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Résumé

Les symptdmes neuropsychiatriques (SNP), des perturbations comportementales et
psychologiques, surviennent fréquemment dans la démence de la maladie d’Alzheimer. En plus
d’étre un facteur de risque d’institutionnalisation précoce et de constituer une charge pour les
aidants, ils peuvent aussi étre associés a un déclin cognitif accéléré ou a des troubles cognitifs
plus importants lorsqu’ils surviennent dans les stades pré-démentiels des maladies (avant ou
pendant le trouble cognitif Iéger). Considérant la diversité des résultats d’études antérieures, la
relation entre ces SNP, le déclin cognitif et la survenue/évolution des maladies
neurodégénératives est encore pleine de mysteres. En effet, il a pu étre mis en évidence que la
dépression, I'apathie, ou encore l'anxiété étaient des facteurs de risques de conversion en
maladie d’Alzheimer, ou de déclin cognitif accéléré chez des individus ayant un trouble cognitif
léger ou une cognition normale. lls ont aussi pu étre associés a des changements des structures
ou du métabolisme cérébraux, limbiques et associatifs. Cependant, le role et la position exacte
des SNP dans le décours temporel des maladies restent incertains : conséquences de la
neurodégénérescence ? Conséquence psychologique de la survenue de troubles cognitifs ? Cause
de troubles cognitifs par réorientation des ressources exécutives et comportementales ? Stade

prodromal des maladies ? Conséquence d’une structure de personnalité antérieure ?

Ce travail propose d’aborder différentes problématiques de recherches liées aux SNP,
notamment leurs associations cognitives en fonction de facteurs démographiques,
psychologiques ou psychiatriques dans différents stades de déclins cognitifs ; leurs associations
neurostructurelles ou métaboliques cérébrales, en devis transversal, rétrospectif ou longitudinal.
L'objectif étant de conforter certaines données de la littérature sur I'impact des SNP sur les
performances cognitives et leur évolution dans le vieillissement normal et pathologique, et
comprendre I'apport de certaines analyses prédictives et de facteurs de risques afin d’en dégager

des pistes d’applications cliniques dans une visée d’anticipation du déclin cognitif.

Pour cela, différentes bases de données sont traitées afin d’extraire différents types de variables

d’intérét (démographiques, neuropsychiatriques, neuropsychologiques, neuroimagerie, statuts
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génétiques et diagnostiques, facteurs psychologiques...). Au total, c’est prés de 5000 participants

qui ont été extraits et analysés au travers des différentes bases de données.

Les principaux résultats ont permis de montrer : 1) des associations SNP/performances cognitives
différentes entre les femmes et les hommes ; 2) des relations neurostructurelles différentes entre
les SNP et les différents stades de déclin cognitif de la maladie d’Alzheimer ; 3) le r6le prédictif
des SNP dans la conversion du trouble cognitif léger en maladie d’Alzheimer expliqué par
I'altération des habiletés fonctionnelles des individus ; 4) des implications de traits de
personnalité dans le déclin cognitif et cérébral chez des individus développant ou non démence

de type Alzheimer.

Ces données consolident les résultats de la littérature et soutiennent I'utilité de certains modeles
statistiques et de prédictions dans I'établissement des facteurs de risques de déclin et I’estimation
de I'importance du déclin basé sur ces facteurs, a la fois chez des individus cognitivement sains,

et des individus a risque de développer une démence.

Mots-clés : symptdmes neuropsychiatriques, IRM, maladie d’Alzheimer, démence, trouble

cognitif léger, déclin cognitif, modeéles de prédiction.



Abstract

Neuropsychiatric symptoms (NPS), behavioral and psychological disturbances, occur frequently
in Alzheimer's dementia. In addition to being a risk factor for early institutionalization and a
burden to caregivers, they may also be associated with accelerated cognitive decline or greater
cognitive impairment when they occur in the pre-dementia stages of the diseases (before or
during mild cognitive impairment). Considering the diversity of results of previous studies, the
relationship between these NPS, cognitive decline and the occurrence/evolution of
neurodegenerative diseases is still full of mysteries. Indeed, it has been shown that depression,
apathy, or anxiety were risk factors for conversion to Alzheimer's disease, or for accelerated
cognitive decline in individuals with mild cognitive impairment or normal cognition. They could
also be associated with changes in brain, limbic and associative structures or metabolism.
However, the exact role and position of NPS in the temporal course of diseases remains uncertain:
consequences of neurodegeneration? Psychological consequence of the onset of cognitive
disorders? Cause of cognitive disorders by redirection of executive and behavioral resources?

Prodromal stage of diseases ? Consequence of a previous personality structure?

This work proposes to address different research issues related to NPS, in particular their
cognitive associations according to demographic, psychological or psychiatric factors in different
stages of cognitive decline; their neurostructural or cerebral metabolic associations, in cross-
sectional, retrospective or longitudinal specifications. The objective is to confirm certain data in
the literature on the impact of NPS on cognitive performance and its evolution in normal and
pathological aging, and to understand the contribution of certain predictive analyses and risk
factors in order to identify avenues of clinical application with a view to anticipating cognitive

decline.

For this purpose, different databases are processed in order to extract different types of variables
of interest (demographic, neuropsychiatric, neuropsychological, neuroimaging, genetic and
diagnostic status, psychological factors...). In total, nearly 5000 participants were extracted and

analyzed through the different databases.



The main results showed: 1) different NPS/cognitive performance associations between women
and men; 2) different neurostructural relationships between NPS and different stages of cognitive
decline in Alzheimer's disease; 3) the predictive role of NPS in the conversion of mild cognitive
impairment to Alzheimer's disease explained by the alteration of individuals' functional abilities;
4) implications of personality traits in cognitive and brain decline in individuals developing or not

dementia of the Alzheimer’s type.

These data consolidate the findings of the literature and support the utility of certain statistical
and predictive models in establishing risk factors for decline and estimating the magnitude of
decline based on these factors, both in cognitively healthy individuals, and individuals at risk of

developing dementia.

Keywords : neuropsychiatric symptoms, MRI, Alzheimer's disease, dementia, mild cognitive

impairment, cognitive decline, prediction models.
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Introduction générale

Les symptomes neuropsychiatriques - apparition et problématique
globale

1906, un article parait dans une revue neurologique allemande. Le Dr. Alois Alzheimer y décrit le
cas d’'une patiente de 51 ans présentant depuis 5 ans une détérioration cognitive progressive, des
symptomes psychotiques de type hallucinations et délires, ainsi qu’une atteinte sévere du
fonctionnement social. Une nouvelle entité clinico-pathologique est alors identifiée et
dénommée comme la maladie d’Alzheimer!. Si la caractérisation de la maladie s’est
essentiellement focalisée sur les troubles cognitifs, notons que ce cas princeps présentait aussi

des symptomes neuropsychiatriques (SNP) et un fonctionnement social altéré.

Cependant, c’est surtout a partir des années 1990 que les SNP sont décrits et étudiés dans les
maladies neurodégénératives. Il s’agit de symptdmes non cognitifs tels que I'apathie, la
dépression ou la psychose. Originellement décrits dans la démence, ils ont fait I'objet de création
de matériel d’évaluation clinique ayant une bonne validité et fidélité, comme le Neuropsychiatric
Inventory (NPI)2. Ce type de matériel a permis de comprendre certains corrélats de
neuroimagerie, neuropathologiques, neurochimiques, neurogénétiques et neurocognitifs des

SNP.

Alors qu’ils sont nécessaires aux diagnostics de démence frontotemporale et de démence a corps
de Lewy, ils ne le sont pas pour la maladie d’Alzheimer et la maladie de Parkinson, malgré leurs

prévalences élevées.

Au contraire des troubles psychiatriques idiopathiques, les SNP sont souvent multiples et
simultanés dans les démences, et participent a la détresse psychologique des personnes qui les
manifestent ainsi qu’a la charge des aidants (naturels ou non). lls augmentent les nécessités de
soins médicaux, et par conséquent les co(ts, ainsi que les risques d’institutionnalisation précoce.
En plus de cela, ils ont trés tét été identifiés comme marqueurs de démence : ils y sont associés3

et en augmentent aussi I'incidence chez les personnes ne présentant pas de démence®. Au début



des années 2000 était déja évoquée I'idée que les SNP pourraient donc étre prodromaux a la

démence®.

Assal et Cummings (2002) mentionnent méme que ces symptomes pourraient étre similaires
entre ladémence et le stade pré-démentiel de trouble cognitif Iéger (TCL). C'est en effet ce qu’ont
pu démontrer les travaux de Hwang et al. (2004) et Geda et al. (2008)%”. Par ailleurs, Geda et al.
rapportaient aussi que 25% des participants cognitivement sains présentaient des SNP non
psychotiques dont notamment de la dépression, des comportements nocturnes, des
changements de l'appétit, de l'irritabilité et de I'anxiété. D’autres travaux ont aussi mis en

évidence ces symptomes dans cette population®1%,

Certains de ces travaux ont méme démontré les implications de ces SNP dans les performances
cognitives, en devis transversaux et longitudinaux, suggérant que dans la maladie d’Alzheimer, en
stades pré-démentiels ou pré-cliniques, ils seraient associés a des performances cognitives plus

faibles ou un déclin cognitif accéléré®®12,

La maladie d’Alzheimer

Comme souvent dans les manuscrits, qu’il s’agisse d’études ou de travaux universitaires, il y a une
petite partie d’épidémiologie sur la ou les maladies abordées... Afin de ne pas déroger a cette
reégle, nous n’y couperons pas. Donc : I'état clinique de démence se caractérise par une
détérioration progressive des fonctions cognitives, comportementales et du fonctionnement des
activités de vie quotidienne. Pour ces raisons, cet état représente une charge notable pour les
individus, les proches, les soignants et la société. Elle concerne plus de 24 millions de personnes
a travers le monde en 20053, et pourrait quadrupler d’ici 2050. La cause principale en est la

maladie d’Alzheimer et concerne 70% des cas de démence.

Les marqueurs pathologiques centraux de la MA sont les dépots extracellulaires de peptide B-
amyloide (BA), les agrégats neurofibrillaires dus a I'altération et I’hyperphosphorylation de la
protéine tau. D’autres changements comme des pertes neuronales, synaptiques, des

modifications de I’activité microgliale ont pu étre observées*.
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Criteres et biomarqueurs

Depuis les criteres diagnostiques de McKhann et al. (1984), le diagnostic de la MA se base sur la
présence ou non de patterns cliniques et neuropathologiques permettant de distinguer les

diagnostics de MA possible, probable et certaine®.

Actuellement, le champ des diagnostics s’est élargi et comprend maintenant les diagnostics de

MA, de MA pré-clinique, de TCL d( a la MA et de démence due a la MA.
La MA préclinique’®

Contrairement aux critéres de 1984, la MA pré-clinique ne peut se baser sur la symptomatologie
et se focalise donc sur I'analyse des biomarqueurs. Les auteurs distinguent 3 stades de catégories
précliniques : le stade 1 se caractérise par une amyloidose cérébrale asymptomatique observée
a un examen du liquide céphalo-rachidien ou de Tomographie par Emission de Positons au PiB
(rétention élevée du traceur de I'amyloide au TEP, ou faible taux de BAi-1s2 dans le LCR), sans
marqueurs de lésions neuronales (observable aux examens de la protéine tau [taux élevés de
tau/p-tau dans le LCR], du métabolisme cérébral du glucose via la TEP au Fluorodésoxyglucose
[hypométabolisme des régions hippocampiques, temporales médianes ou associatives
corticales], ou a I'IRM structurelle [amincissement cortical ou atrophie hippocampique]), ni
preuve de changement cognitif ; le stade 2 se caractérise par une amyloidose asymptomatique et
le début d’'une neurodégénérescence (marqueur tau, TEP-FDG, IRM structurelle) sans preuve de
changement cognitif ; le stade 3 se caractérise par les marqueurs du stade 2 avec un déclin
cognitif/comportemental subtil (preuve d’'un changement subtile de la cognition par rapport au
niveau de base, performances faibles aux tests cognitifs les plus difficiles, sans remplir les criteres

du TCL).
Le TCL d{ a la MAY

Concernant les diagnostics de déclin cognitif dans la MA, dont le TCL, il est nécessaire de
confirmer chez un individu des critéres a la fois cliniques et cognitifs. Tout d’abord le déclin doit

étre subjectif et sujet a inquiétude de la part de la personne, d’un de ses proches ou d’un clinicien,
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témoignant un changement pergu de la cognition par rapport a un état antérieur. Ensuite, ce
déclin subjectif doit étre confirmé objectivement par des évaluations neuropsychologiques. Les
déficiences peuvent concerner un ou plusieurs domaines cognitifs dont la mémoire. Enfin, le
diagnostic de TCL repose aussi sur la préservation de I'autonomie de la personne dans les activités

de vie quotidienne et donc I’exclusion de diagnostic de démence.

Dans un second temps, le diagnostic repose sur 'examen de I’étiologie en lien avec une MA (et
ses processus physiopathologiques). Pour cela les causes de déclin cognitif vasculaires,
traumatiques et médicales autres sont éliminées, des preuves de déclin longitudinal de la
cognition sont a fournir si possible ainsi que, le cas échéant, des preuves d’antécédents

génétiques de MA.

Aussi, comme dans la MA pré-clinique, le diagnostic peut-étre soutenu par la présence de
biomarqueurs : dépots BA (taux BAs2dans le LCR ou imagerie TEP amyloide), atteintes neuronales
(taux  tau/p-tau dans le LCR, imagerie TEP-FDG, volumétrie des régions
hippocampiques/temporales médianes, volumétrie cérébrales globale, imagerie de perfusion ou
autres), ou encore des changements biochimiques associés comme des marqueurs
inflammatoires, du stress oxydatif ou d’autres marqueurs de dommages synaptiques ou de

neurodégénérescence.

La démence due a la MA?®

Similairement au TCL, le diagnostic de démence de la MA repose sur le repérage des signes
cliniques et cognitif de la démence, puis dans un second temps sur I'examen des biomarqueurs
de la MA. Contrairement au TCL, le diagnostic de démence comprend aussi des symptomes
comportementaux/neuropsychiatriques qui, comme les symptomes cognitifs, interferent avec le
fonctionnement dans les activités quotidiennes. Les symptémes représentent aussi un déclin par
rapport au fonctionnement antérieur de la personne et ne s’expliquent pas par un trouble
psychiatrique majeur ou un délirium. Comme le TCL, les troubles cognitifs sont diagnostiqués a

I'aide de I'anamnése de la personne (ou d’un proche) et d’une évaluation objective.
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Les troubles doivent concerner au moins deux domaines parmi la mémoire, le
raisonnement/jugement, les habiletés visuo-spatiales, le langage et les changements de
personnalité/conduites. Concernant ces derniers, il peut s’agir de fluctuations (humeur, agitation,
motivation) pouvant mener a de 'apathie, de I'isolement social ou une réduction de I'empathie.
Certains comportements nouveaux peuvent aussi émerger comme des comportements

obsessionnels-compulsifs ou des comportements socialement inacceptables.

Enfin, les auteurs distinguent, a la maniere de la MA préclinique, différents seuils de probabilité
avec la démence de la MA probable, caractérisée par un début insidieux des symptémes, des
symptomes initiaux proéminents de type amnésique ou non amnésique (présentation langagiére,
visuo-spatiale ou dysexécutive). Ce diagnostic probable peut étre soutenu par des évaluations
cognitives successives objectivant le déclin, la présence d’une mutation génétique causant la MA,
ou la présence de biomarqueurs soutenant les processus pathophysiologiques de la MA. La
démence de la MA possible est plutot caractérisée par un parcours atypique de la maladie comme
un début soudain des troubles ou des preuves insuffisantes historiques ou objectives de la
progression du déclin cognitif. Par ailleurs I'étiologie peut adopter une présentation mixte, avec
une maladie cérébrovasculaire concomitante (accident vasculaire cérébral ou infarctus
correspondant a I'apparition des troubles cognitifs), des caractéristiques de démence a corps de

Lewy ou des éléments d’autres maladies neurologiques ou non-neurologiques.

SNP associés
S’ils ne sont pas caractéristiques des diagnostics de MA ou de TCL d{ a la MA, les SNP ont pu y
étre associés (prévalences plus élevées) et étudiés en tant que précurseurs (augmentation du

risque de déclin).

Basé sur I’évaluation du NPI, Zhao et al. (2016) ont établi une revue systématique de littérature
ainsi qu’une méta-analyse afin d’estimer la prévalence des SNP chez les personnes présentant
une maladie d’Alzheimer?®. ’analyse de 48 études communiquant des données basées sur le NPI
montrait que les symptomes les plus fréquents étaient [‘apathie, la dépression,
I’agitation/agressivité, 'anxiété, et les troubles du sommeil (respectivement 42% (95% ClI 37—

46%), 40% (95% Cl 33-46%), 39% (95% Cl 32-46%) and 39% (95% Cl 30-47%)). Les auteurs
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soulignent aussi que la prévalence des SNP était influencée par la durée de la maladie, I'age, le
niveau d’éducation, I'origine de la population et la sévérité des troubles cognitifs. En effet, il a été
montré que la prévalence des SNP est plus élevée dans la MA que dans le TCL, et plus élevée dans
le TCL que chez les personnes cognitivement saines®. Cependant, la prévalence des SNP dans le
TCL reste parfois élevée : entre 35 et 85% des personnes présentant un TCL ont au moins un SNP

selon I’état des lieux de la littérature de Martin et Velayudhan (2020)%°.

Agitation
Selon Assal et Cummings (1994), I'agitation est étroitement liée a |'agressivité et peut se
manifester par une résistance aux activités de vie quotidienne, une violence verbale ou physique

envers les proches ou les soignants.

Alors que |'agitation fait partie des SNP les plus fréquents dans la MA, elle est moins représentée
dans le TCL, entre 11.3 et 38% selon les travaux (échantillon basé sur la population vs. basé sur la
clinique)?°. Malgré cela, elle a pu étre associée a des troubles mnésiques et visuospatiaux plus
importants chez ces personnes ainsi qu’un risque de déclin cognitif deux fois plus grand?%%2,

L’agitation peut aussi émerger avant le début d’un TCL%.

Anxiété

L’anxiété peut se manifester de différentes manieres, dans la MA ou non, et notamment par une
apparence anxieuse/inquiéete, un sentiment de peur, de tension interne, d’agitation motrice.
Dépendamment des manifestations, I'anxiété peut étre présente chez 37 a 71% des patients

ayant une MA 1924,

Tout comme |'agitation, elle est bien moins présente dans le TCL, entre 11.6 et 26.3% selon la
revue de Martin et Velayudhan (2020)%°. Lorsque présente dans le TCL, elle augmente le risque
de conversion en MA ainsi que la vitesse de déclin?®. En revanche, plusieurs interprétations
peuvent étre faites des relations entre I'anxiété et le TCL. Elle peut étre associée a la sévérité des
déficits cognitifs du TCL, a la conscience que les personnes ont de leurs difficultés, ou encore

interférer avec les ressources cognitives et ainsi produire des symptomes cognitifs.
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Apathie

Entre perte d’énergie, de motivation, d’émotions/sentiments, ou d’intéréts, I"apathie a été et
reste parfois considéré comme le SNP le plus fréquent de la MA®®26, Dans le TCL, elle est présente
dans 14.7 a 39.5% des situations selon les échantillons?®. En plus d’étre hautement présente,
I'apathie est aussi un facteur de risque important de conversion en MA chez les individus ayant
un TCL. En comparaison avec I'anxiété qui augmente le risque de MA par 2 fois, I'apathie
I'augmente par 7 fois®>?’. Elle a aussi été associée a des troubles exécutifs plus importants,
notamment lors de prise de décision, et ces troubles limiteraient la possibilité pour les personnes
d’employer des moyens compensatoires pour mieux retenir des informations et ainsi

interféreraient avec le fonctionnement de la mémoire?8.

Dépression

Parfois difficile a distinguer du trouble dépressif majeur, les SNP de dépression tels que la
tristesse, une variation diurne de I’humeur, un sentiment de désespoir, des idées suicidaires, une
perte d’'intérét, d’énergie, une insomnie, une perte de poids, un ralentissement psychomoteur ou
des difficultés a se concentrer peuvent se retrouver dans la démence de la MA, sans remplir les

critéres de dépression majeure??.

Tres fréquent dans la MA, il s’agit du SNP le plus fréquent dans le TCL avec une prévalence
pouvant aller de 20 & 83% des situations selon les échantillons?°. En plus d’étre trés présent, c’est
aussi le SNP le plus étudié dans le TCL : il a pu étre associé a certaines perturbations cognitives
(performances en fluence catégorielle et en mémoires logique et visuelle plus faibles) ainsi qu’a
un risque de progression en démence de la MA doublé ; par ailleurs les patients présentant de la
dépression développaient une démence plus tdt que ceux sans dépression3°. Si la dépression a
pu étre associée a des troubles cognitifs plus importants dans le TCL ainsi qu’a des risques accrus
de conversion en démence ou en MA, les données ne sont pas unanimes. Cela laisse en suspens
la question de la dépression comme conséquence du processus neurodégénératif, comme
conséquence de la survenue des troubles cognitifs ou comme cause des troubles cognitifs
suggérant une allure de TCL dont les symptomes seraient réversibles aprés prise en charge de la

dépression?931.32,
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Perturbations du sommeil / comportements nocturnes

Ces comportements comprennent les difficultés a I'endormissement, les réveils matinaux
précoces ou encore |'errance nocturne. Quoi que tres fréquent dans la MA et le TCL dG a la MA
(13.8 & 48% selon les échantillons), ils sont moins étudiés que d’autres SNP?°. Pourtant ils
semblent d’une importance non négligeable dans la survenue des troubles cognitifs et dans
I’accélération du déclin. En effet, ces symptomes sont des facteurs de risques de démence (toutes
causes) et de MA33. Par ailleurs, il a aussi pu étre montré des associations négatives entre la
somnolence diurne / perturbation du sommeil avec la vitesse de réactions, I'attention et la

mémoire dans le TCL34.

Irritabilité

Similairement aux troubles du sommeil, I'irritabilité est fréquente a la fois dans la MA et dans le
TCL, a des prévalences presque égales (12.9 a 44.7% selon les échantillons). Elle a cependant
moins été 'objet d’études que d’autres SNP comme la dépression ou I'apathie?. Elle a pu étre
associée avec un déclin cognitif accéléré dans le TCL??,  une plus haute incidence de TCL chez les
individus sans TCL?3, et présente un risque accru de conversion en TCL ou en démence chez les

individus sains3°.

Implications dans le déclin cognitif

Plusieurs études ont en effet pu démontrer I'association entre les SNP et le déclin cognitif dans le
cadre de la MA, méme lorsqu’ils survenaient chez des individus cognitivement sains ou ayant un
TCL, augmentant leur probabilité de développer une démence®%36, Leur utilisation a méme été
exploitée dans le cadre de modeéles prédictifs de la démence de la MA, en association avec les
données de neuroimagerie structurelle3’. Les auteurs ont notamment comparé différents
algorithmes d’apprentissage machine (Arbre de classification, forét aléatoire, proches voisins,
machine a vecteur de support) pour classer les individus sains et les individus avec troubles
cognitifs : les facteurs issus du score total de I'échelle comportementale utilisée, le Mild
Behavioral Inventory, et le volume hippocampique gauche étaient significativement impliqués

dans la prédiction de la classification.
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Associations avec les structures et le métabolisme cérébral

Etant donné leurs prévalences élevées dans les maladies neurodégénératives, les SNP ont fait
I'objet de nombreuses études et revues de littératures permettant d’en comprendre les substrats

cérébraux, a la fois structurels et métaboliques.

Récemment, un important travail de recension mettait d’ailleurs en évidence le décours temporel
des SNP dans les différents stades de la maladie d’Alzheimer et leurs associations cérébrales
structurelles/métaboliques®®. Ces données montrent a la fois le recouvrement de certaines
régions cérébrales impliquées dans différents symptomes ainsi que des régions distinctes entre
ces symptomes. On voit déja par ce travail de recension que de nombreux symptomes se
manifestent dans les stades précliniques/TCL de la MA comme I’apathie, la dépression, I'anxiété,
I'irritabilité, les perturbations du sommeil, I'agitation et les comportements moteurs aberrants.
De maniere intéressante, certains symptomes qui partagent des substrats structurels similaires
ne se manifestent pas aux mémes stades de la maladie. C'est le cas par exemple des perturbations
du sommeil, de I'appétit, les comportements moteurs aberrants, I'euphorie ou la désinhibition.
En bref, il semble que |'apathie soit préférentiellement associée avec une réduction de
I'anisotropie fractionnelle, de la substance grise, du métabolisme glucidique, et une plus grande
charge neurofibrillaire et dépdts amyloide dans le cortex cingulaire antérieur3®3. D’autres
régions ont pu y étre associées comme le striatum, le thalamus, le cortex orbitofrontal, d’autres

régions préfrontales, temporales (supérieure, moyenne, parahippocampe), ou de I'insula®®41444>,

La dépression a été davantage associée a des atrophies frontales (dorsolatérale, médial,
orbitofrontal, cingulaire antérieur) et temporales (moyen, inférieur, entorhinal, hippocampe,

parahippocampe), ou encore de l'insula, et hypométabolismes frontaux**46-33,

L’état d’anxiété a en revanche été associé a une atrophie de 'amygdale, de I'insula, des putamen,
du cingulaire postérieur et du parahippocampe, et semble prédire des diminutions volumiques
entorhinales?*>4°>, Des hypométabolismes ont aussi pu y étre associés, notamment dans les
régions entorhinales, hippocampiques antérieures, temporales supérieures et dans I'insula®®. Les
patients plus anxieux présentent aussi de plus importants dépdts amyloides dans le précuneus,

le cingulaire postérieur, et les cortex frontaux, pariétaux, et cingulaire antérieur®’.
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Comme mentionnés précédemment, les symptdmes d’agitation, d’irritabilité, de comportements
moteurs aberrants, d’euphorie et de désinhibition, parfois appelés comme syndrome
d’hyperactivité®®, partagent des associations cérébrales comme le cingulaire antérieur, I'insula,
les régions frontales, amygdaliennes ou hippocampiques*>°>>°%2, On voit que ces régions
concernent les réseaux fronto-limbiques, dont les altérations ont aussi été associées aux

symptomes dépressifs.

Enfin, les perturbations du sommeil ont été démontrées comme bi-directionnelles avec la MA. En
effet, il existe une interaction entre les agrégats amyloide et les troubles du sommeil : ces
perturbations augmentent la génération des agrégats et réduisent leur élimination par le cerveau,
une fois I'accumulation amyloide présente dans le cerveau, il y a une augmentation des
perturbations du sommeil®3%4, Ces effets sur les agrégats s’observent méme chez des participants
agés sains : la réduction de la quantité de sommeil augmente les charges amyloides dans les
régions hippocampiques et thalamiques®>. De méme, des agrégats de protéines tau peuvent
s’observer dans les aires cérébrales impliquées dans la régulation du sommeil comme le tronc

cérébral, le thalamus, ’hypothalamus, le mésencéphale et les régions antérieures basales®®,

Par ailleurs, il a été mis en évidence que la morphologie des structures cérébrales pouvaient étre
associée positivement a certains SNP comme la dépression, I'apathie et I'anxiété, chez les TCL

mais pas chez les MA®’,

D’autres travaux ont mis en évidence des signatures cérébrales des agrégats tau en fonction de
chaque SNP et montraient aussi des différences entre les différents stades de la MA®8. Ces

données seront davantage décrites dans I'annexe des travaux supplémentaires.

Autres implications majeures : qualité de vie et charge des aidants

Comme mentionné précédemment, les SNP sont des facteurs pouvant réduire la qualité de vie
des personnes qui en souffrent, augmenter la charge des aidants et des proches, ou encore
augmenter le risque d’institutionnalisation précoce>®>7°, La charge de I'aidant englobe la mesure
subjective de la pression physique, psychologique, émotionnelle, sociale et économique de la

prestation de soins’l. La prestation de soins est associée a des taux accrus de dépression,
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d'anxiété et d'utilisation de médicaments psychotropes, a une moins bonne santé auto-évaluée
et a des taux plus élevés de maladies médicales et de mortalité pour les aidants eux-mémes’?7>,
Les effets négatifs de la charge de I'aidant se répercutent également sur le patient (taux accrus
d'institutionnalisation), pouvant entrainer de la dépression, une réduction de la qualité de vie et
des soins’®7°. Il semble par ailleurs que, dans la MA, les SNP soient le plus important prédicteur

de la charge des aidants80-82,

D’autres travaux décrivent que la détresse des proches-aidants a pu étre corrélée aux SNP, de
méme que la charge ressentie peut étre liée a différents scores comme celui de I’évaluation du
Neuropsychiatric Inventory ou de la Cornell Scale for Depression in Dementia (Lima-Silva et al.,
2015). La détresse moyenne était particulierement élevée face a I'anxiété et a la dépression des
patients (Score moyen de détresse entre 1 et 2 a I'échelle de détresse du NPI alors que pour les
autres symptomes elle était inférieure a 1). Cela étant, les mauvaises relations entre les proches-
aidants et les patients peuvent aussi étre générateurs de SNP. C'est ce qu’ont pu montrer Isik et
al. (2018) : selon les auteurs, les SNP tels que I'anxiété, l'agitation, la désinhibition, les
comportements agressifs et les troubles du sommeil sont plus étroitement liés a la charge des
aidants. Ces SNP sont aussi associés au déclin de I'état de santé général, de la qualité de vie et de
I'isolement social des aidants. Inversement, la charge des aidants détériore aussi leur relation
avec les patients ayant une MA#®3, Cette relation peut donc augmenter la fréquence et la gravité
des SNP. Similairement, certains travaux montraient que la relation entre SNP et charge des
aidants était médiée par les stratégies de coping des aidants, par le stress percu des aidants et
leurs symptdmes dépressifs®*8, Un désengagement plus important ou un engagement plus faible
étaient prédicteurs de SNP plus élevés chez les patients®*. Sous une autre perspective, les aidants
plus jeunes, ayant un niveau de scolarité plus faible, des symptémes dépressifs et une charge plus
élevés, ou qui passaient plus d'heures par semaine a prodiguer des soins avaient tendance a

signaler davantage de SNP chez les patients bénéficiaires®®.

D’autres facteurs étaient aussi prédictifs de la charge comme le fait d'étre une femme, un
conjoint, ou une personne agée avec des mécanismes d'adaptation immatures, l'isolement social,
des connaissances insuffisantes sur la démence, une mauvaise relation pré-morbide avec le
patient et des niveaux élevés d'émotions négatives exprimées®3. D’autres résultats montraient
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que les délires, les hallucinations, l'agitation, l'anxiété, l'euphorie, la désinhibition, les
comportements moteurs aberrants, les troubles du sommeil et les changements liés a |'appétit
étaient les meilleurs prédicteurs de la charge des aidants®’. De maniére intéressante, les auteurs
ne montraient pas de corrélation entre la charge et la cognition, le stade de la maladie ou d’autres

SNP comme |'apathie et la dépression.

De maniere intéressante, la présence de SNP augmente aussi la charge des aidants de patients
présentant un TCL. Les aidants rapportent notamment une plus faible satisfaction de vie, moins

de soutien social et un besoin accru de services de soutienss.

En plus de I'impact et des défis qu’ils apportent aux patients et a leurs proches, les SNP sont aussi
facteurs d’admission en maison de repos pour les patients, et représentent un co(t sociétal
important®¥°°, Ils ont aussi pu étre associés par un risque de mortalité plus grand, notamment
pour la dépression et |'apathie, des pertes de poids, une réduction des qualités de soins et des
possibilités de réhabilitations**°%°1, Plus particulierement, I'apathie peut interférer avec la
capacité pour les patients a s’engager et s’investir dans les traitements et les soins visant a

améliorer les autres symptomes, qu’ils soient cognitifs, moteurs ou comportementaux®°.

Objectifs généraux

Considérant les occurrences importantes des SNP dans les différents stades de la MA, ainsi que
leurs associations cognitives et cérébrales, en devis transversaux ou longitudinaux, ce travail vise
a étudier ces associations a partir de différentes bases de données. Les résultats permettront de
comprendre davantage les parametres neuropsychiatriques et associés qui expliquent en partie
les performances cognitives des individus au cours du vieillissement normal et pathologiques a
un instant T (chapitre 1), les caractéristiques cérébrales d’'un grand nombre de SNP (chapitre 2),
la conversion ultérieure en un stade clinique plus sévere (chapitre 3), les relations entre le trouble
dépressif majeur avec les SNP et les performances cognitives dans différents stades de déclin
cognitif (chapitre 4), et I'implication de la personnalité dans I'émergence de SNP ainsi que dans le
déclin cognitif chez les personnes développant ou non une démence au cours d’un suivi

longitudinal (chapitre 5). Un travail supplémentaire sur la prédiction du TCL et de sa conversion
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en MA basé sur I'association entre des mesures de dépression et de métabolisme cérébral du
glucose, et sur la prédiction du déclin cognitif accéléré chez des individus dgés sains basés sur des
mesures de dépression, d’anxiété et de taux protéiques amyloide et tau cérébraux sera aussi

décrit a la fin du manuscrit (Annexes - Travaux supplémentaires).

Ces données complétent celles existantes dans la littérature afin de contribuer a I'identification
des personnes a risque de développer des troubles cognitifs ainsi qu’un déclin cérébral dans le

vieillissement en se basant notamment sur les SNP et leur sévérité.

Ce premier chapitre abordera les associations cognitives des SNP chez des individus agés,
cognitivement sains, ayant un trouble cognitif [éger, ou un diagnostic de maladie d’Alzheimer, en
fonction de leur sexe ; I'objectif étant de déterminer les différences entre les femmes et les
hommes en termes de prévalences des SNP, et les différentes associations avec les performances

cognitives de ces symptomes.
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Abstract

Objective: The potential impact of sex on cognitive performance in normal aging and participants
with Alzheimer's disease (AD) has been outlined previously. Nevertheless, differences in
neuropsychiatric symptoms have been also outlined. We aimed to study a potential association
between NPS and cognitive performances according to sex, in older individuals with and without

cognitive impairment.

Methods: Demographic, neuropsychiatric and neuropsychological data from the ADNI and NACC
databases were merged into a dataset of 505 participants with healthy cognitive performance,
467 patients with mild cognitive impairment, and 239 patients with AD. Cognitive performance in

each group was evaluated according to sex and the presence of NPS.

Results: Based on sex, cognitive performance differed according to clinical stage: in the healthy
controls and AD groups, women had better fluency performance, while in the mild cognitive
impairment group, women had better working memory and men better oral naming. Regardless
of sex, depression showed a negative effect on processing speed in AD. Finally, there was an
interaction between sex and NPS in mild cognitive impairment, where women with apathy had
better working memory performance, and in AD, women with depression had better fluency
performance. The opposite pattern was observed in men, where men with depression have worse

focused attention.

Conclusion: Cognitive performance is influenced by sex, yet this influence has different
manifestations at normal cognition, MCI or AD. Furthermore, apathy and depression seem to

influence differently women and men at different types of cognitive decline.

Keywords: Neuropsychiatry, Sex, Aging, Mild Cognitive Impairment, Alzheimer’s Disease
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Introduction

It has been reported that during the lifespan, sex differences in cognitive functions are stable with
women performing better than men for episodic memory, semantic fluency and visual
recognition and men performing better for visuospatial functions®2. There are also sex differences
with respect to risks of developing Alzheimer’s Disease (AD): women account for nearly two-thirds
of AD patients®3. Prevalence and incidence are higher in women than men and these data increase
with age®*®>. Also, with same high AB-42 and total tau levels, Women showed more rapid
hippocampal atrophy and cognitive decline than Men, particularly in Mild Cognitive Impairment
(MCI)®6. Neuropsychiatric Symptoms (NPS) are commonly defined as behavioral and psychological
disturbances and they were shown to occur during pre-dementia syndromes such as MCI®’. Some
studies reported that NPS can precede the occurrence of MCI, may accelerate cognitive decline
and could increase the risk of demential?>3¢. Though NPS in the elderly has been previously
investigated®°8%, the influence of NPS on cognitive performance with respect to sex, has received
much less attention. Specifically, most NPS such as depression or apathy appeared to be
associated with poorer memory and executive performance, while visuospatial and language

reductions appeared to be more specific to psychotic symptoms00-105,

Previous prevalence-based studies have shown that NPS in women are more varied and more
severe®®. Their types are also different, Women with MCI have higher prevalence of delusions,
while Women with AD exhibit predominantly anxiety, irritability, delusion, depression and
disinhibition®19 |n men, on the other hand, MCI was associated with more irritability, while
AD was linked to irritability, agitation and apathy. From a cognitive perspective, longitudinal
studies showed that women with mild anxiety and healthy cognitive performance (HC) had a
higher likelihood of developing dementia compared to men with HC. Furthermore, anxiety led to
a greater reduction in mental flexibility but not a higher risk of dementia after a follow-up of 5
and 3.4 years!!0!1 Other trends were reported regarding depression. Men with HC and with
depression had a higher incidence of cognitive impairment after 2 years of follow-up'?. In
patients with mild amnestic MCI or mild AD, duration of cognitive decline was positively
correlated with delusions severity in women, whereas the severity of irritability was negatively

correlated with global cognition in men (assessed with the MMSE)%. To our knowledge, no other
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study than those mentioned above has investigated the impact of NPS on cognitive performance
according to sex. Moreover, these studies did not consider both the full range of neuropsychiatric

differences between the sexes and the effects on a broader neuropsychological assessment.

Objective and hypothesis

Several significant limitations impede the proper interpretation of previous results, specifically
the (1) small sample size; (2) single-site protocols (3) inclusion of a single ethnic group (4) brief
assessments of cognitive performance (5) usage of clinical scales that are not adapted to the
elderly population. Today, NPS are quantified using subjectively answered questionnaires, in
which questions are answered either by the participant or by a caregiver. The realization of a
multi-site study, using different databases, makes it possible to remedy the limitations previously
mentioned (large sample size, more comprehensive neuropsychological assessment, assessment
of numerous NPS). In the present study, we aimed to verify three hypotheses: 1) NPS have a
different prevalence in women and men at different types of cognitive performance (HC, MCl or
AD); 2) NPS influence differently cognitive performance when quantified per specific cognitive
functions; and 3) sex and NPS have a different impact on cognitive performance in HC, MCl and

AD.

Methods

Participants
Participants were selected from the ADNI (Alzheimer’s Disease Neuroimaging Initiative) and NACC
(National Alzheimer’s Coordinating Center) databases. The ADNI database is a large compilation
of longitudinal data, that was started in 2003 and is led by the principal investigator Michael W.
Weiner, MD31% (http://www.adni-info.org/). The NACC database was established in 1999 and
is a large compilation of longitudinal data (https://naccdata.org). Participants that were included

in our study from this database originated from the NACC UDSv1-2 dataset.

Three distinct groups were selected from each of the databases. Participants with HC included
only those with cognitive performance within the expected range for their age, sex, and level of

education. The Mild Cognitive Impairment group (MCI) from the ADNI database consisted of
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individuals whose cognitive characteristics meet the criteria for MCI**>. Entry criteria for patients
with amnestic MCl included a Mini-Mental State Examination score of >24 and a Memory Box
score of at least 0.5. The MCI participants from the NACC database had to have cognitive changes
from the person's previous assessment (complaint) and a disorder in at least one cognitive

domainl1®,

Patients with Alzheimer's disease (AD) from the ADNI database were composed of individuals
meeting the National Institute of Neurological and Communication Disorders/Alzheimer’s Disease
and Related Disorders Association criteria for probable AD. They were only mildly impaired,
based on the Mini-Mental State Examination score (>20, <26), global Clinical Dementia Rating
(0.5-1) and sum-of-boxes Clinical Dementia Rating (>1.0, <9.0). The AD patients from the NACC
database have met the NINCDS/ADRDA criteria for probable or possible AD*°.

Exclusion criteria used for this study were: (i) incomplete assessments, (ii) incomplete
neuropsychiatric and neuropsychological assessments, (iii) presence of psychiatric history (major
depression, schizophrenia, bipolar disorder, substance abuse, post-traumatic stress, obsessive-
compulsive disorder), (iv) presence of neurological history (stroke, head injury, brain tumor,
anoxia, epilepsy, alcohol dependence and Korsakoff, neurodevelopmental disorder), (v)
prematurity, (vi) diagnostic criteria in favor of other neurodegenerative or neurological etiology
(Parkinson's disease, frontotemporal degeneration, progressive supranuclear paralysis,
corticobasal degeneration, Lewy body dementia, amyotrophic lateral sclerosis, multiple sclerosis,
multi-system atrophy, vascular dementia). After the exclusion, the final sample for analyses
consisted of 505 HC, 467 MCl, 239 AD (HC/MCI/AD: ADNI =223/367/ 175; NACC = 282/ 100/ 64)
(Table 1).

Ethics committee approval and individual patient consents were received by the ADNI and NACC
databases  (http://adni.loni.usc.edu/methods/documents/ &  https://naccdata.org/data-
collection/forms-documentation/uds-3) for each participant. This study was approved by the

Comité d’éthique de la recherche vieillissement-neuroimagerie CER VN 19-20-06.
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Neuropsychiatric and Neuropsychological Assessments

All participants underwent a comprehensive neuropsychological examination and a
neuropsychiatric assessment via the Neuropsychiatric Inventory, that was completed by
participants' relatives/caregiver in both datasets. We assessed the presence vs. absence of 12
neuropsychiatric symptoms: delusions, hallucinations, agitation/aggressiveness, depression,
anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behaviors, nighttime
behaviors and appetite/eating changes. The potential bias from relatives’ answers was accounted
for by ADNI using an interrater reliability assessment in different domains, which achieved and

was reconfirmed to be excellent17.118,

The neuropsychological assessment assessed eight cognitive functions, as per available tests
present in both datasets: (1) global cognitive efficiency (assessed with the total score of Mini-
Mental State Examination), (2) focused attention (completion time of Trail Making Test A), (3)
processing speed (Total items correct of Wechsler Adult Intelligence Scale, Coding), (4) mental
flexibility (completion time of Trail Making Test B), (5) visuoconstructive planning (copy score of
the Clock test), (6) working memory (raw scores of the Digit Span forward and backward Tests),
(7) verbal fluency (assessed based on the total correct words of the Semantic Lexical Evocation
animal and vegetable) and (8) oral naming (total correct responses of the Boston Naming Test).
Only assessments common to both databases were included. Thus, memory tests were not
considered because of the different tests used in the databases (Rey auditory verbal learning test

in ADNI and Logical Memory in NACC).

Statistical analysis
Independent variables were the (1) sex (woman or man), (2) clinical group (HC, MCI, or AD) and
(3) NPS. Dependent variables were the raw cognitive performance. Data was analyzed using IBM
SPSS Statistics version 26. First, the prevalence of NPS were compared between women and men
in each clinical group using chi-square tests. Secondly, we determined the model for analyzing
the effects of sex and NPS on cognitive performance (ANOVA vs. ANCOVA) accounting for age,
years of education, and the MMSE score based on Student's t tests. Since the groups were not

completely equal on these parameters, we used an ANCOVA model. Finally, the NPS that showed
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a significantly different prevalence between women and men were included in our ANCOVA
model with the confounding variables: age, years of education, and MMSE score. This allowed us
to test the interaction effects of sex and NPS on cognitive performance. Three ANCOVAs were
performed, comparing in each clinical group the differences in cognitive performance according
to sex, NPS and the interaction of the two. The significance level was .05 for all tests. A Bonferroni

correction was applied to comparisons of the estimated marginal means of the model.

Results

Demographic comparisons
Demographic data and comparisons within each group by sex are summarized in Table 1.
Student's t tests reported a significant difference between women and men regarding age in the
MCI group (W/M: 74.01 / 75.76, t = 2.409), MMSE score in the HC group (W/M: 29.17 / 28.94, t =
-2.206) as well as number of years of education in all clinical groups (W/M: HC, 15.56 / 16.86, t =
3.213; MCl, 14.95 / 16.06, t = 3.938; AD, 14.07 / 15.64, t = 3.888).

Table 1.1. Demographic characteristics and comparison in each group depending on sex

Group HC (N=505) MCI (N=467) AD (N=239)
Sex w M W M w M
(N=281) (N=224) (N=176) (N=291) (N=118) (N=121)
e, m (sd) 74.13 (7.93) 74.7 (7.09) 74.01 (7.65) 75.76 (7.55) 75.38 (7.93) 76.06 (7.05)
ation, m (sd) 15.56 (2.68) 16.86 (6.13)™* 1495 (3.01)  16.06 (2.91)"*  14.07 (3.06) 15.64 (3.16)™
ISE, m (sd) 29.17 (1.07) 2894 (1.12) 27.01 (1.89) 27.14(1.82) 23.09 (2.53) 2355 (2.68)

Legend: W = Women; M = Men; N = sample size per group and sex; m = mean; sd = standard

deviation; *p<.05; ***p<.001

Prevalence of NPS
For each clinical group, the sample sizes as well as the prevalence of NPS by sex are presented in
Table 2 and Figure 1-3. Women with HC presented less agitation than men with HC (0.7% vs. 3.6,

Chi-square = 5.216, p = .022). Women with MCI, when compared to Men with MCI, showed less
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apathy (8.5% vs. 15.1, Chi-square = 4.325, p =.038) and less irritability (16.5% vs. 32.0, Chi-square
= 13.620, p < .001). Finally, in AD patients, women had less irritability than men (23.1% vs. 41.3,
Chi-square = 9.048, p = .003), but a greater tendency to depression (32.5 vs 21.5%, Chi-square =
3.655, p =.056).

Table 1.2. Neuropsychiatric prevalence per group and sex.

Group HC (N=505) MCI (N=467) AD (N=239)
Sex w M w M w M
(N=281) (N=224) (N=176) (N=291) (N=118) (N=121)

NPS, n (%)

Delusion 0(0) 0(0) 2(1.1) 3(1.0) 13 (11.1) 8(6.6)

Hallucination 0(0) 1(0.4) 0(0) 1(0.3) 4(3.4) 3(2.5)
Agitation 2(0.7) 8(3.6)°  24(13.6) 54(18.6) 26(22.2) 32(264)
Depression 11 (3.9) 9(40)  32(18.2) 49(16.8) 38(32.5) 26 (215)
Anxiety 11 (3.9) 6(2.7)  34(19.3) 49(16.8) 32(27.4) 37(306)

Euphoria 0(0) 0 (0) 2 (1.1) 10 (34) 3(2.6) 6 (5.0)
Apathy 1(0.4) 2(0.9) 15(85) 44 (151) 33(28.2) 42 (347)
Disinhibition 0(0) 1(0.4) 9 (5.1) 23(79) 17 (145) 20(16.5)
Irritability 13 (4.6) 15(67)  29(16.5) 93(32.0)" 27(23.1) 50 (41.3)"
Aberrrant motor behavior 0(0) 2(0.9) 6(3.4) 13 (4.5) 19 (16.2) 16 (13.2)
Nightime Behaviors 13 (4.6) 12(53)  20(11.4) 36(124) 20(17.1) 29 (24.0)
Appetite changes 3(1.1) 1(0.4) 15 (8.5) 30 (10.3) 13(11.1) 21(174)

Legend: W = Women, M = Men, n = sample size per NPS, N = sample size per group and sex,

t.05<p<.10; *p<.05; **p<.01; ***p<.001

Impacts of sex and NPS on cognitive performance

From the 12 neuropsychiatric symptoms only depression, agitation, apathy and irritability showed
a significantly different prevalence between women and men and were included in further

analysis (See Table 3 below).

Table 1.3. ANCOVA results with main effect of sex, NPS and interaction between them for each

clinical group on cognitive performances
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Effect of Sex

HC MCI AD

Cognitive variable ‘Women Men F P Women Men F P Women Men F P
Vegetable fluency 16.60 12.63 4423 0.004 11.08 10.49 0.955 0.380 835 6.77 4274 0.011
]3;%1‘\:-}:2 6.69 6.48 0.006 0.937 711 6.06 7558 0.006 5.17 454 1762 0.061
BNT 26.98 27.74 0.358 0.996 2337 26.05 12.850 <0.001 20.76 22.06 2.158 0.264
Effect of NPS
HC MCI AD
Cognitive Variable No-Agi  Agi F P No-Apa Apa F P No-Irr Irr F P No-Dep Dep F P No-Irr Irr F P

Digit Symbol 47.05 4450 0.684 0.523 3744 36.98 0.018 03823 3730 37.14 0.026 0.937 30.57 2535 435 0.030 2815 2794 0.007 0928

Interaction Sex and NPS

MCI AD

Cognitive variable \‘»‘or:;x;l\'o- Women Apa  Men No-Apa Men Apa F P \\'on];?;No- WomenDep MenNo-Dep Men Dep F P
gﬁ;‘;‘z 649 781 631 5.80 5321 0.022 526 5.08 483 421 <0.001 0.988
TMTA 41.58 51.08 4359 42.99 1.545 0215 61.05 56.55 56.15 $7.86 6.011 0.015
Animals Fluency 14.89 14.37 15.97 16.27 2199 0.139 10.71 12.90 13.58 10.71 5373 0.021

Legend: HC = Healthy Control; MCI = Mild Cognitive Impairment; AD = Alzheimer’s Disease; F =
ANCOVA statistical value; p = p-value; BNT = Boston Naming Test; NPS = neuropsychiatric
symptom; No-Agi/Agi = Absence/presence of agitation; No-Apa/Apa = Absence/presence of
apathy; No-Irr/Irr = Absence/presence of irritability; No-Dep/Dep = Absence/presence of

depression; TMTA = Trail Making Test version A.

In the HC group, the ANCOVA model showed a simple effect of sex on the semantic lexical
evocation domain (specifically vegetable fluency), with women performing better than men (F =
4.423, ddl = 1, p = .036). This simple effect was confirmed by comparison of the estimated

marginal means (p = .004).

In the MCI group, women showed better performance compared to men in the working memory
domain (F = 7.558, ddl = 1, p = .006) and worse performance in the oral naming domain (F =
12.850, ddl = 1, p < .001). This performance was further shown to be influenced by apathy, since
the single interaction analysis showed that women with apathy performed better in working
memory compared to both women and men without apathy as well as men with apathy (F =

5.321,ddl = 1, p = .022).

In the AD group, women performed better than men on semantic lexical evocation (vegetable

fluency) (F = 4.274, ddl = 1, p = .040), confirmed with the estimated marginal means (p = .011).
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This effect was also influenced by the presence of depression, as women with depression showed
better semantic lexical evocation (animal fluency) performance than women without depression,
while in men, those with depression had worse performance than those without (F = 5.373, ddl =
1, p =.021). On the other hand, depression was shown to influence focused attention in men, but
not in women. Specifically, men without depression showed better performance on focused
attention compared to depressed men (F = 6.011, ddl =1, p =.015), while no effect was observed
in women. These results should also be regarded in light of a potential impact of a simple effect
of depression on processing speed (F = 4.350, ddl = 1, p =.038), since the presence of depression

reduced the performance in all participants.

Discussion

Our results indicate that: 1) NPS have a different prevalence in women and men at different stages
of cognitive performance; specifically, agitation is more specific for men with HC, apathy — for
Men with MCI, irritability is more prevalent in Men with MCI and Men with AD, depression is
more prevalent in Women with AD; (2) sex and NPS have a different impact on cognitive
performance at different cognitive clinical stages; specifically, regarding semantic lexical
evocation (HC/Women with AD are better than HC/Men with AD, Women with AD with
depression > Women with AD without depression, Men with AD with depression < Men with AD
without depression), working memory (Women with MCl > Men with MCIl, Women with MCI with
apathy > Women with MCI without apathy), oral naming (Women with MCI < Men with MCI),

focused attention (Men with AD with depression > Men with AD without depression).

Our results are in line with some of the previously published reports that observed that some
certain NPS are more prevalent in men than in women, specifically agitation, apathy, and
irritability in MCI and AD!%108119 |n addition, we show that NPS are also present in HC
participants, and our results of prevalence in this group are in line with previously published data
from Mortby et al. (2018)°’. On the other hand, our results contradict the study of Xing et al. who
found that NPS prevalence was similar in both women and men and the study of Inamura et al.
that women had more delusions than ment%9 Concerning apathy, Zuidema et al. (2009)

suggested that apathy is more prevalent in men because of the higher prevalence of vascular
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disease in these patients!!®. Thus, apathy in women could be caused by other factors than
vascular etiology. Nevertheless, previous findings used smaller sample sizes and the MCI group

had different quantification criteria, significantly diminishing the potential comparisons to them.

To explain these neuropsychiatric differences, some studies point to genetic predispositions as
well as hormonal fluctuations in men and women including the menopausal process??-123,
Differences in NPS also appear to be due to the amyloid status of individuals or to
hormone/amyloid status interactions, particularly in women1%123, Finally, these prevalence may
vary depending on the presence of other NPS. For example, Tao et al. (2018) focused on patients

with agitation/aggression. Among them, with equal levels of agitation, women appeared to have

more anxiety and irritability than men1,

Based on our sex related prevalence differences, associations between NPS and cognitive
performance were tested according to agitation, irritability, apathy and depression. Our results
showed that women performed better overall in semantic fluency (HC and AD groups), and oral
naming (MCI group), as well as in verbal working memory (MCI group) than men. In this sense,
these data are consistent with previous literature regarding better verbal performance in women.
However, men were not found to have better visuospatial performance than women. This is quite
distinct from other studies reporting that older women show better cognitive preservations than
men in most cognitive domains, except for visuospatial and perceptual-motor domains®%124,
Furthermore, cognitive aging, depending on sex, appears to be mediated by different brain

changes!?>,

Concerning sex and NPS interactions on cognitive performance, in the HC group, agitation did not
show a different effect on cognitive performance by sex. This is not surprising given the lack of
studies showing relationships between NPS and cognition in HC participants. Indeed, while the
presence of NPS is frequently demonstrated in HC participants (at least one NPS in 42% from
Fernandez-Martinez et al., 2010), their relationships with cognition are poorly studied, and do not
show significant results>?!. Indeed, in MCI patients, Brodaty et al. (2012) reported associations
between depression and dysexecutive disorders, anxiety and processing speed/selective

attention, agitation and memory disorders as well as visuospatial disorders in relation to
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agitation, anxiety and apathy; but no associations in HC?1. Moreover, in controls and patients with
MCI neither the neuropsychological test nor daily living scales were related to the presence of
any NPS in the study of Fernandez-Martinez et al. (2010)°. In contrast, it appears that the presence
of NPS shows long-term negative effects on future cognitive decline®?%112, For example, more
rapid decline in executive function was predicted by the presence of anxiety at baseline, whereas
decline in language was predicted by agitation, whereas NPI total score at baseline was associated
with accelerated memory and language decline and anxiety was related to accelerated decline of
processing speed?!. These data suggest that NPS would be better predictors of future cognitive

decline than current cognitive performance.

In the MCI group, the interaction effect between apathy and sex on working memory showed a
benefit in women. Indeed, those with apathy showed better performance than those without.
This effect was not present in men. This could be due to the different apathy profiles between
women and men. Indeed, apathy may involve different brain networks (cognitive, affective,
motivational, goal-directed e.g.) and thus impact cognitive functions such as working memory in
different ways'?61?’. However, most studies do not consider these subtypes of apathy and
demonstrate, that in normal aging, mild cognitive impairment and Alzheimer's disease,
frontal/dysexecutive disorders in association with apathy!03104128129 'Also, some pharmacological
and non-pharmacological treatments of apathy have been shown to improve cognitive
performance in Alzheimer's disease!3?. However, these data were not considered in this study. By
contrast, previous results reported associations between anxiety and accelerated memory
decline and greater executive dysfunction01:103104 We didn’t find any association with anxiety

and cognitive performances.

Finally, in the AD group, depression had a different impact on women and men's performance in
semantic fluency and focused attention. Regarding semantic fluency, the performance patterns
were reversed between women and men; the former performed better with depression while
the latter performed better when they were not depressed. Regarding focused attention, men
with depression were slower. In contrast to what was found in women, the literature tends to
show poorer executive performance in Alzheimer's disease when depression is present31:132,
Other studies also showed broader associations of depression with executive function, memory
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and language!®133, However, studies investigating the associations between NPS and cognitive
performance remain scarce. Interestingly, high sex-dependent prevalence of NPS does not
necessarily indicate strong cognitive associations. Thus, this suggests that group prevalence alone
does not explain the association with cognitive performance. Indeed, other NPS, not considered
in our study such as psychotic, euphoria or disinhibition symptoms, could also exhibit associations
with cognitive performance, depending on sex, even if in our study they were not included due

to prevalence limitations.

Strengths, limitations and perspectives
To our knowledge, this study is the first to consider a broad field of cognitive performance to
investigate associations with NPS as a function of sex. In addition, the study of two large
databases, ADNI and NACC, allowed the accumulation of a large population of more than 1200
participants, HC, MCl and AD. Despite this, the consideration of NPS whose prevalence was
significantly different between women and men in each clinical group led to a great variability of
the sample sizes, particularly with the HC group, where the prevalence of NPS is globally low.
Another way to approach this issue would be to pay attention to the most prevalent NPS in each

group rather than sex differences in prevalence.

It should be noted that the NPI design does not attempt to determine the origin of NPS or
distinguish the triggers of the behaviors, whether they are due to the physical (new location) or
psychosocial (interactions or care) environment!34. Furthermore, the behaviors assessed are for
the previous month and focus on behavioral changes, compared to the assessed individual's

previous functioning!3413>,

Another limitation is the lack of consideration of the amyloid status of the participants. This
parameter, when controlled, could show different results, as demonstrated in the study of Xing
et al. (2015)1%. Interestingly, most studies on sex differences in NPS and cognitive decline have
focused on Alzheimer's disease or amnestic MCI06108105 Tg our knowledge, few studies have
examined these differences in normal cognitive aging (i.e. in HC participants). However, the
studies of Kassem et al. (2017; 2018) and Ng et al. (2009) showed that NPS at baseline like anxiety

and depression affect longitudinally the cognitive decline in women and men groups

51



differently!1-112, That’s why these data need to be supplemented by longitudinal analyses as well
as comparative analyses of neuropsychiatric profiles between clinically progressing participants
(HC who convert to MCI, MCI who convert to AD e.g.) and those who do not progress (HC
participants who remain HC in particular). The possibility that the magnitude and characteristics
of inter-sex differences within NPS may vary during cognitive decline should also be considered®.
Of particular interest could also be comorbidities between NPS. Indeed, especially in patients with
MCI or AD, several NPS may be present in the same individual. From this perspective, taking into
consideration the NPS as co-occurring rather than independently, might allow a better
understanding of the neural processes involved in the cognitive performance of participants, even
in the pre-MCI stages. Finally, a limitation can be mentioned regarding gender-specific biases in
the evaluation of NPS: even if these biases are not systematically described in previous studies, it
remains possible that gender-related social expectations such as communication in women or
impulsivity in men bias the evaluation of NPS by relatives. In addition, sex differences in the
manifestations of the same NPS have been described, such as physical aggression in men and
verbal agitation in women®'®. This is in line with the results of Orengo et al. (1997) who showed
a positive relationship between plasma testosterone levels and physical aggression in men with
dementia while this relationship was not found with verbal aggressive behavior and physically

136, Also, in the same perspective, estrogen levels are positively associated

nonaggressive behavior
with affective symptoms (emotional lability) in women with Alzheimer's disease but not in men!?’.
Despite this, it has previously been suggested that gender differences in NPS may be due to
gender bias on the part of the reporting caregiver, but Ott et al. (1996) found that the sex of the

patient rather than the informant is the strongest predictor of sex differences in behavior'32.

The relationships between NPS and sex-dependent cognitive performance could depend on
genetic (APOE status), hormonal (estradiol, testosterone), cerebrospinal biomarkers (tau,
phospho-tau, amyloid), and stage of cognitive decline (MCIl, moderate or severe AD) factors. Thus,

the study of these processes would require more integrative approaches.
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Conclusion

In order to explore the effect of sex and NPS on cognitive performance at different stages of
cognitive decline, we compared different cognitive functions in women and men at different
clinical cognitive groups (HC/MCI/AD) with and without NPS. Our results showed essentially
cognitive differences due to sex, where women performed better overall in semantic fluency (HC
and AD groups), and oral naming (MCI group), as well as in verbal working memory (MCI group)
than men. Some differences were due to NPS: apathy influenced working memory in Women with
MCI and depression had an impact on verbal fluency in HC/Women with AD and Men with AD, as
well as an impact on focused attention in Men with AD. These results might suggest (1) that some
NPS might have a potential compensatory effect on the cognitive performance, (2) some NPS
have a detrimental effect, and (3) some NPS must be considered in light of sex when assessing

their impact on cognitive performance.
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Figures

Figure 1.1. Radar of neuropsychiatric symptoms prevalence in HC group (in %).

—— Women Men
DEL
APP ) HAL
6
4
NIG AGI*
AMB ) Ty DEP
/ Ny \/
IRR ANX
DIS EUP
APA

Legend: DEL = Delusion; HAL = Hallucination; AGI = Agitation; DEP Depression; ANX =
Anxiety; EUP = Euphoria; APA = Apathy; DIS = Disinhibition; IRR = Irritability; AMB =
Aberrant Motor Behaviors; NIG = Nighttime Behaviors; APP = Appetite Changes; *Chi?
p-value for comparison of NPS prevalence between women and men <.05. NOTE: all
3 radar figures have different scales.
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Figure 1.2. Radar of neuropsychiatric symptoms prevalence in MCI group (in %).
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Legend: DEL = Delusion; HAL = Hallucination; AGI = Agitation; DEP Depression; ANX =
Anxiety; EUP = Euphoria; APA = Apathy; DIS = Disinhibition; IRR = Irritability; AMB =
Aberrant Motor Behaviors; NIG = Nighttime Behaviors; APP = Appetite Changes; *Chi?
p-value for comparison of NPS prevalence between women and men <.05; ***p<.001.
NOTE: all 3 radar figures have different scales.
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Figure 1.3. Radar of neuropsychiatric symptoms prevalence in AD group (in %).
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Legend: DEL = Delusion; HAL = Hallucination; AGI = Agitation; DEP Depression; ANX =
Anxiety; EUP = Euphoria; APA = Apathy; DIS = Disinhibition; IRR = Irritability; AMB =
Aberrant Motor Behaviors; NIG = Nighttime Behaviors; APP = Appetite Changes; TChi?
p-value for comparison of NPS prevalence between women and men <.10; **p<.01.
NOTE: all 3 radar figures have different scales
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Transition

Cette premiére étude a soulevé plusieurs éléments : les prévalences de symptomes
neuropsychiatriques different entre les femmes et les hommes, au travers des différents stades
de déclin cognitif étudiés, et méme chez les individus cognitivement sains. Globalement, les
hommes présentent plus souvent ces symptomes (agitation, apathie, irritabilité), et lorsque ces
symptomes sont présents, ils sont associés a des performances cognitives plus faibles. Ces
données soulignent I'importance de porter attention aux différences symptomatologiques entre
les femmes et les hommes méme au sein de processus pathologiques similaires, ainsi qu’a
considérer le sexe comme variable a contréler dans les études comportementales et cognitives

du vieillissement normal et pathologique.

Dans cette lignée, le chapitre suivant visera a étudier les associations cérébrales, corticales et
sous-corticales, des SNP dans différents échantillons d’individus cognitivement sains, ayant un

trouble cognitif Iéger, ou un diagnostic de maladie d’Alzheimer.
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Abstract

Objectives: Neuropsychiatric symptoms (NPS) were reported to have a significant impact on brain
morphology in older people. These behavioral patterns were shown to especially influence the
anterior parts of the brain such as prefrontal and cingulate regions. Nevertheless, the interplay
between NPS and brain morphology at different stages of cognitive performance has not been

eluded so far.

Method: Using the Alzheimer’s Disease Neuroimaging Initiative database cohorts 2 and 3, we
investigated 659 participants with normal cognition, 561 with mild cognitive impairment (MCI)
and 215 with Alzheimer’s disease (AD). The NPS were assessed using the Neuropsychiatric
Inventory while brain morphology was quantified using MRIs processed with FreeSurfer. We used
a general linear model and multivariate linear regression analysis using covariates to establish the
associations between the severity of NPS and brain morphometry in cortical and subcortical

structures in each clinical group.

Results: In cognitively normal participants, agitation and depression were mainly associated with
posterior structures (parietal, cingulate and occipital), apathy with anterior structures (prefrontal,
insula) and irritability with both anterior and posterior structures (prefrontal and parietal). In MCl,
agitation, apathy and irritability were mainly associated with anterior structures (prefrontal),
anxiety with posterior structures (cingulate, parietal). In AD, anxiety, apathy and nighttime
behaviors were associated with both anterior and posterior structures (prefrontal, cingulate,

insula, temporal, parietal and occipital).

Conclusion: These results show that associations between brain structures and NPS differed

across both NPS and clinical stages.

Keywords: Neuropsychiatric symptoms, MRI, Alzheimer’s Disease, Mild Cognitive Impairment.
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INTRODUCTION

Neuropsychiatric symptoms (NPS) are common in Alzheimer's disease (AD). Among the most
common and early symptoms are agitation, depression, anxiety, apathy, irritability and nocturnal
behaviors!®38, These symptoms lead to significant distress in carers and relatives, reduce quality
of life and increase the risk of institutionalization'3>4°, Thus, exploring the pathophysiological
correlates of these symptoms in AD is essential to their clinical improvement. These symptoms
are verbal, physical, or mood and emotional behavioral changes. Although their prevalence is
variable in AD depending on the method of the studies, they affect more than one third of
patients!®, can be persistent over months!4! and occur in different stages of AD (pre-clinical, mild
cognitive impairment, dementia)®1%12142143  Numerous studies are attempting to identify the
biological basis of these NPS in order to advance their understanding and make their therapeutic
targets more effective#414>, Some have focused on specific NPS, others have considered broader

sets of symptoms®2146,

In their work focusing on agitation/aggression, Trzepacz et al (2013) report frontal and temporal
associations with these symptoms (atrophies and hypometabolism) confirmed by their results
based on the ADNI cohort 1 database®?. Indeed, their analyses of patients' MRIs showed greater
frontal, insular, amygdala, cingulate and hippocampal atrophies in individuals with more
agitation/aggression. Other work supports the findings of Trzepacz et al. or has also been able to
show associations between agitation and dysconnectivity of the salience network, involving the

cingulate and insula regions*?147,

Irritability is often associated with agitation, both of which are considered symptoms of
hyperactive syndrome. However, few studies have looked at this or demonstrated
neuroanatomical correlates. However, it seems that irritability is associated with a decrease in

the integrity of the white matter of the anterior cingulate®?.

Interestingly, apathy, considered a motivational disorder, has also been associated with anterior
cingulate structures. Indeed, whether it is work on fractional anisotropy, grey matter, or white
matter density, it appears that reduction or atrophy of the anterior cingulate has been associated

with apathy in AD3%45147.148 However, it appears that other structures may have been associated
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but not systematically, such as the right thalamus, the parietal and frontal lobes (including the

left medial, superior, and ventrolateral prefrontal cortices) and the left inferior temporal.

Similarly, depression in AD also appears to involve limbic cortical regions, such as atrophies of the
frontal (dorsolateral, medial, orbitofrontal and anterior cingulate), temporal (inferior) and
parietal lobes*®4%5253 |n addition, other medial temporal and subcortical associations have been
linked to the severity of depression in AD, including with the right hippocampus, entorhinal

cortex, and striatum>®1,>3149,

As in a continuum with apathy and depression, anxiety has been associated with subcortical
regions such as via putamen and amygdala atrophies*>°, but also cortical, involving the right
parietal (inferior lobule and precuneus), insular, parahippocampal and right posterior cingulate

regions** as well as the entorhinal cortex>*.

Finally, sleep disorders, recognised as a risk factor for AD, consist of a wide range of disorders:
sleep apnoea, rapid eye movement sleep behavior disorder, sleepiness, insomnia, restless legs
syndrome. Some of these disorders could be associated with bilateral temporal and occipital
cortices atrophies in RBD**?, insula volume reductions in relation to more frequent nocturnal
awakenings in healthy older adults!>?, hippocampal volume reductions in other populations with
insomnia-like sleep disturbances®>3>4, or right superior frontal volume reductions in poor quality
sleep®®>. In AD, the literature review by Liu et al. (2021) indicates inconsistent findings regarding
structural changes in AD with sleep disorders, possibly affecting the default mode circuit,

sensorimotor cortex, hippocampi, brainstem, or pineal gland®?®.

Furthermore, recent work showed significant limitations of previous results requiring further
investigation. In particular, it has been shown that cortical volume is determined by surface area
and thickness, which are influenced by different factors®’. Thus, the analysis of the three
measures would provide a better understanding of the potential underlying pathology,
considering that the volumetric changes of the brain are explained by thickness, surface area, or
both. In fact, it has been pointed out that these three features are key elements in the diagnosis

of MCl and AD?%8,

61



This study proposes to determine cortical and subcortical associations of a broad range of the
most predominant NPS in AD (agitation, depression, anxiety, apathy, irritability and nighttime
behaviors) on brain morphology, at several stages of cognitive decline including CN participants,
patients with MCI and patients with AD from the ADNI database (cohort 2-3); and to compare

these results in light of previously published data.

Affective (depression, anxiety) and hyperactive (agitation, irritability) symptoms are expected to
share associations with cortical (notably prefrontal and temporal) and subcortical (striatum,
amygdala and hippocampus) structures, whereas apathy is thought to be primarily associated
with prefrontal and cingulate morphology. Finally, sleep disorders would be associated with

posterior (temporal, hippocampus, occipital), as well as prefrontal structures.

METHODS

Study design

This study is based on the extraction and cross-sectional analysis of healthy participants and those

with pathological cognitive decline (MCl or AD) from the ADNI cohort 2-3 databases.

Setting

The cleaning and extraction of data relevant to the study as well as the descriptive and inferential

statistical analyses were carried out from the first half of 2020 and the end of 2021.

Participants
Data used in the preparation of this article were obtained from the ADNI database
(adni.loni.usc.edu). The ADNI, launched in 2003 and led by Principal Investigator Michael W.
Weiner, MD, aims to combine imaging data, biological markers, and clinical and
neuropsychological assessments to measure the progression of MCl and early AD. At the time of
extraction in February 2023, the database contained 16304 observations, including 2428 baseline
visits, with participants aged 50.4 to 91.4 years, who meet entry criteria for a clinical diagnosis of
probable AD (n =411), early MCl (n = 421), late MCI (n = 689), subjective memory complaint (n =
352) or CN (n = 541). For our study, early and late MCI participants were grouped as MCI, and
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SMC and CN participants were grouped as CN. Participants received neurological, biological, and
neuropsychological assessments at baseline and follow-up visits. (for reviews and more details,
see Shaw and colleagues, Mueller and coauthors, and http://www.adni-info.org/)1*>1%4, All
patients with AD met the NINCDS/ADRDA criteria for probable AD with a Mini-Mental State
Examination score between 20 and 26, a global Clinical Dementia Rating of 0.5 or 1, a sum-of-
boxes Clinical Dementia Rating of 1.0 to 9.0, and, therefore, are only mildly impaired. Entry
criteria for patients with amnestic MCl include a Mini-Mental State Examination score of 24 to 30
and a Memory Box score of at least 0.5, whereas other details on the ADNI cohort can be found

online.

Each participant had demographic data (age, sex, ethnicity, race, years of education, marital
status), and neuropsychiatric assessment via the Neuropsychiatric Inventory (NPI). The NPI
consists of 12 subscales assessing 12 NPS. Each of these scales has a general “yes/no” question.
If the answer to this general question is “yes”, sub-questions are used to specify the
manifestations of the symptoms. They are also answered by “yes” or “no”. For each manifestation
of a symptom, the respondent must then estimate the frequency (on a scale from 1 (occasionally,
less than once per week) to 4 (very frequently, once or more per day or continuously) as well as
the severity (from 1= mild to 3 = severe). The multiplication of these two scores constitutes the
score of a symptom on a total of 12 points. The sum of the 12 symptom scores constitutes the
total NPI score. Here, we considered as a continuous variable the total score of each symptom.
Six NPS were retained considering their higher prevalence in normal and pathological aging
compared to other NPS: agitation/aggressiveness, depression, anxiety, apathy, irritability, and
nighttime behavior disorders. From the 2428 participants at baseline, 1469 from the cohorts ADNI

2 and 3 were assessed with the NPI.

The exclusion criteria have been reported in Table 1.

Data processing and statistical analysis

MRI data were processed on the Digital Research Alliance of Canada's Cedar cluster
(http://wwwe.alliancecan.ca), on CentOS Linux version 7 (Centos 7.0_x86_64), with FreeSurfer

7.1.1 (http://surfer.nmr.mgh.harvard.edu) and managed and verified by an automated internal
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pipeline (github.com/alexhanganu/nimb). The processing extracted volume, thickness and area
of cortical regions based on multiple segmentation atlases>?°, Cortical thickness was calculated
as the average of (1) the distances between each vertex on the white surface and the
corresponding nearest point on the pial surface (not necessarily at a pial vertex) and (2) the
distance between the corresponding pial vertex and the nearest point on the white surface?®?.
The cortical surface was obtained based on the triangular face of the surface representation with
the abc coordinates of the corresponding triangle vertices and by dividing the vector norm of the
cross product of the differences between the vertex coordinates by two: |(a-c) x (b-c)| /22
Finally, the cortical volumes are based on the definition of oblique truncated triangular pyramids
that were divided into three irregular tetrahedrons and their volumes were calculated?®®. Each
voxel of the normalized brain volume was assigned to one of the labels in the atlases used based
on probabilistic atlas obtained from a manually labelled training set!>°. To adjust the subcortical
volumes to the intracranial volume we performed simple regressions between each nucleus and
the intracranial volume, and then calculated an adjusted volume according to the formula
volume(adjusted) = volume(observed) - a(eTIV[observed] - eTIV[mean]), where a is the simple
regression coefficient between each nucleus and the intracranial volume!®41%>, Among the 1469
selected participants, 1451 MRI could be extracted. During the processing of the images, 16 were

error prone in the process and were excluded from the final analyses.

Managing missing data
After merging the neuropsychiatric and imaging data frames, 2 participants remained without
neuropsychiatric data. These missing data were for one CN participant and one patient with AD.
Scores based on the mean of each group were assigned. Each averaged NPI subscale score was
rounded to the nearest integer and their sum was used to estimate the total score for these

participants.

Statistical analysis

To assess the effect of each NPS on brain morphology within each clinical group, we performed a
whole-brain general linear model analysis with FreeSurfer mri_glmfit for each NPS, based on the

Desikan cortical atlas, that includes 34 regions'®®. Analysis was performed for three cortical
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measurements: volume, thickness and area and considered age, sex, education as covariates.

Results underwent a Monte-Carlo correction with a vertex-level threshold of p<0.05.

In a second step, considering that FreeSurfer mri_glmfit didn’t take into account subcortical
structures, multiple linear regression were performed to analyze the relation between NPS and
subcortical nuclei volumes, within each group. The nuclei included in the analysis were: caudate,
putamen, pallidum, thalami, nucleus accumbens, ventral diencephalon, hippocampi, and
amygdala®®®. Age, sex and education were also included in each model and considered as
covariates. For these regressions, a False Discovery Rate correction was applied by considering
the number of structural variables and the number of NPS factors. The corrections were applied
using the python-based package “statsmodel”, and the function stats.multitest.fdrcorrection

with: a Benjamini/Hochberg method and a Family-wise error rate of 0.05.

Standard Protocol: Approvals, Registrations, and Consents

Ethics committee approval and individual patient consents were received by the corresponding

registration sites according to ADNI rules (http://adni.loni.usc.edu/methods/documents/).

Data availability
Data collection and sharing for this project was funded by the Alzheimer's Disease Neuroimaging
Initiative (ADNI) (National Institutes of Health Grant U01 AG024904) and DOD ADNI (Department
of Defense award number W81XWH-12-2-0012). Ethics committee approval and individual
patient consents were received by the corresponding registration sites according to ADNI rules
(http://adni.loni.usc.edu/methods/documents/). All data are available on the ADNI websites

upon demand (http://adni.loni.usc.edu/data-samples/access-data/).

RESULTS

Clinical groups consisted of CN participants (mean age: 75.83 + 5.08), patients with MCl (mean
age: 74.83 + 7.39) and AD (mean age: 75.46 + 7.47) (Table 1). Groups were similar according to
age. The MCI group included more males (63.7%). The mean MMSE score was higher in the CN
group compared to MCl and higher in MCI compared to the AD group.
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Table 2.1. Demographic and neuropsychiatric features across control and clinical groups

CN MCI AD F/Chi? p-value
N 659 561 215
Age 71.12+6.68 71.85%7.38 74.56+8.19 18.63 <.001
Education 16.6612.37 16.29+2.55 15.68+2.60 12.95 <.001
MMSE 29.03+1.24 27.81+1.88 22.98+2.30 1033.17 <.001
Women (%) 59.03 45.10 41.86 32.01 <.001
Agitation 0.08+0.50 0.40+1.18 0.95+2 50.00 <.001
Depression 0.1510.68 0.57+£1.19 0.89+1.55 48.51 <.001
Anxiety 0.08+0.52 0.45+1.37 0.81+1.66 38.47 <.001
Apathy 0.06+0.45 0.57+1.58 1.43+2.32 83.22 <.001
Irritability 0.16+0.69 0.58+1.42 1.06+2.16 42.47 <.001
Nighttime 0.33+1.09 0.8412.07 0.60+1.47 15.04 <.001
Behaviors

Whole-brain general linear model analysis

GLM based intragroup analysis revealed significant association between brain’s morphology and

the NPS studied in the different groups (Table 2).

In CN participants, agitation severity showed negative associations with the left inferior parietal
volume, specifically due to changes in the surface area, and with the left isthmus cingulate area,
and positive association with the right superior temporal area and left lingual thickness.
Depression severity was associated negatively with left postcentral, right occipital lateral and
parietal superior surface area, and positively with right insula, left pars opercularis and bilateral
precuneus thickness. Anxiety severity was only negatively associated with left fusiform volume.
Apathy severity was positively associated with left pars opercularis, right superior frontal and

temporal volumes, right insula and left medial orbitofrontal surface area, and right superior
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parietal thickness. Finally, irritability severity was positively associated with left pars opercularis,
right superior frontal and parietal volumes, left frontal pole and right postcentral surface area.

No association was found with the severity of nighttime behaviors.

In patients with MCI, agitation severity showed negative associations with the right superior
frontal volume, the left superior frontal, caudal middle frontal supramarginal and inferior
temporal thickness. Depression was only negatively associated with right superior parietal
volume. Anxiety was negatively associated with left isthmus cingulate volume, inferior parietal,
precuneus and right rostral middle frontal surface area. Apathy severity was negatively associated
with bilateral caudal middle frontal, left superior frontal, right supramarginal volumes, specifically
due to changes in the surface area, left paracentral, right postcentral surface area, left paracentral
and right middle temporal thickness. Irritability severity showed negative associations with left
precentral, right lateral orbitofrontal, superior temporal (specifically due to changes in the
thickness), rostral middle frontal, supramarginal and pars opercularis volumes. Finally, nighttime

behaviors were associated negatively with right lingual volume.

In patients with AD, agitation was positively associated with left superior temporal surface area.
Anxiety was positively associated with left superior temporal, parietal and precentral volumes,
and negatively associated with right medial orbitofrontal thickness. Apathy severity showed
positive association with left occipital lateral volume (specifically due to changes in the thickness)
negative association with right rostral middle frontal volume, and negative associations with left
caudal anterior cingulate, right postcentral, middle temporal, insula and superior frontal
thickness. Finally, nighttime behaviors were positively associated with right precentral volume,
left superior temporal and pars triangularis, right insula, inferior parietal, pericalcarine surface
areas, and right lateral orbitofrontal thickness. No association was found with the severity of

depression or irritability.

Table 2.2. Regressions between neuropsychiatric severity and cortical brain structures in CN

group (controlled for age, sex and education).

Brain Structure Measure Talairach coordinates p (log(p)) PCCR R?
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Agitation

Parietal inferior L Vol -383 -66.9 413 <.005(-2.45) -0.16 0.03
Occipital lingual L Thick -86 -73.8 0.6 <.00001(5.73) 0.18 0.03
Parietal inferior L Area -31.3 -67.7 414 <.005(-2.62) -0.16 0.03
Cingulate isthmus L Area -19.0 -473 14 <.005 (-2.81) -0.16 0.03
Temporal superior R Area 589 -214 6.4 <.0005(-3.37) -0.17 0.03
Depression

Insula R Thick 303 232 7.2 <.00001(5.73) 0.13 0.02
Pars opercularis L Thick -37.7 5.6 11.6 <.0005(3.36) 0.12 0.01
Precuneus L Thick -6.4 -534 114 <.005(2.99) 0.13 0.02
Precuneus R Thick 55 -59.9 374 <.001(3.05) 0.12 o0.01
Postcentral L Area -62.8 -11.3 14.2 <.0005(-3.90) -0.14 0.02
Occipital lateral R Area 46.4 -75.7 6.1 <.0005(-3.44) -0.12 0.01
Parietal superior R Area 259 -499 61.1 <.005(-2.43) -0.12 0.01
Anxiety

Fusiform L Vol -26.7 -44.7 -12.3 <.001(-3.24) -0.18 0.03
Apathy

Pars opercularis L Vol -37.8 17.0 194 <.00001(5.39) 0.25 0.06
Frontal superior R Vol 7.0 24,7 51.1 <.0005(3.99) 0.22 0.05
Temporal superior R Vol 57.1 0.7 -7.7 <.0005(3.33) 0.20 0.04
Parietal superior R Thick 23.0 -588 471 <.005(2.89) 0.19 0.04
Insula R Area 371 -85 -9.1 <.00001 (5.34) 0.21 0.04
Orbitofrontal medial L Area -4.2 43,7 -20.0 <.005(2.98) 0.18 0.03

Irritability
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Pars opercularis L Vol -40.7 8.3 18.6 <.00001 (5.53) 0.14 0.02

Frontal superior R Vol 16,5 14.7 54.6 <.0001(4.19) 0.13 0.02
Parietal superior R Vol 31.8 -421 606 <.005(2.80) 0.12 0.01
Frontal pole L Area -83 56.6 -171 <.001(3.21) 0.12 o0.01
Postcentral R 1 Area 21,5 -33.7 548 <.005(2.87) 0.12 0.01
Postcentral R 2 Area 50.8 -9.1 13.1 <.0005(3.62) 0.13 0.02

Legend. x/y/z = coordinates of the x/y/z axis of the Talairach atlas. L = left, R = right, Vol = cortical
volume; Area = cortical surface area; Thick = cortical thickness; PCC R = mean partial correlation
coefficient; R? = effect size (0.01 = small, 0.09 = medium, 0.25 = large). The log(p) value indicates
the level of significance in the regression slope between cortical volume, thickness and surface

area relative to NPS severity for each group. The sign indicates the regression direction.
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Figure 2.1. Brain clusters associated with NPS in CN group.
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Legend. NPS = Neuropsychiatric Symptoms; Agi = Agitation; Dep = Depression; Anx = Anxiety; Apa
= Apathy; Irr = Irritability; Vol = Volume; Thick = Thickness.
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Table 2.3. Regressions between neuropsychiatric severity and cortical brain structures in MCI

group (controlled for age, sex and education).

Brain Structure Measure Talairach coordinates p (log(p)) PCCR R?
X y z
Agitation
Frontal superior R Vol 7.2 50.7 32.1 <.005(-2.69) -0.08 0.01
Frontal superior L Thick -15.6 34.6 43.3 <.0005(-3.51) -0.09 0.01

Frontal middle caudal R Thick 39.6 204 42.6 <.0005(-3.50) -0.08 0.01

Supramarginal R Thick 59.6 -33.3 33.6 <.0005(-3.77) -0.08 0.01
Temporal inferior R Thick 47.2 -87 -25.5 <.0001(-4.15) -0.08 0.01
Depression

Parietal inferior R Vol 495 -58.0 23.8 <.001(-3.11) -0.08 0.01
Anxiety

Cingulate isthmus L Vol -8.1 -40.1 31.0 <.0001(-4.10) -0.07 <0.01
Parietal inferior L Area -30.7 -549 37.1 <.0005(-3.55) -0.07 <0.01
Precuneus L Area -8.2 -46.8 48.1 <.0005(-3.52) -0.08 0,01

Frontal middle rostral R Area 40.0 45.8 2.7 <.005 (-2.40) -0.06 <0.01

Apathy

Frontal middle caudal L Vol -37.4 8.8 36.3 <.00005 (-4.45) -0.06 <0.01
Frontal superior L Vol -12.0 49 62.1 <.001(-3.29) -0.06 <0.01
Supramarginal R Vol 499 -41.1 37.5 <.0005(-3.85) -0.06 <0.01

Frontal middle caudal R Vol 38.7 6.2 39.8 <.01(-2.28) -0.06 <0.01

Paracentral L Area -10.7 -22.7 46.6 <.001(-3.22) -0.06 <0.01
Supramarginal R Area 499 -40.2 39.1 <.00005 (-4.97) -0.07 <0.01
Postcentral R Area 276 -263 51.2 <.001(-3.18) -0.06 <0.01
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Paracentral L Thick -15.6 -35.3 50.9 <.05 (2.89) 0.06 <0.01
Temporal middle R Thick 62.5 -40.6 -4.8 <.0005(-3.62) -0.06 <0.01
Irritability

Precentral L Vol -54.5 -0.8 6.9 <.001 (-3.02) -0.07 <0.01
Orbitofrontal lateral R Vol 279 36.4 -10.2 <.0005(-3.50) -0.07 <0.01
Temporal superior R Vol 43.8 11,5 -21.7 <.0005(-3.65) -0.07 <0.01
Frontal middle rostral R Vol 351 295 34.7 <.001(-3.10) -0.07 <0.01
Supramarginal R Vol 59.0 -389 24.2 <.005(-2.33) -0.06 <0.01
Pars opercularis R Vol 43.0 18.2 7.0 <.001 (-3.02) -0.07 <0.01
Temporal superior R Thick 540 -5.0 -3.0 <.0001(-4.02) -0.07 <0.01
Nighttime behaviors

Occipital lingual R Area 10.2 -87.5 -3.2 <.005(-2.55) -0.04 <0.01

Legend. x/y/z = coordinates of the x/y/z axis of the Talairach atlas. L = left, R = right, Vol = cortical
volume; Area = cortical surface area; Thick = cortical thickness; PCC R = mean partial correlation
coefficient; R? = effect size (0.01 = small, 0.09 = medium, 0.25 = large). The log(p) value indicates

the level of significance in the regression slope between cortical volume, thickness and surface

area relative to NPS severity for each group. The sign indicates the regression direction.
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Figure 2.2. Brain clusters associated with NPS in MCI group.
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Legend: NPS = Neuropsychiatric Symptoms; Agi = Agitation; Dep = Depression; Anx = Anxiety; Apa

= Apathy; Irr = Irritability; Nig = Nighttime Behaviors; Vol = Volume; Thick = Thickness.
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Table 2.4. Regressions between neuropsychiatric severity and cortical brain structures in AD

group (controlled for age, sex and education).

Brain Structure Measure Talairach coordinates p (log(p)) PCCR R?
X y z

Agitation

Temporal superior L Area -48.7 -22.8 -47 <.001(3.14) 0.08 0.01
Anxiety

Parietal superior L Vol -26.5 -71.5 195 <.01(2.21) 0.08 0.01
Temporal superior L Vol -49.4 -209 -50 <.005(2.81) 0.09 0.01
Precentral L Vol -85 -33.2 613 <.001(3.24) 0.09 0.01
Orbitofrontal medial R Thick 6.8 50.9 -19.3 <.005(-2.51) -0.09 0.01
Apathy

Frontal middle rostral R Vol 249 50.3 6.0 <.001(-3.22) -0.07 <0.01
Occipital lateral L Vol -14.1 -87.6 -1.9 <.0005(3.43) 0.07 <0.01
Occipital lateral L Thick -409 -819 -44 <.005(2.75) 0.07 <0.01

Cingulate anterior caudal L Thick -7.0 19.1 26.3 <.001(-3.09) -0.07 <0.01

Postcentral R Thick 52.1 -16.3 33.3 <.0005(-3.57) -0.07 <0.01
Temporal middle R Thick 64.0 -40.1 -2.2 <.0005(-3.98) -0.07 <0.01
Insula R Thick 339 -26.8 123 <.001(-3.12) -0.07 <0.01
Frontal superior R Thick 10.4 534 4.8 <.005(-2.72) -0.06 <0.01

Nighttime behaviors

Precentral R Vol 42.9 6.7 8.0 <.001(3.19) 0.11 o0.01
Temporal superior L Area -61.0 -23.6 -04 <.0005(3.88) 0.11 0.01
Pars triangularis L Area -50.0 24.9 4.1 <.005(2.60) 0.10 0.01
Insula R Area 37.7 -16 2.6 <.0005(3.51) 0.10 0.01

74



Parietal inferiori R Area 47.2 -56.2 254 <.005(2.89) 0.10 0.01

Pericalcarine R Area 94 -73.1 170 <.01(2.01) 0.0 o0.01

Orbitofrontal lateral R Thick 15.7 15.2 -20.1 <.0001(-4.17) -0.12 0.01

Legend. x/y/z = coordinates of the x/y/z axis of the Talairach atlas. L = left, R = right, Vol = cortical
volume; Area = cortical surface area; Thick = cortical thickness; PCC R = mean partial correlation
coefficient; R? = effect size (0.01 = small, 0.09 = medium, 0.25 = large). The log(p) value indicates
the level of significance in the regression slope between cortical volume, thickness and surface

area relative to NPS severity for each group. The sign indicates the regression direction.

Figure 2.3. Brain clusters associated with NPS in AD group.
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Legend: NPS = Neuropsychiatric Symptoms; Agi = Agitation; Anx = Anxiety; Apa = Apathy; Nig =

Nighttime Behaviors; Vol = Volume; Thick = Thickness.
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Subcortical regression analysis

Controlling for age, education, and sex, some associations are revealed between NPS and

subcortical volumes.

In CN participants, left hippocampal volume was negatively associated with depression severity
(coef =-46.95, p=0.044, 95CI = [-92.46:-1.44], R>=0.17). The right hippocampal and left putamen
volumes were positively associated with the severity of apathy (coef = 79.89, p = 0.039, 95CI =
[3.87:155.92], R? = 0.18; coef = 108.93, p = 0.040, 95CI = [4.93:212.93], R? = 0.08).

In patients with MCI, bilateral caudate volumes were negatively associated with agitation severity
(coef =-40,46, p = 0.029, 95CI = [-76.67:-4.25], R = 0.02; coef = -38.77, p = 0.035, 95CI = [-74.89:-
2.65], R? = 0.02). Left putamen and bilateral pallidum were positively associated with irritability
severity (coef = 57.66, p = 0.003, 95CI = [19.16:96.15], R? = 0.08; coef = 25.03, p = 0.002, 95C| =
[9.43:40.63], R? = 0.06; coef = 18.73, p = 0.013, 95CI = [3.89:33.57], R* = 0.07).

In patients with AD, right pallidum was positively associated with nighttime behaviors severity
(coef =26.97, p =0.032, 95CI = [2.39:51.55], R? = 0.08), right amygdala was negatively associated
with agitation severity (coef = -21.46, p = 0.041, 95CI = [-42.03:-0.89], R? = 0.13) and positively
associated with irritability severity (coef = 24.55, p = 0.022, 95CI = [3.65:45.46], R? = 0.13). Right
accumbens area was negatively associated with apathy severity (coef =-8.63, p = 0.004, 95CI = [-

14.44:-2.83], R? = 0.20).

However, none of these associations were confirmed by the FDR correction.

DISCUSSION

Based on the ADNI database (cohorts 2 and 3), this study aimed to investigate the relationships
between neuropsychiatric symptoms assessed with the Neuropsychiatric Inventory and brain
morphology (including cortical volumes, areas and thicknesses, and subcortical volumes) in

different diagnostic groups (CN, MCl and AD).

It was expected that affective NPS such as depression and anxiety, and hyperactive symptoms

such as agitation and irritability share associations with prefrontal, temporal and subcortical
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structures (striatum, amygdala and hippocampus), whereas apathy is mainly associated with
prefrontal and cingulate morphology. Finally, sleep disturbances would rather be associated with
posterior (temporal, occipital), hippocampal, and prefrontal structures. It would also seem that
these associations are dependent on the diagnosis (for example, positive associations in

participants CN and with MCI, and negative associations in participants with AD).

Our results show discrepancies in associations between the three groups. Agitation showed
negative and positive associations in CN participants, involving the inferior parietal and cingulate
isthmus on the one hand, and the lingual and superior temporal regions on the other. The
associations were only negative in MCI participants and involved the superior frontal, middle
caudal, and inferior temporal regions. Finally, a single positive association with the superior
temporal region was shown in the AD group. Negative associations with frontal and cingulate
regions have also been demonstrated in the literature, including the work of Trzepacz et al. (2013)
on ADNI cohort 1, among others®2%6, However, the previously demonstrated cingulate regions
belonged more to the anterior structures whereas our results showed an association with the
posterior cingulate*>'*” (Bruen et al., 2008; Tighe et al., 2012). Also, while the amygdala was also
negatively associated with agitation in the Trzepacz et al. study, this association only appeared in

the AD group and did not survive statistical corrections®?.

Often associated with agitation, irritability also appears to show negative associations with
anterior cingulate structures*2. In this work, positive associations were observed with prefrontal
and parietal structures in CN participants, and negative associations with prefrontal, temporal,
and parietal structures in participants with MCI. In contrast, no associations were shown in the
AD group. Irritability shared only one association with the inferior frontal pars opercularis
between the CN and MCI groups, with the other associations involving different structures
between them despite the involvement of many prefrontal structures (superior frontal and
frontopolar in CN, orbitofrontal and middle frontal in MCI). Interestingly, in the AD group, only
the amygdala was positively associated with irritability (without confirmation by statistical
corrections). Some data may have shown positive associations between NPS and amygdala

volume, including apathy, depression, and anxiety, but not with irritability!®’.
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Despite the more systematic nature of anterior cingulate involvement in apathy, many cortical
and subcortical structures were also associated with it. In the CN group, it was positively
associated with prefrontal (orbital, inferior, superior), insular, parietal (superior) and temporal
(superior) regions. While the lobes involved were similar in the MCI, the associations there were
negative and did not involve the same prefrontal (middle, superior), parietal (supramarginal,
postcentral), and temporal (middle) structures. Finally, in the AD group, the associations were
also negative, except for the lateral occipital gyrus (whose volume increased with apathy, due to
an increase in thickness). In addition, the associated regions included the anterior cingulate
cortex, superior and middle prefrontal regions, insula, postcentral gyrus and middle temporal. As
described in the literature, the anterior cingulate is associated with apathy in AD394>147.148 gnd
other structures could be linked to it such as frontal and temporal regions in both AD and MCI
39,44,45,147,148,166,168  gypcortical structures have also been highlighted in apathy by the work of
Johansson et al. (2020), including hippocampus, nucleus accumbens, thalamus, amygdala and
putamen!®’. Our results show a tendency to confirm these findings with a positive relationship
with the hippocampus and putamen in CN and a negative relationship with the nucleus
accumbens in AD. Similar to Siafarikas et al. (2021), the relationships differed according to the

diagnosis of the participants®’.

Regarding depression, results showed negative associations with posterior, parietal, and occipital
surfaces, and positive associations of anterior (insula and inferior frontal) and posterior
(precuneus) thicknesses in CN participants, whereas in MCI, only an inferior parietal association
was revealed. While positive associations with depression have been previously demonstrated,
they were more likely to involve the amygdala and superior temporal sulcus®”.1%7. Several studies
also highlighted the association with signature structures of Alzheimer's disease such as the
hippocampus, entorhinal and parahippocampal cortex, middle and inferior temporal
gyrus*°153,149,169 However, the results only showed the involvement of the left hippocampus in
the association with depression, and only in the CN participants (non-significance of the result
after adjustment). Most studies suggest diffuse, prefrontal and parietal associations in AD.
Although our data also indicate diffuse anterior and posterior associations*®4%5253 however, they

do not involve the same regions outside of the precuneus*® and were only found in the CN group.
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In contrast, the latter relationship was negative. Nour et al. (2020) suggested an involvement of
the salience network in depression in MCl, a network involved in the processing of emotions and
in the encoding of interoceptive signals from the body's internal milieu that reflect autonomic
activity**. This network is composed of the anterior cingulate and the insula, among others, and
its atrophy seems to be associated with symptoms of anxiety and depression'’®, However, Nour
et al (2020) point out that these structures are also significantly correlated with cognitive

performance and could be more associated with it than with NPS%4.

Conversely to apathy and depression, anxiety has been more strongly associated with subcortical
structures such as the putamen and amygdala**°>'%’, and also unsystematically with temporal,
cingulate and parietal cortical structures*>*%0, Our results showed similar findings, including

150 and posterior cingulate** in MCI participants,

associations with inferior parietal and precuneus
as well as different associations, including negative with fusiform gyrus in CN participants and
medial orbitofrontal cortex in AD, and positive with superior parietal and temporal and precentral

regions also in AD.

Finally, nocturnal behaviors were negatively associated with the lingual gyrus in MCI, and the
lateral orbitofrontal cortex in AD, and positively associated with the precentral frontal and pars
triangularis, superior temporal, insular, inferior parietal, and pericalcarine regions in AD. A
positive association with the pallidum was also found in AD but this result did not survive the
significance adjustment. Other work showed associations with temporal and occipital'>! and
insular'®?, or global frontal regions in MCI*®. However, the sleep disturbances, although diverse,

were characterized by atrophy and not larger structures.

As mentioned by Lebedeva et al. (2014), the association of similar structures between different
symptoms may be due to the overlap between these symptoms such as between depression and
apathy in CN participants (positively associated with the inferior frontal pars opercularis, superior
parietal and insula)*. Similarly, the same region may also be involved in different neural networks
whose changes may be related to different NPS*°. The authors also mention possible interactions
between NPS and AD that may impact the results. In particular, they mention the example of the

default mode network (including precuneus, posterior cingulate cortex and temporal cortex),
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shown to have reduced functional connectivity in AD, and increased in patients with depressive
disorder?’%172 highlighting the importance of combining structural and functional data in the
study of NPS. Considering our results and the associations between these structures and several
NPS, it may be that this network, among others, is involved in neuropsychiatric manifestations in

aging and AD.

If our results show some variability from previous work, this may stem from the heterogeneity of
the stages of AD studied in different studies. As mentioned by Johansson et al. (2020), the
involvement of anterior cingulate and frontal structures frequently associated with apathy are
from studies conducted with late stages of ADY’3174, On the contrary, in a study of participants
without cognitive impairment or with MCI, apathy was associated with temporal atrophies'’>,
suggesting that these regions are involved earlier than cingulate regions and thus may contribute
to the variability of outcomes between the stages studied. Other studies highlighted subcortical
associations with apathy, suggesting the involvement of interconnected networks involving the
dorsal anterior cingulate and ventral striatum via involvement of the nucleus accumbens among

176

others!’®, While our data suggested the involvement of the nucleus accumbens in association

with apathy in AD, this result was not confirmed by significance adjustments.

Regarding positive associations between NPS and certain structures, Johansson et al. (2020)
suggest the possibility of neurostructural adaptations in the early stages of the disease and
mention data involving functional activations and volume increases of the amygdala in anxiety

while the amygdala seems to reduce in volume in AD67.177.178,

According to Siafarikas et al. (2021), MCI patients in whom brain structure and function are
relatively preserved may be better able to understand and express depressive symptoms, among
others, and have more resources to compensate for them®. In contrast, AD patients with
generally smaller cortex and brain volumes may have lost these abilities. Other explanations can
be proposed in relation to the salience network, whose connectivity could be shown to be higher
in AD patients with hyperactivity syndrome (agitation, irritability, aberrant motor behavior,
euphoria, and disinhibition)®°. The authors hypothesized that the increased connectivity in these

patients led to a misperception of events generating the manifestations of hyperactivity
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syndrome. Thus, associations between NPS and brain morphology would change over the course
of the disease. However, our data also show positive associations in the AD group, suggesting that
either some participants have an early stage of AD or that some covariates not considered here

would interact with these relationships.
Strengths and limitations

This study provides insight into the involvement of NPS in the neuroanatomical correlates of AD
using a large sample size. These analyses revealed that distinct brain structures were associated
with each SNP in participants with AD, MCI, and CN participants, contributing to a better
understanding of these symptoms in AD. Our study has several strengths, including the use of the
NPI, which is highly validated in several populations, including patients with different
neurodegenerative diseases, dementia or MCI, and cognitively intact older adults. Although
calculating NPI scores based on frequency x severity multiplication results in asymmetric scores,
parametric and nonparametric analyses led to similar results, showing robustness of the scores!3>.
Even when performing our whole-brain analyses, we decreased the risk of type | errors using
Monte Carlo simulations for a more rigorous correction method and added covariates to the

models, which are important methodological strengths.

Our study has some limitations that should be taken into account. First, in the CN group, the NPI
scores are globally lower and the presence of NPS is lower than in the other groups, which limits
the interpretation and generalization of the results from this group. Some covariates that may
influence the size of brain structures and the severity of NPS were not included in the models,
such as the duration of the disease or cognitive impairment in AD and MCI, or some biological
data that may indicate AD risk in CN or MCI participants, such as APOE status or amyloid PET
positivity. Despite the validity of the NPIl, some symptoms do not appear to show reproducibility
of their anatomical associations between studies!®®. Finally, because our study was cross-
sectional, no causal relationship can be concluded from the significant associations. In fact, the
observed results could be due to the pathophysiological decline of AD, which is correlated with

symptom scores; as the disease progresses, the NPS are more likely to become more severe.
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Conversely, it is possible that as the NPS score increases, the decline is greater and, therefore, the

likelihood of belonging to the AD group rather than the MCI group is also greater.

CONCLUSION

In a large cohort of the ADNI database, we showed that NPS were mainly impacting cortical
associative structures and to a lesser degree the subcortical structures. The influence of NPS was
found even in CN participants. However, these impacts differed between groups and between
NPS. Notably, positive associations of structure size were found with apathy and irritability in CN
participants, with agitation, anxiety and nighttime behaviors in patients with AD. In most cases,
NPS showed associations with the structures of different lobes, especially frontal and parietal.
These data suggest that some NPS, in addition to occurring early in cognitive decline, may
manifest themselves via brain changes. Further longitudinal studies should investigate the
cognitive trajectories of CN and MCI participants according to the NPS/brain structure

relationships they present.
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Transition

Cette deuxieme étude visait a investiguer les relations entre la sévérité des SNP et les structures
cérébrales corticales et sous-corticales dans différents échantillons, cognitivement sain, avec un
trouble cognitif léger ou un diagnostic de MA. Les résultats montraient que les associations
différaient entre les trois groupes et impliquaient essentiellement des structures corticales, a la
fois limbiques et associatives, connues pour étre impliquées a la fois dans les émotions,
I’exécution des comportements et les processus cognitifs. Cela suggére que les SNP sont au moins

en partie induits par des modifications cognitives chez les individus.

C'est pourquoi I'étude suivante s’intéressera a I'utilisation des facteurs neuropsychiatriques,
neurostructurels et cognitifs dans la prédiction de la conversion du vieillissement normal au TCL,

et du TCL a la MA.
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Abstract

Objectives: The impact of neuropsychiatric symptoms (NPS) on cognitive performance has been
reported, and this impact was better defined in the aging population. Yet the potential of using
the impact of NPS on brain and cognitive performance in a longitudinal setting, as prediction of
conversion — have remained questionable. This study proposes to establish a predictive model of
conversion to Alzheimer's disease (AD) and mild cognitive impairment (MCI) based on current

cognitive performance, NPS and their associations with brain morphology.

Methods: 156 participants with MCI from the Alzheimer’s Disease Neuroimaging Initiative
database cognitively stable after a 4-year follow-up were compared to 119 MCI participants who
converted to AD. Each participant underwent a neuropsychological assessment evaluating verbal
memory, language, executive and visuospatial functions, a neuropsychiatric inventory evaluation
and a 3Tesla MRI. The statistical analyses consisted of 1) baseline comparison between the
groups; 2) analysis of covariance model (controlling demographic parameters including functional
abilities) to specify the variables that distinguish the two subgroups and; 3) used the significant
ANCOVA variables to construct a binary logistic regression model that generates a probability

equation to convert to a lower cognitive performance state.

Results: Results showed that MCl who converted to AD in comparison to stable MCI, exhibited a
higher NPS prevalence, a lower cognitive performance and a higher number of involved brain
structures. Functional abilities, memory performance and the sizes of inferior temporal,
hippocampal and amygdala sizes were significant predictors of MCl to AD conversion. We also
report two models of conversion that can be implemented on an individual basis for calculating

the percentage risk of conversion after 4 years.

Conclusion: These analytical methods might be a good way to anticipate cognitive and brain

declines.

Keywords: Neuropsychiatry; cognitive performance; cognitive decline; MRI; Alzheimer's Disease
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Key points:
- Low functional abilities are a significant factor of MCl to AD conversion.

- Smaller volumes of inferior temporal region, hippocampus and amygdala are characteristic of

MCI to AD conversion.

- Neuropsychiatric symptoms seem to play a diminished role in predicting the conversion from
MCI to AD.
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Introduction

Clinical states of age-related cognitive decline

Current clinical evaluations of cognitive decline include only two stages: (a) the mild cognitive
impairment (MCI) and (b) dementia (or major cognitive impairment). These stages are based on
cognitive markers”172180 that are evaluated with comprehensive neuropsychological
assessments. One of the leading clinical presentations of dementia is Alzheimer's disease (AD)
type!®l. An MCI level that would lead to AD has been characterized by either subjective concern
about a change in cognition, or a lower performance in one or more cognitive domains in
comparison to those expected for the patient's age and educational background, without

significant impairment in social or occupational functioning!’.

On the other hand, in the demented state, cognitive deficits are sufficiently extensive that the
individual is no longer able to carry out his or her daily life tasks alone or without supervision.
These cognitive stages are frequently accompanied by psychological suffering for participants,
relatives and caregivers!®2183 as well as psychological and behavioral disturbances called

neuropsychiatric symptoms (NPS)2.
Neuropsychiatric symptoms in cognitive decline

Most of NPS are clearly observed in dementia?, but they also occur in the MCl stage!? and can be
present in cognitively healthy individuals®’. NPS presence was shown to increase the risk of AD in
MCI%¢. Indeed, these NPS are found in the cognitively healthy (CH) population’?7184, and their
prevalence increases with the advancement of clinical stages: it is higher in the MCI population
and even higher in the AD population'84. Also, they may increase the likelihood of MCl progressing
into AD3® and thus increase the likelihood of developing dementia'>. These include
depression®>186 gpathy!®’ and anxiety®-1%0 but the latter is more controversial***°2, However,

the impact of depression on cognitive decline is greater in MCl than in AD3,

In addition, several studies have looked at longitudinal follow-ups of participants and participants
with NPS. For example, the study by Moon et al (2017) confirms a greater progression from MCI

to AD in participants with depressive symptoms according to the amyloid status of MCI
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participants: the study is based on the analysis of longitudinal ADNI data and shows, in MCI
participants with amyloid-positive amyloid and depression, a higher rate of AD conversion than
participants without depression!®*. In addition, cognitive decline is accelerated over the 2-year
follow-up period. Also based on the ADNI database, Zahodne et al. (2013) studied the atrophy
pathways of MCI subjects with and without depression and apathy on a longitudinal level. Their
results show that depression is associated with greater baseline entorhinal atrophy and
accelerated anterior cingulate atrophy>3. To our knowledge, fewer studies have looked at the
factors of conversion from normal cognition to MCl and the course of cognitive decline in healthy
individuals. However, these studies were able to highlight that healthy individuals with mild
behavioral impairment exhibited greater attentional and working memory decline after one year
of follow-up®®. Also, the presence of NPS, including depression, apathy, and anxiety, is also
associated with faster global and domain-specific decline®%. In addition, MRI data were also
exploited as predictors of conversion from MCI to AD. Thus, it has been shown that MCI that
convert to AD have reduced volumes in the medial temporal lobe (hippocampus, amygdala, and
entorhinal cortex), the insular, posterior cingulate, precuneus and orbitofrontal cortex®7-1%°,

However, these data do not appear to have been addressed in the conversion from CH to MCI.

This shows the importance of screening for NPS and to more investigate MRI in CH subjects.

For this study, we hypothesized that (1) participants who convert to a lower cognitive
performance state would exhibit increased variation in NPS; (2) these variations would be
associated with brain morphology and cognitive performance; and (3) these correlations can be

used to predict the conversion.

The purpose of this work is to propose probabilistic models for predicting conversion to
Alzheimer's disease in participants with MCI, and conversion to MCl in CH participants. From a
clinical perspective, the construction of models with good psychometric characteristics would
allow to estimate, for an individual evaluated in a clinical context, an objective probability of

conversion.
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Materials and Methods

Participants

275 participants with MCl and 185 cognitively healthy participants (CH) from the ADNI database
were extracted. Data used in the preparation of this article were obtained from the ADNI
database (adni.loni.usc.edu). The ADNI, launched in 2003 and led by Principal Investigator
Michael W. Weiner, MD, has for main objective to understand the progression of MCl and early

AD by combining imaging, biological and neuropsychological data''®'* (http://www.adni-

info.org/). Entry criteria for participants with amnestic MCl include a Mini-Mental State
Examination score of 24 to 30 and a Memory Box score of at least 0.5, whereas other details on
the ADNI cohort can be found online. All participants with AD met National Institute of
Neurological and Communication Disorders/Alzheimer’s Disease and Related Disorders
Association criteria for probable AD with a Mini-Mental State Examination score between 20 and
26, a global Clinical Dementia Rating of 0.5 or 1, a sum-of-boxes Clinical Dementia Rating of 1.0
to 9.0, and, therefore, are only mildly impaired. Exclusion criteria at baseline and follow-up
included any serious neurological disease or neurodegenerative disease other than possible AD,
any history of brain lesions or head trauma, or psychoactive medication use (including

antidepressants, neuroleptics, chronic anxiolytics, or sedative hypnotics).

Sample size is dependent on participants completing a neuropsychiatric examination, a
comprehensive neuropsychological assessment, a 3 Tesla MRI and having a change in diagnosis
available (MCI to AD or CH to MCI). Participants whose change in diagnosis was remittent (e.g.,
MCI to CH, AD to CH) were not included nor were CH participants converting to AD because of

their too low prevalence.

The clinical status was available until 4-years follow-up for all participants. Based on the clinical
stage at follow-up, four groups were created in order to distinguish participants who converted
to a worse cognitive performance compared to those that maintained their previous cognitive

level. Our groups consisted of: 156 MCl remained MCI at follow-up (MCl-non-converted), 119 MClI
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participants that converted to AD (MCl-converted), 170 CH both at baseline and at follow-up (CH-
non-converted) and 15 CH that converted to MCI (CH-converted) (Table 1). As mentioned above,

others neurological diagnosis or conversions were not considered.

Data acquisition and processing

Data collection and sharing for this project was funded by the Alzheimer's Disease Neuroimaging
Initiative (ADNI) (National Institutes of Health Grant U01 AG024904) and DOD ADNI (Department
of Defense award number W81XWH-12-2-0012).

The neuropsychiatric changes were evaluated using the Neuropsychiatric Inventory?. The
inventory consists of the evaluation of the presence, severity and frequency of 12
neuropsychiatric symptoms (NPS): delusions, hallucinations, agitation/aggressiveness,
depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behaviors,
nighttime behaviors and appetite changes. We included the evaluations performed by the

participants' relatives and only the prevalence of each NPS is considered.

Neuropsychological assessment was based on the tests assessing: (1) anterograde verbal memory
(Rey Auditory Verbal Learning Test - RAVLT), (2) focused attention (Trail Making Test A - TMTA),
(2) processing speed (Wechsler Adult Intelligence Scale Code subtest), (3) mental flexibility (Trail
Making Test B - TMTB), (4) visuoconstructive planning (clock test), (5) working memory (digit
span), (6) semantic lexical evocation (animal and vegetable fluency) and (7) oral naming (Boston
Naming Test - BNT). Moreover, the Mini-Mental State Examination score was used as a

demographic factor of global cognitive efficiency.

MRI structural images were processed with FreeSurfer 7.1.1 software, on Linux Centos 7 on
ComputeCanada environment, cluster Cedar and managed with our in-house pipeline
(github.com/alexhanganu/nimb) that allowed automated exclusion of post-processed data with
errors as well as extraction of statistical data, diminishing potential human error. Cortical
thickness parameter was extracted based on the Destrieux et al. atlas (2010) while subcortical

volumes were extracted for all regions as well as sub-regional based on the corresponding
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atlases?%%; for the thalamus?®, amygdalas?®?, and hippocampi?®3. The volumes of subcortical

structures were corrected with the estimated Total Intracranial Volume (eTIV)2%4,

Also, in order to consider and control the risk of neuropsychiatric symptoms due to difficulties in
performing daily activities, the Functional Assessment Questionnaire (FAQ) score was compared

between groups and included as a covariate in case of significant difference between groups.

Statistical analysis

The statistical analyses are based on the methodology of Orso et al. (2020)2%. For this study, the
data were analyzed using SPSS version 26.0 software. Descriptive analyses verified the similarity
of the groups (MCl-converted vs. MCl-non-converted; CH-converted vs. CH-non-converted) in
terms of age, years of education, MMSE score, FAQ and sex distribution (respectively mean
comparisons by Student test and contingency Chi? analysis). Statistical analysis consisted of three
steps. (I) First, the groups were compared based on (i) means of cognitive performances (Two
sample t-tests), (ii) prevalence of NPS (Chi? tests) and (iii) means of neuroimaging structure sizes
(Student t-tests of cortical thickness and subcortical volumes). (Il) Features that were shown to
be significant in the first three comparisons, were included in the Analysis of Covariance Model
with age, sex, years of education, FAQ and MMSE scores as covariates. (lll) Finally, features that
were deemed significant in the ANCOVA model were imputed in a two binary logistic regression
model to generate probability equations for AD and MCI conversion based on neuropsychiatric,

cognitive and neuroimaging data.

Results

Demographical, neuropsychiatric and neuropsychological differences

At baseline, in comparison to MCl-non-converted, the MCl-converted group had a lower MMSE
and higher FAQ scores, worse performance on some cognitive tests (clock test, RAVLT immediate

recall A and B, RAVLT delayed recall, semantic lexical evocation for "vegetables", TMT A and B,
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WAIS code) and a significantly higher prevalence of agitation and appetite changes (Table 1 near

here).

On the other hand, the CH-converted and CH-non-converted groups showed similar results
regarding age, years of education, sex distribution, MMSE and FAQ scores as well as distributions
of neuropsychiatric symptoms. Several significant differences were depicted in the cognitive
performance at baseline, with the CH-converted group having a worse performance in
comparison to CH-non-converted on RAVLT 2nd recall, digit span backward and semantic lexical

evocation of "vegetables".
Brain morphology differences

Considering the large number of structures compared between the converted vs. non-converted
groups, the results for MCl and CH are summarized in Supplementary Tables 1 and 2 respectively.
Briefly, the MCl-converted group showed multiple significant difference in comparison to the
MCI-non-converted one. Significant changes were depicted in all brain lobes both on the cortical
level in gyri and sulci as well as regarding the volumes of subcortical structures, notably the

volumes of hippocampus, amygdala and thalamus subregions (Supplementary table 1).

By contrast, the CH-converted group exhibited smaller frontal inferior orbital gyrus and suborbital
sulcus, cingulate ventral posterior gyrus, temporal pole and temporal middle gyrus thicknesses
and some hippocampal, amygdala and thalamic subregions volumes than CH-non-converted

group (Supplementary table 2).
ANCOVA model

After controlling for age, sex, years of education, FAQ and MMSE scores as covariates, ANCOVA
showed a significantly lower performance in MCl-converted for every score of the RAVLT than in
MCI-non-converted. Conversion interacted with agitation on the recall of the B-list of the RAVLT
(non-converted with agitation perform better than those without while the opposite trend is
present in converted)(Supplementary table 3). By contrast, the CH-converted group exhibited
significantly lower performance on the 2nd recall of the RAVLT and in semantic lexical evocation

of "vegetables" than CH-non-converted (Supplementary table 4).
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Regarding brain structures, most of the structures (all lobes [except insula], hippocampi and
amygdala) were smaller in MCl-converted than in MCl-non-converted. Presence of agitation was
featured by greater cortical thicknesses (frontal, parietal, occipital, temporal) and subcortical
volumes (hippocampus and amygdala) whereas appetite changes were featured by precentral
and lingual thinning and larger hippocampus and amygdala volumes (Supplementary Table 3). An
interaction effect between conversion and agitation showed a greater thickness in the MCI-
converted with agitation than in those without agitation, while the opposite difference is found
in the non-converted, at the inferior occipital, intraparietal, left parieto-occipital, right middle
temporal and bilateral precentral levels. The opposite effect was found in the left subcallosal
gyrus. Another interaction effect between conversion and appetite changes showed thinning in
MCl-converts with appetite changes compared to those without, whereas the opposite pattern
was found in non-converted, at the bilateral superior parietal, precuneus, subparietal, left
intraparietal, right lingual and parieto-occipital structures (Supplementary table 3). In CH-
converted, the previous structures (Supplementary table 2) remained significantly smaller than
in CH-non-converted, except for the central lateral and paratenial thalamic nuclei (Supplementary

table 4).
Prediction of AD from MCI and MCI from CH based on logistic regression

Binary logistic regression models (Tables 2, 3 near here) based on the significant results of the
ANCOVA models provided probabilistic prediction equations for conversion of MCI participants

to AD and CH participants to MCI.

The probability equation for an MCI participant to convert to AD is sustained by age, the FAQ
score, the RAVLT 1st immediate recall score, the RAVLT 5th immediate recall score, the right
inferior temporal gyrus thickness, the right molecular layer of the right hippocampus body
volume, and the left amygdala accessory basal nucleus volume. The model had a sensitivity of
73,1%, specificity of 83,3% (Tables 3) and Yule Q coefficient indicating a very strong link between

the diagnosis and the clinical characteristics.

Then, the probability equation for a CH participant to convert to MCl is sustained by age, the

semantic lexical evocation for “vegetables” performance, the right subiculum body volume, and
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the left medial pulvinar thalamic nucleus volume. The models were characterized by a sensitivity
and specificity of 6.7% and 99.4% a (Table 5) and Yule Q coefficient was 0.85 indicating a very

strong link between the diagnosis and the clinical characteristics (Tables 4, 5 near here).
Discussion

Our results show that (1) participants with MCl and CH who maintain their cognitive performance
at the 4 years follow-up, tend to exhibited (i) a lower NPS prevalence (for MCI), (ii) a higher
cognitive performance and (iii) a lower number of involved brain structures; (2) none of the NPS
have potential of predicting MCI participants who might convert in AD over 4 years when
considering functional abilities score; (3) from all cognitive performance tests, only poorer mnesic
performances seems to predict MClI who convert to AD over 4 years, and only language
performance might predict CH who convert to MCI over 4 years; (4) brain regions that seem to
have the highest relevance in predicting conversion over 4 years, seem to be the hippocampus,
amygdala, and temporal inferior in the case of MCI participants, and hippocampus and thalamus

in the case of CH participants.

It was expected that agitation and appetite changes would be involved in predicting MCI to AD
conversion. Indeed, agitation along with appetite changes first appeared to have a significant
higher prevalence in the MCl-converted group. Previous studies also outlined this potential trend
by reporting agitation a precursor to future AD development!?36206207 and a sign in MCI
participants that would correspond to an early AD diagnosis?3. Yet no specific link was reported
regarding appetite changes. However, these implications were not significant when functional
abilities were considered. This suggests that in this sample of MCI participants, the NPS are at
least partly explained by the reduction in functional abilities. Furthermore, the involvement of
other NPS has been reported: depression, anxiety, apathy, irritability, psychotic symptoms.
Though in our model these NPS did not survive the significant threshold for the prevalence, nor
did they appear in the prediction model, they did show a non-significant up to double increase in
prevalence. Whereas several studies have been able to describe that the presence of NPS in CH
increased the risk of conversion to MCI*718-188 oyr results did not show any difference between

the CH-converted group in comparison to CH-non-converted.
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Cognitively, our results show lower verbal mnesic performance and semantic lexical evocation in
MCl-converted vs. MCl-non-converted. Interestingly, we do not find executive weaknesses in
MCl-converted although these deficits are frequent in MCl in relation to NPS (Rosenberg et al.
2011) as well as in AD?%8, In addition, mnesic difficulties occur much earlier than the diagnosis of
AD in comparison to executive difficulties?®®. The CH-converted vs. CH-non-converted showed
worse verbal mnesic, working memory and semantic lexical evocation performance. These
performances remains within the populational norms but they can probably be cognitive
fragilities and signs of a beginning of cognitive decline, potentially in line with subjective cognitive
complaints, not objectified by the neuropsychological tests?°®-211, As such, only verbal memory
performance remained significantly involved in predicting conversion to AD and to MCI in our

logistic regression models.

Regarding this significant role of memory performance, this is in line with the results of Baerresen
et al. (2015)2%2. The use of this type of model, with predictive purposes, is more frequent in recent
years and could be applied in individuals with non-amnestic MCI*®3, MCI due to Parkinson's
disease?!3 46 or even multiple sclerosis?!4. Unfortunately, these studies do not systematically

mention the reliability criteria of their models.

Concerning brain difference between MCl-converted and MCI-non-converted, brain
characteristics were broader and involve cortical structures of all lobes and subcortical regions of
the hippocampus and amygdala. This suggests that diffuse cerebral frailties may already be
present at the MCl stage, prior to the diagnosis of AD. However, only right temporal inferior, right
hippocampus and right amygdala remained significantly predictive of conversion in the logistic
regression model. Other studies have also shown cortical thinning of several lobes in MCI
participants and even more so in AD, with a more important involvement of the left

hemisphere?!>216, The opposite asymmetry was found in our data.

When analyzing specific brain changes from the perspective of involved NPS (agitation and
appetite changes) and their potential to influence the brain in MCl-converted participants,
previous studies showed that agitation was characterized by insular, superior frontal, middle,

orbital, parieto-occipital, hippocampal, and amygdala atrophies in MCI®%217.218  Fyrthermore,
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these atrophies were broadly similar between MCI and AD participants. Our data comparing the
effect of agitation in converters and non-converters showed occipital, cingulate, precentral,
intraparietal, and temporal involvement in conversion. Note that the interaction between
conversion status and agitation revealed that converters with agitation had thicker cortical
structures than converters without agitation, whereas the opposite association were found in
non-converters. This might suggest that the underlying physiological processes are not the same
(e.g., atrophy vs. compensation or inflammation). According to Bateman et al. (2020), pro-
inflammatory vs. anti-inflammatory processes have respectively a positive and negative
correlation with agitation in AD. Since the increase in brain structures here is only observed in our
converted group, we should look at the age of the agitation?!°. It could be assumed that in the
converted group, agitation is older and could have allowed the development of inflammatory

processes.

Interestingly, appetite changes seem more prevalent in MCl converted in AD than in non-
converted but them were also not retained by regression models as significant factor who predict
the conversion. Frequently, these behavioral changes are mainly associated with posterior
structures. Particularly, them have been described in participants with posterior cortical atrophy
but associated with posterior structures also in typical AD?%°, indicating that posterior brain
damage is not specific to these disorders. Overall, these are understudied disorders and often
dependent on other NPS such as anxiety or depression??%222, This makes these disorders more

complicated to study, especially on a neuroanatomical level.

In the CH to MCI conversion, the poorer performance in memory suggested that the brain
structures involved in memory would be reduced in people who convert to MCl. However, the
cortical and subcortical structures involved appear to be broader and involved in emotional
(cingular, amygdala, frontal orbital), memory (temporal, hippocampus) and multimodal functions
(thalamus). According to regression model, smaller volumes in the right hippocampus and the left
thalamus predicted better the conversion to MCI. Previous studies that have looked at brain
differences have focused on comparisons between CH individuals and individuals with MCI. These
studies showed reductions in hippocampal, entorhinal and parahippocampal cortex
volumes??3224 and were supported by other studies showing cortical thinning in healthy
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participants with subjective cognitive impairment compared to participants without, in
hippocampal, parahippocampal, amygdala, entorhinal, fusiform, posterior cingulate, and inferior
parietal regions??>~2?7, These reductions may have been associated with poorer performance in

verbal memory??>,

To our knowledge, most studies have focused on regions of interest known to be involved in AD,
whereas our study looked at the entire cortex and subcortical structures. Furthermore, our results
may suggest brain changes that precede medial temporal damage, which is usually considered as

an anatomical precursor of cognitive decline due to AD.

Because the risk of developing MCI was dependent on certain demographic data, we chose to
include them in the regression model, whereas these variables were controlled in the ANCOVA
model to isolate differences related to cognitive performance and brain structure size. Other
analyses, on other databases, should also consider the systematic presence of SMC in CH
individuals, as well as the presence of symptoms related to awareness of changes and difficulties
(anosognosia and/or anosodiaphoria). Alternatively, if our results do not show neuropsychiatric
differences in CH-converted, this may suggest the existence of “subjective behavioral complaints”
that would precede the objectification of a mild behavioral disorder, as described by Ismail et al.

(2016, 2017), in analogy to the stages of cognitive decline model3%2%8,

This study should be viewed in light of several limitations. First, in the AD conversion model, the
duration of cognitive impairment was not available in the extracted data. Due to this limitation,
it cannot be excluded that some MCI participants who converted to AD, had the longest duration
of impairment. Another limitation of this study concerns the small proportion of CH individuals
who convert to MCI3%2%8, correspondingly, this small sample cannot be representative of this
population limiting our understanding regarding potential factors involved in conversion to MCI.
Finally, our model did not consider the socioeconomic aspect that may influence NPS, such as
marital status, residential patterns, accompanied housemate, unemployment, or family income,

as suggested by previous studies??>-231,

The generalizability of our results refers to the possibility of its implementation in a clinical setting

and on an individual basis, in order to calculate the predictive value of the risk of cognitive decline
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after 4 years, especially in individuals with such complaints. After the corresponding parameters
are being quantified, the probability of conversion can be calculated using the equation: P(event)
= 1/(1+eB1"X1+ B2*X2+ B3*X3+..+ Bn*Xn+constant)  The regression tables (Table 2 and 4) provide the B
coefficients of each significant variable in the model and the X values are the individual-specific
values quantified using corresponding tests and MRI data. For example, the equation for
conversion from MCI to AD after 4 years is P(AD) = 1/(1+e"[:0:0717X1+0,084¥X2-0,300*X3-0,199*X4-2,800*X5-
23741,5927X6-19389,102"X7+20,115]) \where e = 2,71828 (the base of natural logarithm), X1 = Age, X2 = the
FAQ score, X3 = the RAVLT 1st immediate recall score, X4 = the RAVLT 5th immediate recall score,
X5 = the right inferior temporal gyrus thickness, X6 = the right hippocampal tail volume, X7 = the
right amygdala accessory basal nucleus volume and 20,115 is the model’s constant. A 70-year-old
individual with MCI, a FAQ score of 10, RAVLT scores of 3 and 5, and structure values of 2.5,
0.0002, and 0.0001 would have a 60% probability of converting to AD after 4 years (Odds Ratio =
1.50). The data obtained from the calculation of each equation allows us to estimate, from the

data of a given individual, the percentage risk of conversion of this individual.
Conclusion

Research on the preclinical stages of AD is frequent and focuses on different diagnostic criteria
and risk factors. As far as we know, our study is one of the first to apply these types of models
with MCl and CH individuals using both neuropsychiatric, cognitive and neuromorphological data.
We proposed to distinguish MCl and CH participants who convert to AD and MCI, respectively,
after 4 years of follow-up from the ADNI database. We were able to establish two predictive
models to distinguish participants evolving to a more severe clinical stage. The conversion from
MCI to AD was characterized by the presence of agitation, lower memory performance and
smaller volumes of inferior temporal, hippocampal and amygdala brain structures, whereas the
conversion from CH to MCI was characterized by lower performance on semantic evocation and
smaller volumes of hippocampal and thalamic brain structures. From a clinical perspective, the
construction of models with good psychometric characteristics would allow to estimate, for an
individual evaluated in a clinical context, an objective probability of conversion and to anticipate

cognitive and brain declines thanks to cognitive, family or social care and support.
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Tables

Table 3.1. Demographic, neuropsychiatric and neuropsychological characteristics for MCl and CH

groups (non-converted and converted).

MCI CH

Non-converted Converted TIChi? P Non-converted Converted TI/Chi? P
N 156 19 170 15
Demographic (mean/sd)
Age 75.07/7.75 74.54/7.52 0572 0.568 7541/4.92 74.00/5.28 1.06 0.291
Education 15.55/3.07 15.93/2.81 -1.060 0.290 16.15/2.81 16.07/2.84 0.114 0.909
Sex (% women) 39.1 353 0418 0.518 48.8 40 0.430 0.512
MMSE 27.51/1.73 26.87/1.67 3.125 0.002 29.12/1.00 28.67/1.50 1.598 0.112
FAQ 2,72/3,83 5,75/5,.22 -5.329 0.000 0,06/0,33 0,73/1,71 -1.512 0.153
NPS (%)
Delusion 0 0.8 1316 0.251 0 0 - -
Hallucination 0 0.8 1316 0.251 0.6 0 0.089 0.766
Agitation 12.8 26.9 8716 0.003 3.5 0 0.547 0.459
Depression 14.7 21.8 2327 0.127 4.7 0 0.738 0.390
Anxiety 16.0 21.0 1.127 0.288 3.5 6.7 0.373 0.542
Euphoria 32 34 0.005 0.942 0 0 - -
Apathy 10.9 15.1 1.087 0.297 1.8 0 0.269 0.604
Disinhibition 5.1 9.2 1.778 0.182 0.6 0 0.089 0.766
Irritability 27.6 303 0238 0.625 7.1 6.7 0.003 0.955
AMB 45 4.2 0013 0.909 0.6 0 0.089 0.766
Nighttime
behavior 122 13.4 0.097 0.755 9.4 20 1.677 0.195
?::::eie 77 15.1 3.838 0.050 0.6 0 0.089 0.766
Cognitive Assess. (mean/sd)
Clock drawing 4.43/0.76 4.13/1.05 2.781 0.008 4.71/0.59 4.60/0.74 0.650 0.516
Clock copy 4.76/0.49 4.61/0.69 1924 0.056 4.89/0.35 4.67/0.82 1.043 0.314
RAVLT | 4.62/1.64 3.76/1.26 4.902 0.000 5.18/1.61 4.73/1.03 1.047 0.296
RAVLT 2 6.10/2.06 5.00/1.48 5.173 0.000 772/1.97 6.60/1.18 2.162 0.032
RAVLT 3 7.24/2.32 5.90/1.53 5.781 0.000 944/2.32 8.53/2.59 1.429 0.155
RAVLT 4 7.77/2.54 6.27/1.54 6.052 0.000 10.54/2.38 9.33/2.61 1.860 0.065
RAVLT 5 8.47/2.67 6.64/2.00 6514 0.000 11.18/2.24 10.53/2.62 1.061 0.290
RAVLT 6 4.79/3.58 2.55/2.08 6511 0.000 839/3.44 7.07/2.63 1.456 0.147
RAVLT B 3.96/1.59 3.40/1.32 3.103 0.002 5.05/1.68 4.87/2.80 0.386 0.700
DS Forward 8.34/2.06 8.32/1.99 0.083 0.934 8.88/2.02 8.13/1.96 1.378 0.170
DS Backward 6.41/2.14 6.10/1.82 1.296 0.196 7.25/2.17 6.27/1.22 1.721 0.087
Animals 16.52/4.68 15.70/4.86 1419 0.157 20.16/5.56 18.73/5.84 0.948 0.344
Vegetables 11.64/3.38 10.04/3.31 3.922 0.000 1491/3.70 12.80/3.86 2.114 0.036
TMTA 40.72/17.02 48.76/26.19 -2.912 0.004 3591/12.97 37.20/12.23 0370 0.712
TMTB 110.31/59.47 143.44/78.24 -3.848 0.000 86.12/43.96 91.20/26.92 -0.440 0.661
Symbol Digit 39.75/11.00 35.15/10.72 3.473 0.001 46.20/10.34 43.4716.96 1.003 0.317
BNT 26.17/3.55 25.50/3.90 1.487 0.138 27.88/2.31 27.80/2.18 0.133 0.894
RAVLT Del. 3.90/3.70 1.55/2.30 6.470 0.000 7.73/3.62 6.07/3.67 1.703 0.090
RAVLT tot 10.63/3.32 8.58/3.83 4.736 0.000 12.98/2.44 12.40/2.10 0.886 0.377

Legend: sd = standard deviation, MMSE = MiniMental State Examination, FAQ = Functional
Assessment Questionnaire, NPS = Neuropsychiatric Symptoms, RAVLT = Rey Auditory Verbal
Learning Test (free recall 1 to 6, list B and delayed), DS = Digit Span, TMT = Trail Making Test, BNT

= Boston Naming Test. Bold values = significant results.
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Table 3.2. Binary Logistic Regression for the conversion from MCI to AD after 4 years.

Variables B Sig. Exp(B) 95% Confidence Interval
Age -0,071 0,001 0,932 0,892 0,973
FAQ 0,084 0012 1,088 1,019 1,162
Free recall | of RAVLT -0,3 0012 0,741 0,587 0,936
Free recall 5 of RAVLT -0,199 0,007 0,82 0,709 0,948
Temporal inferior gyrus
. -2,8 0,001 0,061 0,011 0,34
right
Hippocampus tail right  -23741,592 0,009 0 0 0
Amygdala Accessor
ved Yo 19389,102 0,006 0 0 0
Basal nucleus right
Constante 20,115 0 5,44E+08

Legend: B = Coefficient from each significant variable, Sig. = Significancy, FAQ = Functional

Assessment Questionnaire

Table 3.3. Psychometric characteristics for regression model of the conversion from MCI to AD.

Prediction
Correct
MCI To AD L
Prediction
MCI 130 26 83.3(Spe.)
Observed
To AD 32 87 73.1(Sens.)
Accuracy 78.9
Positive predictive value 76.99
Negative predictive value 80.25
Yule Q coefficient 0.86

Legend: Spe. = Specificity, Sens. = Sensitivity

Table 3.4. Variables significantly involved in predicting conversion from CH to MCl after 4 years.
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Variables B Sig. Exp(B) 95% Confidence Interval

Age 0,153 0,027 0,858 0,75 0,982
Semantic lexical evocation
0,194 0,036 0,824 0,687 0,988
« vegetables »
Hippocampus, subiculum body,
P d . d -50786,249 0,011 0 0 0
right
Thalamus, pulvinar medial, left -18793,242 0,001 0 0 0
Constante 30,892 0 2.608E+13

Legend: B = Coefficient from each significant variable, Sig. = Significancy.

Table 3.5. Psychometric characteristics for regression model of the conversion from CH to MCI.

Prediction
Correct
CH To MCI L
Prediction
CH 169 | 99.4(Spe.)
Observed
To MCI 14 1 6.7(Sens.)
Accuracy 919
Positive predictive value 50%
Negative predictive value 92.35
Yule Q coefficient 0.85

Legend: Spe. = Specificity, Sens. = Sensitivity
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Supplementary Table
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Supplementary Table 1 : Structural differences between MCl-non-converted vs MCl-converted.

Lobe Structure Leftt Leftp Rightt Rightp
Frontal superior gyrus 2,465 0,014 - -
superior sulcus 2,544 0011 - -
middle gyrus 3,337 0001 2491 0013
middle sulcus 2,705 0007 - -
inferior sulcus 3,806 0,000 1963 0.051
rectus gyrus 1,964 0,051 2,630 0,009
precentral inferior part sulcus 2,319 0,021 2,041 0,042
pole transverse gyrus and sulcus 3764 0,000 3517 0,001
marginal gyrusand sulcus 2,760 0006 3,173 0,002
Inferior opercularis gyrus 3,049 0003 2511 0013
inferior triangularis gyrus - - 2,056 0,041
inferior orbital gyrus - - 2,667 0,008
orbital H shaped sulcus 1,987 0,048 - -
orbital medial olfactive sulcus - - 2,998 0,003
Occipital superior transversal sulcus 3,024 0,00: - -
middle gyrus 3470 0,00 2,268 0.024
middle lunatus sulcus 2,075 0039 - -
inferior gyrus and sulcus 2,087 0,03 - -
anterior sulcus 2,061 0040 - -
calcarine sulcus 2469 0014 2247 0,025
occipito-temporal lateral sulcus 3,553 0000 2919 0.004
occipito-temporal medial lingual sulcus 3,005 0,003 3,926 0,000
Cingulate anterior gyrus and sulcus 2,003 0046 - -
posterior dorsal gyrus 4,130 0000 4316 0,000
posterior ventral gyrus 3267 000! 772 0,000
subcallosal gyrus 2,810 0,005 .64 0,009
mid Posterior gyrus and sulcus - - 71 0,007
Insula circular superior Sulcus - - ,84. 0,005
circular inferior Sulcus 3,726 0,000 .55 0,000
circular anterior Sulcus 2010 0045 - -
long insular gyrusand central sulcus 4,136 0,000 3,681 0,000
shortgyrus 3320 0001 - -
Parietal superior gyrus 2417 0016 2,565 0,011
inferior angular gyrus 4,439 0,000 3,807 0,000
inferior supramar gyrus 4561 0000 2880 0.004
precuneus gyrus 4,092 0000 3,807 0.000
Jensen sulcus 3,535 0000 2933 0,004
intraparietal sulcus 3,486 0,001 2,869 0,004
parieto-occipital sulcus 3,026 0003 2613 0,009
subparietal sulcus 2,664 0,008 3,506 0,001
Temporal superior lateral gyrus 816 0,000 ,580 0.010
superior planum polare gyrus 872 0,000 676 0,000
superior planum temporale gyrus 427 0,001 ,832 0,005
superior sulcus 4,647 0,000 4,287 0,000
middle gyrus 4,677 0,000 5275 0,000
inferior gyrus 4,107 0,000 .55 0,000
inferior sulcus 4,527 0,000 .87 0,000
lateral fusiform gyrus 3,726 0,000 .59 0,000
medial parahippocampal gyrus 3,366 0,001 4,14 0,000
pole 4,045 0,000 3617 0,000
lateral fissure posterior - - 3116 0,002
collateral transverse anterior sulcus - - 2.253 0.025
collateral transverse posterior sulcus - - 2,759 0,006
Hippocampus  whole 5708 0,000 5815 0,000
whole head 5620 0,000 5,032 0,000
whole body 5137 0000 5,659 0,000
presubiculum head 4870 0.000 4,649 0.000
presubiculum body 2910 0004 3787 0,000
subiculum head 4,49 0,000 4019 0,000
subiculum body 4,26 0,000 5,168 0,000
cal head 4,96 0,000 446! 0,000
cal body 3,083 0,002 3,600 0,000
a3 head 4533 0,000 3,960 0,000
ca3 body 4544 0,000 4,800 0,000
ca4 head 5172 0,000 4,546 0,000
ca4 body 4,498 0,000 5,053 0,000
hata 4450 0,000 4,097 0,000
fimbria 4243 0,000 3,284 0.00!
molecular Layer head ,599 0,000 5,20 0,000
molecular Layer body ,122 0,000 6,02 0,000
gemlidg head 271 0,000 471 0,000
gemldg body 4,654 0000 5019 0,000
tail 4303 0000 5562 0,000
Amygdal Lateral nucleus 4,858 0,000 4,520 0,000
Basal nucleus 5445 0,000 5435 0,000
Accessory Basal nucleus 6,421 0,000 6,618 0,000
Anterior amygdaloid area 4823 0,000 3,891 0,000
Central nucleus 6,772 0,000 5876 0.000
Medial nucleus 3,848 0000 3,993 0.000
Cortical nucleus 4879 0000 6,173 0,000
Cortico-amygdaloid transition 4346 0,000 4,399 0,000
Paralaminar nucleus 3,107 0,002 3,653 0,000
Whole 5663 0000 5476 0,000
Thalamus LD 2,241 0026 2493 0013
LGN 829 0,005 2,146 0,033
MDI ,332 0,020 - -
MVRe 227 0,027 2,520 0,012
PuA 2,507 0013 - -
Pul 2,539 0012 2010 0,045

Legend: gcmldg = granule cell layers of the dentate
gyrus, CA = Cornu Ammonis, hata = Hippocampus
amygdala transition area, LD = Laterodorsal, LGN
= Lateral Geniculate Nucleus, MDI = Mediodorsal
lateral, MVRe = Medial Ventral Reuniens, PuUA =

Pulvinar Anterior, Pul = Pulvinar Inferior.
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Supplementary Table 2: Structural differences between CN-non-converted vs CN-converted.

Lobe Structure Left t Leftp  Right Right
t P
Cingulate Posterior ventral gyrus - - 2.328 0.021
Frontal inferior Orbital gyrus - - 2.027 0.044
Temporal middle gyrus - - 1.973  0.050
pole gyrus - - 2.001 0.047
Hippocampus whole - - 2.032  0.044
whole body - - 2.260 0.025
presubiculum body - - 2.604 0.010
subiculum head 2.349 0.020 - -
subiculum body - - 2.757 0.006
cal body 2.167 0.032 - -
molecular layer body - - 2472 0.014
tail 2.039 0.043 2.287 0.023
Amygdala anterior amygdaloid area 2.401 0.017 - -
corticoamygdaloid transition - - 2.109  0.036
Thalamus whole 2.538 0.012 - -
central lateral 2.478 0.021 - -
paratenial - - 2.168 0.042
pulvinar Interior 2.945 0.004 - -
pulvinar medial 3.364 0.001 - -

Legend: t = statistical value from the Student T-test Model, Left = left hemisphere, right = right

hemisphere, CA = Cornu Ammonis
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Supplementary Table 3 (See below): Simple and interaction effects of group (MCl-converted vs
MCI-non-converted) and NPS (Agitation and Appetite changes) on cognitive performance and

brain structures from corrected ANCOVA model.

Legend: *p<.05; **p<.01; ***p<.001; agi = agitation, app = appetite changes, F = statistical value
from the ANCOVA Model, Left = left hemisphere, right = right hemisphere, CA = Cornu Ammonis,

gcmldg = granule cell layers of the dentate gyrus.
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Simple effects Interaction effects

Group Agi App Group*Agi Group*App
Domain Variable F-values
Clock Drawing 1.4 1.4 o] (] 08
Free recall | RAVLT 19,7+ 0.7 1.1 0.2 38
Free recall 2 RAVLT A b | 3.4 0 0.1
Free recall 3 RAVLT 9,2+ 0.2 0.7 0.2 02
Free recall 4 RAVLT 8,6 0,3 0 0 0
Cognitive Free recall 5 RAVLT 9.4 0.8 0.2 0.4 0
Free recall 6 RAVLT | 4,4k 0,3 0.1 0 2,9
Free recall BRAVLT 11 3% 0,5 .4 6,3% 16
Semantic lexical evocation "Animals" 2.3 0.9 0.6 0.6 3
Dehyed free recall RAVLT 12,58 | 0.9 0.4 3
Total delayed recall RAVLT 10,2%* | 0 0 22
rectus Gyrus Left 0.3 2,3 0.2 0.3 04
rectus Gyrus Right 4,9% 0.1 o 2.2 L
precentral Inferior part Sulcus Left 0.3 0.5 5.2* 8,3%* 1
Frontal
precentral Inferior part Sulcus Right 0.3 1.4 0.8 52¢% 02
Inferior Sulcus Left 2.6 53% 0.6 0.1 02
Inferior Triangularis Gyrus Right 0 5.5+ 1.1 0.8 0.3
Superior transversal Sulcus Left 39+ 8.7+ 0.3 2.5 1.5
middle Gyrus Left 4,1% 2,4 0.9 0,3 2.5
o middle Lunatus Sulcus Left 4,1% 4.2% 1.5 0,5 28
temporal Lateral Sulcus Left 7,07 0.5 0.6 0.5 08
temporal Medial Lingual Sulcus Right 8, 1% 1.7 4,2% 0, 8,3%
Inferior Gyrus and Sulcus Left 0.5 0.1 o 5.7% 0.1
ek subcallosal Gyrus Left 7.0 3.6 0.1 4% 27
subcallosal Gyrus Right 6.0% 13 1.6 1.9 26
Insula circular Inferior Sulcus Left 3 0.6 0.1 1.8 2
Superior Gyrus Left 6,2% 0.9 0.5 3.7 6.0*
Superior Gyrus Right 4.8% 33 0 1,1 3.9%
Inferior Angular Gyrus Left 8,6%F 28 0 32 23
Inferior Angular Gyrus Right 6, 1% 43% 0.4 0.8 25
Inferior Supramar Gyrus Left 7 4% 0 0.8 1.5 24
Inferior Supramar Gyrus Right 2.4 6,0% 0.2 0.6 11
Pariatal intraParietal Sulcus Left 5.6% 0.3 1.5 4.8% 5.7%
intraParietal Sulcus Right 2.4 1.4 0.1 0.8 2,6
subparietal Sulcus Left 7.1% 42% 0.3 1.5 7.5%
subparietal Sulcus Right 10,6+ 1.3 27 0.5 6,87
parieto-occipital Sulcus Left 5.4% 1.6 0.4 4.1% 2.1
parieto-occipital Sulcus Right 6.5* 32 23 0.4 9.7+
precuneus Gyrus Left 8,9 1.3 2 3 4.3*
precuneus Gyrus Right (2 ks 5.7 ] 0.4 5.0*
superior lateral Gyrus Left 4,7% 2.8 0 0 L
superior lateral Gyrus Right 2,1 6.2+ 0.1 28 09
Superior sulcus Left 62% 22 0.4 0.4 12
superior sulcus Right 35 1.1 0.1 1.3 0.6
superior plan tempo Gyrus Right 3.7 0.7 2.1 0.5 14
Temporal middle gyrus Left 4,0* 0,1 0 0.2 04
middle gyrus Right 4,5% 1.9 0.4 4.0* 03
lateral fissure Posterior Right 3,9% 1.7 0.6 1.7 26
inferior gyrus Right 5.3% 0.3 1,2 2 04
Inferior sulcus Left 3,7 0.3 1.6 1.1 0
inferior sulcus Right 2.9 .7 0.1 3.8 0
whole left 6,6% 1.8 5.6% 0, 23
whole right 5.5% 4.8% 5.3% 0.1 0.5
whole head left 5.3 1.5 4,1* 0.3 19
whole head right 2,7 4.9% 4,.4% 0,1 03
whole body left 7.0 2.3 5.4% 0 25
whole body right 7,4+ 4.6% 4,5+ 0 0.7
presubiculum head left 4.4% 25 4.2% | 1.1
presubiculum head right 3 4.6% 2.7 1.5 08
presubiculum body right 6,1% 1.6 [} 0 1.9
sublculum head left 5.1% 1.5 23 0,2 1.5
subiculum body left 5.7* 2.3 42% 0 37
subiculum bedy right 9.5 4.9% 2.5 0 19
cal head left 32 0,8 29 0.3 1.4
cal head right 1.8 3.4 5.1% 0.1 0.1
cal body right 0.8 0.8 5.4+ 0 0
E— ca3 head left 5.4% 1.8 3.3 0 37
ca3 body left 3.8 22 8,5%* 0 0.9
ca3 body right 3.4 52% [ riad 0 08
ca4 head left 6,2+ 2.1 3.7 0.6 3
ca4 body right 4,9+ 4.4 6.2% 0 0
ca4 body left 3.7 2.2 6,0* 0 1.3
hata right 2.6 2.3 1.6 2.3 ]
fimbria left 3.2 0 0.7 0 o
molecular Layer head left 5.2% | 4,3% 0.4 16
molecular Layer head right 2.9 4.2% 4.5% 0 0.1
molecular Layer body left 7.8+ 2.5 5,3% 0 27
molecular Layer body right 8.4 3.6 43+ 0 0.6
gemidg head left 5.5% 1.3 3.8 0 18
gemidg body left 4.6% 2.3 6,0% 0 13
gcmidg body right 4,5% 3.6 6, 1% 0 [
call left 3.5 0.6 4.9* o 1
eail right 53* | 4,0% 0 03
whole left 1.8 0.6 5.8+ 0.1 02
accessory basal nucleus left 4,3*% 0.9 6,2+ 0 0.6
accessory basal nucleus right 5.0% 65% 3.5 0.2 0.1
anterior amygdaloid area left [} 0 6.9+ ) [
anterior amygdaloid area right 0 4.4% 6,1% 0 0
Amygdala basal nucleus right 1.7 5.4% 2.2 22 02
central nucleus left 5.6% 0 0 0 0
central nucleus right 3.6 45% 0 0 ]
corticoamygdaloid transition left 0.5 0 6,7 0.9 4]
lateral nucleus left 1.3 0.4 52% 0 0.1
paralaminar nucleus left Qo 0 o ] [+]




Supplementary table 4. Corrected ANCOVA model for differences between CN-non-converted vs

CN-converted.

Simple
effect
Domain Variable F-Values
Cognitive 2" recall of RAVLT 4.4%
Digit Span Backward 2,5
Eemantlc Le“)(lcal Evocation 45+
Vegetables
Cingulate posterior ventral gyrus right 5,0
Frontal inferior orbital gyrus right 3,9%
Temporal middle gyrus right 5,2%
pole gyrus right 4,5%
Hippocampus whole right 7,0
body right 8, |+
presubiculum body right 8, |+
subiculum head left 8,3+
subiculum body right 10,4+
cal body left 5,8*
molecular Layer body right 4,0%
tail left 6,3%
tail right 7 4%
Amygdala anterior amygdaloid area 7.8+
left
cs)rtlcoamygdalmd transition 7.2
right
Thalamus whole left 5,8%
central lateral left 2,0
paratenial right 0,0
pulvinar anterior left 8,94
pulvinar medial left | |, 4=k

Legend: *p<.05; **p<.01; ***p<.001; F = statistical value from the ANCOVA Model, Left = left

hemisphere, right = right hemisphere, CA = Cornu Ammonis
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Transition

Cette troisieme étude visait a prédire la conversion du TCL a la MA et du vieillissement sain au
TCL en se basant sur des données neuropsychiatriques, neurostructurelles, cognitives et
d'habiletés fonctionnelles rétrospectives. Les résultats montraient que les données
neurostructurelles et cognitives étaient plus sensibles dans la prédiction de la conversion du TCL
a la MA. LU'implication de plus faibles habiletés fonctionnelles et non des SNP dans la conversion
en MA suggérait que les SNP étaient en lien avec ces faibles habiletés plutét que précurseurs de
la conversion en MA. Cela soutient la question de I'origine des SNP : antérieurs aux troubles
cognitifs, conséquence de ces derniers, ou encore conséquence des difficultés de la vie

guotidienne.

L’étude suivante portera sur une problématique fréguemment questionnée mais encore peu
étudiée. Comme il a pu étre décrit, la dépression est fréquente dans la maladie d’Alzheimer.
Pourtant, cette dépression ne remplit pas les criteres du trouble dépressif majeur alors méme
gue ce dernier peut s’accompagner de troubles mnésiques et de la concentration. En raison de
ce flou, cette étude s’intéressera aux associations neuropsychiatriques et cognitives du trouble
dépressif majeur dans différents échantillons : cognitivement sain, avec un TCL, ou ayant un

diagnostic de MA.
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Abstract

Objectives: The diagnosis of Major Depressive Disorder (MDD) is based on the DSM-V criteria and
is established by a clinician. This allows quantifying depression based on clinical criteria. As such,
MDD differs from other types of depressions that are measured by subjective scales. Here, we
evaluated the MDD risk factor on other neuropsychiatric symptoms (NPS) as well as MDD
association with cognitive performance in Alzheimer’s disease (AD), Mild Cognitive Impairment
(MCI) and Healthy Controls (HC). Methods: Data of 208 patients with AD, 291 patients with MCI
and 647 HC were extracted from the National Alzheimer’s Coordinating Center database. All
participants included in this study were assessed by a physician for the MDD criteria, underwent
a NPS evaluation using the NeuroPsychiatric Inventory, and a comprehensive cognitive
assessment. Participants were classified as with- and without MDD. We performed logistic
regression and MANCOVA models respectively with NPS and cognitive performance as variables
of interest and MDD as fixed factors within each group. The MANCOVA was controlled for the
effects of age, sex, and education. Results: MDD increased the risk for psychotic, affective and
behavioral NPS in MClI, as well as affective and behavioral NPS in HC and AD. Also, MCI with MDD
had lower performance on selective attention and mental flexibility. Conclusions: MDD seems to
increase the probability of a higher prevalence of NPS in all groups (HC, MCl and AD). Longitudinal
data processing would help to understand the neuropsychiatric evolution of elderly subjects with

MDD.

Keywords: Major Depressive Disorder, Cognitive Performance, Neuropsychiatric symptoms,

Alzheimer’s Disease
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Résumé

Objectifs : Le diagnostic du trouble dépressif majeur (TDM) est basé sur les critéres du DSM-V et
est établi par un clinicien. Il permet de quantifier la dépression sur la base de criteres cliniques.
En tant que tel, le TDM differe des autres types de dépressions quantifiées sur la base d'échelles
subjectives. Ici, nous avons évalué le facteur de risque du TDM sur d'autres symptomes
neuropsychiatriques (SNP) ainsi que |'association du TDM avec la performance cognitive dans la
maladie d'Alzheimer (MA), les troubles cognitifs légers (TCL) et les contréles sains (CS). Méthodes
: Les données de 208 patients atteints de la MA, 291 patients atteints de TCL et 647 CS ont été
extraites de la base de données du National Alzheimer's Coordinating Center. Chaque participant
inclus a été évalué par un médecin selon les critéeres du TDM, a subi une évaluation des SNP a
I'aide de l'inventaire neuropsychiatrique et une évaluation cognitive compléte. Les participants
ont été classés en deux catégories : avec et sans TDM. Nous avons effectué une régression
logistique et un modele d’analyse de covariance multivariée (MANCOVA) respectivement avec les
SNP et les performances cognitives comme variables d'intérét et le TDM comme facteur fixe au
sein de chaque groupe. La MANCOVA a été contrblée pour les effets de I'dge, du sexe et de
I'éducation. Résultats : Le TDM a augmenté le risque de SNP psychotiques, affectifs et
comportementaux dans le TCL, et de SNP affectifs/comportementaux chez les participants CS et
MA. De plus, les personnes atteintes de TCL et de TDM avaient des performances inférieures en
matiere d'attention sélective et de flexibilité mentale par rapport aux TCL sans TDM. Conclusions
: Le TDM semble augmenter la probabilité d'une prévalence plus élevée de NPS dans tous les
groupes (CS, TCL et MA). Le traitement de données longitudinales permettrait de comprendre

I'évolution neuropsychiatrique des sujets agés avec un TDM.

Mots-clés: Trouble Dépressif Majeur, Performances cognitives, Symptémes neuropsychiatriques,

Maladie d’Alzheimer
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Introduction

Depression in the elderly has been associated with cognitive difficulties?32. The
connections between depression and Mild Cognitive Impairment (MCI) has been reported to be
frequently co-morbid, and cognitive disorders occurring in the context of depression may not be
remitted?33. The persistence of cognitive impairment after depression is of a significant clinical
concern, since it increases the risk of converting from MCI to Alzheimer’s disease (AD)%3*. Some
studies looked at depressive symptoms as risk factors for accelerated cognitive decline. Wilson et
al (2002) reported that elderly participants with depressive symptoms and without AD at baseline,
had a 19% increased risk of AD after seven years and the overall annual cognitive decline was
increased by 24% in these participants?3. In another prospective longitudinal study, Kéhler et al.
(2010) showed a robust relationship between depressive symptoms and subsequent cognitive
decline?®. Clinically meaningful depressive and persistently high depressive symptoms were
associated with faster cognitive decline and increased the risk for development of future
“Cognitive Impairment, No Dementia”, especially with memory impairment. More recently,
similar data were obtained by Oh et al (2020) from a large Korean cohort showing a threefold
increased risk of dementia in non-demented, cognitively normal individuals with subsyndromal
depression??’. This risk was also increased in chronic or recurrent subsyndromal depression??’.
However, a longitudinal study of depressive symptoms before a diagnosis of dementia by Singh-
Manoux et al., carried out over a 28-year follow-up, states that only depressive symptoms in late
life but not midlife were associated with increased risk for dementia?38. As such, the potential

overlap between depression and age-related cognitive decline remains unclear.

The potential differences in results could be also due to different methods of quantifying
depression. Some studies used specific clinical scales, but this is not in line with the clinical
definition of depression, known as “major depressive disorder” (MDD) and which can be evoked
from a psychiatric perspectivel’?. MDD is defined by the DSM-V criteria and requires: (1) the
presence of at least one of the two symptoms of (i) depressed mood and (ii) loss of interest or
pleasure; (2) as well as at least five of the nine symptoms (first two and: (iii) weight or appetite
loss or gain, (iv) insomnia or hypersomnia, (v) psychomotor agitation or retardation, (vi) fatigue,

(vii) worthlessness, (viii) diminished ability to think or concentrate and (ix) suicidal ideation)”.
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MDD has been linked to various cognitive disorders, particularly memory and dysexecutive
disorders, in both adults and the elderly. In the latter population, the severity of MDD has been
linked to greater difficulties in initiation, as well as to greater instrumental activities of daily living
impairment in individuals without dementia?®. These findings were also confirmed by Gildengers
et al. (2012) who describe dysexecutive impairments and slower processing speed in elderly
patients with MDD compared to elder control participants?*°. Furthermore, the presence of
cognitive impairments was not specific to acute phases of MDD but could be found in remittent
phases?*°, Some of these impairments could then be irreversible precursors of mild cognitive
impairment (MCI). Interestingly, MDD has been reported in 11.2-19.6% of MCI patients based on
DSM-V criteria®?*2#2, in 11.5% of mild AD, 10% of moderate AD and 4.5% of severe AD?*.
However, other studies looking at neuropsychiatric symptoms (NPS) of depression (without
identifying a full diagnosis of MDD) have also been able to show associations with poorer

cognitive performance in individuals and an increased risk of decline?3>236:238,

Although the increased risk of dementia in the presence of NPS has already been
reported??3336 the data showing comorbidities between MDD and other NPS are scarce. Recent
factorial models, demonstrated in the review and meta-analysis by Liew (2019), showed that
depression was consistently associated with anxiety and often associated with apathy?*4. Other
studies showed that depression is frequently comorbid with anxiety, and more so in the elderly
than in the young?*>24¢_ Depression was also shown to be associated with apathy as well cognitive
changes in the form of poorer episodic memory and diminished processing speed?’. In patients
with dementia, depression has been associated with various NPS factors such as hallucinations
and anxiety?*®. Nevertheless, previous studies investigating the associations between depression,
NPS and cognitive performance used clinical scales for depressive symptomatology, and, to our

knowledge, the potential associations with the MDD diagnosis have not been studied yet.

Considering the affective (anxiety, apathy) and cognitive (memory and executive
functions) associations of MDD in aging and the possible associations with pathological cognitive
decline (MCl and AD), as well as the reduced prevalence of MDD in the most declining population,

the aim of this study is to determine i) the probability of the presence of other NPS based on a
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MDD diagnosis; ii) associations between MDD and cognitive performance at different clinical

stages (Healthy Control [HC], MCl and AD with MDD compared to those without).

Methods

Participants

Data used in the preparation of this article were obtained from the NACC database
(specifically NACC UDSv1-2). The NACC database is a large compilation of longitudinal data of
participants that are HC as well as patients with MCI, AD and other neurodegenerative disorders.
Each participant benefited from a neuropsychiatric assessment via the Neuropsychiatric
Inventory and a comprehensive cognitive examination. Exclusion criteria were: (i) incomplete
assessments, (ii) incomplete neuropsychiatric and cognitive assessments, (iii) presence of
psychiatric history other than MDD (schizophrenia, bipolar disorder, substance abuse, post-
traumatic stress, obsessive-compulsive disorder), (iv) presence of neurological history (stroke,
head injury, brain tumor, anoxia, epilepsy, alcohol dependence and Korsakoff,
neurodevelopmental disorder), (v) prematurity, (vi) diagnostic criteria in favor of other
neurodegenerative or neurological etiology (Parkinson's disease, frontotemporal degeneration,
progressive supranuclear paralysis, corticobasal degeneration, Lewy body dementia, amyotrophic
lateral sclerosis, multiple sclerosis, multi-system atrophy, vascular dementia), (vii) presence of
substance abuse. After the exclusion, the final sample for analyses consisted of 647 HC, 291
patients with MCl and 208 patients with AD. In the NACC database, patients with AD met the
NINCDS/ADRDA criteria for probable or possible AD. Patients with MCI presented a diminished

cognitive performance in at least one cognitive domain.

Psychiatric conditions (such as diagnosis and treatment by a physician) are collected at
the initial NACC data collection visit. The patients are considered with MDD if the diagnosis of
MDD as described by the DSM criteria was attested by a physician in the previous two years. As
previously mentioned, the diagnosis of MDD requires a distinct change of mood, often

characterized by sadness and anhedonia accompanied by at least several psychophysiological
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changes, such as disturbances in sleep, appetite, or sexual desire, cognitive disorders, suicidal
thoughts, weak self-esteem, and slowing of speech and action. These changes must last a
minimum of 2 weeks and interfere considerably with work and family relations. Each clinical
group (HC, MCI, AD) was further divided in two groups based on the presence of MDD, resulting
in six final groups: HC-no-MDD, HC+MDD, MCl-no-MDD, MCI+MDD, AD-no-MDD and AD+MDD
(Table 1). The sample with MDD was limited to late-life MDD. Previous diagnoses and previously

treated MDD were excluded.

This study was approved by the Comité d’éthique de la recherche vieillissement-
neuroimagerie CER VN 19-20-06. Ethics committee approval and individual patient consents were
received by the NACC databases (https://naccdata.org/data-collection/forms-

documentation/uds-3).

Neuropsychiatric and Cognitive Assessments

The NPS were quantified based on the Neuropsychiatric Inventory; version evaluated by
participants' relatives, that was collected during the initial visit. We extracted the values of
“presence” / “absence” of 12 NPS: delusions, hallucinations, agitation/aggressiveness,
depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behaviors, sleep

disorders and eating disorders.

The cognitive assessment included the following tests present in both datasets: (1) global
cognitive efficiency (MMSE), (2) auditory-verbal memory (logical memory test from Wechsler
Memory Scale), (3) focused attention (Trail Making Test A), (4) processing speed (WAIS Coding),
(5) mental flexibility (Trail Making Test B), (6) working memory (digit span), (7) semantic verbal

fluency (animal and vegetable) and (8) visual confrontation naming (Boston Naming Test).

Statistical analysis

Demographic data analyses included: (1) between groups distribution using the student t-

test for age, years of education, MMSE score, and the Chi-square test for sex prevalence (Table
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1) as well as (2) analysis of prevalence of NPS among subgroups as well inter-group differences

(Table 2).

To determine the association of MDD with the other NPS probability in HC, MCl and AD,
we performed binary logistic regression models for each NPS as dependent variables and the

presence/absence of MDD as the independent variable.

In a second step, cognitive performance was compared between HC, MCl and AD patients
with MDD versus those without MDD using a MANCOVA model with age, sex, and education as
covariables (because the +MDD subgroups were younger). Interpretations were made with an

alpha threshold of 0.05, and a Bonferroni correction was made for multiple comparisons.

Results

Demographic, neuropsychiatric and cognitive performance data (Tables 1, 2, 3) showed
that the years of education, sex distributions and MMSE score were similar between subgroups
within each clinical group. For age, the +MDD subgroups were younger than the no-MDD within

each clinical group (Table 1).

Prevalence analysis showed that within the two groups MCI and AD, those with MDD
exhibited anxiety, apathy, disinhibition, irritability, disturbed nighttime behavior, and appetite
changes more frequently than those without MDD. Furthermore, MCI+MDD participants had
more delusions and agitation than MCI-no-MDD. Within the group HC, those with MDD exhibited
more frequently anxiety, apathy, disinhibition, irritability, nighttime behaviors and appetite

changes (Table 2).

Neuropsychiatric associations with MDD

The models of association between NPS and MDD are reported in Table 3. In the HC group,

the presence of MDD was positively and significantly involved in the probability equations for
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anxiety, disinhibition, irritability, nighttime behaviors, and appetite changes. However, MDD

alone does not appear to improve the model sensitivity (Specificity = 100%, sensitivity = 0%).

In the MCI group, the MDD was positively and significantly involved in the probability
equations for delusions, agitation, anxiety, apathy, disinhibition, irritability, nighttime behaviors,
and appetite changes. Thus, the presence of MDD increased the likelihood of experiencing these
NPS. However, MDD alone does not appear to improve the model sensitivity in MCI (Specificity =

100%, sensitivity = 0%).

In the AD group, the MDD was positively and significantly involved in the probability
equations for anxiety, euphoria, apathy, disinhibition, irritability, nocturnal behaviors, and
appetite changes. Additionally, MDD did improve the model sensitivity for apathy only in AD
group (specificity = 65.4%, sensitivity = 69.4%).

Cognitive association with MDD

After controlling for covariates, the MANCOVA model showed no cognitive associations

with MDD in HC participants: mean performance was similar between HC+MDD and HC-no-MDD.

Among participants with MCI, MCI+MDD performed significantly worse on the Trail
Making Test A and B (TMTA and TMTB), with longer completion times than MCI-no-MDD,

reflecting poorer performance in focused attention and mental flexibility respectively.

Finally, among participants with AD, AD+MDD performed better on the digit span
backward task (DSB), reflecting a better auditory-verbal working memory compared to AD-no-

MDD patients (Table 4).

Discussion

When considering 2 levels of cognitive decline: MCI and AD, the regression models and
analysis of covariance performed in our study showed 1) a role of MDD in increasing the
probability of NPS and 2) a significant impact of MDD on executive performances. These results
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remained significant even when the MANCOVA model included that confounding factors of age,
sex, and years of education. The presence of MDD is associated with a higher prevalence of
delusions and agitation in the MCI group and more prevalence of anxiety, apathy, disinhibition,
irritability, disturbed nighttime behaviors and appetite disturbance in the MCl and AD groups.
Moreover, logistic regression models confirm these associations, MDD being a significant
involvement in determining the presence of these NPS, implying that a patient with MDD had a
higher probability of having an additional NPS. In HC participants, MDD had only NPS association,
featured by higher prevalence of anxiety, disinhibition, irritability, nighttime behaviors and
appetite changes. Finally, the fact that MDD and some NPS are associated in all groups (including
HC) seems to indicate that these symptoms are part of a global picture, such that having one NPS

enhances the probability of having others, even in HC individuals.

These relationships might suggest a likely mood lability in MCl and AD patients, as mood
can shift from apathy to aggressivity or from depression to euphoria in these patients. Previous
studies outlined this link by describing that emotional lability can be frequent in AD patients, as
well as the emergence of late onset "bipolar disorder" type syndromes with manic episodes?*°.
Moreover, the emergence of these disorders has been described as a risk factor in the
development of dementia®°. Interestingly, previous studies also demonstrated an association

between depression and disinhibition in MCI and AD, though it was less frequently reported®?.

The significant association between MDD and agitation, depicted by our model, is in line
with previous literature. Agitation is commonly described in MCl and AD and appeared to be
associated with most other neuropsychiatric and behavioral disorders, including depression, even
in MCI?51-253, Agitation has been shown to be an expression of anxiety in AD patients?®. In
contrast, depression and apathy appeared to be more closely associated with the incidence of
agitation and the agitation composite score (which includes anxiety, agitation, irritability,

disinhibition, and aberrant motor behavior) as reported by Liu et. al. 2020%°>.

Our study showed no relation between MDD and hallucinations, whereas several previous
studies reported this association in AD, specifically with respect to visual, auditory, and olfactory

hallucinations?°6=2°8, Thus, it could be that the occurrence of hallucinations is not directly due to
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depression but mediated by it. These hallucinations may also be accentuated by social isolation,
loneliness and sensory deprivation?>°-261, On the other hand, behaviors of euphoria or excessive

joviality have also been described in the context of late bipolarity?#°.

Overall, our results show that patients with MDD had more frontal-type symptoms (such
as disinhibition, agitation or irritability) and no aberrant motor behaviors. Even if previous
literature described motor behaviors in relation to frontal-type symptoms, our study shows a
potential distinct impact of MDD on this NPS?>1. However, these behaviors are poorly studied and
do not seem to have direct links with depression?%2. According to Martin & Velayudhan's (2020)
literature review on NPS in MCI, some symptoms that are less frequent, or even as frequent as in
the general population, would not present a higher risk factor for developing a dementia state or
accelerated cognitive decline compared to people without these NPS, which include:
disinhibition, euphoria, appetite/eating disorders, and aberrant motor behavior?®. Indeed, a
recent study looked at clusters of NPS in MCl and their comparative risks of dementia and found
that frontal/hyperactivity-like symptoms, such as euphoria, disinhibition, and aberrant motor
behaviors would not present an increased risk for patients to develop dementia, and that these
symptoms would be a consequence of other symptoms such as psychotic or affective

symptoms?44,

Our results also showed that the MCI+MDD group was characterized by poorer
performance on selective attention and mental flexibility in comparison to the MCl-no-MDD
group while the AD+MDD was characterized by better auditory-verbal working memory
performance. This would imply that MDD potentiates reductions in cognitive performance in MClI
but not in AD. Despite this finding being too challenging to explain at this stage, some studies
have shown a protective role of certain antidepressants against cognitive decline (dementia or
MCI)?63-265 Thus, treatment of MDD may provide compensatory protection from cognitive
decline. However, these results are not systematically confirmed and only include certain
treatments, such as tricyclic antidepressants or lithium, with other antidepressants tending to

increase the risk of dementia (added to the accentuated risk due to depression)?®®.
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Executive dysfunction has been described in AD and associated with some NPS such as
depression?®’. It has been suggested that depression is a risk factor for dysexecutive disorders in
AD. However, these results are not in line with our results and other studies showing an impact
of depression on executive function in MCl but not in AD?’. It seems that in AD patients, severe
depressive symptoms may play an important role in cognitive impairment, while less severe
depressive symptoms may have limited effects?®’. The diagnosis of MDD does not necessarily
imply a high severity of symptoms, as there are different levels of severity in MDD, and this
parameter was not estimated in our study. Other studies have linked depression with
dysexecutive disorders as well as the severity of depression as a mediator of the functional impact
of executive disorders!31:268269 Here, a limitation could be that the reduction of executive
functions in MCI was not totally explained by the presence of depression due to subtypes of MCI
not considered in this study. Indeed, some subtypes can show more severe dysexecutive
disorders without high prevalence of depression while other subtypes show higher prevalence of
depression with less cognitive impairment?’? Further investigations are required to consider other

impact factors such as the duration of depressive symptoms or their frequency.

In connection with the debate about depression as a risk factor or prodromal sign of AD
and dementia, Kohler et al (2010) recalled that there is evidence that depression may accompany
pre-clinical AD, or precede the onset of AD by several years, in the sense that past occurrences of
depressive episodes increase the risk of subsequent AD?3¢, Thus, depressive symptoms in the

broad sense may have this dual role of risk factor and consequence of AD.

Our study should be viewed in light of some limitations: (1) In the analyses, the presence
or absence of treatments for MDD was not considered; (2) the cross-sectional design does not
allow to assess the risk of cognitive decline or NPS appearance in the presence of late MDD. The
inclusion of longitudinal NACC data would contribute to the study of the evolutionary impact of

MDD through the different groups.

In conclusion, our study shows associations between MDD and a higher prevalence of NPS,
while its relationship with cognitive performance was weak. It is important that future studies

pay more attention to the characteristics of the processes that are broadly referred as
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"depression," which may both involve a clinical picture of a mental disorder or more isolated

symptoms that occur in aging.
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Tables

Table 4.1: Demographic comparisons between depressive status subgroups for each clinical

status.

HC -no-MDD HC+MDD  p MCI-no-MDD MCHMDD p AD-no-MDD AD+MDD p
N 509 138 175 116 111 97
Age 73.73 70.98 0.002 76.69 74.39 0.020 77.10 72.42  <0.001
Edu 15.94 16.33 0.131 15.39 15.64 0.507 15.79 15.28 0.240
MMSE 29.07 29.04 0.788 27.02 27.25 0.399 23.57 23.82 0.586
Women 66.4 70.3 0.415 46.9 56.0 0.151 46.8 53.6 0.404

Legend: HC = Healthy Control; MCl = Mild Cognitive Impairment; AD = Alzheimer’s Disease; MDD
= Major Depressive Disorder; N = group size; Age = age mean; p = p-value; Edu = education mean;
MMSE = Mini-Mental State Examination score mean; Women = percentage of women in each

group.

Table 4.2: Neuropsychiatric Symptoms prevalence (%) comparisons between depressive status

subgroup for each clinical status.

HC-no-MDD HC +MDD p MCl-no-MDD MCI+MDD p |AD-no-MDD AD+MDD p

N 509 138 175 116 111 97

Del - - - 1.1 6.0 0.032 10.8 15.5 0.409
Hal - - - - - - 4.5 5.2 1.000
Agi 1.6 2.2 0.709 9.1 19.8 0.013 20.7 24.7 0.510
Dep 0 28.3 <0.001 0 52.6 <0.001 0 59.8 <0.001
Anx 2.4 16.7 <0.001 10.3 37.9 <0.001 20.7 45.4 <0.001
Eup 0 0.7 0.213 0.6 0 1.000 0.9 6.2 0.052
Apa 0 7.2 <0.001 8.0 24.1 <0.001 19.8 51.5 <0.001
Dis 0.2 3.6 0.002 4.6 11.2 0.038 10.8 25.8 0.006
Irr 3.9 9.4 0.015 14.9 28.4 0.007 20.7 36.1 0.020
Mot 0.4 0 1.000 2.3 3.4 0.717 11.7 19.6 0.127
Nit 2.8 14.5 <0.001 10.9 25.0 0.002 13.5 34.0 0.001
App 0.6 3.6 0.013 5.1 19.0 <0.001 10.8 22.7 0.024

Legend: HC = Healthy Control; MCl = Mild Cognitive Impairment; AD = Alzheimer’s Disease; MDD
= Major Depressive Disorder; N = group size; Del = Delusions; Hal = Hallucinations; Agi = Agitation;
Dep = Depression; Anx = Anxiety; Eup = Euphoria; Apa = Apathy; Dis = Disinhibition; Irr =
Irritability; Mot = Aberrant Motor Behaviors; Nit = Nighttime behaviors; App = Appetite changes;

p = p-value.

Table 4.3. Probability models of NPS based on MDD in HC, MCl and AD.
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HC MCI AD
NPS B p OR 95%Cl B p OR 95%Cl B p OR 95%ClI
Del - - - - 1.715 0.035 5.555 1.133;27.231 - - - -
Hal - - - - - - - - - -
Agi - - - - 0.899 0.010 2.458 1.236; 4.887 - - - -
Dep 20.271 0.991 NS NS 21.306 0.994 NS NS 21.600 0.995 NS NS
Anx 2.114 <0.001 8.283 4.005;17.134 | 1.673 <0.001 5.330 2.881;9.862 | 1.156 <0.001 3.176 1.728;5.838
Eup - - - - - - - - 1.981 0.069 7.252 0.857;61.35
Apa 18.653 0.992 NS NS 1.297 <0.001 3.659 1.831;7.311 | 1.459 <0.001 4.304 2.330;7.948
Dis 2,950 0.007 19.098 2.212;164.9 | 0.969 0.038 2.635 1.056;6.574 | 1.052 0.006 2.865 1.350;6.078
Irr 0.933 0.012 2543 1.231;5.252 | 0.824 0.005 2.278 1.276;4.069 | 0.770 0.015 2.160 1.164;4.009
Mot - - - - - - - - - - - -
Nit 1.791 <0.001 5.993 2.941;12.21 | 1.007 0.002 2.737 1.450;5.165 | 1.194 0.001 3.300 1.659;6.562
App 1.847 0.012 6.341 1.496;26.87 | 1.463 <0.001 4.317 1.909;9.760 | 0.884 0.024 2.420 1.126;5.199

Legend: HC = Healthy Control; MCI

Mild Cognitive Impairment; AD = Alzheimer’s Disease; NPS

coefficient of regression models. A positive coefficient

= Neuropsychiatric Symptoms; B
indicates that presence of MDD increase the probability of NPS; p = p-value; OR = Odd Ratio; Del
= Delusions; Hal = Hallucinations; Agi = Agitation; Dep = Depression; Anx = Anxiety; Eup =
Euphoria; Apa = Apathy; Dis = Disinhibition; Irr = Irritability; Mot = Aberrant Motor Behaviors; Nit
= Nighttime behaviors; App = Appetite changes; empty values = prevalence of NPS is insufficient
for analysis or the independent factor does not significantly change the model based on the

constant alone; NS = not significant.
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Table 4.4. Comparisons of cognitive performance means between depressive status subgroups

for each clinical status (Controlling for age, sex, and education as covariables).

HC MCI AD
Difference Difference Difference
Variable | MDD - no- F p MDD - no- F p MDD - no- F p
MDD MDD MDD
LM -0.025 0.005 0.945 -0.056 0.011 0.916 -0.053 0.010 0.919
LMD -0.066 0.027 0.868 -0.765 1.898 0.169 0.042 0.007 0.934
DSF 0.037 0.038 0.846 0.275 1.079 0.300 0.509 2.926 0.089
DSB 0.129 0.381 0.537 0.427 3.076 0.081 0.756 6.973 0.009
Ani -0.165 0.109 0.742 0.095 0.026 0.873 -0.148 0.041 0.839
Veg -0.450 1.480 0.224 0.177 0.162 0.688 0.828 2.916 0.089
TMTA 0.147 0.019 0.890 5.824 7.373 0.007 5.375 1.345 0.247
TMTB 3.621 1.036 0.309 19.285 5.252 0.023 13.787 1.268 0.261
Code -0.162 0.027 0.869 -2.276 3.744 0.054 -2.453 1.700 0.194
BNT -0.283 1.033 0.310 0.002 <0.001 0.996 0.967 1.234 0.268

Legend: HC = Healthy Control; MCl = Mild Cognitive Impairment; AD = Alzheimer’s Disease; MDD
= Major Depressive Disorder; F = ANCOVA statistical value; LM = Logical Memory immediate
recall; LMD = Logical Memory Delayed recall; DSF/DSB = Digit Span Forward/Backward; Ani =
Animal verbal fluency; Veg = Vegetables verbal fluency; TMTA = Trail Making Test version A; TMTB

= Trail Making Test version B; Code = WAIS code subtest; BNT = Boston Naming Test; p = p-value.
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Transition

Cette quatrieme étude montrait que dans tous les groupes (sains, TCL, MA), les SNP étaient plus
fréquents chez les participants présentant un trouble dépressif majeur, alors que les
performances cognitives étaient plus faibles uniquement chez les individus ayant un TCL et un
trouble dépressif majeur par rapport a ceux sans (notamment dans les performances d’attention
focalisée et de flexibilité mentale). Cette réduction des performances ne s’observait pas dans le
groupe MA, suggérant que la présence de trouble dépressif a un impact différent dans cette
population (pas de difficultés cognitives sur-ajoutées aux troubles déja générés par la maladie par

exemple).

L’étude suivante sort un peu de certains sentiers battus : s’inspirant de facteurs de personnalité
révisés du Temperament and Character Inventory, démontrés comme étant associés a des risques
accru de troubles mentaux, ce travail s’intéresse aux relations transversales et longitudinales
entre ces facteurs de personnalité et : 1) le développement de SNP dans le vieillissement ; 2) les
performances cognitives et ; 3) les volumes et la diffusion du cerveau. Les différentes analyses
s’intéressent a la fois aux individus agés sains et a ceux développant un état de démence due a la

MA.
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Abstract

Various personality and neuropsychiatric factors have been identified as additional risks
development of cognitive disorders due to Alzheimer’s disease (AD) for instance neuroticism or
depression and anxiety. The objective of this study is to understand the relationships between
revised personality factors from the Temperament and Character Inventory 27! previously shown
to be predictive of/associated with mental disorders 2’2 and the neuropsychiatric, cognitive and
brain trajectories of healthy participants from the population-based prospective BETULA study.
Mixed-effect linear regression analyses are reported for the full sample, as well as a healthy
subsample not converting to AD-dementia during longitudinal follow-up, and complemented by
Cox proportional regression models to determine personality risk factors for conversion to clinical
AD. The results showed that the revised Closeness to Experience (CE: avoidance of new stimuli,
high anxiety, pessimistic anticipation, low reward seeking) and Tendence to Liability factors (TL: )
were associated with more depression (both), stress (CE) and sleep disturbance (TL) as well as
greater cognitive declines in memory, vocabulary and verbal fluency. Adjusted results showed
negative associations between the CE factor and cingulate-cingulum network fractional
anisotropy. Brain volumes analyses did not show significant associations with personality factors
when adjusted. In terms of the risk of conversion to AD, it seems that the risk is mainly explained
by higher age and APOE-€4 status of individuals. Further work on the interactions between these
factors and personality would help to understand the added risk of personality in older individuals
and/or APOE-€4 carriers, or the protective role of certain factors. The results nevertheless show
a role for personality traits related to psychiatric symptoms as predictors of accelerated cognitive
decline, whether or not it is underpinned by the presence of neurodegenerative disease, and
further emphasize the importance of personality in cognitive and cerebral aging, and thus to

adopt an integrative vision (biopsychosocial) of normal and pathological neurocognitive decline.
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Introduction

Personality, aging and dementia

Two of the major causes of disability in aging are neurodegenerative diseases and cognitive
decline. Alzheimer’s disease (AD) is considered to be the most common cause of these symptoms
and has been the subject of numerous studies that have made it possible to increase
understanding of the physiopathological processes, as well as the underlying biological and
psychological contributors. Through these studies, many have been able to demonstrate
relationships between the personality traits of individuals and the risk of developing cognitive
disorders. According to two meta-analyses by Low et al (2013) and Terracciano et al., (2014), the
trait of neuroticism (tendency to experience negative and stressful life events) increases the risk
of developing Alzheimer's type dementia or mild cognitive impairment, whereas the traits of
conscientiousness (ability to control impulses and engage in goal-directed behaviors) and
openness (tendency to try new things and engage in imaginative and intellectual activities) are
rather protective factors 273274, More recently, these data were substantiated both regarding the
risk of dementia (neuroticism at risk, conscientiousness protective), cognitive impairment in non-
demented individuals, and conversion from such cognitive impairment to dementia (additional

risk in individuals with low conscientiousness) 7.

In individuals without dementia, neuroticism may also have been associated with a higher risk of
cognitive impairment, faster decline in cognitive, memory, and executive functions 2’6277, The risk
may even be heightened in individuals who also have a high trait extraversion (tendency to
interact with the environment, especially socially) (Crowe et al., 2006). Conversely,
conscientiousness and openness tend to reduce cognitive decline, even in individuals carrying the

APOE-€4 allele, the major genetic risk factor for AD (Caselli et al., 2016).
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At the same time, associations between brain structure and personality traits have also been
shown during aging. Zufferey et al. (2017) showed smaller medial temporal lobe regions, a region
implicated in both AD and age-related cognitive decline %4278 in individuals with higher
neuroticism, regardless of whether they had mild cognitive impairment or not 27°. Interestingly,
conscientiousness was negatively associated with total cortical volume in both cross-sectional
and longitudinal estimates, as well as with accelerated decline in right medial prefrontal volume,
whereas medial temporal regions were better preserved in individuals with AD with high
openness 280281 Similarly, inferior parietal and right dorsolateral regions were better preserved

in healthy individuals with high openness 222,
Personality and neuropsychiatric symptoms

Several studies have been able to demonstrate associations between personality traits and
neuropsychiatric consequences of various medical conditions 283286, However, few have focused
on these relationships in normal and pathological aging. Instead, neuropsychiatric symptoms are
considered personality changes 27, but their relationship to personality traits prior to their onset
has been little studied. In the probable AD, premorbid neuroticism was correlated with anxiety
and higher Neuropsychiatric Inventory total scores. Conversely, premorbid agreeableness was
negatively correlated with symptoms of agitation and irritability 288. Other data positively
associated neuroticism with agitation, anxiety, apathy, and irritability, and negatively associated
openness with depression, and apathy, and extraversion with agitation and irritability 28°. Finally,
in MCI, neuroticism was positively associated with the total NPI score while openness was
negatively associated (Rubio et al., 2013). These studies were all based on McCrae and Costa's 5-

factor model of personality 2%.
Neuropsychiatry and cognitive decline in aging

In addition to personality factors, neuropsychiatric symptoms (NPS) have also been identified as
additional risks for accelerated cognitive decline and development of dementia. They can be
described as psychological and behavioral manifestations marked by a change with the

individual's previous functioning. They are common in AD, whether it is agitation, irritability,
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anxiety, depression, apathy, or disturbances in nocturnal behavior (Zhao et al.,, 2016). These
symptoms have been shown to be a risk factors for AD dementia in non-demented individuals
with and without cognitive impairment, as well as in individuals with clinically diagnosed mild
cognitive impairment, or no cognitive impairment (Acosta et al., 2018; Forrester et al., 2016; Liew,
2019; Peters et al., 2013). Similarly, depression and anxiety have been identified as risk factors
for the development of mild cognitive impairment in cognitively healthy individuals after a 6-year

follow-up period (Burhanullah et al., 2020).

TCl and mental illness

For the most part, previous personality studies, especially longitudinal ones, have been based on
personality assessments from Costa and McCrae's 5-factor model: the BIG-FIVE (Costa Jr. &
McCrae, 2008). However, few studies have been based on the temperament and character
inventory (TCl) from Cloninger's psychobiosocial theory of personality (Cloninger et al., 1993).
Different studies were interested by the correspondences between these two personality
assessments and have shown similar correlations between the BIG-FIVE factors and the
temperaments and characters from the TCI?®¥2%2, In particular, neuroticism was positively
correlated with harm avoidance, and negatively correlated with self-directedness. The
extraversion was negatively correlated with the harm avoidance and positively with the novelty
seeking, persistence and self-transcendence. Openness was positively correlated with
cooperativeness. Conscientiousness was negatively correlated with the novelty seeking and
positively with persistence and self-directedness. Finally, agreeableness was positively correlated
with reward dependency, cooperativeness and self-transcendence. The main correlations
between indices are summarized in the table below.

Table 5.1 : Correlations between TCl and BIG-FIVE factors.

TCI/BIG-FIVE  Neuroticism Extraversion  Openness  Conscientiousness Agreeableness

HA 0.55 -0.6

NS 0.32 -0.4
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P 0.58 0.54

RD 0.56
SD -0.48 0.4

C 0.26 0.61
ST 0.12 0.23

Legend: HA = Harm Avoidance; NS = Novelty Seeking; P = Persistence; RD = Reward Dependency;

SD = Self-Directedness; C = Cooperativeness; ST = Self-Transcendence.

The TCI distinguishes 4 temperament factors: novelty seeking, danger avoidance, reward
dependence and perseverance; and 3-character factors: determination, cooperation and
transcendence. Of these factors, some have been associated with a greater risk of mental
disorders and psychiatric symptoms, both in students, adults, and older adults (Izci et al., 2014;
Margeti¢ et al., 2011; Matsudaira & Kitamura, 2006; Norberg et al., 2015). Specifically in the
elderly, low transcendence was associated with lower social contacts, greater loneliness, and
more negative life events, whereas high transcendence, danger avoidance, and novelty seeking
factors were associated with a greater tendency for agoraphobia panic attacks (lzci et al., 2014;
Norberg et al., 2015). To the best of our knowledge, work on the relationship between cognitive
and cerebral aging and personality traits has been based exclusively on the 5-factor model.
However, significant correlations between these 5 factors and Cloninger's TCI factors have been
demonstrated. In particular, neuroticism is positively correlated with harm-avoidance and
negatively correlated with self-determination, extraversion is negatively correlated with harm-
avoidance and positively with novelty seeking, persistence, and self-transcendence, openness is
positively correlated with cooperativeness, conscientiousness is negatively correlated with
novelty seeking and positively with persistence and self-determination, and agreeableness is
positively correlated with reward dependence, cooperativeness and self-transcendence 2°%2%2,
These relations suggest that associations between TCl and cognitive and brain aging may be

expected.
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More recently, a work of correlational analyses based on TCl items focused on those associated
with increased risk for mental disorders (Dell'Orco et al., 2018). The authors then identified and
validated four new factors: optimism (OTT: optimism about the future, high confidence in one's
own resources and determination), closeness to experience (CE: avoidance of new stimuli, high
anxiety, pessimistic anticipation, low reward seeking), tendency to liability (TL: feeling of inability
to change their own reality, low autonomy, low sense of the value of their existence), and fantasy
of superiority (FS: narcissistic fantasy of being more intelligent, attractive and strong than others,
fear of the passage of time and the weakening of the body). Analyses of the factors demonstrated
good internal consistencies within them as well as significance in terms of predicting mental
disorders: OTT being a protective factor, while the other three factors were factors for higher risk

of mental disorders (Dell'Orco et al., 2018).
Objectives and hypothesis

Because of the established links between personality traits and NPS, and their relationships to
age-related neurocognitive declines, the objectives of this study was to understand the
longitudinal and cross-sectional relationships between the mental disorders-related personality
factors from the Dell'Orco et al. (2018) Revised TCl and NPS (as a validation step for these
personality factors as risk factors for NPS in aging), cognitive performance, and brain gray and
white matter structures in a population-based sample from the in the BETULA study, developing
Alzheimer's-like dementia or not. A secondary objective is to estimate the risk of AD dementia

underpinned by the personality factors of the TCI-R.

Depending on the internal consistency of each personality factor (only acceptable ones will be
retained for analysis), it is expected that participants with higher CE, TL, and FS factors would
have higher NPS of increasing severity during follow-up, whereas participants with higher OTT
would be more preserved against NPS. Cognitively, CE, TL and FS factors are expected to be
associated with poorer and more rapidly declining cognitive performance, especially memory and
executive function (verbal fluency tests). On the contrary, OTT would be associated with lower
NPS and better cognitive preservation. The imaging analyses will focus on regions and networks
known to be associated with personality and involving frontal, temporal and cingulate structures.
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It is expected that higher CE, TL and FS factors would be associated with greater volume and
diffusion reductions over time, while the OTT factor would be associated with better structural

integrity.

Methods

Betula database

Participants in the Betula study, recruited from the city of Umea on the northeast coast of Sweden
and its surroundings, were randomly sampled from the population register, stratified by age and
sex. The age cohorts were divided into 5-year intervals (25, 30, 35, ... 80, 85, 95 years) and the
number of men and women selected for inclusion was proportional to the male-to-female ratio
in each age cohort of the general population. Participants with dementia, non-native speakers of
Swedish, severe hearing or visual impairment, or congenital or acquired intellectual disability
were excluded and replaced by another individual from the population registry of the same age
and sex. The recruitment procedure has been described in detail (Nilsson et al., 2004; Nilsson et
al., 1997). The first wave of data collection started in 1988 and in total six main waves (W1-W6)
of data collection have been conducted, with the sixth wave completed in 2014. In addition, a
seventh wave of testing (W7) was conducted in 2017 for participants returning for a third follow-

up neuroimaging (MRI/FMRI) and a limited set of health and cognitive assessments.

In the Betula study, the same diagnostic criteria were applied throughout the study period (1988
- 2017). Sufficient information was obtained to apply systems based on clinical criteria, namely
the core criteria of the DSM-IV classification for dementia (American Psychiatric Association,
1998). Participants diagnosed with AD had an insidious onset and progressive cognitive decline
and other symptoms typically attributable to clinical AD. Disease onset was defined as the year
when clinical symptoms became severe enough to interfere with social functioning and
instrumental activities of daily living, i.e., when the basic criteria for dementia were met

(McKhann et al., 2011).
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Inclusion and exclusion criteria

For analysis, only participants who were cognitively healthy or developing dementia of the
Alzheimer type were included. Participants with a neurological or cognitive impairment history,
or developing another dementia condition (vascular, Lewy body, Parkinson, mixed, other) were
excluded. Similarly, participants with missing genetic (APOE status: carriers or noncarriers of at
least one €4 allele), personality (TCl), cognitive, neuropsychiatric, or imaging data were
respectively excluded for each analysis group. For the neuropsychiatric and cognitive models, the
continuous data were standardized into z-scores according to the formula: (subject residuals —
baseline group mean) / baseline group SD. Outliers beyond +/- 3SD from the mean were excluded.
For the neuroimaging models, the residuals of each structure for each participant were extracted
using regressions using structures as dependent variables and time, baseline age (continuous and
guadratic), estimated total intracranial volume (for hippocampi). Residuals were standardized to
z-scores according to the formula: (subject residuals - baseline group mean) / baseline group SD.
Outliers beyond +/- 35D of the mean were excluded. After exclusion, the raw continuous data

were converted to z-scores and used for mixed-effects linear regressions.

The information for each subsample is summarized in the table below. There may be small
differences in sample sizes between the different analyses (whole sample, HC sample) and the
data reported in the demographic tables, this is due to the processes of standardization and
exclusion of outliers by the z-scores which do not exclude exactly the same number of participants
depending on the sample considered.

Table 5.2. Samples features for every analysis group.

Analysis Samples N at baseline Observations Study waves Mean follow-up (Min-Max)
Neuropsychiatric  Full sample 1166 3174 3to6 8.5 years (0-15)
(CES-D)
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Full sample 657 1071 5to6 3 years (0-5)
(PHQ-9)
Full sample 948 2058 4t06 6 years (0-10)
(PSQ)
Sleep (KSQ) Full sample 445 625 5to6 2 years (0-5)
Cognitive Full sample 1286 4848 1to6 14 years (0-25)
HC Only 1145 4413 1to6 14.5 years (0-25)
Structural MRI Full sample 235 414 5to7 4 years (0-10)
HC Only 216 411 5to7 4.5 years (0-10)
Full sample 228 436 5to7 4.5 years (0-10)
DTI
HC Only 211 410 5to7 4.5 years (0-10)

Legend : Full sample = Participants with or without conversion to dementia at follow-up, HC =
Healthy controls without conversion to dementia at follow-up, CES-D = Center for Epidemiological
Study — Depression scale, PHQ-9 = Patient Health Questionnaire 9 items, PSQ = Perceived Stress
Questionnaire, KSQ = Karolinska Sleep Questionnaire, baseline = refers to the wave where the

first evaluations of the model were performed (5th for retained neuropsychiatric data and

imagery, 1st for cognitive data).
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Personality data

Considering the relative stability of personality across development and aging, the first time of
personality measurement for each participant was kept as a single personality measure (Wave 2

or 3) (Brandstrom et al., 2008).

The personality factors used were derived from the new factors determined by the analyses of
Dell'Orco et al. (2018). The dimension "Optimism" (OTT) describes subjects who are clearly
optimistic about the future, have high confidence in their own resources, and are determined to
act. The "Closeness to Experience" (CE) dimension describes subjects who avoid novel stimuli,
have marked anxiety, pessimistic anticipatory tendency, and habitual behaviors and reflexivity,
low reward seeking, and refusal of unusual activities. The dimension "Tendency to Liability" (TL)
describes subjects who represent themselves as unable to change their own reality, which is
basically not very autonomous and with a low sense of the value of their existence. The dimension
" Fantasy of Superiority " (FS) describes subjects who narcissistically fantasize about being
smarter, more attractive and stronger than anyone else and who fear the passage of time and the

weakening of the body.

For verification purposes, the internal consistency of the factors in our sample as well as the
correlation between measurement times 2 and 3 (W2-W3) were tested. The data indicate that
two of the factors have acceptable internal consistency (CE and TL), or questionable internal
consistency (OTT and FS). The data are summarized in the table below.

Table 5.3. Internal consistency and correlation between TCI-R factors in whole sample

TCl factor | Cronbach's a oTT CE TL FS
OoTT 0.61 rw2-ws = 0.62
CE 0.78 rwaw2 =-0.31 rwaw3 =0.67
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TL 0.76 rw2-w2 = ‘0.20 rw2-w2 = 0.62 fw2-w3 = 0.67

FS 0.67 rw2-w2 = 0.02 rw2-w2 = 0.40 rw2-w2 = 0.44 fw2-w3 = 0.69

Legend : OTT = Optimism, CE = Closeness to Experience, TL = Tendence to Liability, FS = Fantasy
of Superiority. Cronbach's Interpretation : >0,70 is acceptable, >0,60 is questionable (Gliem &
Gliem, 2003). r = Pearson’s correlation coefficient, rwz-ws = correlation between assessments from
waves 2 and 3, rwaw2 = correlation between assessments from wave 2. Every coefficient is

significant at p < 0.001 except for OTT*FS correlation (p = 0.591).
Neuropsychiatric data

Neuropsychiatric data were extracted from waves 3 to 6 depending on the questionnaire used

and consisted of assessments of depression, stress, and sleep.

Depression was assessed by the Patient Health Questionnaire-9 (PHQ-9) 2°3. This is a self-report
consisting of 9 questions designed to screen for the presence and severity of depression in adult
patients. Each question assesses the frequency of problems experienced by individuals in the past
two weeks. This frequency is rated from 0 to 3 (0: not at all, 1: a few days, 2: at least half the days,

3: almost every day).

Depression was also assessed by the Center for Epidemiologic Studies-Depression scale (CES-D)
294 This is a self-report consisting of 20 questions desighed to screen for the presence and severity
of depression in adult patients. Each question assesses the frequency of affect experienced by
individuals during the past week. This frequency is rated from 0 to 3 (0: never/very rarely, 1:

occasionally, 2: often, 3: frequently/permanently). Four of the 20 items are reversed.

Stress was assessed using the Perceived Stress Questionnaire 2. It was designed as an instrument
to assess stressful life events and circumstances that tend to trigger or exacerbate symptoms of

illness. This 30-item questionnaire is a self-report of the frequency of stressful feelings and
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experiences rated from 1 to 4 (1: never/very rarely, 2: occasionally, 3: often, 4:

frequently/always). Eight of the 30 items are reversed.

Sleep was assessed using the Karolinska Sleep Questionnaire 2°6. In addition to assessing the sleep
characteristics of individuals (need, sufficiency, quality, schedule...), the questionnaire has 4
subscales: sleep apnea consisting of 3 items, sleepiness consisting of 5 items, sleep quality
consisting of 4 items, and non-restorative sleep consisting of 3 items. Each item focuses on the
frequency of experiences based on the last 3 months and is scored from 0 to 5 (0: never, 1: rarely,
2: sometimes, 3: often, 4: most of the time, 5: always). The sum of the scores was also used as

the total score of the questionnaire.
Neuropsychological data

The cognitive battery used in this study includes a composite episodic memory score (including
free recall, cueing and recognition tasks for different types of material: words, sentences, actions
and faces), vocabulary from the SBR 2°7 and block design task from the WAIS, and a composite
verbal fluency score calculated on the basis of the average of the z-scores on the different fluency
tests (words starting with letter A, 5-letter and starting with letter M, occupations starting with

letter B, 5-letter animals starting with letter S).
MRI and DTI data

MRI acquisition was performed on the same General Electric 3 T scanner equipped with a 32-
channel head coil at all time-points. At W5, the scanning session comprised a high-resolution
anatomical T1-image, a T2 image, and a DTl sequence with 3 repetitions of 32 independent
directions. Acquisitions were based on participants in cohorts 1, 3, and 6 with complete health
and cognitive data at visit 5, without contraindications to MRI, severe neurological disorders, or

motor/visuospatial deficits. Participants were selected via stratification by age and sex.

Thus, the total sample consisted of N = 376 (52% female, age-range = 25-80 years) at visit 5, N =
231 at visit 6 and N = 103 at visit 7.
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For the image analysis, we used the Freesurfer v. 6.0 (Martinos Center for Biomedical Imaging,
Charlestown, MA, USA) where regional cortical thicknesses and volumetric measures were
estimated 1°92%, The software is well documented and available for download online

(http://surfer.nmr.mgh.harvard.edu/). To adjust the subcortical volumes to the intracranial

volume we performed simple regressions between each nucleus and the intracranial volume, and
then calculated an adjusted volume according to the formula volume(adjusted) =
volume(observed) - a(eTIV[observed] - eTIV[mean]), where a is the simple regression coefficient

between each nucleus and the intracranial volume (Jack et al., 2015; Whelan et al., 2019).

Diffusion-weighted data were preprocessed using the University of Oxford’s Center for Functional
Magnetic Resonance Imaging of the Brain (FMRIB) Software Library (FSL) package

(http://www.fmrib.ox.ac.uk/fsl). Images were acquired with a spin-echo-planar T2-weighted

sequence as follows: 64 slices, TR = 8,000 ms, TE = 84.4 ms, flip angle = 90°, FOV = 250 x 250 mm,
b = 1000 s/mm2, 32 independent directions, and six b = 0 images. Three sequence repetitions
were acquired at W5 and W6, whereas W7 only included one repetition. To allow for consistency
between waves, only the first repetition at each wave was used. Head movement was minimized
using cushions inside the head coil for all imaging sequences. Each imaging occasion followed
identical experimental designs and procedures, i.e., the same scanner, acquisition times, and
head coil were used at each data collection wave. More details are available in previous studies

using Betula imaging data (Avelar-Pereira et al., 2020 ; Pedersen et al., 2021).

As structural variables of interest, cortical and white matter, total and lobar (frontal, cingular,
insula, temporal), and bilateral hippocampal volumes were extracted. The table below describes

the structures used in the calculation of total lobar volumes.

Table 5.4. Details of the structures included in the calculation of lobar volumes.

Lobes Structures
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Frontal Frontal pole, paracentral gyrus, pars opercularis / triangularis / orbitalis gyri,
caudal / rostral middle gyri, superior gyrus, lateral / medial orbitofrontal gyri,

precentral gyrus

Temporal | Superior temporal sulcus, entorhinal gyrus, fusiform gyrus, inferior / middle /
superior temporal gyri, parahippocampal gyrus, temporal pole, temporal

transverse

Cingulate | Caudal / rostral anterior, posterior, isthmus

Similarly, diffusion variables of interest, based on the fractional anisotropy of white matter
networks, involved the fornix, cingulate cingulum, cingulum-hippocampal networks, and the
uncinate tracts. These networks were selected because of the relationship between their

structures and personality factors by both structural MRI and DT studies 279-282,299-311,

Genotyping

Genotyping for the Apolipoprotein E (APOE) gene (€2, €3, €4 alleles) was performed by
polymerase chain reaction, and was available in 2 990 participants from the whole cohorts S1-S3

and S5 (see e.g., 312).
Statistical analysis

Statistical analyses were performed on the open source web application Jupyter Notebook

(version 6.3.0) using scripts written in Python language (version 3.9.5).

First, correlations were established using Pearson's tests to describe associations between the
personality factors. In case of significant correlations, the regression models considered each
personality factor independently. These correlations were performed with the

scipy.stats.pearsonr function.

In a second step, linear mixed-effects regression models are used to test the main and time-

interaction effects of personality factors with acceptable internal consistency on neuropsychiatric
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symptoms. Ces modeles sont une étape de validation des traits de personnalité comme
associations avec les NPS. For each model, age at baseline, quadratic age at baseline, time (years
from the baseline), sex APOE status, interaction between time and APOE status, personality
factors, and interaction between time and personality factors are considered fixed factors (time,

personality factors, and their interaction as factors of interest, the others as covariates).

In a last step, linear mixed-effects regression models are used to test the main and time-
interaction effects of validated personality factors on cognitive performance, and brain
structures/diffusivity. For each model, age at baseline, quadratic age at baseline, time (years from
the baseline), sex, years of education, APOE status, interaction between time and APOE status,
personality factors, and interaction between time and personality factors are considered fixed
factors (time, personality factors, and interaction as factors of interest, the others as covariates).
Individual participants are considered as random factors. All models included random effects for
intercepts and slopes. These models were generated with the statsmodel package and the
functions statsmodel.api and statsmodel.formula.api.mixedim. Despite data cleaning steps to
normalize the distributions, they did not meet the residuals normality criterion for linear mixed
models. However, recent work has demonstrated the robustness of these models even when this

application condition was violated 313,
Each regression model is estimated according to the form:

Dependent variables ~ age + age? + sex + APOE + education + time + ApoE*Time + Personality +

Personality*time + random intercept + random slope.

With neuropsychiatric symptoms, cognitive performance, and brain structures as dependent
variables. In order to enhance convergence of the model matrices, "lbfgs" or "powell" data fitting

methods were applied.

A Cox proportional hazards regression was used to predict the risk of Alzheimer's type dementia
based on demographics, APOE status, and revised personality factors. Dementia diagnosis was
treated as the failure event. Years from the baseline (first measure wave) were used as the time
scale. The last available visit was used for censoring participants not developing dementia,
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whereas the conversion visit was used for participants developing dementia. Finally, age, sex,
years of education, APOE status (APOE-g4 carriers or not), and scores on the revised TCI
personality factors (CE, TL) were used as covariates. This type of model was performed using the

lifelines.CoxPHFitter package.

For cognitive and cerebral models, a False Discovery Rate correction was applied by considering
the number of dependent variables (4 for cognitive, 15 for brain volumes, 7 for fractional
anisotropy), the number of fixed interest factors (3 per model: main effect of time, main effect of
personality factor and its interaction with time), and the number of personality factors (2) as
repetition factors. The corrections were applied using the package statsmodel, and the function
stats.multitest.fdrcorrection with: a Benjamini/Hochberg method and a Family-wise error rate of
0.05. The results tables display the adjusted p-values (p-adj), which are significant if they are less
than 0.05.

Results

Demographic characteristics

The main sample selected included 1149 healthy participants at baseline not converting to AD
dementia during follow-up and 137 participants converting during follow-up. These two
subgroups differed in age, years of education, MMSE score, sex and APOE status distribution.
These descriptive data are summarized in the table below.

Table 5.5. Demographic characteristics of the total sample retained at baseline

HC AD Statistic T/Chi? p-value

N 1149 137 - -
Age m(sd) 48.13 (8.30) 56.84 (5.33) -4.49 <0.001
Education m(sd) 12.23 (3.85) 8.89 (3.46) 3.65 <0.001
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MMSE m(sd) 27.98 (1.65) 27.42 (1.87) 1.39 0.166
Women % 50.46 84.21 6.69 0.010
APOE-€4 % 25 52.63 541 0.02

Legend: HC = participant who not converted in any dementia type; AD = participants who

converted in AD dementia type during the follow-up.

The subsample for MRI analysis included 216 healthy participants at baseline not converting to
AD dementia during follow-up and 19 participants converting during follow-up. The descriptive
data are summarized in the table below.

Table 5.6. Demographic characteristics of the MRI subsample retained at baseline

HC AD Statistic T/Chi? p-value

N 216 19 - -
Age m(sd) 48.13 (13.55) 66.93 (9.16) -9.33 <0.001
Education m(sd) 10.47 (3.92) 8.00 (2.81) 7.17 <0.001
MMSE m(sd) 27.97 (1.66) 27.40 (2.00) 3.67 <0.001
Women % 51.52 75.91 28.35 <0.001
APOE-e4 % 27.50 54.74 41.65 <0.001

Legend: HC = participant who not converted in any dementia type; AD = participants who

converted in AD dementia type during the follow-up.
Neuropsychiatric trajectories related to TCl new factors

Controlling for age, sex, and APOE status, CE showed positive cross-sectional association with CES-

D (depression), and positive longitudinal association with PSQ (stress). TL showed also a positive
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cross-sectional association with CES-D, PSQ, and KSQ, and a positive longitudinal association with
PHQ-9 score (Depression). Thus, the higher the CE and TL, the higher the depression, stress and
sleep disturbances, and the higher the longitudinal progression of depression and stress
(depression assessed with CES-D, with PHQ-9, stress and sleep were measured respectively 10.01
+/- 5.60, 16.43 +/- 2.98, 13.27 +/- 4.29 and 16.53 +/- 2.97 years after the personality). The
neuropsychiatric and sleep results are presented in Table 5.7.

Table 5.7. Relationships between time, personality factors and their interactions on

neuropsychiatric symptoms.

Dependant  Fixed factors Coef. Std.Err. P>|z| [0.025 0.975]
Time 0.001 0.003 0.835 -0.005 0.006

CE 0.249 0.040 <.001***  0.171 0.328

CES.D Time*CE 0.003 0.003 0.298 -0.003 0.008
Time 0.001 0.003 0.859 -0.005 0.006

TL 0.237 0.042 <.001***  0.155 0.320

Time*TL 0.003 0.003 0.235 -0.002 0.009

Time 0.010 0.008 0.187 -0.005 0.026

CE -0.038 0.140 0.787 -0.312 0.236

PHQ-9 TirrTe*CE 0.014 0.007 0.055t  -0.000 0.028
Time 0.010 0.008 0.221 -0.006 0.025

TL -0.062 0.149 0.678 -0.354  0.230

Time*TL 0.016 0.008 0.042* 0.001 0.031

Time -0.028 0.004 <.001***  -0.037 -0.020

CE 0.073 0.068 0.281 -0.060 0.207

PsQ Time*CE 0.012 0.004 0.002**  0.004 0.020
Time -0.029 0.004 <.001*** -0.037 -0.021

TL 0.145 0.070 0.038* 0.008 0.283

Time*TL 0.006 0.004 0.141 -0.002 0.014

Time -0.006 0.011 0.552 -0.028 0.015

CE 0.159 0.210 0.448 -0.252 0.570

KsQ Time*CE 0.002 0.011 0.868 -0.019 0.023
Time -0.010 0.011 0.378 -0.031 0.012

TL 0.497 0.220 0.024* 0.066 0.928

Time*TL -0.018 0.011 0.102 -0.040 0.004

Legend: CES-D = Center for Epidemiologic Studies-Depression scale; PSQ = Perceived Stress
Questionnaire; PHQ-9 = Patient Health Questionnaire-9 items; KSQ = Karolinska Sleep
Questionnaire; CE = Closeness to Experience; TL = Tendence to Liability. Models are adjusted for

age, sex, and APOE status of participants. Tp<.10; *p<.05; **p<.01; ***p<.001
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Cognitive trajectories related to TCl new factors

Controlling for age, sex, education, APOE status, and adjusting the models with an FDR correction,
both CE and TL personality factors showed significant effects on cognitive cross-sectional and

longitudinal outcomes.

The unadjusted and adjusted cognitive outcomes are summarized in Table 5.8. We report results
for the full samples, as well as a healthy subset of non-AD converting participants, in order to
determine whether potential personality-related effects on cognitive performance are driven by

pre-clinical AD-related declines.

In the full sample, the analyses show that episodic memory performance decreases over time and
decreases the more the personality factors CE and TL are high (longitudinal main and interaction
effects — Figures 5.1 and 5.2). It was in line with our hypotheses.

Figure 5.1. Interaction effects of Closeness to Experience and Time on Episodic memory

composite score in full sample.
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Legend: EM = Episodic Memory, TClI CE = Closeness to Experience score assessed with

Temperament and Character Inventory.

Figure 5.2. Interaction effects of Tendence to Liability and Time on Episodic memory composite

score in full sample
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Legend: EM = Episodic Memory, TCI_TL = Tendence to Liability score assessed with Temperament

and Character Inventory.

Concerning vocabulary performance, higher CE and TL factors are associated with lower
performance (cross-sectional main effects), performance decreases over time and the higher the
CE and TL factors are (longitudinal main and interaction effects). It was an unexpected result and
therefore not in line with our assumptions. Moreover, it was unexpected to observe a negative

effect of time on performance due to the relative stability of crystallized abilities in aging.

Regarding block design task, higher CE and TL factors are associated with lower performance
(cross-sectional main effects), and performance decreases over time (longitudinal main and
interaction effects). No longitudinal interaction effects between time and personality factors on
performance were observed. We did not expect any longitudinal effects of personality on this

cognitive performance.

Concerning fluency performance, higher CE factor is associated with lower performance (cross-
sectional main effects), performance decreases over time and the higher the CE and TL factors

are (longitudinal main and interaction effects). It was in line with our hypotheses.
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In the HC subsample, the analyses show that episodic memory performance decreases over time
and decreases the more the personality factor CE is high (longitudinal main and interaction effects
— Figure 5.3). It was in line with our hypotheses.

Figure 5.3. Interaction effects of Closeness to Experience and Time on Episodic memory

composite score in HC subsample.
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Legend: EM = Episodic Memory, TClI_CE = Closeness to Experience score assessed with

Temperament and Character Inventory.

Concerning vocabulary performance, higher CE and TL factors are associated with lower
performance (cross-sectional main effects), performance decreases over time (longitudinal main
effect). No longitudinal interaction effects between time and personality factors on performance
were observed. We did not expect any longitudinal effects of personality on this cognitive

performance.

Regarding block design task, higher CE factor is associated with lower performance (cross-
sectional main effect), and performance decreases over time (longitudinal main and interaction

effects). No longitudinal interaction effects between time and personality factors on performance
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were observed. We did not expect any longitudinal effects of personality on this cognitive

performance.

Concerning fluency performance, higher CE factor is associated with lower performance (cross-
sectional main effects), and performance decreases over time (longitudinal main and interaction
effects). No longitudinal interaction effects between time and personality factors on performance

were observed. It was an unexpected result and therefore not in line with our assumptions.
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Table 5.8. Relationships between time, personality factors and their interactions on cognitive

performance.

Full Sample HC Sample

Dependant  Fixed factors  Coef.  Std.Err. P>|z| [0.025 0.975] p fdr Coef.  Std.Err.  P>|z| [0.025 0.975] p fdr

Time -0.017 0.002 <.001*** -0.020 -0.014 <.001*** -0.013 0.001 <.001*** -0.016 -0.010 <.001***
CE -0.044  0.024 0.059t -0.091 0.002 0.070* -0.048 0.025 0.054* -0.096 0.001 0.093*"
Time*CE -0.006 0.002 <.001*** -0.009 -0.003 0.002** -0.004 0.002 0.006** -0.007 -0.001 0.022*
Memory Time -0.017 0.002 <.001*** -0.020 -0.013 <.001*** -0.013 0.001 <.001*** -0.016 -0.010 <.001***
TL -0.013  0.023 0.573  -0.059 0.033 0.573 -0.036 0.025 0.148 -0.084 0.013 0.170
Time*TL -0.005 0.002  0.001** -0.008 -0.002 0.004** -0.003 0.002 0.071* -0.006 0.000 0.107
Time -0.004 0.001  0.003** -0.006 -0.001 0.007** -0.003 0.001 0.013* -0.005 -0.001 0.034*
CE -0.063 0.023  0.007** -0.109 -0.017 0.013* -0.058 0.024 0.018* -0.105 -0.010 0.036*
Time*CE -0.003  0.001 0.012* -0.005 -0.001 0.018* -0.002 0.001 0.062* -0.005 0.000 0.099%
Vocabulary Time -0.003 0.001  0.003** -0.006 -0.001 0.008** -0.003 0.001 0.017* -0.005 -0.000 0.036*
TL -0.063 0.023  0.006** -0.108 -0.018 0.013* -0.075 0.024 0.002** -0.123 -0.027 0.010*
Time*TL -0.003  0.001 0.012* -0.005 -0.001 0.018* -0.002 0.001 0.089* -0.004 0.000 0.118
Time -0.028 0.001 <.001*** -0.030 -0.025 <.001*** -0.027 0.001 <.001*** -0.029 -0.024 <.001***
CE -0.066 0.025 0.008** -0.114 -0.018 0.013* -0.055 0.026  0.038* -0.107 -0.003 0.071f
Time*CE -0.001  0.001 0.307 -0.004 0.001 0.334 -0.001  0.001 0.307 -0.004 0.001 0.320
Block design
Time -0.028 0.001 <.001*** -0.030 -0.025 <.001*** -0.027 0.001 <.001*** -0.029 -0.024 <.001***
TL -0.055 0.025 0.024* -0.104 -0.007 0.032* -0.046 0.026 0.084* -0.098 0.006  0.118
Time*TL -0.002  0.001 0.172  -0.004 0.001  0.197 -0.002  0.001 0.227  -0.004 0.001  0.247
Time -0.005 0.001 <.001*** -0.007 -0.002 <.001*** -0.003 0.001 0.009** -0.006 -0.001 0.028*
CE -0.057 0.021  0.006** -0.098 -0.017 0.013* -0.053 0.022  0.016* -0.096 -0.010 0.036*
Time*CE -0.003  0.001 0.033* -0.005 -0.000 0.041* -0.002 0.001 0.121  -0.005 0.001  0.153
Fluency Time -0.005 0.001 <.001*** -0.007 -0.002 <.001*** -0.003 0.001 0.006** -0.006 -0.001 0.022*
TL -0.014 0.021 0.504 -0.054 0.027 0.526 -0.015  0.023 0.515 -0.060 0.030 0.515

Time*TL -0.003 0.001 0.014* -0.006 -0.001 0.019* -0.002 0.001 0.139 -0.004 0.001 0.167

Legend: Mem = Episodic Memory; Voc = Vocabulary; Bloc = Bloc Design; Flu = Verbal Fluency; CE
= Closeness to Experience; TL = Tendence to Liability. Models are adjusted for age, sex, education,

and APOE status of participants. Tp<.10; *p<.05; **p<.01; ***p<.001
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Brain trajectories related to TCI new factors

Controlling for age, sex, education, APOE status, and adjusting the models with an FDR correction,

only CE personality factors showed significant cross-sectional effects on brain.

The unadjusted and adjusted neuroimaging outcomes are summarized in Tables 5.9 (Grey matter

volumes), 5.10 (White matter volumes) and 5.11 (White matter tracts).

In the full sample, regarding the cortical and hippocampal volumes using MRI, main effects of
time on all structures (cortical and white matter volumes) are observed: volumes decrease over
time. The left hippocampal volume decreased more over time as the CE score increased
(interaction effect — Figure 5.4). The interaction effects on right hippocampus and right temporal
volume did not survive FDR corrections. No cross-sectional effects with personality factors on
brain volumes were observed.

Figure 5.4. Longitudinal effect of time on left hippocampal volume in Full subsample.
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Legend: TCl_CE = Closeness to Experience score assessed with Temperament and Character

Inventory.
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In the HC subsample, regarding the cortical and hippocampal volumes, main effects of time on all
structures (cortical and white matter volumes) are observed: volumes decrease over time. The
right hippocampal volume decreased more over time as the CE score increased (Figure 5.5),
whereas the right temporal volume decrease less over time as the CE and TL scores were higher
(interaction effects). The interaction effects on left hippocampus volume did not survive FDR
corrections. No cross-sectional effects with personality factors on brain volumes were observed.

Figure 5.5. Longitudinal effect of time on right hippocampal volume in HC subsample.
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Legend: TCl_CE = Closeness to Experience score assessed with Temperament and Character

Inventory.

Regarding network analyses, main effects of time on fornix and right cingulate-cingulum FA are
observed: fractional anisotropy (FA) decrease over time (in both full and HC sample). Effects of
time on left cingulate-cingulum and cingulate hippocampus FA (full sample) did not survive the
FDR. Cross-sectional effect of CE on left cingulate-cingulum FA was highlighted in both groups
(the higher the CE, the lower the FA). In the full sample, the effect of CE on right cingulate
cingulum FA did not survive the FDR correction, whereas it was confirmed in the HC subsample.
No longitudinal interaction effects with personality factors on FA were observed. Longitudinal

effect of time on cingulate-cingulum FA in HC subsample are plotted in Figure 5.4.
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Figure 5.6. Longitudinal effect of time on Cingulate-cingulum fractional anisotropy in HC

subsample.
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Legend: FA = Fractional Anisotropy, CG = Cingulate, TCI_CE = Closeness to Experience score

assessed with Temperament and Character Inventory.
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Table 5.9. Relationship between time, personality factors and their interactions on grey matter

volumes
Full Sample HC Sample

Dependant  Fixed factors  Coef.  Std.Err. P>|z| [0.025 0.975] p_fdr Coef.  Std.Err.  P>|z] [0.025 0.975] p_fdr
Time -0.026 0.003 <.001*** -0.033 -0.019 <.001*** -0.027 0.003 <.001*** -0.033 -0.020 <.001***

CE -0.055 0.052 0.293 -0.158 0.047 0.540 -0.056 0.055 0.311 -0.165 0.052 0.596

Hipp L Time*CE -0.008 0.003 0.004** -0.013 -0.002 0.016* -0.006 0.003 0.023* -0.011  -0.001 0.0621
Time -0.027 0.004  <.001*** -0.034 -0.020 <.001*** -0.027 0.003 <.001*** -0.034 -0.021 <.001***

TL -0.030 0.052 0.563 -0.133 0.072 0.814 -0.010 0.058 0.858 -0.124 0.103 0.982

Time*TL -0.003 0.003 0.359 -0.008 0.003 0.626 -0.004  0.003 0.170 -0.010 0.002 0.379
Time -0.029 0.004 <.001*** -0.037 -0.021 <.001*** -0.029 0.004 <.001*** -0.036 -0.022 <.001***

CE -0.085 0.053 0.111 -0.189 0.020 0.267 -0.066 0.052 0.205 -0.167 0.036 0.418

Hipp R Time*CE -0.006 0.003 0.033* -0.012  -0.001 0.0921 -0.007 0.003  0.008** -0.013 -0.002 0.022*
Time -0.030 0.004 <.001*** -0.038 -0.022 <.001*** -0.030 0.004 <.001*** -0.037 -0.023 <.001***

TL -0.002 0.054 0.975 -0.107 0.103 0.996 0.005 0.054 0.924 -0.101 0.111 0.986

Time*TL -0.004 0.003 0.198 -0.011 0.002 0.432 -0.005 0.003 0.114 -0.011 0.001 0.274
Time -0.043 0.002 <.001*** -0.048 -0.039 <.001*** -0.041 0.002 <.001*** -0.045 -0.037 <.001***

CE -0.031 0.049 0.528 -0.127 0.065 0.792 -0.020 0.052 0.698 -0.122 0.082 0.938

Cortex L Time*CE 0.000 0.002 0.845 -0.003 0.004 0.978 0.001 0.002 0.674 -0.002 0.004 0.938
Time -0.043 0.002  <.001*** -0.048 -0.039 <.001*** -0.041 0.002 <.001*** -0.045 -0.037 <.001***

TL -0.011 0.049 0.821 -0.107 0.085 0.973 0.001 0.054 0.983 -0.105 0.108 0.996

Time*TL 0.002 0.002 0.274 -0.002 0.006 0.526 0.002 0.002 0.179 -0.001 0.006 0.381
Time -0.043 0.002 <.001*** -0.048 -0.039 <.001*** -0.041 0.002 <.001*** -0.045 -0.037 <.001***

CE -0.031 0.049 0.528 -0.127 0.065 0.792 -0.020 0.052 0.698 -0.122 0.082 0.938

Cortex R Time*CE 0.000 0.002 0.845 -0.003 0.004 0.978 0.001 0.002 0.674 -0.002 0.004 0.938
Time -0.043 0.002 <.001*** -0.048 -0.039 <.001*** -0.041 0.002 <.001*** -0.045 -0.037 <.001***

TL -0.011 0.049 0.821 -0.107 0.085 0.973 0.001 0.054 0.983 -0.105 0.108 0.996

Time*TL 0.002 0.002 0.274 -0.002 0.006 0.526 0.002 0.002 0.179 -0.001 0.006 0.381
Time -0.038 0.002 <.001*** -0.042 -0.033 <.001*** -0.036 0.002 <.001*** -0.040 -0.032 <.001***

CE -0.048 0.053 0.365 -0.152 0.056 0.626 -0.035 0.056 0.531 -0.145 0.075 0.864

Frontal L Time*CE -0.000 0.002 0.984 -0.004 0.004 0.996 0.000 0.002 0.984 -0.003 0.003 0.996
Time -0.038 0.002  <.001*** -0.042 -0.033 <.001*** -0.036 0.002 <.001*** -0.040 -0.032 <.001***

TL -0.017 0.053 0.746 -0.121 0.087 0.918 0.002 0.059 0.973 -0.113 0.117 0.996

Time*TL 0.002 0.002 0.306 -0.002 0.006 0.555 0.002 0.002 0.282 -0.002 0.005 0.553
Time -0.037 0.003 <.001*** -0.043 -0.031 <.001*** -0.038 0.003 <.001*** -0.043 -0.032  <.001***

CE -0.020 0.049 0.685 -0.116 0.076 0.877 -0.012 0.052 0.814 -0.115 0.090 0.982

Temporal L Time*CE 0.002 0.002 0.350 -0.002 0.006 0.623 0.003 0.002 0.131 -0.001 0.007 0.306
Time -0.037 0.003 <.001*** -0.043 -0.031 <.001*** -0.037 0.003 <.001*** -0.043 -0.032  <.001***

TL -0.002 0.049 0.973 -0.097 0.094 0.996 0.013 0.055 0.809 -0.094 0.120 0.982

Time*TL 0.003 0.002 0.224 -0.002 0.007 0.468 0.004 0.002 0.106 -0.001 0.008 0.262
Cingulate L Time -0.028 0.002 <.001*** -0.032 -0.023 <.001*** -0.026 0.002 <.001*** -0.030 -0.022 <.001***

CE -0.027 0.055 0.618 -0.135 0.080 0.842 -0.022 0.058 0.699 -0.135 0.091 0.938

158



Time*CE -0.001 0.002 0.469 -0.005  0.002 0.739 -0.001  0.002 0.617 -0.004 0.002 0.911
Time -0.028 0.002  <.001*** -0.032 -0.024 <.001*** -0.026 0.002 <.001*** -0.030 -0.022 <.001***

TL 0.027 0.055 0.623 -0.080 0.134 0.842 0.032 0.060 0.597 -0.086 0.150 0.911

Time*TL -0.001 0.002 0.664 -0.004  0.003 0.867 0.000 0.002 0.854 -0.003 0.004 0.982
Time -0.039 0.002  <.001*** -0.044 -0.034 <.001*** -0.037 0.002 <.001*** -0.041 -0.033 <.001***

CE -0.017 0.053 0.744 -0.121  0.086 0.918 -0.001  0.055 0.991 -0.109 0.108 0.996

Frontal R Time*CE 0.000 0.002 0.902 -0.004  0.004 0.995 0.000 0.002 0.828 -0.003 0.004 0.982
Time -0.040 0.002  <.001*** -0.044 -0.035 <.001*** -0.037 0.002 <.001*** -0.042 -0.033 <.001***

TL -0.007 0.053 0.896 -0.110  0.096 0.995 0.020 0.058 0.731 -0.093 0.133 0.952

Time*TL 0.002 0.002 0.236 -0.002  0.006 0.482 0.002 0.002 0.347 -0.002 0.005 0.629
Time -0.038 0.003 <.001*** -0.044 -0.032 <.001*** -0.038 0.003 <.001*** -0.043 -0.033 <.001***

CE -0.018 0.049 0.713 -0.114  0.078 0.901 -0.011  0.052 0.830 -0.112 0.090 0.982

Temporal R Time*CE 0.004 0.002 0.0567  -0.000  0.009 0.145 0.005 0.002 0.017* 0.001 0.009 0.045*
Time -0.038 0.003  <.001*** -0.044 -0.032 <.001*** -0.037 0.003 <.001*** -0.043 -0.032 <.001***

TL -0.001 0.049 0.982 -0.097  0.095 0.996 -0.008  0.054 0.878 -0.114 0.097 0.982

Time*TL 0.005 0.002 0.048* 0.000 0.009 0.131 0.006 0.002  0.008**  0.002 0.010 0.022*
Time -0.024 0.002  <.001*** -0.028 -0.020 <.001*** -0.023 0.002 <.001*** -0.027 -0.019 <.001***

CE -0.051 0.058 0.381 -0.164  0.063 0.641 -0.051  0.062 0.411 -0.173 0.071 0.704

Cingulate R Time*CE 0.000 0.002 0.970 -0.003  0.003 0.996 0.001 0.002 0.656 -0.002 0.004 0.938
Time -0.024 0.002  <.001*** -0.028 -0.020 <.001*** -0.023 0.002 <.001*** -0.027 -0.019 <.001***

TL 0.005 0.058 0.937 -0.109  0.118 0.996 0.010 0.065 0.876 -0.117 0.137 0.982

Time*TL 0.001 0.002 0.576 -0.003  0.005 0.814 0.000 0.002 0.888 -0.003 0.004 0.982

Legend: hipp = hippocampus; Cx = Cortex; L = Left; R = Right;

Tendence to Liability. Models are adjusted for age, sex,

participants. tp<.10; *p<.05; **p<.01; ***p<.001
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Table 5.10. Relationship between time, personality factors and their interactions on white matter

volumes
Full Sample HC Sample
Fixed

Dependant factors Coef.  Std.Err.  P>|z| [0.025 0.975] p_fdr Coef.  Std.Err.  P>|z| [0.025 0.975] p_fdr
Time -0.037 0.002 <.001*** -0.041 -0.033 <.001*** -0.033 0.002 <.001*** -0.036 -0.029 <.001***

CE -0.039  0.052 0.454 -0.140 0.063 0.726 -0.026  0.051 0.610 -0.126 0.074 0.911

Frontal Time*CE -0.000  0.002 0.821 -0.004 0.003 0.973 -0.001  0.001 0.553 -0.004 0.002 0.884
WML Time -0.037 0.002 <.001*** -0.041 -0.033 <.001*** -0.033 0.002 <.001*** -0.037 -0.029 <.001***

TL -0.064  0.051 0.217 -0.164 0.037 0.462 -0.052  0.053 0.331 -0.156 0.053 0.611

Time*TL 0.000 0.002 0.901 -0.003 0.004 0.995 0.000 0.002 0.917 -0.003 0.003 0.986
Time -0.039 0.002 <.001*** -0.044 -0.035 <.001*** -0.036 0.002 <.001*** -0.040 -0.032 <.001***

CE -0.021  0.049 0.667 -0.118 0.076 0.866 -0.019  0.050 0.703 -0.117 0.079 0.938

Frontal Time*CE -0.003  0.002 0.124 -0.006 0.001 0.290 -0.002  0.002 0.183 -0.005 0.001 0.383
WMR Time -0.039 0.002 <.001*** -0.044 -0.035 <.001*** -0.036 0.002 <.001*** -0.040 -0.032 <.001***

TL -0.053  0.049 0.282 -0.149 0.043 0.531 -0.047  0.052 0.364 -0.150 0.055 0.647

Time*TL -0.003  0.002 0.0631 -0.007 0.000 0.159 -0.003  0.002 0.101 -0.006 0.001 0.254
Time -0.038 0.003 <.001*** -0.044 -0.032 <.001*** -0.033 0.003 <.001*** -0.038 -0.028 <.001***

CE -0.022  0.050 0.665 -0.119 0.076 0.866 -0.025 0.048 0.599 -0.121 0.070 0.911

Temporal Time*CE -0.004  0.002 0.0891 -0.009 0.001 0.220 -0.003  0.002 0.138 -0.007 0.001 0.317
WML Time -0.038  0.003 <.001*** -0.044 -0.032 <.001*** -0.033 0.003 <.001*** -0.038 -0.028 <.001***

TL -0.029  0.050 0.560 -0.126 0.068 0.814 -0.035 0.051 0.484 -0.134 0.064 0.802

Time*TL -0.004  0.002 0.144 -0.009 0.001 0.329 -0.002  0.002 0.258 -0.007 0.002 0.515
Time -0.037 0.002 <.001*** -0.041 -0.033 <.001*** -0.036 0.002 <.001*** -0.039 -0.032 <.001***

CE -0.033  0.051 0.519 -0.134 0.067 0.792 -0.016 0.054 0.768 -0.123 0.091 0.978

Temporal Time*CE 0.000 0.002 0.985 -0.003 0.003 0.996 -0.000 0.002 0.896 -0.003 0.003 0.982
WMR Time -0.037 0.002 <.001*** -0.041 -0.033 <.001*** -0.036 0.002 <.001*** -0.039 -0.032 <.001***

TL -0.066  0.051 0.198 -0.165 0.034 0.432 -0.055 0.057 0.329 -0.166 0.056 0.611

Time*TL 0.000 0.002 0.999 -0.003 0.003 0.999 0.000 0.002 0.775 -0.003 0.004 0.978
Time -0.043  0.002 <.001*** -0.048 -0.039 <.001*** -0.042 0.002 <.001*** -0.046 -0.038 <.001***

CE -0.039  0.049 0.429 -0.136 0.058 0.698 -0.028  0.053 0.592 -0.131 0.075 0.911

Cingulate Time*CE -0.000  0.002 0.939 -0.004 0.003 0.996 -0.001  0.002 0.734 -0.004 0.003 0.952
WML Time -0.043  0.002 <.001*** -0.048 -0.039 <.001*** -0.042 0.002 <.001*** -0.046 -0.038 <.001***

TL -0.095 0.049 0.0521 -0.190 0.001 0.138 -0.100 0.054 0.0661 -0.207 0.007 0.171

Time*TL -0.001  0.002 0.572 -0.005 0.003 0.814 -0.000 0.002 0.900 -0.004 0.003 0.982
Time -0.037 0.003 <.001*** -0.044 -0.031 <.001*** -0.036 0.003 <.001*** -0.041 -0.030 <.001***

CE -0.059  0.053 0.267 -0.163 0.045 0.526 -0.050 0.057 0.374 -0.161 0.061 0.652

Cingulate Time*CE 0.000 0.003 0.881 -0.005 0.006 0.995 -0.000 0.002 0.996 -0.004 0.004 0.996
WMR Time -0.037 0.003 <.001*** -0.044 -0.031 <.001*** -0.036 0.003 <.001*** -0.041 -0.030 <.001***

TL -0.044  0.053 0.403 -0.148 0.060 0.667 -0.042  0.059 0.477 -0.158 0.074 0.802

Time*TL 0.001 0.003 0.600 -0.004 0.007 0.835 -0.001  0.002 0.794 -0.005 0.004 0.982
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Legend: L = Left; R = Right; WM = White matter; CE = Closeness to Experience; TL = Tendence to
Liability. Models are adjusted for age, sex, education, and APOE status of participants. tp<.10;
*p<.05; ***p<.001

Table 5.11. Relationship between time, personality factors and their interactions on white matter

tracts
Full Sample HC Sample

Dependant Fixed factors Coef.  Std.Err.  P>|z| [0.025 0.975] p fdr Coef.  Std.Err.  P>|z| [0.025 0.975] p fdr
Time -0.036 0.004 <.001*** -0.045 -0.027 <.001*** -0.035 0.004 <.001*** -0.044 -0.027 <.001***
CE -0.006 0.059 0914 -0.123 0110 0936 0004 0063 0944 -0.118 0127 0.970
Fornix Time*CE 0.002 0.003 0509 -0.005 0.009 0.815 0002 0.003 0.640 -0.005 0.008 0.853
Time -0.035 0.004 <.001*** -0.044 -0.026 <.001*** -0.034 0.004 <.001*** -0.043 -0.026 <.001***
TL -0.026 0059  0.660 -0.142 0.090 0.815 -0.030 0.062  0.634 -0.152 0.092  0.853
Time*TL -0.002 0.004 0.654 -0.009 0.005 0.815 -0.002 0.003 0.650 -0.008 0.005 0.853
Time -0.034  0.006 <.001*** -0.046 -0.023 <.001*** .0.031 0.006 <.001*** -0.043 -0.019 <.001***
CE -0.146  0.059  0.014* -0.263 -0.030 0.073  -0.179 0.061 0.004** -0.299 -0.058 0.025*
Cingulate Time*CE 0.000 0.004 0938 -0.008 0009 0938 0004 0005 0374 -0.005 0013 0.628
cingulum R Time -0.035 0.006 <.001*** -0046 -0.024 <001*** -0031 0006 <.001*** -0.043 -0.020 <.001***
TL -0.047 0060 0438 -0.164 0071 0.815 -0.090 0.062 0149 -0.212 0.032 0.483
Time*TL 0.002 0.005 0591 -0.006 0011 0815 0.006 0.005 0240 -0.004 0.015 0.561
Time -0.015 0.006 0.020* -0.027 -0.002 0.083%* -0.009 0.006 0.138 -0.021 0.003  0.483
CE -0.183  0.060 0.002** -0.301 -0.065 0.020* -0.214 0.062 0.001** -0.335 -0.093 0.004**
Cingulate Time*CE -0.002 0.005 0.621 -0.012 0.007 0815 -0.000 0.005 0.970 -0.009 0.009 0.970
cingulum L Time -0.015 0.006 0.018% -0.027 -0.002 0.083* -0.009 0.006 0134 -0.021 0003 0.483
TL -0.041 0061 0506 -0.161 0.079 0.815 -0.091 0.063  0.150 -0.215 0.033  0.483
Time*TL -0.002 0005 0716 -0.012 0.008 0.859  0.000 0.005 0933 -0.009 0.010 0.970
Time -0.007 0.008 0382 -0.023 0.009 0815 -0011 0.009 0.186 -0.028 0.006  0.523
CE 0.008 0.059 0.895 -0.108 0.123 0936 0014 0061 0.821 -0.105 0.132  0.958
Higg;gc‘;'::sus Time*CE 0006 0006 0333 -0.018 0006 0815 -0.008 0007 0228 -0.021 0005 0.561
R Time -0.007 0.008 0391 -0.023 0.009 0815 -0.013 0009 0136 -0.030 0.004 0.483
TL -0.008 0059 0.891 -0.124 0108 0936 -0.003 0.062 0963 -0.125 0119 0.970
Time*TL -0.006 0.007 0374 -0.019 0.007 0815 -0.007 0.007 0292 -0.021 0.006 0.588
Time 0.021 0.008 0.012* 0.005 0037 0.072t+ 0017 0009 0061 -0.001 0.034 0.319
CE -0.075 0.059 0204 -0.191 0.041 0713 -0.081 0.064 0204 -0.206 0.044  0.535
Cingulate Time*CE -0.003 0.007 0.622 -0017 0.010 0815 -0.005 0.007 0.485 -0.020 0.009 0.728
Hippocampus L Time 0020 0.008 0.009** 0005 0035 0064t 0017 0009 0.052+ -0.000 0.034 0312
TL 0.020 0063 0747 -0.103 0.143 0872 0016 0064 0.800 -0.108 0.141  0.958
Time*TL -0.005  0.006  0.450 -0.017 0.007 0.815 -0.008 0.007 0268 -0.021 0.006 0.588
Uncinate R Time 0.007 0010 0459 -0.012 0.026 0815 0010 0010 0322 -0.009 0.029  0.588
CE -0.062 0062 0318 -0.185 0.060 0.815 -0.042 0.065 0522 -0.170 0.086 0.756

161



Time*CE

-0.004 0007 0549 -0.019 0010 0.815 -0.007 0.007 0370 -0.021 0.008 0.628

Time 0.007 0010 0455 -0.012 0.026 0815 0011 0010 0295 -0.009 0.030  0.588

TL -0.051 0063 0421 -0.174 0.073 0815 -0.065 0.066 0321 -0.193 0.063  0.588

Time*TL -0.004 0007 0560 -0.019 0.010 0.815 -0.006 0.008 0.474 -0.021 0.010 0.728

Time -0.005 0010 0577 -0.025 0.014 0815 -0.002 0011 0818 -0.023 0.018  0.958

CE 0.007 0064 0908 -0.117 0.32 0936 -0.003 0065 0958 -0.132 0.125 0.970

Uncinate L Time*CE -0.007 0.008 0340 -0.022 0.008 0.815 -0.007 0.008 0402 -0.023 0.009 0.650
Time -0.005 0010 0614 -0.024 0014 0815 -0.002 0011 0866 -0.022 0.019 0.970

TL 0.012 0064 0849 -0.113 0.138 0936 0019 0066 0773 -0.110 0.149  0.958

Time*TL -0.011 0.008 0178 -0.026 0.005 0679 -0.011 0.08 0.187 -0.028 0.005 0.523

Legend: L = Left; R = Right; CE = Closeness to Experience; TL = Tendence to Liability. Models are
adjusted for age, sex, education, and APOE status of participants. tp<.10; *p<.05; **p<.01;

**%n< 001

Risk factors for AD dementia conversion

The results of the proportional hazards model are summarized in Table 5.12 and Figure 5.7. Of

the 1325 participants included in the analysis, 142 developed a dementia state due to AD during

their follow-up visits.

The risk of developing the dementia state was significantly impacted by sex, where being male

reduced the risk of developing a dementia state by 60%; age, where each additional year

increased the risk of dementia by 4%; years of education, where each additional year of education

reduced the risk by 17%; and APOE status, where being a carrier of an ApoE-e4 mutation increased

the risk by 3.41 times.

Table 5.12. Assessment of risk factors for dementia using Cox proportional hazards regression.

Variable Exp(coef) lower 95% upper 95% p-value p-adjusted
Sex 0.40 0.27 0.59 <0.005 0.0075
Age 1.04 1.02 1.06 <0.005 0. 0075

Education 0.83 0.78 0.88 <0.005 0. 0075

APOE-€4 3.41 2.43 4.77 <0.005 0. 0075

CE 1.02 0.94 1.10 0.72 0.72
TL 1.04 0.96 1.13 0.34 0.408
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Legend: Exp(coef) = exponential regression coefficient indicating increased (>1) or decreased (<1)
risk for each additional point to the variable of interest; CE = Closeness to Experience; TL =

Tendence to Liability.

Figure 5.7. Risk ratio plot with 95% confidence intervals of the global model
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Finally, none of the personality factors (CE and TL) significantly predicted the conversion to AD-

type dementia in Cox regression models adjusted for age, sex, education level and APOE-¢4.

Discussion

This work aimed to understand the impact of personality factors predictive of mental disorders
272 on neuropsychiatric, cognitive, and neuroanatomical trajectories of participants from the
population-based longitudinal Betula study. The results show that the revised personality factors
CE and TL are associated with greater NPS as well as greater cognitive decline over time, as well

as accelerated reduction of certain cortical volumes (hippocampus and cingulate).

Firstly, we demonstrate that two of the revised personality factors based on TCl, the CE and TL

factors both had acceptable internal consistencies (>.70) and were associated cross-sectionally

163



and longitudinally with NPS and cross-sectionally with sleep disturbances in our sample. We
thereby partially verify the initial observations made by Dell’Orco et al. (2018) in a younger clinical

population with high psychiatric illness burden.

Interestingly, in our study, associations were demonstrated when NPS and sleep disturbances
were measured between 10 and 17 years after personality assessment with the TCI. Personality

314 which was the case for our revised personality

is considered stable in healthy population
factors with a high significant positive correlation (Table 2), whereas the NPS measured focus on
manifestations that occurred over a limited period of time: the last year for the PSQ 2%, the last
three months for the KSQ 2%, the last two weeks for the PHQ-9 2°3 and the last week for the CES-
D 2%, These findings are in line with other work that has shown associations between negative
personality traits like neuroticism with NPS such as anxiety, agitation, apathy or irritability, where
personality was retrospectively assessed by relatives (midlife personalities)?®&3%, but it also
appears that NPS occur mostly in participants with higher personality changes across time.
Indeed, Pocnet et al. showed that premorbid personality, as assessed by the NEO Personality
Inventory Revised, was not related to neuropsychiatric manifestations in early AD, whereas
current personality changes accompanied the onset of NPS 28, It should be noted that in the
Betula study, both personality and NPS are self-evaluated via questionnaire. These data suggest
an important relationship between these revised personality factors and future NPS. However,

previous studies have examined these relationships in AD and MCI and not in predominantly

healthy older participants.

We hypothesized that participants with higher scores on personality factors associated with
higher NPS scores, CE and TL, would have poorer and more rapidly declining performance on age-
sensitive cognitive domains such as memory, executive (verbal fluency) and visuoconstructive

performance, whereas vocabulary ability was expected more stable across aging.

Our results show that, in the full sample, greater scores on CE and TL were associated with greater
episodic memory, vocabulary and verbal fluency decline. In the healthy control subset, only the
longitudinal effect of CE on episodic memory was highlighted. This suggests that these personality

factors have a greater negative impact on cognitive decline when considering participants
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converting to AD. The fact that the effect of CE and TL were not as significant in the healthy subset
than in the full sample may have indicated that the effect is driven by individuals with AD-related
memory decline. However, our follow-up Cox regression analysis did not indicate that CE or TL at
baseline was a predictor of AD conversion. Alternatively, the loss of significance in the healthy
subset may have been caused by loss of statistical power due to the smaller sample size.
Nevertheless, the CE personality factor has a significand effect on 25-year memory decline

regardless of AD conversion status.

In their conception and definition, CE and TL factors seem close to neuroticism or the opposite of
extraversion from the Big Five theory. As a reminder, the neuroticism trait of the Big Five theory
(tendency to experience negative and stressful life events) is positively correlated with the harm
avoidance trait assessed by the TCI (tendency toward an inhibitory response to signals of aversive
stimuli that lead to avoidance of punishment and non-reward) 2°*. Moreover, CE and TL factors
share with harm avoidance the characteristic of being a risk factor for mental disorders 272, It has
been shown that high neuroticism is associated with increased risk of cognitive impairment in
individuals without dementia, as well as accelerated memory and executive decline 273274.276,277,
Thus, our findings for CE, and to a lesser extent TL, support these trends in their longitudinal
effects on normative cognitive aging but also in the risk of cognitive impairment because of their
greater effects sizes in the sample including AD converting participants. This supports our
hypothesis that negative personality traits are associated with lower or declining memory and

executive performance.

Studies on the relationships between personalities and performances in different cognitive
domains are rare. Studies often focus on the risk of dementia or dementia-free cognitive
impairment based on different personality factors, usually based on the big-five. Among these
studies, it was shown that: high neuroticism, low agreeableness and low conscientiousness were
risk factors for developing dementia in individuals without baseline cognitive impairment; high
neuroticism and low conscientiousness were risk factors for developing dementia-free cognitive
impairment in individuals without baseline cognitive impairment; while low conscientiousness

was a risk factor for developing dementia in individuals with non-dementia cognitive
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impairment?’>. Our results focused particularly on negative personality factors, previously
associated with risk of mental disorders, and conceptually close to neuroticism (anxiety, tendency
to pessimism, low novelty seeking for CE, inability to change, low autonomy, low self-esteem for
TL) and showed that these factors were associated with greater declines in cognitive performance
over time. These more rapid declines were particularly present in the full sample, composed in
part of participants converting to AD. A meta-analysis also showed that high agreeableness and
openness traits reduced the risk of developing Alzheimer’s dementia 274. More recently, a meta-
analysis highlighted that high neuroticism and low conscientiousness were the most robust risk
factors for dementia, while low extraversion, openness, and agreeableness, although also risk
factors, were less robust through studies 3. Our results are in line with these findings on
neuroticism, since higher CE and TL were associated with higher memory and executive decline

in the full sample.

With regards to brain characteristics, in both full and HC samples, cortical grey matter, white
matter and hippocampal volumes decreased over time. Negative longitudinal effects were
observed of CE on left hippocampal volume in full sample, of CE on right hippocampal volume
and of CE and TL on left cingulate volume in HC sample. The implications for the hippocampi are
in line with the cognitive results, showing a more rapid decline in episodic memory in individuals
with higher CE scores. Cingulate volumes were also affected at the longitudinal level in HC
individuals with a higher CE or TL, supporting the relationship found between these personality
factor and the reduction in executive performance over time. Indeed, the hippocampus and
cingulate regions have been already associated with episodic memory processes and motivational
processes, action initiation, etc., respectively317-321, Other work has associated personality traits
in healthy elderly individuals with prefrontal, cingular, insular and temporal cortical volumes
280,281,303,305307,322 The authors highlighted the implications of these regions in emotional
processes (experience, expression, regulation), emotional memory and social cognition 322, In a
cross-sectional design within a sample of older or middle-aged individuals, brain volumes were
smaller with age, and more so in individuals with high neuroticism and less in individuals with
high conscientiousness, especially in the dorsal and ventral lateral prefrontal, orbitofrontal, but

also parahippocampal and amygdala regions 3%4. However, if our results didn’t highlight any cross-
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sectional effects of personality factors on brain volumes, a negative cross-sectional effect of the
CE factor is observed on the left cingulate-cingulum network FA. The association of the cingulate
with different personality traits such as neuroticism has been previously demonstrated 299:309-311,
Other data showed associations between personality traits and white matter damage in
participants with MCI: white matter lesions were greater in individuals with low
conscientiousness or high neuroticism3?3. However, these data did not find associations with
hippocampal atrophy, suggesting that personality changes in individuals at risk of developing
Alzheimer’s dementia would be associated with white matter lesions rather than medial temporal
regions, which could induce dysexecutive disorders 323. In addition to structural personality
associations, other data suggest a relationship with stages of neurofibrillary aggregation,
particularly more advance stages in participants with lower agreeableness and higher

neuroticism324,

Despite the longitudinal associations between CE and TL and cognitive decline, our Cox
proportional hazard analyses did not show any implications of CE and TL personality factors as
risk factors of AD-type dementia. Instead, in line with much previous research the risk increased
with increasing age, being a woman and carrying APOE-€4, and decreased with the years of
education. However, other studies have shown that certain personality traits are risk factors for
dementia or cognitive decline, in particular neuroticism?’427632>_ Also, mid-life personality was
demonstrated as dementia risk factor by Johansson et al. (2014): after 38 years of follow-up in
women without dementia: higher neuroticism was associated with a higher risk of dementia and
distress 326, However, after control for the distress factor, the association between neuroticism
and the risk of dementia decreased, suggesting that the risk is higher when neuroticism is
associated with distress. High neuroticism associated with low extraversion was also reported to
be the highest risk for dementia 3%6. These data suggest that neuroticism is a reliable factor in
estimating the risk of conversion to dementia, whereas CE and TL factors seem more reliable in
estimating longitudinal cognitive decline. Furthermore, the associations between CE / TL and
cognitive decline were also demonstrated in the HC subsample, and may not be related to a

degenerative process.
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Strengths and limitations

This work is the first to consider the revised mental disorders-related factors of the TCl as
potential predictors of neuropsychiatric symptoms in aging and cognitive and cerebral decline. As
such, it extends previous work based on personality assessments from the Big Five model. In
addition to focusing on long-term longitudinal age-related changes in four cognitive domains and
not just general cognitive status (MCI, dementia), the revised factors were submitted to two
stages of validation: their internal consistency was verified as well as their association with future
neuropsychiatric symptoms. Thereby this work has deepened the clinical knowledge of the TClI
tool for NPS assessment in aging, as well as understanding its relationship to cognitive decline in
different domains. Moreover, based on the Betula database, samples of relatively large sizes and
one of the longest longitudinal follow-ups could be studied. A particular noteworthy feature of
the relationships between personality and neuropsychiatric symptoms is that the former was
significantly associated with the severity and evolution of the latter even if they were evaluated
10 to 17 years later. Suggesting that personality as considered here indicates the potential risks
of having NPS in the future. One potential caveat, however, is that at the time of the personality
assessment, the presence or not of NPS was not available. Thus, it is not possible to conclusively
determine whether personality assessments were influenced by NPS, or whether personality
factors were driving later development of NPS. Another limitation was that the neuroimaging
subsample was significantly smaller than the original sample and had very few participants

converting to AD.

Perspectives

Given its results, confirming or extending previous work, several future direction can be
considered: 1) considering that some personality factors contribute to cognitive decline
(neuroticism?’®) while others are protective (openness, agreeableness?’®), or have an effect
depending on their height and interaction with others (extraversion contributes to decline if very
high and associated with neuroticism?’?), it would be important to distinguish between the
isolated impact of the different factors and their interaction effects on cognitive trajectories; 2)
investigate the role of the personality in other etiologies of cognitive decline such as Parkinson’s

disease; 3) study the contribution of personality as a predictor of decline using machine learning
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models in comparison to regression models (By estimation of cognitive decline prediction
accuracy); 4) explore the existence of new factors or personality changes that are more predictive
of neuropsychiatric symptoms or neurodegeneration similar to the work of Dell'Orco et al.
(2018)?72; 5) defining brain longitudinal trajectories over longer follow-up periods; 6) determining
personality interactions and modulations with AD risk factors such as APOE-g4 status or amyloid

and tau biomarkers.

These approaches allow an integrated view of AD and neurodegenerative diseases in general,

including physiological markers and psychological risk factors.
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Transition

Cette cinquieme étude, quoique sortant du lot des précédentes, a apporté des résultats
intéressants notamment sur le plan cognitif. Mais tout d’abord, sur le plan neuropsychiatrique, il
semble que les associations avec les facteurs de personnalité étaient limitées. Cela peut
s’expliquer par la distance temporelle espacant les facteurs de personnalité et les évaluations
neuropsychiatriques. Sur le plan cognitif, certains facteurs comme la proximité a I'expérience
(caractérisé par des comportements d’évitement et d’isolement) étaient positivement associés a
un déclin cognitif (plus élevé est le facteur de personnalité, plus rapide est le déclin). Les
associations avec les structures cérébrales montraient notamment un déclin des volumes
hippocampiques plus rapides chez les personnes ayant une proximité a I'expérience plus élevée.
Ces résultats suggerent la nécessité de considérer les facteurs de personnalité dans I'étude du
déclin cognitif normal et pathologique, que ce soit au travers des symptomes neuropsychiatriques

ou non.
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Discussion générale

Résumé des conclusions de travaux et élaboration autour des résultats

Les travaux exposés dans ce manuscrit démontrent plusieurs éléments. D’une part les SNP sont
impactés par plusieurs facteurs comme le sexe (Chapitre 1), les habiletés fonctionnelles (Chapitre
3), les traits de personnalité (Chapitre 5), ils sont plus prévalents au cours du déclin cognitif et
different selon les maladies neurodégénératives. lls sont associés a différentes structures
cérébrales, corticales et sous corticales (Chapitre 2), a des performances cognitives globalement
plus faibles ainsi qu’a un risque accru de déclin cognitif (Chapitre 1-4-5), méme apres controle de
différents paramétres démographiques et génétiques. lls sont par ailleurs plus fréquents chez des
individus présentant aussi un trouble dépressif majeur, qu’importe son statut cognitif (sain, TCL,

MA) (Chapitre 4).

Le premier chapitre mettait en évidence que les prévalences des symptomes neuropsychiatriques
différaient selon le sexe et que leurs interactions sur les performances cognitives différaient selon
le stade cognitif des participants (sains, TCL, MA), ou les hommes TCL ou MA avec SNP étaient
moins performants que ceux sans SNP alors que le profil inverse pouvait s’observer chez les
femmes avec SNP. L'impact du sexe revét une problématique particuliere dans ses interactions
avec les SNP, le déclin cognitif ou encore le risque de MA, particulierement chez les femmes chez
lesquelles la phase de ménopause conduit a des réduction des sécrétions des cestrogenes,
laguelle marque |'apparition de plaintes cognitives subjectives ou encore de changements
cognitifs mnésiques verbales et de fluences3?’. Malgré ces effets, les femmes semblent maintenir
de meilleures performances verbales que les hommes. La réduction des oestrogénes peut
conduire a une dysrégulation des sécrétions d’hormone lutéinisante, laquelle a pu étre associée
a de plus faibles performances cognitives chez les femmes, mais aussi chez les hommes, ou encore
ala présence de protéine B-amyloide dans le plasma3?832°, Malgré tout cela, la prédisposition plus
grande des femmes a développer la MA, considérant leur plus longue longévité et le r6le principal
de I’4ge dans le développement de la maladie, reste incertaine?L. Le réle des hormones sexuelles
peut aussi varier au cours du déclin. Notamment, il a pu étre montré que de plus hauts taux de
testostérone et de gonadotrophine chez les femmes étaient associés a de plus faibles positivités
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amyloides cérébrales et a de plus importants volumes hippocampiques chez les hommes. Ces
associations étaient seulement présentes chez les participants présentant des troubles cognitifs
et non chez les personnes cognitivement saines3%. Al'inverse, les hommes ayant un TCL montrent

31 || semble aussi que certains génotypes puissent venir

de plus faibles taux de testostérone
impacter le déclin en fonction du sexe : par exemple, chez les porteurs de APOE-g4 amyloide
positifs, les femmes déclinent plus rapidement sur le plan cognitif que les hommes332. D’autres
facteurs indirects peuvent étre soulevés, notamment du c6té du sommeil et des SNP puisqu’en
effet, les femmes présentent une prévalence plus élevée de dépression tout au long de la vie,
ainsi que d’apnée du sommeil postménopause, lesquelles ont été associées a un risque accru de
MA121,333-336 g%j| 3 pu étre démontré des associations entre hormones sexuelles et SNP dans la
MA : notamment une association négative entre estrogene et agitation chez les hommes, et une
association positive entre testostérone et agitation chez les femmes, il semble que les femmes
porteuses de APOE-g4 ayant davantage de testostérone présentent davantage d’hallucinations.
Cet effet n’étant pas retrouvé chez les hommes, cela suggéere des interactions entre hormones
sexuelles et certains génotypes dans I’émergence des SNP au sein de la MA®?3, Par ailleurs, il a pu
étre montré que certaines thérapies hormonales contribuent a réduire certains comportements
d’agressivité lors de phases avancées de démence ou encore a réduire le risque de MA et de
déclin cognitif en cas d’application précoce, mais ces résultats semblent controversés?%327, Ainsi
les raisons pour lesquelles les femmes et les hommes difféerent dans les risques de MA, de SNP,
ou de déclin cognitif sont d’'une grande complexité et mettent en jeu des interactions entre
génotypes, hormones sexuelles (dont les effets peuvent varier entre elles et entre les sexes) et
stades de déclin cognitif. Malgré I'ensemble de connaissances récoltées dans la littérature, il reste
incertain de pouvoir expliquer de maniere fiable certains résultats du chapitre 1, a savoir que les
femmes avec SNP se montraient meilleures a certaines taches cognitives alors que I'effet inverse
était plutot retrouvé chez les hommes. Une hypothése possible serait que des profils hormonaux
spécifiqgues pourraient se retrouver dans les deux sous-groupes : faibles taux d’estrogénes
favorisant la dépression chez les femmes, testostérone plus élevée permettant un meilleur
maintien cognitif vs. une testostérone élevée induisant I’agitation et l'irritabilité chez les hommes,

hormone lutéinisante élevée associée aux plus faibles performances cognitives.
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Les chapitres 2 et 3 s’intéressaient respectivement aux associations structurelles cérébrales des
SNP et leurs roles dans la prédiction de la conversion de participants cognitivement sains a TCL et
de TCL a MA sous la forme d’une étude rétrospective. Si les analyses d’associations structurelles
des SNP montraient des structures corticales différentes associées aux différents SNP, les
associations pouvaient différer entre les participants sains, avec TCL ou MA, ou certains SNP
pouvaient étre davantage latéralisés a droite comme |'agitation, la dépression, I'apathie ou
I'irritabilité. Les analyses rétrospectives et de prédiction montraient que les SNP n’étaient pas
systématiquement impliqués dans la prédiction du déclin cognitif, rendant les résultats
controversés. Notamment, lorsqu'ils sont associés aux habiletés fonctionnelles, ils n’étaient pas
significatifs dans la prédiction de la conversion du TCL a la MA. Alors gqu’ils étaient impliqués
comme facteurs de risque du TCL dans la MP (la dépression et I'anxiété). Si les liens entre habilités
fonctionnelles et SNP semble aller de soi, ces liens n’ont été que tres peu investigués dans la
littérature. 1l a pu étre montré que |'apathie, les comportements moteurs aberrants et les
perturbations de I'appétit étaient associés a de plus importantes perturbations des activités de
vie quotidienne en devis longitudinal®3” et transversal33. Par ailleurs, il semble que les SNP soient
plus fortement impliqués dans ces perturbations chez les individus cognitivement sains ou ayant
un TCL alors que les troubles cognitifs y sont plus fortement impliqués dans la démence338,
Cependant, les modeles mis en évidence dans le Chapitre 3 concernant les implications cérébrales
de la conversion en TCL ou en MA montraient une implication plus importante des structures de
I'hémispheére droit. Une interprétation possible, en se référant aux résultats du Chapitre 2, est
que certains SNP semblent davantage associés a des structures de I'"hémisphéere droit, comme
I'agitation, la dépression, l'irritabilité, ou méme I'apathie. Or I'analyse des données a pu révéler
que si l'agitation et I'apathie étaient impliquées dans la prédiction de la conversion de TCL a MA,
ces effets disparaissaient des lors que les habiletés fonctionnelles étaient considérées. Il est par
conséquent attendu que des structures droites viennent en partie soutenir la prédiction de cette
conversion. Cependant, si les asymétriques cérébrales impliquées dans la conversion entre TCL
et MA peuvent impliqguer I'hémisphére droit, d’autres travaux montrent de plus grandes
implications de I’"hémisphere gauche. Par exemple, des asymétries en faveur de I'hémisphere

gauche ont pu étre montrées chez des participants TCL convertissant en MA et d’autres non
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convertissant dans le gyrus temporal transverse, et en faveur de I’"hémisphere droit dans le gyrus

339 Chez les non-convertisseurs, une

orbitofrontal latéral et le lobule pariétal inférieur
latéralisation a gauche était retrouvée pour le cortex entorhinal et dans le gyrus cingulaire
antérieur chez les convertisseurs, alors qu’une latéralisation droite était montrée dans le
cingulaire antérieur chez les non-convertisseurs. Par ailleurs I’étude révélait aussi une réduction
des asymétries au cours du temps dans des régions temporales latérales et médianes,
préfrontales et pariétales33°. D’autres résultats soutiennent la réduction des asymétries au cours
du temps, des jeunes adultes sains aux personnes agées saines et des personnes TCL aux
personnes développant une MA3%C, D’autres résultats en TEP-FDG montraient que les
changements transversaux et longitudinaux des régions hippocampiques et amygdaliennes
droites permettaient de représenter la différence entre des personnes atteintes de MA et des

témoins sains3*1342 D’autres données suggérent que I'atrophie due a la MA est asymétrique mais

non latéralisée. La latéralisation serait plutdt contributive aux déficits cognitifs spécifiques3*3.

A l'heure ol les connaissances biologiques et neurologiques s’accumulent dans la compréhension
de ces maladies, et ou les modeles prédictifs s’affinent grace aux données épidémiologiques et
au développement des modeéles d’apprentissage machine, des modeles de plus en plus intégratifs
voient le jour et permettent alors de combiner des données comportementales, psychologiques,
affectives, cognitives, cérébrales, génétiques, mais aussi biologiques au sens large (analyses des

fluides corporels).

Afin de contribuer a I'avancée des connaissances sur I'impact psychologique envers le déclin
cognitif, les Chapitres 4 et 5 proposaient respectivement d’étudier les associations
neuropsychiatriques et cognitives du TDM dans différents stades cognitifs (sain, TCL et MA) en
devis transversal, et de considérer la personnalité comme facteur explicatif du déclin, a la fois
chez des individus développant une MA au cours du temps, et chez des individus agés sains, dans
un devis longitudinal. Les résultats du Chapitre 4 montraient que dans tous les groupes, le TDM
était associé a de plus hautes prévalences de la plupart des SNP (agitation, anxiété, apathie,
irritabilité...). De plus, dans les groupes TCL et MA, la présence de TDM était aussi généralement
associée a des performances cognitives plus faibles. Ces résultats sont discutés dans la partie
suivante, au regard de I'implication potentielle de I'utilisation de psychotropes chez les patients
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inclus, et de I'impact de ces traitements sur le vieillissement cognitif. Les résultats du Chapitre 5
guant a eux montraient des effets longitudinaux a la fois sur le développement futur de SNP, sur
le déclin cognitif mnésique et exécutif, ainsi que sur le déclin des volumes hippocampiques par
exemple et ce méme chez les individus ne développant pas de MA. Le facteur APOE était contrélé
dans son effet transversal comme longitudinal afin de pallier le biais explicatif qu’il pouvait
apporter dans le déclin. Concernant les liens entre personnalité et effets sur le cerveau vieillissant,
plusieurs éléments sont a considérer. La personnalité a pu étre identifiée au sein de plusieurs
réseaux, impliquant notamment les régions préfrontales et cingulaires. Typiquement, certaines
Iésions cérébrales acquises ou maladies neurodégénératives de ces régions conduisent a des
changements, perturbations de la personnalité, comme dans le cas de traumatismes craniens ou
de dégénérescences fronto-temporales34434>, Un effet indirect est lié au style de vie lié a la
personnalité. Que ce soit dans I'approche du BIG-FIVE ou du TClI, certains traits de personnalité
se caractérisent par la recherche de nouveauté, d’expériences nouvelles, de récompenses, de
contacts sociaux, de relations, d’aides (Extraversion, agréabilité, ouverture d’une part, recherche
de nouveauté, coopérativité)?’%2%°, Comme décrit dans le Chapitre 5, les traits d’intéréts de
proximité a I'expérience et de tendance a la passivité sont proches dans leurs caractéristiques du
neuroticisme et de I'évitement de la souffrance (isolement, affects négatifs, passivité, faible
autonomie, faible estime de soi). Ces comportements montrent la similarité entre les facteurs de
personnalité et expliquent en partie leurs proximité en termes d’associations avec le déclin
cognitif et cérébral?’4?7>, Pourtant, la personnalité pourrait aussi bien étre médiateur d’un effet
sur le vieillissement, soit dans un effet issu de composantes génétiques, soit au travers de modes
de vie et d’autres conditions de santé. En effet, plusieurs travaux soutiennent |’explication
génétique partielle ou totale de certains facteurs de personnalités et méme, de maniere
inattendue, des caractéres décrits dans I'approche de Cloninger346-38, D’autres travaux ont tenté
de mettre en évidence des relations entre polymorphismes des transporteurs et récepteurs
dopaminergiques, sérotoninergiques et de norépinéphrine, et les facteurs de personnalité. Les
résultats démontrés semblent cependant inconsistants, certaines relations étant seulement
montrées entre des sous-dimensions de l'inventaire : la dépendance a la récompense étant

différentes entre des polymorphismes du transport de la dopamine, et I'évitement de la
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souffrance étant différent entre des polymorphismes du transport de la sérotonine34%3>0, Qutre
les relations génétiques/personnalité a travers I'implication de génes dans les systémes de
neurotransmetteurs, la mise en place de la personnalité dans la vie quotidienne conduit a des
modes de vie divers, plus ou moins stimulants et riches en relations sociales (extraversion,
agréabilité, ouverture) ou au contraire négativistes et isolés (neuroticisme, évitement de la
souffrance). Certains travaux ont ainsi associé certaines caractéristiques de personnalité avec la
qualité de vie, le bien-étre ou encore la santé reliée a la qualité de vie3>13>2, La santé reliée a la
qualité de vie se jugeant par la qualité de vie globale, la perception générale de la santé, le
fonctionnement psychologique, physique, social, la vitalité, la douleur corporelle et les
symptomes somatiques. Certains facteurs de personnalité ont été typiquement associés a une
meilleure santé reliée a la qualité de vie comme de plus grandes extraversion, ouverture,
agréabilité, conscienciosité, optimisme, estime de soi, efficacité personnelle, alors que de plus
importants neuroticisme et affects négatifs étaient associés a une plus mauvaise santé reliée a la
qualité de vie3>2. Plusieurs travaux montrent méme des associations entre un neuroticisme élevé
ou des émotions négatives, et un risque accru de maladies chroniques comme des maladies
cardiaques (sténose artérielle, infarctus du myocarde), troubles mentaux, VIH, diabéte,
hypertension3>3-37_ Par ailleurs, certaines de ces conditions comme une tension artérielle élevée,
le diabéte, ou encore I'obésité, le tabagisme, la dysfonction rénale ont été associés a des risques
accrus de maladie d’Alzheimer ou de démence3°%-3%0, Ainsi plusieurs facteurs peuvent venir
contribuer a la relation entre personnalité et déclin cognitif et cérébral dans le vieillissement :
certains génes de transporteurs de neurotransmetteurs, le mode de vie, des conditions médicales

chroniques.

Pour finir, malgré leur caractére presque universel dans la maladie d’Alzheimer, les SNP et leurs
conséquences sur le bien-étre des patients et de leurs proches, leurs associations cérébrales et
cognitives, souffrent d’'un manque de traitements efficaces en dépit des nombreuses études s’y
intéressant. Plusieurs explications a cela ont pu étre soulevées comme le manque de mesures
fiables et efficaces des SNP, le manque de biomarqueurs spécifiques aux symptomes et le manque
de clarté des relations entre les SNP et les processus pathologiques des maladies

neurodégénératives3®. Les auteurs soulévent d’ailleurs le manque d’études sur les SNP
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comorbides : en effet, la plupart des études s’intéressent a I'étude d’un ou plusieurs symptomes,
considérés isolément des autres, alors qu’il semble plus opportun d’étudier les groupes de

symptémes dans le risque de démence chez les individus32361,

Apports cliniques

L'objectif des approches prédictives est de parvenir a déterminer, sur la base de données
biologiques, cliniques, comportementales, le phénotype diagnostique d’'une maladie, d’un
trouble, ses issues pronostiques ou encore d’en anticiper I'effet des traitements chez un individu
donné362-3%4 En cela, la mise au point d’un algorithme fiable et sensible doit permettre a ses
utilisateurs (cliniciens ou chercheurs) de déterminer plus efficacement I'évolution des maladies,
de développer des prises en charges plus adaptées, estimer les probabilités de déclin ou de
rémission de personnes ayant des maladies chroniques... C'est pourquoi plusieurs disciplines
s’accordent a développer ce type d’approche, au moins sur un plan expérimental, comme I'étude
du vieillissement, la psychiatrie, la neurologie, ou d’autres spécialités médicales abordant les

maladies chroniques36>-3¢7,

Nos travaux, centrés sur les symptomes neuropsychiatriques et les structures cérébrales, visaient
a mettre en évidence les déterminants du déclin cognitif dans la MA. L'apport des résultats
obtenus est double : d’une part, il est souligné les facteurs impliqués dans le déclin,
indépendamment des modeles et de la prédiction, suggérant des marqueurs cliniques sur
lesquels I'attention des cliniciens doit étre portée, notamment lors d’examens de routine ;
d’autres parts, dépendamment des modeles longitudinaux, il est envisageable de coupler
I’évaluation clinique a l'utilisation des probabilités fournies par ces modeles, basées sur les

caractéristiques individuelles des patients.

Pour aller plus loin dans ces approches, il semble nécessaire d’envisager la mise en place
d’apprentissage machine continue. Il s’agit d’'un apprentissage “tout au long de la vie” via lequel
un modele apprend et évolue de maniére continue a I'aide des nouvelles données qui y sont
incorporées. Le modele met ainsi a jour ses issues tout en continuant de tenir compte de ses

apprentissages précédents38,
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Retour sur des éléments méthodologiques

L'utilisation conjointe de bases de données
Si certains choix méthodologiques sont discutables, voire questionnables, ils en sont toutefois
justifiables au regard des objectifs de recherches choisis. Nous pouvons citer par exemple le choix
d’utiliser ensemble deux cadres de donnés différents en certains points dans le chapitre 1.
Particulierement, les critéeres de classification et d’inclusion des participants ayant un trouble
cognitif léger différe entre les deux bases de données ADNI et NACC: « The Mild Cognitive
Impairment group (MCI) from the ADNI database consisted of individuals whose cognitive
characteristics meet the criteria for MCI*>. Entry criteria for patients with amnestic MCl included
a Mini-Mental State Examination score of >24 and a Memory Box score of at least 0.5. The MCI
participants from the NACC database had to have cognitive changes from the person's previous
assessment (complaint) and a disorder in at least one cognitive domain'® ». Ces différences de
critéres d’inclusion indiguent une différence de sévérité des troubles cognitifs entre les
participants : les participants de NACC ayant au moins un trouble cognitif dans un domaine
cognitif alors que les participants de ADNI présentent jusqu’a un MMSE a 24/30 et une atteinte
mnésique légere a I’échelle CDR. Il serait donc attendu ici d’avoir un large spectre de sévérité des
participants ayant un TCL et que des associations différentes entre les SNP et les performances
cognitives puissent émerger dans les analyses. En cela, il aurait aussi pu étre envisagé de
distinguer les participants TCL entre les formes précoces et tardives dans un objectif

d’approfondissement des résultats.

Dans le méme registre, la considération du TCL dans sa globalité et non dans ses différentes
formes cognitives (amnésique vs. non-amnésique, domaine simple vs. domaine multiple) peut
aussi poser question en raison des étiologies différentes qui peuvent induire les différentes
formes, ainsi que des progressions longitudinales différentes. Plusieurs contréles
méthodologiques viennent limiter I'impact que ces considérations ont pu avoir sur les résultats.
D’une part, I'inclusion au sein du groupe TCL de la base de données ADNI est focalisée sur les
formes amnésiques (plus souvent dues a la MA). D’autres parts, malgré I'inclusion de formes

autres que amnésiques dans la base de données NACC, toutes étiologies autres que la MA
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retrouvées chez certains participants ont mené a leur exclusion. Ainsi la probabilité d’étiologies
de types dégénérescence lobaire fronto-temporale, vasculaire, maladies a corps de Lewy ou
autres étiologies neurologiques ou psychiatriques a été limitée. Toutefois, cela n’exclut pas la

possibilité de mise en évidence ultérieure d’'une de ces étiologies.

Questionnements liés aux outils cliniques utilisés

Forces et faiblesses des instruments : Concernant les mesures utilisées, particulierement les
mesures cliniques subjectives du NPI et du FAQ, certaines limitations peuvent étre énoncées
quant a la robustesse des résultats qui en découlent. Malgré leur validation clinique et
psychométrique, leur application en recherche souléve quelques faiblesses pour répondre aux
objectifs de recherche. Concernant le NPI, son utilisation est clinique et subjective, que ce soit
dans la forme utilisée par le clinicien ou dans la forme utilisée par un proche. Par ailleurs, la
période de I'évaluation des SNP porte sur les 4 derniéres semaines, ce qui ne rend pas compte de
I'aspect longitudinal des troubles, ni de leur caractére fluctuant au cours du temps, et ce
particulierement dans le TCL et la MA, oU les SNP peuvent étre présents depuis plusieurs années.
Par ailleurs, le NPI ne permet pas de distinguer les contextes d’apparition des symptdémes : sont-
ils survenus avant, pendant ou apres l'identification des difficultés cognitives, du langage, de la
communication ou lors des activités de vie quotidienne ? Par ailleurs, a la maniére du FAQ,
I’évaluation par les proches peut souffrir d’un biais d’évaluation en faveur ou non du diagnostic
des individus : I'aidant naturel évaluant son proche ayant un diagnostic quelconque pourrait étre
enclin a surévaluer les SNP en lien avec le diagnostic ou au contraire a minimiser ces symptomes
dans un objectif de normalisation des comportements réactionnels a la nouvelle condition
cognitive du proche. Cela étant, plusieurs études ont permis de montrer la bonne fiabilité inter-
juge du NPl ou encore de mettre en évidence la fiabilité statistique de I'évaluation par les proches
avec certaines échelles dans la prévision du déclin cognitifs, notamment a I'aide du Mild

Behavioral Impairment Checklist.

Le FAQ quant a lui vise a évaluer les capacités des individus a réaliser des activités quotidiennes
(préparer un repas, se déplacer hors de son quartier, suivre les actualités etc...). Dans son étude

de validation, I'outil présentait une bonne sensibilité et spécificité vis-a-vis du diagnostic de
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démence, ainsi qu’une bonne fidélité inter-juges3®°. Aussi, le questionnaire a présenté de bonnes
corrélations avec le fonctionnement social et les résultats aux tests cognitifs3¢%370, Toutefois
plusieurs questionnements peuvent étre énoncés vis-a-vis de sa construction. Tout d’abord,
certains items sont proches dans les activités qu’ils représentent ou peuvent étre liés, comme la
préparation d’un repas ou la préparation d’une tasse de café. Une difficulté a réaliser I'un pouvant
se traduire aussi par une difficulté dans l'autre. Il en est de méme pour le fait de suivre les
événements courants ainsi que la capacité a suivre un film, une émission, une lecture, les
comprendre et pouvoir en discuter. Par ailleurs, si I'outil a été corrélé aux performances
cognitives, il ne semble pas y avoir d’associations directes avec les troubles du comportement, ol
des troubles de la motivation ou de I’"humeur peuvent altérer la coopérativité des patients ainsi
gue leur aptitude a réaliser certaines taches. Ainsi ce qui peut étre interprété comme une
incapacité a accomplir une tache ou une action peut autant provenir d’une incapacité cognitive,
émotionnelle ou comportementale/motivationnelle. Aussi, il est a noter que contrairement au
NPI, le FAQ n’a pas été validé a travers autant de cultures et ethnies et n’a pas fait I'objet d’'une
revalidation récente aupres d’une population anglophone et n’a porté que sur un échantillon de
195 participants agés sains ou avec démence sénile légére lors de sa premiére validation3.
Malgré tout, ces deux outils comportent de bonnes qualités psychométriques malgré I'aspect

subjectif de leurs applications.

Importance de la médication dans les études sur les SNP

Un sujet d’importance, ouvrant la voie a de nombreux travaux complémentaires, lorsque I'on
s’'intéresse a la fois aux SNP, troubles comportementaux, ou a la psychiatrie du vieillissement,
concerne les effets de la médication sur les différentes composantes du vieillissement :
émotionnelles, cognitives, comportementales, cérébrales... Puisqu’il a été démontré a plusieurs
reprises les effets des psychotropes sur ces spheres, il parait évident de considérer 'utilisation
des traitements chez les participants inclus dans les études sur le vieillissement. Il ne nous a pas
échappé gu’il ne s’agissait cependant pas d’'une composante majeure dans les travaux abordés
précédemment. Cependant, nous pouvons rappeler que, parmi les criteres d’exclusions de la base
de données ADNI comprenaient a la ligne de base et au suivi l'utilisation de médication
psychoactive dont les antidépresseurs, neuroleptiques, anxiolytiques chroniques ou les
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hypnotiques sédatifs. Ainsi il peut déja étre confirmé qu’au sein des données analysées dans les
chapitres 1-2-3, les participants issus de la base de données ADNI n’étaient pas traités par ce type
de médication. Ainsi les résultats n’ont pas pu étre influencés par ces variables, a I'exception du
chapitre 1 dont les participants issus de la base de données NACC pouvaient bénéficier de ces
médications. La méme remarque peut étre faite concernant le chapitre 4. En revanche, tout
participant souffrant de troubles mentaux ont été exclus dans I’étude du chapitre 1, limitant la
probabilité que I'un d’eux soit traité par ces types de traitements. Similairement dans le chapitre
4, tout autre trouble que le trouble dépressif majeur (TDM) a été exclu. Ainsi, il peut étre attendu
gue les sous-groupes caractérisés par le TDM bénéficiaient davantage de traitements
psychotropes que les groupes sans TDM. Les résultats tendaient a montrer de plus hautes
prévalences de SNP et de plus faibles performances cognitives chez les participants avec TDM,
particulierement chez les participants avec un TCL ou une MA. Cependant, I'impact des
traitements sur ces prévalences et performances peut poser question. Méme si, tel que discuté
dans le chapitre 4, certains traitements antidépresseurs ont pu montrer des effets bénéfiques sur
I'humeur, la motivation et cognition, il pourrait alors étre attendu que, a I'exclusion des
traitements présents, les différences de prévalences de SNP et de performances entre les
participants avec vs. sans TDM soient plus importantes, ou que la performance de mémoire de
travail retrouvée plus élevée chez les MA avec TDM que chez les MA sans ne soit pas retrouvée,
voire que la différence soit inversée. Deux perspectives statistiques pourraient étre alors
proposées ici : employer les traitements potentiels comme covariables des modéles statistiques,
ou envisager une étape supplémentaire d’analyses pour comparer les performances des

participants ayant un TDM avec vs. sans traitements.

Dans le Chapitre 5, les participants étaient sains a I'inclusion sur les plans neurologiques et
psychiatriques, limitant la probabilité d’utilisation de psychotropes. Par ailleurs, les participants
étaient exclus en cas de diagnostics psychiatriques lors des visites de suivis. Enfin, les travaux
supplémentaires excluaient respectivement les participants sous médication anxiolytique ou
antidépresseur d’une part, ou sous médication chronique affectant le systéme nerveux central

(incluant les traitements de plus de 6 mois pour I’hypertension et I’hypothyroidisme). Par ces
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controles lors des inclusions des différentes bases de données, les effets transversaux et

longitudinaux potentiels des médications psychotropes ont été restreintes.

Concernant les travaux s’étant intéressés aux effets des psychotropes dans le vieillissement,
plusieurs montrent des impacts négatifs et positifs sur la cognition, les troubles
comportementaux, de I'humeur etc. voire préservent mieux certaines structures cérébrales
(augmentation de la neurogenése des hippocampes chez le rat par exemple apreés traitement par
ISRS type fluoxétine). Il était déja abordé dans le Chapitre 4 que certaines études montraient un
role protecteur de certains antidépresseurs face au déclin cognitif (réduction du risque de
démence et de TCL?%3-2%5, Particuliérement, il semble que les médications a base de lithium et de
clozapine soient inversement corrélées a la sévérité de la démence chez des individus avec
dépression unipolaire ou trouble bipolaire?®3. ’effet protecteur du lithium semble se démontrer
aussi face aux marqueurs de la MA chez la souris et est associé a une réduction de plaques
amyloide et de charges tau, une préservation dendritique dans les hippocampes et le cortex
frontal®’1. Un autre travail rapportait une réduction du risque de démence chez des patients ayant
une dépression majeure chez les utilisateurs de médication tricyclique. Au contraire, le risque de
démence était augmenté chez les utilisateurs d’inhibiteurs sélectifs de la recapture de la
sérotonine, d’inhibiteurs de la monoamine oxydase ou encore d’antidépresseurs hétérocycliques.
Respectivement, I'augmentation des doses utilisées étaient associées a la réduction ou
I’augmentation du risque de démence?®*. L’augmentation du risque de démence liée a prise
d’ISRS est contre-intuitive avec certaines données récoltées chez le jeune rat, ou la prise de
Fluoxétine (ISRS) augmente la neurogenése hippocampique ainsi que le taux de survie des
neurones nouvellement générés, alors que la prise d'IMAO augmente la neurogenése sans
améliorer le taux de survie des nouveaux neurones®’2. D’autres données mettent en évidence
une augmentation de l'angiogenese en corrélation avec l'augmentation du nombre de
précurseurs neuronaux dans les gyrus dentés suite a l'utilisation de traitements ISRS ou
tricycliques3”3. Il est toutefois notable que ces résultats sont issus de données chez I’adulte ayant
une dépression majeure et non chez la personne agée. Dans une étude chez les femmes tres
agées (moyenne supérieure a 80 ans), |'utilisation d’ISRS ou de tricycliques augmentait le déclin

cognitif suivi sur 5 années (augmentation du risque de TCL et de démence) et cela méme en
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controlant les facteurs démographiques, les comorbidités médicales et le niveau cognitif de
base?%. La méta-analyse de Chan et al. (2019) concluait par ailleurs que si la présence d’un trouble
dépressif augmentait le risque de TCL ou de démence, l'utilisation d’antidépresseurs ne réduisait

pas ce risque et tendait méme a 'augmenter davantage?®®.

Ainsi, la considération des traitements psychotropes revét une forme de difficulté additionnelle
au sein des modeles statistiques en raison de leurs effets différents entre eux, et entre les ages
auxquels ils sont utilisés. Considérant le facteur de risque qu’ils représentent de développer un
TCL ou une démence, il parait légitime de se questionner sur leur role vis-a-vis des SNP : des SNP
plus séveres peuvent conduire a des utilisations plus élevées de psychotropes, induisant un risque

plus important de déclin cognitif.

Concernant les résultats décrits dans le chapitre 4, les patients ayant un TDM présentent
davantage de SNP ainsi que des performances cognitives plus faibles. Il peut ainsi étre supposé
que les traitements possibles du TDM aient pu accentuer les différences cognitives entre les
groupes. Une solution dans ce type de devis serait par exemple de ne considérer que des
participants n’utilisant aucun psychotrope. D’autres questions peuvent aussi avoir leur
importance comme la durée depuis laquelle les traitements sont utilisés, pour quelles raisons ils
ont été appliqués et dans quel objectif ? On se remémorera notamment les différents effets que
les psychotropes peuvent avoir en fonction de leur dose et de leurs couplages (amélioration de

I’humeur, de la motivation, sédation...).

Forces et limitations

Plusieurs éléments viennent soutenir la robustesse des résultats démontrés dans les travaux
présentés ici. Tout d’abord, chaque étude s’appuie sur des échantillons de tailles importantes, car
issus de cadres de données multicentriques, pouvant dépasser plusieurs milliers d’observations
transversales et longitudinales. Ces échantillons permettaient d’étudier a la fois le vieillissement
normal et le vieillissement pathologique au travers du déclin cognitif (trouble cognitif léger,
maladie d’Alzheimer). Plusieurs modeéles ont été employés afin de répondre aux hypothéses,
permettant de soutenir I'intérét de différentes approches d’analyses de données comme le

modele linéaire général, ou des régressions a effets mixtes (soulignées par leur importante
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robustesse face a I'absence de validation des conditions d’applications de tests paramétriques).
L'intégration de différents aspects des symptomes neuropsychiatriques a aussi permis d’en
déterminer les associations de personnalité, cognitives, et cérébrale d’une part, et d’en estimer
la contribution en association avec d’autres facteurs dans la prédiction du trouble cognitif léger.
Par ailleurs, chaque étude assurait la considération de covariables connues pour impacter le
vieillissement et la probabilité de déclin cognitif comme I'age, le sexe, le niveau d’études ou
encore le statut génétique APOE. Ces contrbles permettaient de s’assurer de I'effet isolé des
symptomes neuropsychiatriques sur les performances cognitives ou de I'association entre ces
symptomes et |a taille des structures cérébrales. Enfin, les analyses considéraient aussi différents
types de corrections statistiques afin de réduire le risque d’erreurs de Type | dans l'interprétation

des résultats.

Quelques limitations peuvent toutefois étre soulevées. Notamment, étant donné lintérét
principal autour de la maladie d’Alzheimer, il aurait été opportun de considérer la présence des
biomarqueurs chez les individus ayant une cognition normale ou un trouble cognitif |éger sans
diagnostic de maladie d’Alzheimer afin d’identifier les individus a risque. Par ailleurs, et pour des
raisons de restriction des contrastes et du nombre d’analyses réalisées, les personnes présentant
un trouble cognitif subjectif n"ont pas été considérées. Sur un plan méthodologique, il peut étre
relevé une variabilité inter-études concernant les procédures d’évaluation des participants (tests
cognitifs et questionnaires neuropsychiatriques différents entre les bases de données), de
nettoyage des données, concernant notamment Iinclusion/exclusion des participants,
vérification des conditions d’application des tests paramétriques, ou encore les corrections
statistiques utilisées. Ces divergences peuvent expliquer au moins en partie la diversité des
résultats retrouvés. Enfin, certaines études étaient uniquement transversales, celles-ci auraient

agné ainclure une partie d’analyses longitudinales.
y

Perspectives de recherche

Actuellement, il semble que différentes catégories de données soient déterminantes dans la
prédiction du développement de maladies neurodégénératives ou de la conversion d’un état de

santé a un état de troubles cognitifs (Iégers ou démentiels).
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Ainsi les études futures pourraient s’axer (voire s’axent déja) sur I'association, I'intégration de ces
différents marqueurs au sein des algorithmes. Notamment, plusieurs travaux se sont appuyés sur
les données du liquide céphalo-rachidien®, d'IRM37>378 les imageries de TEP (glucose et
biomarqueurs amyloide et tau de la maladie d’Alzheimer)376377.373 |es biomarqueurs sanguins38%-
383 afin de prédire la présence ou I'apparition future de la MA. L'intégration de ces facteurs avec
des évaluations comportementales, cognitives et subjectives de plaintes ont aussi pu démontrer
de bonnes performances de prédiction384. Cependant, certaines associations restent a tester, de
méme que la vérification de la fiabilité de différentes familles d’évaluations (les évaluations

cognitives et comportementales présentent-elles la méme fiabilité dans I'établissement de la

prédiction ?).

Par ailleurs, il serait intéressant de déterminer I'impact d’accompagnements, de traitements et
prises en charges, médicamenteuses ou non, sur les prédictions apportées par les algorithmes et
autres modeles prédictifs. En cela, déterminer une issue diagnostique serait primordial pour
cibler davantage les individus a risques de développer des maladies ou des complications, tout
autant qu’étre en capacité d’offrir des remédiations et des soins adaptés a ces personnes pour en

réduire les risques de conversions ou d’issues négatives.

Mot de la fin

Comme nous I'avons vu, les symptémes neuropsychiatriques, les troubles du comportement, les
changements de personnalité, ou autres formes de perturbations psychologiques des personnes
sont susceptibles d’altérer leur qualité de vie ainsi que celle de leurs proches. Facteurs de risques
d’institutionnalisation et de déclin accéléré, ils suscitent I'incompréhension chez les personnes
qui en sont atteintes, chez leur famille mais aussi chez les soignants. C’'est pourquoi il reste
important de bien les caractériser et de démocratiser leur évaluation en pratique clinique afin

d’en optimiser 'accompagnement et la prise en charge.

Malgré les limitations liées aux traitements et a leur issue pronostique, il est aussi du devoir du
clinicien d’apporter des éléments de réponse aux patients et aux proches qui questionnent ces
manifestations symptomatiques, qui souhaitent comprendre pourquoi elles surviennent. Il est

alors important de souligner la réassurance apportée lorsque ces personnes sentent une

186



confirmation de la légitimité de ces questionnements, mais aussi de la légitimité de leur
souffrance. Quand bien méme il n'est pas rassurant de voir émerger des changements de
personnalité chez un étre cher et proche, y voir une explication clinique, cognitive, neurologique
tout comme des pistes de remédiation ou d’atténuation, peut étre source de soulagement. Si le
phénomeéne décrit est fréquent, les personnes peuvent ne plus s’y sentir aussi seules, ni s’y sentir

incomprises.

La est toute I'importance de la recherche clinique sur ces symptomes, apporter des éléments de
réponses a la clinique et indirectement aux individus en pertes de reperes a ce moment de leur
vie. Aterme, ces recherches pourraient permettre de mieux les cerner et d’en proposer des prises

en charge plus précocement.
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Part 1 : Prediction of MCI and AD based on neuropsychiatric symptoms and

FDG-PET characteristics

Introduction
Since the 1980s, the reduction in the rate of cerebral glucose metabolism has been linked to
cognitive performance and disease status, particularly in Alzheimer's disease3®. Thus, this
metabolic reduction is currently described as an early and progressive feature of AD, reflecting

neurodegeneration386-388,

Hypometabolism may involve medial temporal, lateral temporal, inferior parietal, posterior
cingulate regions, depending on the genetic status of the patients (APOE-4)3, or even in the
frontal regions in more advanced stages3®’. On the contrary, other regions are better preserved,
such as the primary visual and motor areas, the thalami, the cerebellum and the basal ganglia3®.
At the stage of Mild Cognitive Impairment (MCI), hypometabolism is mainly in the medial
temporal lobes, while other cortical regions are less involved. MTL hypometabolism seems more
characteristic of MCl compared to healthy subjects, whereas cortical hypometabolism is more
discriminative of AD compared to MCI*°®-3%2, However, it has been shown more recently that the
standardized uptake value ratio (SUVr) of PET-FDG was lower in AD than in MCl and in MCI than
in controls, in the precuneus and posterior cingulate, while the atrophy markers were not
significant. Thus, FDG seems to be a marker of neurodegenerative processes3®3. In particular, the

retrosplenial cortex showed also hypometabolism in the retrosplenial cortex in prodromal AD3%4.

Additionally, whereas memory impairment was associated in both mild AD and amnestic MCl with
hypometabolism in the hippocampal complex, medial thalamus, mammillary bodies, and
posterior cingulate, it was also associated with hypometabolism in amygdala, temporoparietal,

and prefrontal hypometabolism in AD but not in MCI3%.

Other characteristics have been associated with an increased risk of pathological cognitive decline
in aging and Alzheimer's disease. This is the case for neuropsychiatric symptoms (NPS) such as

depression, anxiety, agitation, irritability, and apathy, which are among the most prevalent NPS
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in AD'? (12). While these NPS are common, it would appear that depression and irritability are

the most common prior to diagnosis, while apathy and agitation are rarer3,

These symptoms could be associated with different hypometabolisms: in the bilateral superior
frontal and left anterior cingulate cortices (ACC) in connection with depression?, in the right,
middle and superior temporal gyri, insula, precentral and postcentral gyri, middle and inferior
frontal gyri linked to irritability®®’. More recent studies seem to agree on the involvement of
hypometabolism of the superior frontal gyrus and ACC in affective symptoms such as depression
in early-onset AD3%83% and of the superior frontal gyrus in non-demented individuals with late-

life depression®?, Studies focusing on irritability are more limited*°.

Based on these results, some studies had tried to predict cognitive decline or AD based on NPS or

hypometabolism?®21.492-404 '35 well as predict hypometabolism in preclinical AD based on NPS4¢,

Thus, the objective of this study is to establish predictive models of AD and MCI from binary
logistic regression models based on NPS and topography of cerebral hypometabolism. It is
expected that the classification of MCI compared to healthy participants as well as the prediction
of conversion from MCI to AD would be characterized by higher depression scores, and lower

metabolism in medial temporal and/or frontal/cingular regions.
Materials and Methods

Participants
The patient group consisted of 45 participants (19 women) who met the criteria for amnestic MClI
following the Mayo Clinic criteria®® at inclusion. They were referred by neurologists working in
memory clinics and were selected on the basis of a general examination, neurological and
neuropsychological assessments, neuroimaging, and laboratory evaluation. The patients
demonstrated both subjective and objective memory decline. They did not experience many
difficulties in their daily activities and they did not fulfill the criteria for dementia. During the 4
year follow-up period, the patients were re-evaluated at least once with a neuropsychological
test battery and a neurological assessment. Follow-up stopped when the patient met the clinical

diagnosis of Alzheimer's disease®® or after 4 years if the patient still met aMCl criteria. The current

190



analyses were performed on the inclusion data as a function of follow-up outcome. The patient
groups included in the analyses consisted of 22 MCI patients who progressed to AD 6 to 42
months after inclusion (converters, mean time to conversion: 21.4 months * 11.8), and 23

patients who still presented with MCI 4 years after inclusion (non-converters).

A control group of 26 healthy older participants (16 women) also participated in the study. At
inclusion, subjects in this group had to perform within norms on the Dementia Rating Scale°®
(58). A follow-up consisting of a neuropsychological assessment was also proposed to controls.
One participant demonstrated cognitive decline compatible with a degenerative process at

follow-up and was therefore excluded from the analyses.

For all participants (aMCl and controls), exclusion criteria were the following: not being native
French-speaker, psychiatric antecedents, neurological antecedents (such as stroke, tumor),
anxiolytic or anti-depressive medication, excessive consumption of alcohol (>14 units/week), and
uncorrected deficient hearing and vision, incomplete data acquisition (lack of demographic,

neuropsychiatric, neuropsychological or imaging data).

The converters, non-converters, and control groups were matched in terms of age, education,
and sex distributions. On the Geriatric Depression Scale, converters patients scored higher than
the non-converters patients but not than the controls (F(2, 68) = 2.929, p = 0.06). The converters
and non-converters patients had a poorer score on the Mattis Dementia Rating Scale than
controls for attention (F(2, 68) = 3.348, p = 0.041), verbal initiation (F(2, 68) = 11.798, p < 0.001),
motor initiation (F(2, 68) = 4.627, p = 0.013), memory subscales (F(2, 68) =16.033, p < 0.001), and
total scale (F(2, 68) = 17.701, p < 0.001).

A second stage of analyses was carried out in the MCI group only by considering their
Neuropsychiatric inventory scores. Five patients without assessment were excluded from the
analyses. Converters patients do not differ from non-converters based on NPS prevalence, nor

NPS severity mean (Table 1).

Table appendix 1.1. Neuropsychiatric characteristics of MCl converters vs MCl non converters.
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MCl-converters MCI non-converters T/Khi? Significance

N 19 21

NPS Prevalence

Del (%) 53 0 1.134 0.287
Hall (%) 5.3 4.8 0.005 0.942
Agi (%) 15.8 28.6 0.935 0.334
Dep (%) 36.8 52.4 0.973 0.324
Anx (%) 31.6 19 0.835 0.361
Eup (%) 0 0 - -
Apa (%) 26.3 28.6 0.025 0.873
Dis (%) 5.3 9.5 0.261 0.609
Irr (%) 31.6 33.3 0.014 0.906
Amb (%) 10.5 0 2 AXT 0.127
Nig (%) 5.3 9.5 0.261 0.609
App (%) 0 4.8 0.928 0.335
NPS Severity

Del (m/sd) 0.11/0.46 0/0 -1 0.331
Hall (m/sd) 0.21/0.92 0.05/0.22 -0.79 0.434
Agi (m/sd) 0.37/1.01 0.67/1.16 0.865 0.393
Dep (m/sd) 0.891.63 1.38 /2.16 0.798 0.43
Anx (m/sd) 0.581.07 0.57/1.78 -0.016 0.987
Eup (m/sd) 0/0 0/0 - -
Apa (m/sd) 0.84/1.89 1.29 /3.07 0.543 0.59
Dis (m/sd) 0.05/0.23 0.1/0.30 0.5 0.62
Irr (m/sd) 1/1.60 0.57/1.03 -0.997 0.327
Amb (m/sd) 0.16 /0.69 0/0 -1 0.331
Nig (m/sd) 0.16 /0.69 0.62/2.62 0.744 0.461
App (m/sd) 0/0 0.29/1.31 0.95 0.348

Legend: NPS = Neuropsychiatric Symptoms; Del = Delusions; Hal = Hallucinations; Agi = Agitation;
Dep = Depression; Anx = Anxiety; Eup = Euphoria; Apa = Apathy; Dis = Disinhibition; Irr =
Irritability; Amb = Aberrant Motor Behaviors; Nig = Nighttime behaviors; App = Appetite changes.

Neuroimaging Data Acquisition and Preprocessing
Cerebral glucose metabolism was measured with FDG-PET in 22 converters patients, 23 non-
converters patients and 26 controls. For each participant, a FDG-PET image was acquired on a
Siemens/CTI (Knoxville, TN) ECAT HR+ scanner (3D mode; 63 image planes; 15.2 cm axial field of
view; 5.6 mm transaxial resolution and 2.4 mm slice interval) during quiet wakefulness with eyes
closed and ears unplugged after intravenous injection of 2-[18F]fluoro-2-deoxy-D-glucose (FDG,
152 to 290 MBq)*%’. Images of tracer distribution in the brain were used for analysis: scan start
time was 30 min after tracer injection and scan duration was 20 min. Images were reconstructed
using filtered backprojection including correction for measured attenuation and scatter using

standard software. FDG-PET image analyses were performed using SPM12 (Wellcome

192



Department of Cognitive Neurology, London, UK). The PET data were subjected to an affine and
non-linear spatial normalization onto the a priori probabilities of the voxels in a spatially
normalized (9-parameter affine) brain image belonging to grey matter. A mean image was then
generated from all the resulting normalized images and smoothed using an 8-mm full-width at
half-maximum isotropic Gaussian filter. This mean image served as a brain template specific to
the whole sample. Each PET image was then spatially normalized onto this group-specific brain
template. Finally, images were smoothed with a 12-mm full-width at half-maximum filter. This
method was compared to the simple normalization based on these a priori (without specific
template of the group) as well as to the normalization based on the specific template resulting
from the normalization performed with the O-PET template provided by the SPM software. The
comparisons of these different methods showed a greater precision of the 1st method in the

contrasts between the groups (better localized clusters).

Statistical Analyses

Brain Metabolic Measure

For all analyses, SPM12 statistical analyses were performed by estimating parameters according
to the general linear model at each voxel. Moreover, in order to control for individual variation in
global FDG uptake, images were proportionally scaled to values from a cluster of preserved
activity in the patients situated in the sensorimotor area?®. As a first analysis, group comparisons
were performed by using a factorial design with the preprocessed PET images of the three groups
and the groups 2 by 2 (controls vs. MCl, and converters vs non-converters). Linear contrasts
examined regions that were less active in converters patients than controls, in non-converters
patients than controls, in converters patients than in non-converters patients and vice versa.
Additional whole-brain analyses were conducted to evaluate the correlations between cerebral
metabolism and NPS: GDS score, NPI severity subscales scores and NPI total score. For whole-
brain statistical analyses, the statistical threshold was set at p < 0.05 FWE-corrected for multiple
comparisons at the voxel-level. Moreover, we assessed the predictive role of metabolism in
regions of interest (ROI) based on significant metabolism differences between groups.

Coordinates described as significant were labeled with the anatomical automatic labeling (AAL)
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atlas?®® (30). Contrast analysis (MCl vs. controls) was used to extract the ROIs that will be used for
prediction analyses. These analyses showed that the metabolism of the following regions differed
between the two groups: left angular and superior parietal, fusiform (2 clusters), inferior and
middle temporal (2 clusters), middle (2 clusters), inferior orbital, orbitomedial frontal, thalamus
and right precuneus, inferior parietal (2 clusters), inferior and middle temporal, middle (2
clusters), inferior orbital, precentral and opercularis frontal, middle cingulate, thalamus and

putamen.

Predictive Analysis

Logistic regression models were performed with the objective of predicting MCl and conversion
to AD. For this purpose, 2 binary logistic regression models were proposed: 1) a model based on
demographic characteristics, Mattis Dementia Rating scale cognitive scores, GDS score and
metabolism of ROIs from the comparison of controls and MCls, to predict MCl group membership,
2) a model based on demographic characteristics, Mattis Dementia Rating scale cognitive scores,
GDS and NPI scores and metabolism of ROIs from the comparison of MCI converters to AD and

MCI non-converters to predict MCl converters with reference to the non-converters group.

Sensitivity, specificity, positive and negative predictive value characteristics will be established
and compared to determine the most reliable analysis design for determining the probability of
having MCI or converting to AD based on NPS and brain metabolism. The statistical threshold for

variable inclusions was set at p < 0.05.

Results
Binary logistic regression models (Tables 2 and 4) based on the demographic data, Mattis
Dementia Rating Scale, GDS/NPI scores and ROIls metabolism provided probabilistic equations for

MCI/Controls classification and conversion from MCI participants to AD prediction.

The probability equation for the classification of MCl and Controls is sustained by GDS score (the
higher the score, the higher the probability to be MCI), the brain metabolism in right precuneus,
inferior temporal, inferior orbital frontal (the lower the metabolism, the higher the probability to

be MCI) and the left middle orbital frontal (the higher the metabolism, higher the probability to
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be MCI). The model had a sensitivity of 91,11%, specificity of 84,62% (Tables 3) and Yule Q

coefficient indicating a very strong link between the diagnosis and the clinical characteristics.

Table appendix 1.2. Binary Logistic Regression for the MCI/Controls classification

B Sig. Exp(B) 95% Confidence Interval
GDS 1,173 0,014 3,230 1,262 8,266
Right precuneus -0,534 0,004 0,586 0,409 0,842
WIERE InteTior -0,452 0,020 0,637 0,435 0,032
temporal
Right inferior
. -0,726 0,008 0,484 0,284 0,825
orbital frontal
Left middle orbital . 0,027 1,743 1,065 2,853
frontal
Constant -2,890 0,037 0,056

Legend: B = Coefficient from each significant variable; Sig. = Significancy; GDS = Geriatric

Depression Scale .

Table appendix 1.3. Psychometric characteristics for regression model of the MCI/Controls

classification

Predicted Correct (%)
Groups CH MCI
Observed CH 22 4 84,62 (Spec.)
MCI 4 41 91,11 (Sens.)
Accuracy 88,73
Youden Y 0,76
Yule Q Coefficient 0,97

Legend: Spe. = Specificity; Sens. = Sensitivity.

Then, the probability equation for an MCl participant to convert to AD is sustained by GDS score
(the lower the score, the higher the probability to convert), the brain metabolism in left angular
(the lower the metabolism, the higher the probability to convert) and the left middle frontal (the
higher the metabolism, higher the probability to convert). The model had a sensitivity of 73,68%,
specificity of 85,71% (Tables 5) and Yule Q coefficient indicating a very strong link between the

diagnosis and the clinical characteristics.
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Table appendix 1.4. Binary Logistic Regression for the conversion from MCI to AD after 4 years

B Sig. Exp(B) 95% Confidence Interval
GDS -0,468 0,031 0,626 0,410 0,957
Left angular -0,457 0,007 0,633 0,454 0,882
Left middle frontal 0,389 0,067 1,476 0,973 2,239
Constant 0,003 0,997 1,003

Legend: B = Coefficient from each significant variable; Sig. = Significancy; GDS = Geriatric

Depression Scale .

Table appendix 1.5. Psychometric characteristics for regression model of the conversion from MCI

to AD
Predicted Correct (%)
N =
Groups on Converted
converted
Non-
Observed converted 18 3 85,71 (Spec)
Converted 5 14 73,68 (Sens.)
Accuracy 85,00
Youden Y 0,59
Yule Q Coefficient 0,89

Legend: Spe. = Specificity; Sens. = Sensitivity.

Note that here demographic (age, sex, education), neuropsychiatric (from the NPI) and cognitive
(Mattis Dementia Rating Scale subscores) variables were not significantly involved in predicting

MCI/Controls classification or conversion from MCI to AD.

Discussion
The objective of this study was to test predictive models of MCl and conversion between MCl and
AD using binary logistic regression models based on the association of depressive symptoms

assessed by the Geriatric Depression Scale and brain glucose metabolism assessed with FDG-PET.

It was expected that more severe depressive symptoms and lower brain metabolism would

increase the risk of having MCI or developing AD.
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Classification of MCl compared with healthy controls was significantly improved by depression
scores, and right and left middle orbital inferior temporal and frontal metabolism. These
associations were broadly in the expected direction: more severe depression and lower
metabolism increased risk of MCI, except for left orbitofrontal metabolism where higher

metabolism increased risk.

Despite the lack of studies on discrimination or conversion from normal aging to MCI, some
studies have been able to demonstrate metabolic differences in the hippocampal,
parahippocampal, amygdala and insula regions, as well as interhemispheric metabolic
asymmetries3*l. However, these markers are not always found: some authors showing instead
lower metabolism in the precuneus and posterior cingulate in MCI compared to controls, others

showing no difference3°441°,

On the other hand, depression showed associations with brain metabolism in addition to the
associations shown in MCI. Considering its role in the risk of cognitive decline, it was expected
that its association with metabolism would be involved in the discrimination between controls
and MCI. In particular, it could be shown that MCI with depression had a lower metabolism in the
right superior frontal gyrus, and that the importance of symptoms was negatively correlated with
the metabolism of this region. Furthermore, while MCl showed hypometabolism in the right
precuneus compared to controls, MCl with depression also showed hypometabolism in the
precuneus, left postcentral, fusiform, and parahippocampal gyri, and right superior parietal*!’.
Thus, while frontal regions appeared to be fairly well defined in depression in MCI, in our case the
association between depression and orbitofrontal, right precuneus, and inferior temporal
hypometabolism appear characteristic of MCI. It should also be noted that these differences
between controls and MCI may also vary according to the amyloid status of the participants.
Indeed, it could also be shown that MCI patients with depression presented temporo-parietal
hypometabolism compared to controls if they were amyloid positive, and temporo-parietal and
frontal hypometabolism if they were amyloid negative. Furthermore, MCI patients who were
amyloid-positive with depression also showed right anterior cingulate and left orbitofrontal

hypometabolism when compared to their amyloid-negative counterparts*’?2. The authors
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suggested that the metabolism of amyloid-positive MCl with depression were more similar to the

metabolism found in AD.

Concerning the discrimination and conversion between MCl and AD, more studies tend to show
lower metabolism in lateral parietal regions and precuneus in AD compared to MCI*° or lower
metabolism in inferior parietal in MCl converting to AD compared to non-converting*'3 (36) in the
posterior cingulate and precuneus*4, or in the bilateral temporo-parietal, frontal and posterior
cingulate regions*®*1 These data are also variable depending on the APOE status of the
individuals: while individuals carrying an APOE-e4 mutation show temporo-parietal and posterior
cingulate hypometabolism, carriers who convert to AD also show metabolic reductions in frontal,

anterior cingulate, and inferior frontal regions*3,

Our results are in little agreement with previous data, showing a higher risk of conversion from
MCI to AD in individuals with lower depressive symptoms, lower left angular (lateral parietal)

metabolism, and higher left middle frontal metabolism.

More recently, other studies have demonstrated the value of FDG-PET in predicting MCl in AD,
including the use of machine learning algorithms or regression analyses (including
logistic)*4417418 These studies already show good predictions of conversion up to 5 years of
follow-up and sometimes use the combination of PET data for AD biomarkers, CSF protein data
or neuropsychological data*'®41°, However, to our knowledge, this work is a pioneer in the joint
use of neuropsychiatric symptoms and FDG-PET in control/MCI discrimination and in the

prediction of MCl to AD conversion.

As elaborated previously, there are interactions between MCl status and APOE/Amyloid status on
brain metabolism, including glucose metabolism. Failure to consider these factors is a limitation
of this work. In addition, the sample size made it difficult to perform cross-validation to check the
sensitivity of the predictions. The sometimes counterintuitive results also raise the question of
metabolic asymmetries in the groups analyzed. Despite this, the sensitivity and specificity of the
models remain relatively high and still underline the interest of these markers in the prediction

of MCl and AD.
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Abstract
Neuropsychiatric symptoms (NPS) such as depression and anxiety have been associated with a
risk of accelerated cognitive decline or conversion to dementia of the Alzheimer type, as well as
with higher Alzheimer’s Disease biomarkers (brain tau and amyloid burden) even in non-
demented patients. This work aims to assess the relationship between longitudinal cognitive
changes and NPS in association with AD biomarkers in healthy middle-aged to older participants.
The cohort consisted of 101 healthy participants aged 50 to 70 years, 66 of whom had
neuropsychological assessments of memory, executive functions, and global cognition at 2-year
follow-up. At baseline, NPS were assessed using the Beck Depression and Anxiety Inventories
while brain tau and amyloid loads were measured using positron emission topography scans.
Participants whose cognition declined or remained stable at follow-up were categorized into
groups for each cognitive domain. Group classification was investigated using binary logistic
regressions based on combined AD biomarkers and NPS. The results showed that an association
between anxiety and prefrontal amyloid burden significantly classified participants declining in
episodic memory, while the classification of global cognitive decline involved temporal and
occipital amyloid burden but not NPS. Moreover, depression together with prefrontal and
hippocampal tau burden were associated to decline in memory. The classification of participants
based on executive decline was related to depression and mainly prefrontal tau burden. These
findings suggest that the combination of NPS and brain biomarkers of AD predicts the occurrence

of cognitive decline in aging.

Keywords: Neuropsychiatric symptoms, Aging, Cognitive decline, Alzheimer’s PET Biomarkers
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Introduction
Neuropsychiatric symptoms (NPS) are present in the older population with and without cognitive
impairment’°7184 Among the most common symptoms are depression, apathy, and anxiety.
When they manifest in mild cognitive impairment (MCl), they increase the risk of dementia®2.
When present in aging in the absence of cognitive impairment, they increase the risk of future
cognitive impairment®. Notably, they have been associated with accelerated overall decline or
decline in a specific cognitive domain, such as memory, executive functions, attention, language,

praxis, and visuospatial functions®1°®,

In addition, several studies have focused on the relationships between NPS and Alzheimer disease
(AD) biomarkers (i.e., B-amyloid and tau). Currently, the results are divergent. Notably, the use of
anti-B-amyloid therapy was recently shown to increase depression, suicide attempts, anxiety, and
sleep disturbances in individuals with AD*?°. The authors suggested that increased B-amyloid in
the brain would contribute to attenuate or repair neuronal damage. Thus, sudden reduction of B-
amyloid could worsen cognition and NPS. In contrast, other work with Positron Emission
Tomography (PET) examination using radiotracers of B-amyloid has found greater amyloid burden
in association with the severity of certain NPS. Mori et al. (2014) found more B-amyloid in bilateral
frontal regions in AD patients with apathy*!. Bensamoun et al. (2016) reported more whole-brain
B-amyloid in patients exhibiting more severe anxiety or irritability. Both symptoms were also
linked to higher B-amyloid burden in frontal and cingulate regions, while irritability also stood out

with higher burden in parietal regions®’.

At the MCI stage, patients with amyloid-positive status have also been found to have a higher
probability of NPS, including depression, anxiety, apathy, irritability, or disturbances in nocturnal
behaviors*?!. Notably, amyloid-positive MCI patients with depression have a higher amyloid
burden in insular and frontotemporal regions and have a higher rate of conversion to AD3%. Some
associations could also be demonstrated in older cognitively healthy individuals. While single NPS
such as depression, apathy, and anxiety were positively correlated with global B-amyloid
burden?”422 the clinical state of mild behavioral disorder, as defined by Ismail et al. (2016, 2017),

was also correlated with global and striatal burden??8423424 Moreover, having higher depression
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and anxiety scores increased the risk of having a positive amyloid PET scan in cognitively healthy

individuals*21.

In addition to amyloid burden, tau burden measured with PET has also been associated with NPS
in early AD. Different NPS were sometimes associated with the same burden locations. For
example, affective (depression, anxiety) and hyperactive (agitation, aberrant motor behaviors)
type symptoms were similarly associated with dorsolateral, entorhinal, inferior temporal,
posterior cingulate, supramarginal, and precuneus tau burden*?>. Affective symptoms were also
characterized by orbitofrontal tau burden??>, Even in older cognitively healthy individuals, the
probability of depression was associated with tau burden, but not with amyloid burden*?.
Similarly, total and affective NPS assessed with the NeuroPsychiatric Inventory were correlated
with transentorhinal tau burden®?’. More recently, Tissot et al. (2021) undertook to analyze these
relationships in a broad spectrum of NPS both in individuals without cognitive impairment, with
MCI or AD®8. In individuals without cognitive impairment, most NPS (agitation, depression,
euphoria, hallucinations, motor disturbances and nocturnal behaviors) were associated with
frontal and/or temporal tau burden. In cognitively impaired individuals, the overall severity of
NPS was associated with temporal, medial frontal, precuneus and cuneus tau burden. Results

were also broadly similar when corrected for B-amyloid status.

Considering the risk factors for decline represented by NPS and their associations with PET
biomarkers of Alzheimer's disease, the objective of this work was to investigate the role of NPS
associated with tau and B-amyloid burden in global and specific cognitive decline in cognitively
healthy individuals. Moreover, given that a critical window to detect future decline due to
Alzheimer pathology is in middle-age*?8, we focus on middle-aged to young-old participants. We
expected that the association between more severe NPS and higher amyloid and tau burden in
different brain regions (frontal, temporal, parietal, cingulate) would be involved in predicting

memory, executive or global cognitive decline.

203



Methods

Participants
This work relied on a cohort of 101 healthy French-speaking participants aged 50-70 years (68
women; M £ SD = 59.4 + 5.3 years) who were enrolled between June 15, 2016, and October 2,
2019, for a multimodal cross-sectional study taking place at the University of Liege, Belgium
(COFITAGE study; EudraCT: 2016-001436-35) #°. They gave their written informed consent and
received financial compensation. This research was approved by the ethical committee of the

Faculty of Medicine at the University of Liege, Belgium.

Exclusion criteria were as follows: body mass index (BMI) < 18 and > 29; smoking; excessive
alcohol consumption (>15 units/week); excessive caffeine consumption (>6 cups/day); clinical
symptoms of cognitive impairment indicated by Dementia Rating Scale < 130%3° and/or Mini-
Mental State Examination < 27%31; recent severe brain trauma; shift work in the past 6 months;
transmeridian travel in the past 2 months; high levels of anxiety (21-item self-rated Beck Anxiety
Inventory > 17%32) and depression (21-item self-rated Beck Depression Inventory > 17433); recent
psychiatry history; chronic medication affecting the central nervous system (stable treatment for
more than 6 months for hypertension or hypothyroidism were included). Participants with sleep
apnea (apnea—hypopnea index > 15/hr) were screened and excluded during an in-lab screening
night of polysomnography. Demographic characteristics of the final 99 participants are shown in

Table 1.

Considering that this work is concerned with cognitive decline, the sample of interest was
selected from participants with available neuropsychological data (N = 66). Among them, some
participants had missing data that made it impossible to determine their scores for executive
(final N = 65), memory (final N = 61) and global (final N = 59) decline. The demographic

characteristics of the full sample are shown in Table 1.
Table appendix 2.1. Demographic characteristics of the sample (N = 66).
Mean +SD Min Max

Demographic
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Age 59.88 5.42 50 69
Education 14.89 3.28 9 25
Women % 66.2

Neuropsychiatric

BDI 4.43 4.37 0 16
BAI 2.40 2.55 0 9

Neuropsychiatric symptoms
Anxiety and depression were assessed respectively using the Beck Anxiety Inventory (BAI) and the
Beck Depression Inventory (BDI). The BAI consists of a self-administered instrument with 21 items
that covers the most frequent anxiety symptoms seen in clinical practice. Each item is scored 0O,
1, 2 and 3 denoting increasing severity of symptoms. The BDI includes 21 self-rated items that
covers a variety of depressive symptoms including feelings of sadness, concerns about the future,
suicidal ideation, tearfulness, sleep, fatigue, interests, worries about health, sexual interest,
appetite, weight loss and general enjoyment, with each response scored on a scale from 0 to 3.

Higher total scores indicate more severe depressive symptoms.

Neuropsychological Data
Of all participants, 66 underwent neuropsychological assessments at baseline and at a 2-year
follow-up visit. The battery included the Free and Cued Selective Reminding Test (FCSRT), the
Logical Memory Test from the Wechsler Memory Scale Ill, a forced-choice reaction time test, the
Mnemonic Similarity task, the Stroop test, the Digit Symbol Substitution Test, Digit Span test in
direct and reversed order, phonemic and semantic Verbal Fluency, a n-back task, the Trail Making
Test, the D2 test, and the Mattis Dementia Rating Scale*?®#34, For episodic memory performance,
our analyses focused on the total recall score from the FCSRT due to its associations with medial
temporal lobes in MCI and AD**%3%, For executive functioning, we computed an executive
composite score that included scores from verbal fluency, digit span in reverse order, Trail Making
Test B, 3-back task, and Stroop by summing z-scores from tasks. Finally, a global composite score
was obtained by the sum of z-scores from all tasks except the Mattis Dementia Rating Scale. For

each of these scores, decline indices were established according to the formula: (scorero—
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scoreri)/scorero. These indices were interpreted as follows: index = 0: performance was similar
between baseline and follow-up, Index < 0: performance was improved at follow-up, Index > 0:
performance was decreased at follow-up compared to baseline. It should be noted that in cases

where performance decreases over time, it remains within the norms.

PET acquisition and processing
At baseline, AB-PET imaging was performed with radiotracers [18F]Flutemetamol (n = 63) or
[18F]Florbetapir (n = 3), while tau/neuroinflammation-PET imaging was performed with
radiotracer [18F]THK-5351 (n = 66), on an ECAT EXACT + HR scanner (Siemens, Erlangen,
Germany). For all radiotracers, participants received a single dose of the respective radioligands
in an antecubital vein (target dose app. 185 MBq). AB-PET image acquisitions started 85 min after
injection, and 4 frames of 5 min were obtained, followed by a 10-minute transmission scan (with
Germanium-68), with a total duration spent in the scanner of the app. 30 min. For [18F]THK-5351-
PET, a 10-minute transmission scan was acquired first, and dynamic image acquisitions started
immediately after injection, consisting of 32 frames (with increasing time duration), with a total
duration spent in the scanner of approximately 100 min. All PET images were reconstructed using
a filtered back-projection algorithm including corrections for measured attenuation, dead time,
random events, and scatter using standard software (Siemens ECAT - HR + V7.1, Siemens/CTlI,
Knoxville, TN, USA). The preprocessing steps are detailed in Rizzolo et al. (2021)*?°. Standardized
uptake value ratio (SUVR) was calculated using the whole cerebellum as the reference region for
AB-PET*¥, and cerebellum grey matter for [18F]THK-5351-PET*38, Mean PET SUVr were extracted

for regions from the Automated Anatomical Labelling atlas 3%%.

Statistical analysis
Statistical analyses were performed using SPSS version 26.0 software. Two analytic steps were
performed. First, partial correlations between neuropsychiatric symptoms, decline indices and
tau/amyloid burden values in AAL regions (with age, sex, and education as covariates) were
performed as a validation step to check the potential associations between NPS and PET variables
with cognition. In a second step, logistic regression models based on Wald statistic were applied

to predict cognitive decline with the decline indices grouped into two categories (1 = positive
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index indicating a decline in scores, 0 = zero or negative index) as dependent variable, and
demographic (age, sex, education), NPS and tau/amyloid burden as predictive covariates.
Separate models assessed the predictive value of NPS and amyloid burden on the one hand and
NPS and tau burden on the other hand. The threshold of significance for all analyses was 0.05. A
maximum of 20 iterations was set for each model. Each final model consisted of the one with the
best classification characteristics (even in cases where the Wald statistics are not significant at

p<.05 [type Il error]).

Results

Correlational analyses
Partial correlations corrected for age, sex, and education are presented in Supplementary Table
1. Depression was positively correlated with anxiety. In terms of cognitive decline, depression and
anxiety were not correlated with decline in any domain. In terms of amyloid burden, depression
was negatively correlated with right pallidum and cerebellar (except for right cerebellum crus 2
for which correlation was positive), whereas anxiety was positively correlated with left temporal
pole and vermis, and negatively correlated with cerebellar burdens. In terms of tau burden,
depression was positively correlated with bilateral hippocampus and cuneus, cerebellar and

vermis, whereas anxiety was negatively correlated with left anterior cingulate burdens.

Considering cognitive decline, executive decline was negatively correlated with left inferior
temporal and cerebellar amyloid burdens and positively correlated with frontal, cingular, insular,
temporal, occipital, parietal and striatal tau burdens at baseline; memory decline was negatively
associated with frontal, left cingular and right temporal amyloid burden and positively with right
orbitofrontal and bilateral rectus tau burdens at baseline; global decline was negatively correlated
with precentral, rolandic operculum, supramarginal and cerebellar amyloid burdens, and

positively with frontal, anterior cingular, parietal, occipital, and temporal tau burdens at baseline.

However, none of these correlations did survive Bonferroni correction for multiple comparisons.
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Logistic regression predictive models
Overall, the combination of NPS and amyloid burden were significantly predictive of memory
decline (Table 2). Prediction was improved by higher anxiety scores, lower amyloid burden in the
right inferior frontal opercularis and triangularis regions and left and right cerebellar crus 1 and
3, as well as by higher amyloid burden in the left supplementary motor area, orbitofrontal cortex,
superior parietal, and right inferior temporal regions. The model had a sensitivity of 86.4% and a

specificity of 95.2% in predicting participants with a decline in memory performance (Table 3).

Amyloid burden but not NPS was predictive of global cognitive decline (Table 4). Prediction was
improved by lower amyloid burden in the right superior occipital region, left fusiform, right
pallidum, and left cerebellar 7b lobule, as well as by higher amyloid burden in the right olfactory
region, left hippocampus, right cuneus, left inferior occipital region, and right cerebellar 6 lobule.
The model had a sensitivity of 89.7% and a specificity of 93.1% in predicting participants with

global cognitive decline (Table 5).

No significant association with, or improved classification compared with the hazard threshold
for, NPS and amyloid burden was found for executive decline. Also, for all models, age, sex, and

education covariates were not significantly associated with classification.

Table appendix 2.2. Binary Logistic Regression for the mnesic decline prediction based on NPS and

amyloid burden.

Coef. Wald p-value

BAI 1.635 4.856 0.028
Right Frontal pars opercularis -129.461 6.196 0.013
Right Frontal pars triangularis -160.272 5.572 0.018
Left Supplementary Motor Area  44.519 5.380 0.020
Right posterior Orbitofrontal 114.011 6.028 0.014
Cortex

Right superior Parietal 54.241 3.953 0.047
Right inferior Temporal 51.883 3.911 0.048
Left Crus | of cerebellar -238.614 6.307 0.012
hemisphere

Right Lobule Il of cerebellar -81.508 5.478 0.019
hemisphere

Constant 270.534 5.982 0.014

Legend: BAI = Beck Anxiety Inventory, R = Right, L = Left.
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Table appendix 2.3. Psychometric characteristics for mnesic decline prediction based on NPS and

amyloid burden.

Predicted Correct %
Groups No decline Decline
Observed No decline 40 2 95.24 (Spec.)
Decline 3 19 86.36 (Sens.)
Accuracy 92.20
Youden Y 0.82
Yule Q Coefficient 0.98

Regarding global decline, prediction was improved by lower amyloid burden in the right
parahippocampal, right superior occipital, left fusiform, right pallidum, and left cerebellar 7b
lobule, as well as by higher amyloid burden in the right olfactory, left hippocampal, right cuneus,
left inferior occipital, and right cerebellar 6 lobule. The model had a sensitivity and specificity of

96.6% in predicting participants with global cognitive decline (Table 5).

Table appendix 2.4. Binary Logistic Regression for the global cognitive decline prediction based

on NPS and amyloid burden.

Coef. Wald p-value

R Olfactory Cortex 39.433 4611 0.032
L Hippocampus 67.457 3.811 0.051
R ParaHippocampal 161.235 5.309 0.021
R Cuneus -230.480 5.996 0.014
R superior Occipital 211.025 5.841 0.016
L inferior Occipital -322.460 5.873 0.015
L Fusiform -52.883 5.618 0.018
R Pallidum 229.353 5.165 0.023
R Lobule VI of cerebellar -223.493 5.219 0.022
hemisphere

L Lobule Vlib of cerebellar 82.489 4.720 0.030
hemisphere

Constant 39.433 4.611 0.032

Legend: R = Right, L = Left.
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Table appendix 2.5. Psychometric characteristics for global cognitive decline prediction based on

NPS and amyloid burden.

Predicted Correct %
Groups No decline Decline
Observed No decline 26 2 93.1 (Spec.)
Decline 3 27 89.7 (Sens.)
Accuracy 914
Youden Y 0.83
Yule Q Coefficient 0.98

Overall, the association of NPS and tau burden were significantly predictive of both memory

(Table 6 and 7) and executive (Table 8 and 9) decline.

Regarding memory decline (Table 6), prediction was improved by higher depression scores, lower
tau burden in the left hippocampal region, and higher burden in the right orbitofrontal cortex and
right cerebellum 9. The model had a sensitivity and specificity of 91.7% in predicting participants

with memory decline (Table 7).

Regarding executive decline (Table 8), prediction was improved by higher depression scores,
lower tau burden in the right lateral orbitofrontal cortex, left lingual, and right precuneus regions,
and higher burden in the right inferior opercularis frontal, right supplementary motor area, and
left middle temporal regions. The model had a sensitivity of 96.4% and a specificity of 95% in

predicting participants with declining executive performance (Table 9).

No significant association with, or improved classification compared with the hazard threshold
for, NPS and tau burden was found for global cognitive decline. Also, for every model, age, sex,

and education covariates were not significant.

Table appendix 2.6. Binary Logistic Regression for the mnesic decline prediction based on NPS and

tau burden.
Coef. Wald p-value
BDI 0.408 3.463 0.063
R medial Orbitofrontal Cortex 18.899 7.072 0.008
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L Hippocampus -17.350 7.695 0.006

R Lobule IX of cerebellar 50.242 5.422 0.020
hemisphere
Constant -58.810 4.708 0.030

Legend: BDI = Beck Depression Inventory, R = Right, L = Left.

Table appendix 2.7. Psychometric characteristics for mnesic decline prediction based on NPS and

tau burden.
Predicted Correct %
Groups No decline Decline
Observed No decline 33 3 91.7 (Spec.)
Decline 1 11 91.7 (Sens.)
Accuracy 91.7
Youden Y 0.83
Yule Q Coefficient 0.98

Table appendix 2.8. Binary Logistic Regression for the executive decline prediction based on NPS

and tau burden.

Coef. Wald p-value
BDI 0.916 6.346 0.012
R Frontal pars opercularis 68.086 6.703 0.010

R Supplementary Motor Area 58.635 4.720 0.030
R lateral Orbitofrontal Cortex -12.873 5.880 0.015

L Lingual -107.474 6.697 0.010
R Precuneus -51.189 4.346 0.037
L middle Temporal 49.983 5.659 0.017
Constant -3.968 0.283 0.595

Legend: BDI = Beck Depression Inventory, R = Right, L = Left.

Table appendix 2.9. Psychometric characteristics for executive decline prediction based on NPS

and tau burden.

Predicted Correct %
Groups No decline Decline
Observed No decline 19 1 95 (Spec.)
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Decline 1 27 96.43 (Sens.)

Accuracy 95.80

YoudenY 0.91

Yule Q Coefficient 1.00
Discussion

The aim of this work was to investigate whether the association of neuropsychiatric factors
(depression and anxiety) and Alzheimer's disease markers (brain B-amyloid and tau burden)
predicts cognitive decline (global, memory, executive) in cognitively healthy middle-aged to older
individuals. Based on previous work, it was expected that the association between more severe
NPS and higher amyloid and tau burden in different brain regions (frontal, temporal, parietal,
cingulate) would increase memory, executive or global cognitive decline, and could be predictive

of the risk of decline.

Expectations regarding the hypotheses are partially supported by the results. NPS were involved
in predicting memory decline when associated with amyloid and tau burden (anxiety and
depression respectively), and in predicting executive decline when associated with tau burden
(depression). The higher the NPS, the higher the probability of showing decline. Considering that
NPS were below the clinical threshold thanks to inclusion criteria, this suggests that even subtle
affective symptoms predict poorer cognitive performance two years later in memory and

executive functions, the two domains which are the most sensitive to aging**°.

Concerning amyloid and tau burden, the results are diverse as there were both positive and
negative associations with decline. The observation that more amyloid burden were linked to a
stability of cognitive performance in some regions is not inline with the hypothesis raised by Panza
et al. suggesting that an increase in amyloid burden, at the initial phase of rising levels, was an
attempt by the brain to mitigate or repair neuronal damage*?°. Although this was work done with
AD patients, whereas here participants were cognitively healthy, it raises the question of a
possible protective role of amyloid and tau burden in small amounts. As Paracelsus said,
"Everything is poison and nothing is without poison; the dose alone makes something not a
poison". Other authors have demonstrated cognitive preservation in people with good cognitive
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reserve even when developing high tau burden**! or neuroinflammation in patients with early
MCI. Amyloid deposits have been described as generating protective neuroinflammation while
neuroinflammation would be toxic when generated by tau deposits**2. Also, a positive association
has been shown between executive functioning and tau loads**3. The authors pointed out that
tau loads begin in the entorhinal cortex and hippocampus, and that the association with better
executive functioning could be due to a compensatory mechanism in executive function networks
(such as the prefrontal cortex) which become more activated during the development of tau loads
in medial temporal regions. The authors also point out the existing connections between the

prefrontal cortex and the medial temporal lobe*#445,

However, the observation that there was also a link between higher NPS and more amyloid/tau
burden in some regions and cognitive decline supports the literature that showed higher tau and
amyloid loads associated with higher NPS as risk factors for cognitive decline. For example, the
association of depression with a positive amyloid status would increase the risk of MCl incidence
by 3 times, while associated with anxiety, this status would increase the risk of MCl incidence by
5 times compared to amyloid-negative individuals without NPS**, Conversely, it has been shown
that higher amyloid loads increase the emergence of NPS, notably anxiety and agitation®*’.
Longitudinally, the amyloid positive status increases the severity of nocturnal and motor
behaviors in early-onset AD**8. Moreover, depression also appears to accelerate cognitive decline
in amyloid-positive MCI patients. Interestingly, these participants had greater amyloid loads in
frontotemporal and insular regions, as well as coincident hypermetabolism of glucose in frontal
regions compared to patients without depression. Furthermore, the progression to AD was faster
in amyloid-positive MCI with depression3®®. The current data suggests that such associations
between NPS, AD biomarkers and cognitive decline already exist in middle-aged individuals who
are cognitively healthy (notably, their scores at follow-up were still within the norms). A longer
longitudinal follow-up should inform us about the potential emergence of MCI in some
participants and one could predict that this would be more likely in those individuals who had the
higher NPS score and the higher amyloid/tau burden. Additionally, within a larger cohort, it would

therefore be appropriate to distinguish cognitive trajectories in cognitively healthy individuals

213



according to their protein burden divided into categories for example (1st vs. 4th quartile), or to

define mixed models based on burden and allowing control of subjects as a random factor.

Despite limitations related to the sample size and the short duration of the follow-up, the findings
of a link between NPS, AD biomarkers and cognitive decline in a cohort of cognitively healthy
middle-aged to young-old individuals underline the importance of further investigations on the
relationships between NPS and brain protein burden. Proportional hazard analyses in healthy
individuals according to burden (amyloid positive or not, tau positive or not), genetic risk factor
(ApoE-€4 or not), and NPS (clinically significant or not) would help to understand the joint risk of
the different factors in cognitive decline (normal or pathological). Also, it may be noted that the
tau protein radiotracer [18F]THK5351 has been criticized for its off-binding to monoamine
oxidase B (MAO-B) in vivo**. Thus, [18F]THK5351 is an important marker of neuroinflammatory
elements such as reactive astrocytes, which increase along with tau pathology**°. Finally,
considering that inclusion of participants was based on BAI and BDI scores (<17), the results
presented relate only to low levels of depression and anxiety and are therefore not generalizable

to moderate/severe levels of these symptoms.

The generalizability of our results refers to the possibility of its implementation in a clinical setting
and on an individual basis, to calculate the predictive value of the risk of cognitive decline after 2
years. After the corresponding parameters are being quantified, the probability of conversion can
be calculated using the equation: P(event) = 1/(1+e[B1*X1+ B2*X2+ B3*X3+..+ Bn*Xn+constant) The regression
tables (Table 2-4-6-8) provide the B coefficients of each significant variable in the model and the
X values are the individual-specific values quantified using corresponding NPS inventory and PET
data. The data obtained from the calculation of each equation allows us to estimate, from the

data of a given individual, the percentage risk of cognitive decline of this individual.
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Supplementary Table 1. Partial correlations between NPS, decline scores and amyloid or tau

burden.

Amyloid (N = 55) Tau (N = 40)

BDI BAI exec mem global BDI BAI exec mem  global
BDI - 468" -.091 197 113 - 510" -.080 .197  .100
BAI 468 - .062 .135 .066 510" - -010 .123  -.036
exec -.091 062 - .028 673"  -080 -010 - .089  .672"
mem .197 135 .028 - 609" 197 123  .089 - .659™
global 113 066  .673" 609" - 100 -.036 .672" 659"
PreCentral L -.017 .087  .001 -214 -.203 203 -.100 .281" 128  .281"
PreCentral R -.063 -013  .041 -314™ -314" 168 -.057 .419" .063  .303"
Front Sup 2L -112 .046  -.008 -.200 -.137 048 -196 .246 .083  .232
Front Sup 2R -.115 -.024  .009 -280° -211 122 -132 319" .092  .259
Front Mid 2 L -.076 -024 -104 -.113 -.155 042  -215 234 079  .209
Front Mid 2R -.044 -017  .002 -177 -.167 .087 -166 .332" 120 .276"
Front Inf Oper L .054 .039  .058 -124 .013 140 -.158  .269° .043  .205
Front Inf Oper R -.146 -106  .126 -250" -.114 .004 -093 .521" .061 @ .326
Front Inf Tri L .063 025  -114 -.128 -114 091  -204 .239 .039 .171
Front Inf TriR .032 -015  .056 -.145 -.082 .079  -125 431" 035  .249
Front InfOrb 2 L .067 111 -.044 -.081 -.046 154  -063 271" .059  .213
Front Inf Orb 2 R .013 -051 .043 -.033 -.037 .005 -075 .453" 020 .263
Rol Oper L .092 029  -127 -114 -.152 244 -105 .267° .094 272"
Rol Oper R -.076 -063 .012 -228"  -229° .076  -181 .416™ .044  .325
SMA L -150  -.008 -.074 -.139 -.130 118 -141 296" -.013 .253
SMAR -132 136 -.041 -.182 -212 174 -137 368" .048  .315"
Olfactory L .022 -008 .021 .032 .106 233 022 3677 .104  .348
Olfactory R .006 127 -.041 .012 .023 250 .073  .357° 141  .393"
Front Sup Med L -.084 -046  .023 -.125 -.021 .033  -252 .286° .130 .306"
Front Sup Med R -.157 -.068 .075 -.190 -.055 .051 -200 .325"° .105 @ .292"
Front Med Orb L -.087 -023  -.026 -.015 -.005 .037 -205 310" .250  .398™
Front Med Orb R -.070 062  .091 -.091 -.001 119 -062 301" 232 .336"
Rectus L -.101 -036 -.036 -.042 -.041 115 -076  .296° 281"  .382™
Rectus R -.095 077  -.062 -.043 -.073 .076  .003  .302" .310" .383"
OFCmed L -.023 .058  -.052 -.022 -.022 021 .052 247 121 .182
OFCmed R -.097 -009 -.113 -.055 -.073 -009 144 199 241 199
OFCant L -.021 .013  -.004 .064 .080 .030 -.022 .208 .233 272
OFCantR -.034 074  -125 .071 -.045 058 .126 .190 .312" .239
OFCpost L .029 .049  -016 .006 .028 061 -.040 .204 .098 .187
OFCpost R .030 .082  .001 -.074 -.021 021 .062  .368" .024  .288"
OFClat L .070 .096  -.153 -.066 -.164 .047 151  .099 .072 .070
OFClatR .103 -130 -.070 -.071 -.109 -033 118 2727 -118 .066
Insula L .005 .061  -.010 .032 .030 149 -190 273" .052  .254
Insula R -123 -032 .031 -.096 -.082 096  -.167 .327° -.006 .217
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Cing Ant L
Cing AntR
Cing Mid L
Cing Mid R
Cing Post L
Cing Post R

Hippocampus L
Hippocampus R
Parahippocampal L
Parahippocampal R

Amygdala L
Amygdala R
Calcarine L
Calcarine R
Cuneus L
Cuneus R
Lingual L
Lingual R
OccSup L
Occ Sup R
Occ Mid L
Occ Mid R
Occ InflL

Occ InfR
Fusiform L
Fusiform R
PostCentral L
PostCentral R
Par Sup L
Par Sup R
Par Inf L

Par InfR
SupMar L
SupMar R
Angular L
Angular R
Precuneus L
Precuneus R
Paracentral L
Paracentral R
Caudate L
Caudate R
Putamen L
Putamen R
Pallidum L

-.066
.026
-.045
-.063
-.040
.055
.068
.183
.001
-.064
-.170
-.184
.036
.008
.105
.030
-.079
-.063
.205
.082
.099
.096
-.026
.084
-.059
-.018
-.024
-.060
.055
-.041
-.017
-.038
.052
-.013
-.020
.016
-.067
-.105
-.199
-.090
.072
.027
-.068
-.153
-.161

.026 .085
.090 .036
-.009 .027
.097 .029
.053 117
137 216
.084 .049
.169 122
201 -.053
179 .068
.065 -.142
.167 -.141
.018 .014
115 .100
.086 -.037
112 .045
-112  .088
-.058 .205
.085 .026
.054 .008
-.055 .003
.073 -.059
-205 .078
-.069 .093
-.056 -.091
.015 -.092
.012 .043
-.019 .080
.004 -.201
-.049 -.039
.010 -.014
-011 -.015
119 -.053
.003 -.004
-.070 -.087
.008 -.096
-.012 -106
.053 -.037
-.059 .088
.102 .044
-.016  .057
.045 .052
-017 -117
.017 -.038
.149 .015

-.119
-.232°
-.094
-124
-151
-222
-.092
-.069
-.079
-.068
.028
-.090
-.074
-.140
.034
-.113
-.184
-132
.022
-.146
.031
-.044
-.137
-.028
-.164
-.094
-.060
-.193
-.018
-.202
-.006
-.149
-.103
-.216
-.092
-.098
-.051
-.145
-.087
-.093
-.182
-.205
.090
.032
.063
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-.005
-.108
-.031
-.066
.020
-.035
.064
.004
-.050
-.038
-.035
-174
-.077
-.071
-.066
-.094
-.038
.014
-.067
-.200
-.015
-171
.032
-.007
-.133
-170
-.103
-.210
-.154
-.216
-.022
-.180
-.104
-.239"
-131
-.202
-117
-.142
-.061
-.103
-.007
-.027
.032
-.009
132

.041  -267"

090  -.239
099  -213
122 -.229
196 -.141
175 -.104
312" -.118
280"  -.133
255  -.079
248 -103
246 -.118
225  -.088
211 -.075
247 -.094
319"  -.006
299" .012
194 -.180
159 -181
231 -.071
179 .001
215 -.080
151 -.076
52 -191
155  -.188
192 -132
216 -.137
176 -.066
041  -153
226 -.052
052  -.065
128 -.041
011 -115
211 -.042
074  -132
110 -.129
057  -152
172 -125
158 -.127
172 -.019
164 -.027
123 -.092
118 -.101
129 -.138
154 -.144
160 -.131

2700 140
307" .106
.248  .003
.307°  .038
239 -.053
.318"  .059
173 -.058
204 -.024
235 -.011
217 .054
189 -.031
219 -.076
220 .087
.300° .108
196 102
341" 195
182  -.004
256 -.028
247 192
.389" 153
324" 173
293" 194
220 .028
161 .038
154 044
202 .090
291" .160
412" .098
247 158
345" 094
268" 171
334" 063
219 172
367 .105
231 145
297" .061
257  .099
314" 127
328" .150
349" 020
311°  -.100
286"  -.063
267" .027
268" .020
184 017

.329
.328
.183
251
143
.260
.130
.159
.189
.259
.154
152
.216
273
.228
.336
.164
.168
319
.320
.345
315
.199
153
.159
.230
.278
.302
.284
.250
.281
227
.246
301
.249
214
.264
.285
.346
227
.128
155
225
.208
.146



Pallidum R
Thalamus L
Thalamus R
Heschl L
Heschl R
Temp Sup L
Temp Sup R
Temp Pole Sup L
Temp Pole Sup R
Temp Mid L
Temp Mid R
Temp Pole Mid L
Temp Pole Mid R
Temp Inf L
Temp InfR
Cereb Crus1L
Cereb CruslR
Cereb Crus2 L
Cereb Crus2 R
Cereb 3L
Cereb 3R
Cereb451L
Cereb45R
Cereb 6 L
Cereb 6 R
Cereb 7b L
Cereb 7b R
Cereb 8 L
Cereb 8 R
Cereb 9L
Cereb 9 R
Cereb 10 L
Cereb 10 R
Vermis 12
Vermis 3
Vermis 45
Vermis 6
Vermis 7
Vermis 8
Vermis 9
Vermis 10

Legend: BDI

-311
-.222
-.209
.081
.026
.006
.019
136
-.015
.019
-.063
.180
137
.052
.011
-.024
.197
.160
312
-.030
.068
-.032
-.127
.043
-.065
-.159
.100
-.282
-.175
-.288
-.312
.043
113
.009
-.047
-.153
.089
.065
.064
-.081
.059

*

*

*

*

*

-.039
-.118
-.099
-.010
-.003

.042
.032
.035

-.078
-.074
-.060

243
122
.040

*

-.030
-.116

.009

-.157

.017
.051

-.028
-.160
-.269"
-.151
-.215
-.270°
-.047
-.145
-.021

152
.002
.033
134
214

-.109
-.075

.040
.038

-.065

161
317

ok

.107 .032
.066 -.031
175 .031

-.057 -.093
-.007 -.194
-.035 -114
.035 -.216
161 -.098
.180 -.205
-124 -.039
-.002 -.158
.040 -.068
-.029 -.228"
-.298" .009

-121 -.071
-.252" -.135
-.236" -.055
-.231" -.130
-.250" -.058
.092 .110

.076 -.079
-.013 -.107
.083 -.082
-.085 -.038
-.067 071

-367"  -151
-352"  -.089
-325"  -.087
-.269" .017

-.063 -.066
.045 -.097
-.038 -.160
.020 -.214
016 .190

.035 -.013
.091 -.137
-.016 -.040
-.074 127

-.025 174

.073 .084

.097 117

.108
118
186
-.047
-.152
-.065
-.166
.066
-.081
-.099
-176
-.013
-178
-.180
-171
-178
-114
-.181
-.218
.099
-.066
-.003
.086
-.004
.032
-.319"
-.333"
-.299"
-.262"
-.181
-.110
-.071
-.057
077
.060
.026
-.027
.039
.086
.046
144

251 -121
195 -.090
167 -111
096  -.155
043  -248
136 -.148
099  -189
138 -.060
020 -.045
175 -.107
093  -193
175 186
.008  .022
254  -.068
175 -.124
.099  -.040
2677 .021
-203 142
-106  .009
.380" .050
.300° .015
279" -.061
274" -.079
176 -.137
185  -.130
-275° .094
-224  .069
-145 116
-215  .056
-126  .083
.087  .151
.257  .080
353" 126
313" .026
.288"  .029
192 -.040
119 -.095
14 124
257 109
233 .098
171 .004

.186
.200
.189
241
.287
.239
.340
234
.387
.257
.384
316
436
228
.359
271
.186
-.231
-.015
-.085
.083
.163
218
.257
.245
-.267°
-.164
-.270°
-212
-.262
-.098
.268"
.096
221
.094
.168
.258
.182
.306
217
.190

*

*

*k

*k

*

*k

*

*

*

.013
-.099
-.076
126
.019
.074
.058
-.042
-.031
.139
.099
.075
-.039
191
193
.002
.000
.042
.018
.061
.010
-.028
-.133
.015
-.079
.021
.003
.031
-.013
.009
-.064
-.148
-.167
-.062
-.030
-.069
-.127
-.017
-.032
-.086
.014

118
.049
.067
.238
.238
214
.257
.087
.188
.269
.328
.230
.261
.289
377
.228
.243
-.215
-.065
.012
.106
.162
.107
.240
161
-.275
-.187
-.232
-173
-.259
-.127
.169
-112
151
126
.105
111
.029
171
.071
177

*

*

*

*k

*

Beck Depression Inventory, BAl = Beck Anxiety Inventory, exec = executive decline

score, mem = memory decline score, global = global cognitive decline score, L = Left, R = Right,

PreC =Precentral, Front = Frontal, Cing = Cingulate, Occ = Occipital, Par = Parietal, Temp =

217



Temporal, Cereb = Cerebellum, Sup = Superior, Mid = Middle, Inf = Inferior, Rol = Rolandic, Oper
= Opercularis, Tri = Triangularis, Orb = Orbitalis, SMA = Supplementary Motor Area, Med = Medial,
OFC = OrbitoFrontal Cortex, ant = anterior, post = posterior, lat = lateral, SupMar = Supramarginal.

*p<.05, ** p<.01
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