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1. Epsvvnrikd epOtnue Kou yloti gival onuavriko

O1 actleveic pe vooo Huntington emdeikviovy éva vontiko mpdtumo cuufatd pe m petomaio-
pufdoth duciertovpyia wov yapakmpilel ™ VOGO Kal WOV EIVAL KOAG TEKUNPLOMEVT) HECE
rorvappev gpevviv kat toilanrdv pebodov (Nowrangi, Lyketsos. Rao, & Munro, 2014).
Am6 TN OKOTA TOV EPMTNUATOC TNG AETOUPYIKIG OPYAVOCTS TV VONTIKGOV AEITOVPYLOV. OL
EMTELIKEG AEITOVPYIEG EKTPOCOTOVY EVE APKETA MEPENAEYUEVO VONTIKO KATACKEVUAGHA. TOGO
¢ TPOG TOV OPIGHO TOVG, 060 Kat MG TPog 1] pebodoroyiKn TPOGEYYIoT Yt TN SIEPEVVIOT] TOVG
(Jurado & Roselli, 2007). H napovoa dwaktopikn dwtpifn ba aracyoinblel pe 1o epdmpa ™mg
Vrapéng ™G EVIiag | TG SPOPOTOMUEVNC PUONG TV EMTEMKMOV ASITOVPYIOV KUl NG
VEUPOAVATOMIKTS TOVG ToROYpapiac, BacilOpevn G VEVPOYVYOLOYIKA, VEVPOUTEIKOVIOTIKG Kal

KAWVIKG SEQOPEVE GUYYPOVIKOD Kt SLaypoviKoy oyedaoHoD HEAETTG.

2. Ipwroturia kKot cvuBoir o10vn BiBlwoypaoia

H =apovoa diwdaxtopik dwtpifny Oa ovvewspéper oy eakpifoon mg Asttovpyikng
OpYaveONG KAl TG VEUPOUVATOMIKYG — TOMOYPUPINS TOV  EMTEAKOV  ASITOVPYIOV
LPNOIHOTOIOVTAS Evay KAviKO manbuopud mov Bewmpeitar apoTLMO Y TN OLEPELVION TOL EV
LOY® vonTiKoy Kataokevacpatos Eidikotepa, and 11 OKOTA TOV EPEVVITIKOV GYESIXGHOD Kl
m¢ emheypévng pebodoroyiag, m peiérn dvvarar va dweoticer tov Pabpud otov omoio ot
EMTEMKES OUVICTMOES £(OVV KO T OlQQOPOTOUMEVI] QUOT] OF ENIAESO EYKEQUAIKOL

EVIOMIGUOV KOl VOT|TIKTG AEITOVPYIAG.

Kiprog Zxomog

Kupiog okomdg g napovoag didaxtopikig dwtpiffng eivar 1 digpedvnon g eviaiag Kat g
SLLPOPOTOMUEVTIC VO TIG EMTEAIKIG AEITOVPYIAG KAL TNG VEVPOUVATOMIKNG TG TOTOYPaiag
ot aobeveig pe Noco Huntington.

3. [poteivousvog epevvnTIKOS oyedracuog

Eidog perémng

H napovoa Swbaktopikny dwatpiPf amoterel pépog ™¢ pergetng CLIMB-HD: Clinical and
Imaging Biomarkers in Huntington’s Disecase: A multicenter observational study, n onoia &xet
O¢ TpoOTapKd okomd TN digpedvnon petpricenv Amewoviong Mayvmmikod Zuvvioviopou
(Magnetic Resonance Imaging-MRI) xat kiwvikdv Bodeiktov yix myv mapaxorovbnom g
e&éhing ™g vooov Huntington ota dapopa otadwe g H pelém apaypatonowsitn oe dvo




kevipa: ot Movada Nevpoyevetikig tov Arywvnreiov Noookopgiov, oy Afhva kot oto
Specialist Movement Disorders Clinics tov King’s College Hospital, 6to Aovéivo.

Toppetéyovres

MpoPrénetar va diepgvvnboiy 80 cvpntopatikoi popeig enéktaong tov yovidiov HD (Gene
Expansion Carriers (HDGECs), 20 npo-cvprtopatikoi HDGECs kat 40 dropa ta omoia Hu
GUYKPOTI|GOLY TNV Opada eéyyov Kat Ha eival Katd avTioToLyie 68 NAIKIM KUl GE QVAO UE TOVG

CUPUETEYOVTEG pE VOoo Huntington.

Epyaksia ovihoyns dedopéverv

[Tpopiénetar va apaypatonombel KAVIKOG EAEYYOG. EKTIHNON TG KIVITIKOTNTAG, EKTIUNOT TG
LELTODPYIKOTITAG, VEDPOWVYLATPIKY EKTIUNOT) KAl VONTIKY] EKTIUNON HE EVPELX GVOTOLYIN
TapudOCIHKOV Kl NAEKTPOVIK®V (computerized) WuyOUETPIKOV SOKIUACIOV.

Extipfosic anaikéviong

MMpoPitretar va inpbovv ot zwapokatem axorovbieg péowm Amewkoviong Mayvnuikon
TOVIOVIGHOU:

MP-RAGE, FGATIR. DESPOTI1-DESPOT2, Arterial Spin Labeling (ASL), Diffusion Tensor
Imaging, Quantitative Susceptibility Mapping, Resting-State function MRI (rs-fMRI),
Neuromelanin (NM), Susceptibility weighted Imaging (SWT).

LratieTiki) avaiven

O un enelepyoopéveg Pabpoioyieg (raw scores) TV VELPOWLYOLOYIKGYV dokipacidv ba
petatpanoly ot enelepyacpéves (standard scores). Ou apaypatorombouvy Confirmatory Factor
Analyses (Karr et al.. 2018) pe ™ ypnon ravbavovcodv petaPintédv (latent variables) kat
rapatpovpevey petafint@v  (manifest variables). Oa mpaypatomombovv Tloilamiég
Ipappikég Maiwvdpounoeig (Multiple Regression Analyses) yia ) digpevvnon ™g GyEomg g
EMTEAIKNG AETovpyiag ot voco Huntington pe m duapxaa g vocov, pe v emPapovon mg
vooou, pe tov apipod tov CAG eravainyeov otoug HDGECs kat pe v xhvikn elkova Kat
TV VEDPOYLYLATPIKY] cuprT®patoroyia. [a ™ olykpion 1@V pLdv opddwev (o) og Tpog v
£mOOGT TOVG GTIG VEVPOYLYOLOYIKES dokipacieg kKt () ®g TPOS TIG VEVPOUTEIKOVICTIKES TOVG
uetpnoelg ba apaypatoromboiv Avorioeg Awxdpavong kata éva mapayovra (One Way
Analysis of Variance-ANOVAs). T myv avaivon tov baseline dapopdv avapscsa otig
QUMEIKOVIOTIKEG METPNOEIS KOl TIG EMBOCES OTIG VEVPOYLYOAOYIKES dokwuaoies Ho
ypnotporombet éva Ievikevpévo Mpappukd Moviého (general linear model), pe g andivteg
TIMESC TMV QREIKOVIOTIKOV METPHOEOV O¢ efaptnuévn petafinm) kau Tig Tpelg opadeg og



aveZapmm). To @vro, ) NAKia Kal T0 popPMTIKO eminedo Ho cupmepan@bovv oTo HOVIEAD ()¢
ovppetafintég (covariates). H d6pbwon Benjamin-Hockberg Oa ypnowpomombel yw toug
noihamiovg eréyyove. lMa tov vmoioyiopd tOV Slw@opdv avapsoo oTig opadeg fHa
ypnoonomboiy o1 pécor 6por (marginal means) xat ta peygbn mg dwopopag (effect sizes).
Emumpocbétag Oa ypnoonomboiv pepikég ovoyetioelg (partial correlations) ywa Tovg deikteg
EVOLAMEPOVTOG KAL Y1 TIG KAIVIKEG UETPNOELS. HE TAVTOXPOVO EAEYYO MG TPOG TNV NAIKiW, TO
OULO Kal TO HOPOWTIKO emimedo. [a v avaivon SaypoviKOV SaPop®dV UVAUESH OTIC TPELC
opadeg Ba ypnoporomboiv I'pappka Movtéra Mektodv Emdpacemv yio Exavaiapfavopeveg
Metpnoeg (Linear Mixed Models for Repeated Measures). Ipappuxég marivépopnoeg Oa
gpnooromboiy e va diepevvnbel n oyéon avaueca oOTIC PETPNOELS ATEIKOVIONG KAl OTIS
ouveyeic petafintég, Omwg eival 1 SaPKEW TNG VOOOV, 1) KIVIITIKOTNTA KAl GAAES KAIVIKEG
rapaperpor. Emapochetwe. Oa ypnoporomboiy poviéra apofreymng v myv elakpifmon mg
apofirentikng /dryvooTikig allag TOV UETPICE®V GAEIKOVIONG OC APOS TNV ENTEAIKT
Lettovpyia. Ou diepevvnbel T0 EpOTNUE GV Ol JEIKTEG UTEIKOVIONG KATA TIG UPYIKES UETPT|CELS
(baseline) pmopovv va tpofréyovy ailayEg GTNV ETMTEAIKT] AEITOVPYIQ KATA TIG EMUVEKTIHUICELG
(follow-up period).
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1. Research Question

Huntington’s Disease (HD) patients demonstrate a cognitive profile compatible with the frontal-
striatal dysfunction that characterizes the disease and is well documented through numerous
studies and multiple methods (Nowrangi. Lvketsos, Rao, & Munro, 2014). Executive functions
represent a complex cognitive construct. both in their definition as well as in their
methodological approach (Jurado & Roselli, 2007). This doctoral thesis will address the question
regarding the nature of the executive functions. namely of the unified or differentiated nature of
the executive functions and their neuroanatomical topography. The thesis will usc

neuropsychological, neuroimaging and clinical data of cross-sectional and longitudinal design.

2. Originality and Contribution to the International Literature

Current thesis will contribute to the identification of the functional organization and
ncuroanatomical topography of executive functions using a clinical population that is considered
to form a “model disease™ for the investigation of this cognitive construct. Given the study
design and the selected methodology, the thesis can elucidate the extent to which the executive
components have a unified or differentiated nature at the level of brain localization and cognitive

function.
Main Purpose

Main purpose of this thesis is to investigate whether the executive functions are unified or are

differentiated as well as their neuroanatomical topography in a sample of HD patients.

3. Suggested Study Design

Study Design

This doctoral thesis is part of the CLIMB-HD: Clinical and Imaging Biomarkers in Huntington’s
Discase: A multicenter observational study. CLIMBHD is a clinical imaging study designed to
assess longitudinal change in HD pathology wit multi-modal magnetic resonance (MR) imaging,
and clinical observation for up to 3 vears. The study is conducted at the Neurogenetics Unit of
the Aeginition Hospital at Athens and at the Specialist Movement Disorders Clinics of King’s
College Hospital at London.

Participants

The following groups will be studied: 80 symptomatic HD gene expansion carriers (HDGECs).

20 pre-symptomatic HDGECs and 40 age and gender matched healthy control subjects.



Material & Data Collection

Clinical screening, motor assessment. functional assessment, neuropsychiatric assessment and
cognitive asseessment will be performed with the adiminstration of paper and pencil and

computerized psychometric tools.

Imaging Assessments

The following MRI Sequences will be acquired: MP-RAGE., FGATIR, DESPOTI-DESPOT?2.
Arterial Spin Labeling (ASL), Diffusion Tensor Imaging. Quantitative Susceptibility Mapping.
Resting-State function MRI (rs-fMRI), Neuromelanin (NM), Susceptibility weighted Imaging
(SWI).

Statistical Analysis

Raw scores from the neuropsychological tests will be converted to standard scores.
Confirmatory Factor Analyses (Karr et al., 2018) will be conducted with the use of latent and
manifest variables. Multiple Regression Analvses will be used for the investigation of the
relationship between executive functions in HD and the duration of illness, the burden of the
discase, the number of CAG repeats, the clinical condition and the necuropsychiatric
svmptomatology. One Way Analysis of Variance-ANOVAs will be conducted in order to
compare the three groups (a) regarding their performance in the neuropsychologicl tests and (b)
regarding their neuroimaging assessments. A general linear model will be used to analyze the
bascline differences between the imaging assessments and the neuropsychological test scores
(with the absolute values of the MRI marker as dependent variable, and a 3-subgroup (including
up to 2 HDGEC and Healthy Control groups) categorical vanable as independent.

Gender, age and educational level will be included as covariates in the model. The Benjamini-
Hochberg (BH) false discovery rate correction at 0.1 will be used to correct for multiple testing.
Marginal means and standardized effect sizes will be used to report differences across groups.
We will use partial correlations across different markers and clinical measurements, correcting
for age, gender, and educational level.

To analyze longitudinal differences across groups we will fit linear mixed models for repeated
measures, with random intercept and slope.

Linear regression will be used to explore association between imaging measures and continuous
outcomes such as CAG repeats length, disease burden scores, motor function and all other
clinical parameters as defined in the thesis objectives.

Additionally, predictive models will be used to determine the predictive/ diagnostic value of the

imaging measurements in terms of executive function. Moreover. it will be investigated whether



the imaging markers at baseline can predict changes in the executive function during

reassessements (follow-up period).
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