gelatr Popchiaty, 2243, Sopplement 1, pp diagnosed with ammestic MCT at study baseline. Results: Fifteen voxel custers of decreased grey matter in participants

with delusions were detected. Prominent grey matter decrease was observed in the right precentral gyrus, right inferior
frontal gyrus, right insula, and left middle occipital gymus, areas that may be invelved in comtrol of theught and emotions.
Conciusion: Greater right fronto-temporal grey matter atrophy was observed in MCI or early AD participants with delu-

Objective: We conducted a neuroimaging analysis to understand the neuroanatomical correlates of gray s T S— gplersiers ‘with our predictions, asymmetric prey matter atrophy in
matter loss in a group of mild cognitive impaimment and early Alzheimer’s disease patients who devel- hmmmmmm“mwm“m
oped delusions. ¥ = disease, delusions, executive control, inhibition, mild cognitive impairment, voxel-based

Methods: With data collected as part of the Alzheimer’s Disease Neuroimaging Initiative, we conducted
voxel-based morphometry to determine areas of gray matter change in the same Alzheimer’s Disease
Neuroimaging Initiative participants, before and afier they developed delusions.

Results: We identified 14 voxel clusters with significant gray matter decrease in patient scans post-
delusional onset, correcting for multiple comparisons (false discovery rate, p < 0.05). Major areas of dif-
ference included the right and left insulae, left precuneus, the right and left cerebellar culmen, the left
superior temporal gyrus, the rght posterior cingulate, the right thalamus, and the left parahippocampal
EyTUS.

Conclusions: Although contrary to our initial predictions of enhanced right frontal atrophy, our prelim-
inary work identifies several neuroanatomical areas, including the cerebellum and left posterior hemi-
sphere, which may be involved in delusional development in these patients. Copyright © 2015 John
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Summary of what the evidence iIs
suggesting so far

Risk factor Prodrome
e Affective/ Emotional e Motivation/ Drive

RngULa:'O” ] e Agitation/ Impulse
ISK factor an Control/ Reward
prodrome

Time frame/ natural ~ ® Social Cognition
history is important e Psychosis
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Caveat: Measurement.

NEEDS Study - depression in cognitive

clinic

e Cognitive Neurology Clinic;
n=202

e SCID prevalence 12.4%

g e PHQ-9 performed better with
lowered cutpoint

e CES-D performed best

1.00

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00

LSpeciiy e Butis the SCID an actual
—e— PHQ-9 ROC area: 0.83 —@— CES-D ROC area: 0.85
—=e— HADS ROC area: 0.85 Reference gOId Standard?
e Are cross sectional
ROC curve for the PHQ-9, CES-D, assessments adequa’[e?

and HADS at traditional cut-points
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Measurement: MBI checklist

Mild Behavioral Impairment Checklist (MBI-C
Diate:

Rated by: [ Clnician ] nfoemant [ Subject
Location: [ Clnic [ Research

Label

Circle "Yes™ only if the behavior has been present for at least 8 months (continuously, or on and

off) and is a change from herfhis longstanding pattern of behavior. Othenwise, circle “No”™.

Please rate severity: 1 = Mild (noticeable, but not a significant change); 2 = Moderate (significant,

but not & dramatic change); 3 = Severe (very marked or prominent, a dramatic change). If more

than 1 item in a question, rate the most severe.

Has the person become more easily frustrated or impatient? Does shafhe
have troubles coping with delays, or waiting for events or fior their tum?

Yes

Dioes the person display a new recklessness or lack of judgement when
driving (e.g. speeding. ematic swerving, abrupt lane changes, ete )?

Has the person become more stubbom or rigid, i.e., uncharacteristically
insistent on hawving their way, or unwilling/unable i seshear other views?

Yes

No

Is there a change in eating behaviors (e.g.. overeating. cramming the
mouth, imsistent on eating only specific foods, or eating the foed in exactly
the same order)?

fes

No

Dioes the person no longer find food tasteful or enjoyable? Are they eating
less?

Dioes the person hoard objects when she'he did not do so before?

Yes

No

Has the person developed simple repetitive behaviors or compulsions?

Yes

No

Has the person recently developed trouble regulating smeoking, alechal,
drug intake or gambling. or started shoplifting?

Yes

No

This domain describes following sociefal norms and having social
graces, tact, and empathy

Has the person become less concemed about how herfhis words or
actions affect others? Has she/he become insensitive o others' feelings?

Yes

No

Has the person started talking openly about very persenal or private
matters not usually discussed in public?

fes

No

Dioes the person say rude or crude things or make lewd sexual remarks.
that she'he would not have said before?

Yes

No

Dioes the person seem to lack the social judgement shefhe previously had
about what to say or how to behave in public or private?

Dioes the person now talk to strangers as if familiar, or intrude on their
activities?

This domain describes strongly held beliefs and sensory
experiences

Has the person developed beliefs that they are in danger, or that others
are planning to harm them ar steal their belongings?

Has the person developed suspiciousness about the intentions or motives
of other people?

Dioes shefhe have unrealistic beliefs about herhis power, wealth or skills?

Dioes the person describe hearing voices or does she/he talk to imaginary
people or “spirits™?

is out of character or may cause offence?

YES NO | SEVERITY
This domain describes inferesf, motivation, and drive
Has the person bost interest in fiends, family, or home activities? Yes Mo | 1
Does the n lack curiosity in topics that would usually have attracted
e yin topi ¥ Yes MNo| 1 2 2
Has the person become less spontanecus and active — for example, is Yes Mo 1 2 a
shefhe less ikely to initiate or maintain conversation?
Has the person lost motivation to act on herhis obligations or interests? Yes Mo 1 2 3
Is the person less affectionate andior lacking in emotions when compared Yes No 12 3
to her/his usual self?
Dioes shefhe no longer care sbout anything? Yes MNo| 1 2 3
This domain describes mood or anxiety sympfoms
Has the person developed sadness or appear to be in low spints? Does Yes MNo| 1 2 3
she/she have episodes of tearfulness?
Has the person become less able to experience pleasure? Yes Mo| 1 2 3
!—iaslh_epenunbemme discouraged abowut their future or feel that shefhe Yes Mo 1 2 a
is a failure?
Diges the person view herselffhimself as a burden to family? Yes Mo 1 2 3
Has the person become more anxious or womed about things that are Yes MNo| 1 2 2
routine (e.g events, visits, atc )7
Dioes the person feel very tense, having developed an inability to relax, or
shakiness, or sympioms of panic? Yes Mof 1 2 3
This domain describes the ability to delay gratification and control
behavior, i oral infake andfor changes in reward
Has the person become agitated, aggressive, imtable, or temperamental? | Yes Mo | 1 2 3
Has she/he become unreasenably or uncharacteristically argumentative? Yes Mo| 1 2 3
Has the become more impulsive, seeming to act without
cnnsideni':zsﬂ‘:?rqs? - " Yes Mo| 1 2 3
Dioes the person display sexually disinhibited or intrusive behaviour, such
as touching (themselves/others). hugging. groping. eic.. in a manner that Yes Mo | 1 2 3

Dioes the person report or complain about, or act as if seeing things (e.g.
people, animals or insects) that are not there, i.e., that are imaginary to
others?

www.MBltest.org
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PA RAD|GM Pre-dementia at-risk states: a

longitudinal study of cognition and neuroimaging
biomarkers in Mild Behavioural Impairment

e MBI +/- using MBI-C
and ISTAART-AA MBI
criteria

e MCI +/-

e 2 year longitudinal
observational study

e Cognitive outcomes

e Structural and
functional MRI

e Genetics/ CSF
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Future directions:

ADNI COMPASS-ND Study

e Canada’s ADNI
Abstract ® NC1 MCI1 dementla

Introduction -

The overall goal of the Alzheimer's Disease Neuroimaging Initiative (ADNI) is to validate biomarkers for . - I n C u e as
Alzheimer's disease (AD) clinical trials. ADNI-3, which began on August 1, 2016, is a 5-year renewal of the

Methods (

current ADNI-2 study.

ADNI-3 will follow current and additional subjects with normal cognition, mild cognitive impairment, and AD

using innovative technologies such as tau imaging, magnetic resonance imaging sequences for connectivity -
analyses, and a highly automated immunoassay platform and mass spectroscopy approach for cerebrospinal

fluid biomarker analysis. A Systems Biology/pathway approach will be used to identify genetic factors for

subject selection/enrichment. Amyloid positron emission tomography scanning will be standardized using the 1

Centiloid method. The Brain Health Registry will help recruit subjects and monitor subject cognition. . ye ar O S e rva I O n a
Results St u d

Multimodal analyses will provide insight into AD pathophysiology and disease progression. y

Discussion

ADNI-3 will aim to inform AD treatment trials and facilitate development of AD disease-modifying treatments. . I I I I ag I n g b I O I I I a r ke rS
]
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