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Incidence de la démence
Tendances évolutives au cours du temps et déterminants

La démence entraine des conséquences non seulement pour le patient, mais également pour sa famille
et pour la société elle-méme et représente une priorité de santé publique. La connaissance et la
compréhension des tendances temporelles de cette maladie est un sujet de recherche majeur, essentiel
pour le futur. Cette theése avait pour but d’analyser les tendances séculaires de ’incidence de la
démence, ainsi que de certains de ses composants et conséquences et d’en comprendre les
déterminants. Dans la premiére partie de ce travail, nous avons apporté un argument supplémentaire de
la tendance a la baisse de 1’incidence de la démence, retrouvé chez les femmes entre les années 90 et
les années 2000. Ensuite, nous avons rapporté une amélioration globale des performances cognitives
pour les générations plus récentes de personnes dgées, qui semble étre due a une amélioration acquise
relativement précocement au cours de la vie plutét qu'a un déclin moins important des performances
au cours du vieillissement. Enfin, nous avons mis en évidence une diminution de la mortalité sans
démence et de la mortalité des femmes démentes, ainsi qu’une augmentation de I’espérance de vie en
bonne santé et de la durée de vie en démence. Ces résultats sont en accord avec une amélioration de
I’état de santé des personnes adgées au cours des deux dernicres décennies, ce qui est prometteur pour
le futur. D’autres travaux afin de mieux comprendre ces tendances et leurs déterminants sont
cependant nécessaires ; ils permettront de mieux préciser les stratégies de prévention devant étre mis
en place pour diminuer ou retarder la démence.

Mots clés : Tendances séculaires, Démence, Performances cognitives, Espérances de vie

Incidence of dementia
Secular trends and associated factors

Consequences of dementia are impacting not only patients, but also their family and even society; it
has thus been highlighted as an important public health priority. Understanding temporal trends of this
disease thus became a major research topic, critical for the future. This thesis aimed at investigating
secular trends of dementia incidence as well as some of its components and consequences, trying to
understand their determinants. In the first part of this work, we have brought further evidence toward a
decreasing trend of dementia incidence, only found for women between the 90’s and the 2000’s in our
study. Then, we have reported a global improvement of cognitive performance for younger elderly
generations, potentially due to improvement early in life rather than to a slower decline across aging.
Finally, we have evidenced a decrease in mortality without dementia and for demented women, as well
as an increase of healthy life expectancy and survival with dementia. These results are in line with an
improvement of health of older people during the last two decades, which is promising for the future.
Further research to better understand these secular trends are yet needed; it will help precise
prevention strategies needed to reduce or delay dementia.

Keywords: Secular trends, Dementia, Cognitive performance, Life expectancy
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Résume substantiel

1. Introduction

En raison de l'allongement de I'espérance de vie, avec pour conséquence kewmeillisde

la population dans la plupart des pays industrialisés, les pathologies dénsefriglladie
d'Alzheimer et maladies apparentées) représentent actuellement da sdfiépublique.En

effet, la proportion de personnes agées de 60 ans et plus dans le monde pourrait atteindre
16,3% en 2030. L’age étant le facteur de risque principal de démence, le nombre de personnes
atteintes estimé actuellement a envirdi millions au niveau mondial, pourrait atteindre plus

de 31 millions en 2050 si la prévalence reste inchangéelémence est une des pathologies
contribuant le plus largement a €apacité des personnes agéasdéfinition méme de cette
pathologieassocie desoubles de la mémoire et un déclin cognitif avec un retentissement sur
les activités de la vie quotidienne. Avec I'évolution de la pathologie, ce sstamtint sur la

vie quotidienne évolue vers une perte progressive d'autonomie nécessitant parfois
l'institutionnalisation quand les familles ne peuvent plus gérer la situation a domgile. L
démence est ainsi la principale cause d'institutionnalisation et les persommestedé
représentent plus de 70% des résidents d'institut@rsurvenue d’'une démeneedoncde
nombreuses conséquences sur la vie d’un individu, mais aussi sur la vie de son entourage au
niveau physique, psychologique, social et économifgatiellement, les traitements existant

sont uniqguement symptomatiques, permettant de limiter Uéieol de la maladie pendant une
période donnée. En l'absence de traitement curatif, les approches préventivasrtoasis
limiter les facteurs de risque pour retarder la survenue de la maladieaiapgat
particulierement intéressantes. La démence est raaladie multifactorielle et lysieurs
facteurs de risque ont pu étre identifiés-dala de I'age et de l'alletd de I'apolipopraine

E, des facteurs modifiables existeatec notamment ds facteurs vasculaires tels que
'hypertension artérielle, leiabete, I'hypercholestérolémie, I'obésité ou I'athérosclérose ; leur
présence des "midlife’l.€. 4555 ans) semble associée a un risque augmenté de démence. A
'opposé certains facteurs semblent protecteurs comme un niveau d’éducationeydus él
permettah une réserve cognitive plus importante ou encore certains régimes aliggntair
notamment le régime dit méditerranéen, l'activité physique ou les activités sotlakes

diminution de 10% par décennie de la prévalence de 7 facteurs de risque majenirsethas



d’études, tabagisme, diabéte, hypertension, obésité, dépression et inagtsigégyhpourrait

réduire la prévalence de la maladie d’Alzheimer de 8.3% dans le monde en 2050.

L'étude des tendances séculaires de la démence est importante pouptéhemsion de
I'évolution de la maladie au cours du temps ainsi que pour identifier de potentielgdacte
permettant de prévenir ou repousser la survenue de démetwellementles pojections de

nombre de caalisées se basent sur un taux d’incidence de la démence stable, et ne prennent
pas en compte une possible évolution de cette incidence qui pourrait conduirglasune
faible augmentationuwnombre total de personnes démentes dans le fRégemment, des
études de prévalence et d’incidergeEurope et aux Etatdnis ont rapporté des tendances
évolutives a la baisse avec notamment une diminution de l'incidence de la déiBence
parallele, une amélioration des performances cognitives et une diminutiordéeeladance

ont été mises en évidencard un certain nombre d’études. Méme si tres peu d’études ont
analysé les facteurs impliqués dans ces tendances, ces résultats sont encautagetiets

la prévention ainsi qu'une meilleure prise en charge des facteurs de risquerraudes
dernieregiécennies pourrait avoir eu un effet sur le risque de démence et sur le déclin cognitif
et fonctionnel. Cependant, I'étude des tendances séculaires de la démence se heurte a
certaines difficultés méthodologiques qui doivent étre prises en compte afiodigrerdes
résultats non biaisés et robustes. Tout d’abord, la comparaison de populatioestdgfér
conduit souvent a un biais de sélection, notamment si le taux de réponse initial oudogt a

du suivi differe entre les populations comparées. Les individus acceptant depg@aganit
souvent différents et en meilleure santé que la population générale, ce qui peut Gondaire
mauvaise estimation des tendances. Ensuite, le diagnostic de démence est unicdiagnost
essentiellement clinique otapprécation des troubles cognitifs et du retentissement est
laisséea l'appréciation du clinicierCe diagnostic peut donc varier en fonction du clinicien,

de son expérience mais aussi de son "intérét" a porter un diagAwstid’évolution actuelle

de l'intérét pour cette maladlig est probable que le stade auquel le diagnostic est porté ait
différé au cours des dernieres décennies ce qui complique les comparaisons au cours du
temps. Enfin, dans les populations agées, le risque de démence entre en oorapétitia
mortalité, de nombreufacteurs de risque de décés étant en aldgsefacteurs de risque de
démence L'analyse des tendances évolutives nécessite denconsidérele risque de
démence ainsi quée risque de déces, qui évolue régulierement avec une augmentation

constante de l'espérance de vie depuis plusieurs décennies.



L’objectif principal de cette these était donc d’analyser I'évolution de la dréamu des
démences au cours du temps ainsi que ses déterminants, tout en prenant en comipés les lim

méthodologiques inhérentes a ce genre d’études.

2. Méthodes

Ce projet glppuiesur l'analyse de plusieurs études de cohortes en populatidfrance, les
participants des cohortes PAQUID et 3 Cités (3C) ont été utilisés. PAQuUebraté 3777
individus de 65 ans et plus vivant a domicile en Gironde et Dordogne en 1988. Les
participants ont été revus depuis tous I&dhs afin de collecter des informations essentielles
concernant leur état de santé physique, leurs capacités cognitives a@nfailes et la
survenue d'une éventuelle démence. L'étude des 3 Cités se déroule dans 3 Filtexen
Bordeaux, Dijon et Montpellier. Le centre bordelais de I'étude cette étuderaté 2104
individus de 65 ans et plus vivant a domicile & Bordeaug999. Les participants ont été
revus tous les-3 ans depuis l'inclusion et des données similaires a celles de PAQUID ont été
recueillies a chaque fois. Au Royawtdei, les participants des cohortes CFAS | (pour les
centres de Cambridge, Newcastl&ettingham) et 1l ont été utilisés. CFAS | a inclus plus de
7500 individus entre 1990 et 1993 dont un sous échantillon a recu une évaluation pour le
diagnostic de démence. CFAS Il a également inclus plus de 7500 individus entre 2008 et

2011, tous ayant été duas pour la démence.

Différents types de diagnostic ont été utilisés et comparés dans les travauke dbass.
Dans les cohortes francaises, un diagnostic clinique a été établi a chadgee: Ves
participants bénéficiaient d'abord d'une évaluatiommpléte, notamment cognitive et
fonctionnelle, réalisée par la psychologue dans le cadre de sa visite. ddéssatte visite, la
psychologue sélectionnait les personnes "suspectes” de troubles cognitfsiémence. Ces
personnes étaient ensuite regypour un entretien et un examen avec un neurologue ou un
gériatre a leur domicile. Le neurologue basait son diagnostic de démence eritetes
clinigues DSM Il R dans PAQUID et DSM IV dans 3C. Puis les dossieenétavus par un
comité de validabn composé d’expert&n plus de ce diagnostic clinique, pour prendre en
compte I'évolution du diagnostic clinique au cours du temps, un algorithme a étéétabli
classifier les individus, bassur les performances cognitives et le retentissementrerese
d’Activités instrumentales de la vie quotidienh&¥L). L'algorithme a été réalisé a partir

des scores au MMSE et aux 4 IADL a chaque suivi score MMSE inférieur a 24 ET une



atteinte de 2 IADL ou plus ont étdilisés pour classer les démentd’autres algorithmes
utilisant des seuils de score MMSE différents ont aussi été réalisés. Cethalgoa
également été adapté aux données des cohortes anglaiskdaAles diagnostics clinique et
algorithmique de démence, les capacités cognitives eattidonelles ont également été
evaluées. En plus du MMSE, différents tests neuropsychologiques comme le Sels@assd’
(IST), le Test de Rétention Visuel de Benton (BVRT) ainsi que le Test de t8tibstides
Symboles (DSST) ont été évalués lors des visites et utilisés pour ce trasitlobnées
concernant la dépendance ont aussi été utilisées avec I'échelle des Activitgsdntdles de
la Vie Quotidienne (IADL).

Les méthodes statistiques utilisées ont été choisies afin de modéliser lesdbimiaacon

la plus adaptée. Dans un premier temps, des modéleséatat#tide type Hlinessdeath» ont

été utilisés pour étudier les tendances de la démence. Le modele-déadssdécrit les
transitions d’'un état initial (vivant ou saffl)) vers un état absorbant (dé¢2¥ directement

ou par un état iermédiaire (la maladie (1)les intensités de transition 01, 02 et 12 sont des
fonctions du temps qui peuvent aussi dépendre de covariables. Chaque intensité de transition
peut dépendre de variables diffates ce qui permet de prendre en compte des facteurs de
risque différents entre les évenements. L’intensité de transitiogp@dsente I'incidence de la
démence a age spécifique et les intensités de transition 02 et 12 représententdie tau
mortalitéa age spécifique pour des sujets sains et déments respectivement. Ce modeéle permet
de tenir compte de la censure par intervalle entre I'état initial et I'état intermédiaire|@en

de la compétitivité des risques de déddsur étudier les tendances de la cognition et de la
fonction, des modeles linéaires mixtes conjoints ont été utilisés, permettant diésenodée
I'évolution des performances aux tests mesurés au cours du suivi tout en prenant en compt

I'attrition au cours du suivi.

3. Résultats

a. Tendanceséculaires de l'incidence de la démence et déterminants

Cette premiere étude avait pour objectif d’investiguer une potentielle dimindgon
I'incidence de la démence au cours des 20 derniéres années. Au début de ce travail, un petit
nombre d’études avaient rapporté une tendance a la diminution de la préealeneeseule

étude avait montré une tendance non significative vers une incidence plus faiklé dibrét



important de répliquer ces résultats avec des méthodes adaptées. Pour celaieszade
deux populations a 10 ans d’écart ont été compatds69 individus agés de 65 ans et plus
inclus en 19889 dans PAQUID et 2104 individus agés de 65 ans et plus inclus en 1999
2000 dans 3@ordeaux. Deux diagnostics ont été comparkes diagnostic clinique et le
diagnostic algorithmique, stable au codtstemps. L'incidence sur 10 ans de suivi des deux
populations a été comparée en utilisant un modéle -étalti llinessdeath. Nous avons
également cherché a expliquer cette diminution par différents facteursqde tels que le

niveau d’études, des f@urs vasculaires et la dépression.

La deuxieme population (3Bordeaux) avait un niveau d’études plus éleveé, moins
d'antécédents d’AVC, avait moins de fumeurs et était d'avantage traitée contre
I'hypertension, I'’hypercholestérolémie, et la dépressionutilisant le diagnostic clinique,

une incidence stable entre les deux populations a été retrouvée. Avec le diagnostic
algorithmique, une diminution significative de l'incidence de la démence chdertemes
seulement a été mise en évidence. Cette diminution était maintenue apres ajustetegnt su
différents facteurs de risque. Les analyses de sensibilité réalisées awmrfirncette
diminution du risque. Cette étude a donc apporté un élément de preuve supplémentaire en
faveur du déclin de lincidence de la démence au cours des 30 dernieres années, bien que
retrouvé uniquement chez les femm&l®rs qu'une seule étude avait jusdaeité publiée sur

des données d'incidence, de fagon concomitante a notre publication, trois antitlearss,

sur des dnnées anglaises et américaingans la littérature, les résultats concernant le sexe
sont mixtes, certaines études retrouvant une diminution chez les hommes et les,femm
d’autres ne retrouvant la diminution que pour les hommes ou les femmes. Jusqu’a présent
seules peu d’études ont analysé I'effet de facteurs de risque sur la diminutiocidenice

et, comme pour ce travail, les facteurs pris en compte n’ont pas permisgiliexpbtalement

la diminution. Malgré la présence de certains problemes méthodologiques pouisznti&sa
résultats obtenus jusqu’a présent, la tendance a la baisse de I'incidencérdenaealest une

bonne nouvelle, encourageant a développer la compréhension de cette baisse pour favoriser

son maintien.

b. Tendances évolutives de la cognition et de la dépendance

La plupart des études étant en faveur de la diminution de l'incidence et de lamcéwie la

démence, il est important d’essayer de mieux comprendre cette évolution. Dsa par



définition, la démence est directement lgéex capacités cognitives et fonctionnelles. Etudier

plus en détail les composants de la maladie au cours du temps pourrait aider a mieux
appréhender les mécanismes impliqués. Il est donc intéressant d’analydet garefration

de I'évolution des performances cognitives et fonctionnelles, en termes de wowvede
trajectoire au cours du temps. Pour ce travail, deux générations issues de &@aRARIIID

ont été utiliséesla premiére génération G1 a inclus 612 sujets nés entre 1903 et 1912 agés de
78 488 ans au suivi & 3 ans et la deuxieme génération G2 a inclus 626 sujets nés entre 1913 et
1922 agés de 78 a 88 ans au suivi a 13 ans. Les données de suivi sur 12 ans ont été utilisées
pour modéliser les trajectoires des performances a différents dornagresfs évalués par

les tests suivantMMSE, IST, BVRT et DSST et a un score fonctionnel de dépendance
(41ADL). Les analyses ont été réalisées a I'aide de modeles linéaires madssjwés dans

un premier temps puis dans un second temps conjoints au risque de décés et de perdu de vue
afin de prendre en compte I'attrition plus faible dans la deuxieme généragmlifférents

scores ont été transformés afin d’étre normalisés.

Les individus de la deuxieme génération avaient un niveau d’étudesliglaseé prenaient
d’avantage d’antihypertenseur et de traitement hypolipémiant. Pour I'eresdestomaines
cognitifs, la seconde génération avait des performances plus élevéeslusitn que la
premiere génération. L’évolution des performances sutdeans de suivi était similaire entre

les deux générations pour le MMSE et le DSST alors que les participardsddexieme
génération présentaient un déclin plus faible que ceux de la premiere géngoati I'IST et

le BVRT. Apres ajustement sur leveau d’études, les performances a l'inclusion devenaient
similaires entre les deux générations pour le MMSE et I'IST, tandis que laéneux
génération maintenait des performances plus élevées pour le BVRT et le ZSS&slltats
concernant le déclin acours du suivi n’étaient pas modifiés aprés ajustement sur le niveau
d’études. L'ajustement supplémentaire sur les facteurs vasculaires riitnoas réellement

les résultats. Concernant la dépendance, une amélioration non significdévferuion aété
retrouvée a l'inclusion, disparaissant totalement apres ajustement sur le didemes. La
deuxiéme génération présentait un déclin de la fonction plus faible au cours du suivi que la
premiére génération, méme apres ajustement sur le niveau d'études. Ce travail a don
confirmé I'amélioration des capacités cognitives pour les générationsphrges, expliquée

par I'amélioration du niveau d’études pour le MMSE et I'|ST mais pas pour les asdtes t

La littérature concernant I'évolution du déckn fonction des générations est plus mitigée et

pas toujours en faveur des générations plus récentes.



c. Evolution du diagnostic de démence

Comme mentionné précédemment, le diagnostic de démence utilisé dans la majorité des
études est influencé par des facteurs subjectifs propres aux cliniciens. Etesffeitéres

utilisés pour poser un diagnostic ne proposent pas de seuils opérationnels quantifcdint le dé
cognitif et les répercutions attendues sur les activités de la vie quotidieééwaution du
diagnostic complique donc fortement la comparaison de l'incidence et de la pcévalen
différents temps et entre différentes études, pouvant conduire a degiestirbaisées. Une
alternative pour I'étude des tendances séculaires est I'utilisation wfhfige permettant de
diagnostiquer les cas de maniere stable au cours du suivi et entre études. Gette apgeja

été utilisée dans les études anglaises CFAS | et Il. Le premier objectifrdwaibdtait donc
d’investiguer I'’évolution du diagnostic clinique au cours du temps en France. Pour cela, les
scores au MMSE des cas incidents a chaque suivi de PAQUID (27 ans de suivi) et du centre
bordelais de 3C (14 ans de suivi) ont été analysés a l'aide de modéle liné@amtutiés
splines. Ensuite, lsecond objectif était d’appliquer I'algorithme déja utilisé sur les données
francaises aux données anglaises. Les prévalences standardisées et portdéésablies

a partir des données d’inclusion de CFAS | et I, tout comme les taux d’incidenderés a

partir de modeles de Poisson.

Pour PAQUID, une augmentation significative du score MMSE au moment du diagmostic
été mise en évidence avant 2001 et une diminution significative aprés 2001. Un déclin
significatif du score MMSE au moment du diagnostic a été retrouvé peBoBi{eaux. Cela
confirme le fait que le diagnostic clinique n’a pas toujours été établi aux mésmles swu
cours des 30 dernieres années et entre différentes études. Il est probakie gvelogon ne
soit pas retrouvée seulement en France. L'utilisation d’'un diagnostic stablde sdonc
nécessaire. Ainsi, quand on appliquait I'algorithme sur les donnéessasgla prévalence de
la démence était de 8,8% pour CFAS | et 5,7% pour CFAS Il. L'incidence élajtdel
31,2/1000PA (95% IC: 28,034,8) pour CFAS | et 15,0/1000 PA (13.,6,7) pour CFAS II.
Ces résultats, bien que différents de ceux publiés précédemment basés suritlimalgo
différent, 'AGECAT, confirment la diminution de l'incidence et de la prévedede la

démence.



d. Evolution de la mortalité et de I'espérance de vie selon le statut de

démence

La diminution de la mortalité a conduit a un allongement de I'espérance de vie soi &

la naissance ou a 65 ans. Cependant, la question se pose de la ggaditthnéks de vie
gagnées. En effet, vivre plus longtemps ne signifie pas forcémentevivreeilleure santé et

si les années gagnées sont passées en démence, les conséquences peuvent étes importan
pour les personnes démentes, leur entourage et la société avec un poids écon@ambie. |

donc important d’investiguer I'évolution de la mortalité chez des personnes démemss et
personnes non démentes et d'analyser les évolutions d'espérances de vée vaiin il
'augmentation de I'espérance de viaccompagne d’'une augmentation de I'espérance de vie
sans démence. De plus,-dela de I'espérance de vie, pour une personne développant une
démence I'évolution de la durée de survie en démence est aussi intéressanteea &wmly
cela,les participantsgle deux populations a 10 ans d’écart ont été compar9:itdividus

ages de 65 ans et plus inclus en 188&lans PAQUIDet 2104 individus agés de 65 ans et

plus inclus en 1992000dans 3C, les données sur 10 ans de suivi de ces deux populations
ayantété utiliséesLe diagnostic de démence était basé sur I'algorithme défini dans cette these
et un modele illnesdeath a été appliqué aux données pour établir des risques de déces, des
espérances de vie et des durées de vie en démence.

Une diminution dda mortalité sans démence a été retrouvée chez les hommes et les femmes
alors qu’une diminution de la mortalité des déments n’a été retrouvée que chernhes fe
L’espérance de vie totale ainsi que I'espérance de vie sans démence ont augmergg entre |
amées 90 et les années 2000 a tout age et quel que soit le sexe ou le niveau d’études.
Globalement, la proportion de vie passée en bonne santé sans démence a eu tendance a
légerement augmenter, avec des differences selon l'dge. Cependant, le poaircentag
d’espérance de vie sans démence variait selon le niveau d’études avec une augmentation pour
les individus sans dipldme et une stabilisation voir une détérioration pour les individus ave
diplome. Ces résultats semblent en accord avec une compression deldévaorbidité pour

les personnes avec un bas niveau d’études. De plus, la survie en démence g argradas

deux générations, principalement pour les femmes. Ce travail montre que bien que
'augmentation de I'espérance de vie soit associée a umeeat@tion de I'espérance de vie

sans démence, elle est aussi suivie d'une augmentation de I'espérance de vie gsdu tem



passé en démence. Il serait donc intéressant de parvenir a retarder 'appardidérmderce

afin d’augmenter encore d’avantage I'espérance de vie en bonne santé.

4. Discussion

La démence conduisant a d’'importantes conséquences pour les malades, leuretdmi
société, I'étude des tendances séculaires et leur compréhension s’est développé des
derniéres années. Ce travail de thése a contribué a confirmer la tendartimiaution de
incidence de la démence ainsi que lI'amélioration des capacités cognitiveslgsou
générations plus récentes. Cependant, ces progrés ne sont pour linstant pas encore bi
compris. Il est pourtant nécessaire d’identifier les raisons de la diomnndu risque de
démence. Si 'amélioration du niveau d’éducation, la meilleure prise en chargaldesem
vasculaires et I'amélioration globale des conditions de vie peuvent y avoirboénttes
études réalisées n’'ont pour l'instant pas séudsle démontrer. De plus, d'autres facteurs
comme l'augmentation de I'obésité ou du diabete ainsi que les inégalités spoateaient

dans le futur compromettre ces tendances. Avec l'absence de traitements eff@aces
prévention semble une bonneealtative et pourrait encourager le vieillissement réussi. Vivre
plus longtemps n’'est de nos jours plus suffisant et la qualité des années ggnées
importe tout autant. L'objectif principal étant d’augmenter le temps pasksérme santée tout

en dimiruant le temps passé en incapacité ; ainsi, retarder les symptdmes de démence et

particulierement ceux conduisant a une forte dépendance semble primordial.

Bien que I'ensemble de ces résultats soit encourageant, il est important de notaradysel

des tendances séculaires de la démence fait face a certaines difficultés métngeolog
souvent retrouvées dans la littérature. Nous avons donc utilisé des méthodes adaptées af
prendre en compte le mieux possible la sélection des populations, I'évolution du diagnostic

la compétitivité avec le décés. Cependant, la présence de biais résiduel ne peut étre exclue.
Les études réalisées dans le futur devront continuer a essayer de produireltaeés lessplus

corrects et non biaisés possibles.

Les résultatgle cette these sont en accord avec une amélioration de I'état de santé des
personnes agées au cours des deux derniéres déecblusiessultats comme les autres études
sur le sujet en faveur d'une diminution de la fréquence de la démences sterhieres

décennies, montrent que la prévention peut étre efficace face a cette niakstielonc



important de continuer I'investigation des raisons liées a cette amélioratitaeliorer la
compréhension des tendances afin de mieux précisestiaggies de prévention qui

permettraient de maintenir les progrées réalisés.
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1. Introduction

In most developed countries, life expectaficl) at birth has been regularly increasgato
69.1 years fomen and73.7 years forwomenoverall in 20151). LE at age 60 was 18.9 for
men and 21.7 for women in 2014t age 60, an increase of around two ygesdecade has
been evidence(®). In France, LE at birth in 2015 was 79.0 y for men and 85.1 wdonen
Additionally, LE at age 60 was of 22.9 for men and 27.3 for wor{@n These life
expectancies are expected to keep rigimgjl 2030 for a high number of industrialised
countries (4) This improvement has led to an aging population, with a growing proportion of
elderly peopldg5). Indeed, 12% of the world population iaged 60 years and older atfs
number is expected to rise 16.3%in 2030(6). Moreover, itwill not be restricted to high
income countries, with all categories of country being concefRigdire 1) In the OCDE
countries, the proportion of 65+ should rise from 15% in 2010 to 25% in(Z04@ France,
almost 256 of the &.6 million people living in France in January Z04dre aged @ and more
(3). The number of individuals aged 60 and more couldogrsi).4 million between 2007 and
2060, with 23.6 million individuals older than 60 y.o. (8bwever, chronic diseases are more
frequent with age andre followed by incapacities and depende(®y Age being a major
risk factor of dementia,hts would result in greater number of individuals at risk of

developing dementiayith longer exposure to dementia risk.
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Figure 1: Percentage of the total population aged 60 years and over, by country income level,
2015 to 2050LIC: Low Income Countries; IMIC: Low and Middle Income Countries;
UMIC: Upper and Middle Income Countries; HIC: High Income Countries. (World
Alzheimer Report 2015)

e Why is dementi@onsidered as a public health priority?

First of all, as detailed in more detdider, dementia is a frequent disease in the elderly and

an increasing number of people with demeiatia expected.It is a serious condition with

direct consequences for the subject (cognitive deterioration, disabilityyiiostélization and
death)(10). According to the World Health Organizatio/iHO), deaths due to dementias

more than doubled between 2000 and 2015, making it the 7th leading cause of global deaths
in 2015 (11).This rise of death can be due to an increase of dementia cases or to an increased
recognition of dementia as cause of debkbwever, dementia also has consequences for the
relativesof the patient. Indeed, caregivers report increased risk of death, increased risk of
depression and anxiety, and even an increased risk of derflhtie3).Age+elated diseases

such as deentia are leading to a high social and economic burden, impacting not only the



patients but also their families and societies. It is thus dycdsease, responsible for
hundreds of billions for health expenses worldw{@ Dementia is often the cause of
stigmatisation, abuse and family conflidtowever, this disease is not well understood, under
treated and under estimated. Agiajated disases come with several comorbidities, making
the disease difficult to identify. Results from the Th@ty (3C) study evidenced that only a
third of incidentdementia cases have recourse to a specfaistl5).In Europe, only a low
proportion of patients are treated with cholinesterase inhibitors, with high dephetween

countries.

Dementia is thus a complex disease leading to important consequences fas, fatieifies
and society in term of health, burden and econoamgl can no longer be neglectédis
therefore important to understand the evolution of this disease overainveell asthe

determinants associatedittentify potential target to prevent or delay dementia occurrence.

1.1. Aging and demeriia

Alzheimer disease has first been characterised by Alois Alzheimer in 19G@vEIo no real
improvement on the knowledge of the disease has been made before the 80’s, when the main
hallmarks of the disease have been identified. At the same time, the creatlun fobt
association of family members and the mediatisation of the disease has increasstssv

around dementia as a real disease and not only the consequence of aging.

1.1.1.Definition

Dementia is commonly defined as a syndrome associatinggaitive decline and a
repercussion on the ability to perform everyday life activilissclinical diagnosigakes into
account multiple indicators including neuropsychological evaluations, neurological
examnatiors, global medical records, as well asmpéementary information including
neuroimagingClinical diagnosis i®ftenbased on consensaosteria;the most used beirthe
Diagnostic and Statistical Manual of Mental Disorder (DSM). Until recently,Di8&-IV
versionfor Dementia vasfocusing on memory impairment associated with at least one of the
following deficit: aphasia, apraxia, agnosia, disturbance in executive functioninhese
cognitive deficits had to cause significant impairment in social or occupatiemetidning.
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Mild Cognitive Impairment is defined has been defined as impairment in memory or other
cognitive function greater than expected for normal aging without sigmifiogpairment of
activities of daily living.In the lastDSM-V version,the term Dementia disappeared aveks
replaced by two different levels of severity). Minor Neurocognitive Disorder, allowing an
intermediate state between a normal cognitive status and a severe cognibleitrpacting
activities of daily living, and 2) Major Neurocognitivi@isorder relating tothe former
dementia terminology. The first stage refers to mild to moderate cognitive atisrafithout

major impact on everyday functioning. The second stage refers to cognitiggsdedivere

enough to impact daily living actiws. Criteria from DSM IV and V are detailed in table 1.

Different aetiologies can be distinguished. Accounting for 50 to 70% of caséwi&’s
disease is the most frequent form of dementia. Unpublished data from the 10 yeaufollow
of the ThreeCity study (3C) confirmed this proportion (table Zhen, the other major causes
are vascular dementia, dementia with Lewy’s body, and diseases relatedtdeteoporal
dementia. However, with aging, dementia has mainly mixeetiology combining

Alzheimer's disease and other aetiology, in particular small vessel disease.



Table 1: Dementia definitions according to different criteria

DSM-IV criteria

Peterson’scriteria (16)

DSM-V criteria

Dementia

Mild Cognitive Impairment

Major Neurocognitive disorder

Minor Neurocognitive disorder

A. The development of multipl
cognitive deficits manifested b
both:

1. Memory impairment

2. At least one of the following:

- Aphasia
- Apraxia
- Agnosia
- Disturbance in executivi
functioning (planning,

organizing, ...)

B. The cognitive deficits in A1 and A
each cause significant impairment
social or occupational functionin
and represent a siditiant decline
from a previous level of functioning

normal aging.

B. No significant impairment o B.

activities of daily living

A. Impairment in memory o A. Evidence of
other  cognitive  functior cognitive decline from ¢
greater than expected for previous level of performance i

one or more cognitive domair

(Learning and memory

Language, Executive functiol

o)

1. Evidence of decline is base
on: Concern  of  the
individual, a knowledgeabl
informant, or the cliniciar
that there has been
significant  decline in
cognitive function

2. A substantial impairment in
cognitive performance
preferably documented b
standardized
neuropsychological testin
or, in its absence, anoth
quantified clinical
assessment.

The cognitive deficitsinterfere
with independence in everyde
activities (at a minimum
assistance should be requir
with  complex instrumenta
acivities of daily living)

significant A. Evidence of milder

cognitive
decline from a previous level ¢
performance in one or mot
cognitive domains (Learning and
memory, Language, Executi
function, ...)

1. Evidence of decline is base
on: Concern of  the
individual, a knowledgeabl:
informant, or the cliniciar
that there has been mild
decline in cognitive function

2. A mid impairment in
cognitive performance
preferably documented b
standardized
neuropsychological testin
or, in its absence, anoth
quantified clinical
assessment.

. The cognitive deficitsdo not

interfere with independence i
everyday activities (comple
instrumental activities of dail
living are preserved)




Dementia Mild Cognitive Impairment Major Neurocognitive disorder Minor Neurocognitivedisorder

C. The course is characterized C. The cognitive deficits do nc C. The cognitive deficits do nc
gradual onset and continuir occur exclusively in the conte: occur exclusively in the conte:
cognitive decline of a delirium of a delirium

D. The cognitive deficits do not occu D. The cognitive deficits are nc D. The cognitive deficits are nc
exclusively during the course « better explained by anoth better explained by anoths
delirium mental disorder (eg, majc mental disorder (eg, majc

depressive disorde! depressive disorde
schizophrenia) schizophrenia)

E. The cognitive deficits are not bett
explained by another ment
disorder (eg, major depressi
disorder, schizophrenia)

Table 2: Distribution according to aetiology from dementia cases at the 10 year fgl@ivtne ThreecCity (3C) Study (n=90).

Aetiology Frequency (%)
Probable AD 35 (38.5)
Possible ALY mixed dementia 30 (33.0)
Vascular Dementia 9 (9.9)
Parkinsonian Dementia 7(7.7)
Dementia with Lewy Bodies 6 (6.6)
Others 4(4.2)
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In this manuscript, we will mostly focus on the dementia syndrome rathertshdifferent
aetiologiesdescribed above. Firsgspeciallyin epidemiological studies, it is indeed difficult
to collect all the informatiomequiredto establish an exact etiologic diagnosis. Furthermore,
as we get older, the probability to combine several kinds of lesioredderly patients
increase. For example, Alzheimer’s lesionghat areextracellular deposits of the amylefid
peptide and intracellular accumulation of abnormally phosphorylated tau nellesfibr
tangles, may be associated with vascular damagash asmacre and/or microscopic
infarctiors, atherosclerosis, arteriolosclerosis, and white métaons. This is leading to

mixed pathological form of dementia (17, 18).

1.1.2.Epidemiology of dementia, worldwide and in Europe

In order to describe the extent of dementia as a public health priority, many popbé&ged
studies following older people over time have been implemdnedthe end of the 80't

the 90’s. Knowledge about descriptive epidemiology of dementia andortsequences
mainly come from these studies. This kind of study, with longitudinal fellpwof the
participants allowing to document cognitive decline over time and active sueand
diagnosis of dementia, iene of the mainways to accurately estimat prevalence and
incidence of dementidlowever, they are not exempt from issues such as low participation

rates or drogut over the follow-up, leading to generalisation problems.

1.1.2.1. Prevalence

The prevalence of a disease, i.e. the number of persons living with the diseasetaha cer
time or period, depends on two indicators: the incidédeéned as the number of new cases
of a disease during a defined period) and the mean duration of #esalisA change in

prevalence involves a change in one of thedeators.

In 2015, the World Alzheimer Report based on prevalence study worldwide hastedtsm
prevalence of dementia of 46.8 million cagé} According to projection, the number of
people living with dementia is expected to rise to 74.7 million in 2030 and 131.5 in 2050. An

important proportion of this projecteddrease will be attributable to increases of the numbers
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of people with dementia in low and middle income countries (LMIC) (Figure 2). It could be
explained by an accelerated demographic evolution in those countries with amamhpor
increase othe eldery population. Indeed, in 2015, 58% of all people with dementia live in
LMIC, rising to 63% in 2030 and 68% in 2050. East Asia is the world region with the most

people living with dementia (9.8 million), followed by Western Europe (7.4 million).

According to the World Alzheimer Report, more than one million people are living with
dementia in France. This is in line with a study, based on incidence estimueteshe
Eurodem analysesestimating a prevalence of 966,000 (757,00Q,254,000) cases of
dementiain France in 2015, representing 8.1% of the 65 + populdfiéh The forecasted
prevalence in France should be of almost 2 million in 2050. These projections of the future
number of dementia cases are made under a strong hypothesis assuming that dementia

incidence is stable over time.
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Figure 2: The growth in numbers of people with dementia (millions) in higlome (HIC) and lo
and middle income countries (LMIC). (World Alzheimer Report 2015)

1.1.2.2. Incidence

The most recent estimation of dementia incidence from a-amellgsis reports over 9.9
million new cases of dementia each year worldwide, meaning one resvesary 3.2
seconds. The age and gender standardized global incidence for those aged 60+ is 17.30/1000

personyear (pyr).Globally, the incidence of dementia varies from 3.9/1000 peysars at
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Incidence/1000 person years

age 6064 to 104.8/1000 pyr at age 90Bementia incidencappears to be higher in high
incomes country than in low or middle income countries (Figure 3). Importéatetites are
shown between world regions with 4.9 million new ca@E¥6 of the total)in Asia, 2.5
million (25%)in Europe, 1.7million (18%)in the Americas and 0.8illion (8%) in Africa.
Differences between countries seem to be wider for higher age gtoup€, quality and
availability of studies bring difficulties to estimate incidence or prevalencguatidy.
Incidence could be less precesad diagnostic criteria different compared to HIC. A selection
of elderly populations with less dementia could also appear because mastdigher in

these countries.
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Figure 3: Estimated agspecific annual incidence of dementia, derived from Poisson random
models, for world regions for which mes@alytical synthesis was feasible. (World Alzheimer Report -

Incidence data haveot recently been updated in France or in Western Europe. A
collaborative incidence study based on European populasised cohorts in 2000 showed a
global incidence of 2.4/1000 pyr (1488) at age 6%9 and of 70.2/1000 pyr (5447.4) at

age 90+20). A French report on dementia in 2005 estimated the number of new dementia
cases at 225,000 for the 2004 year (21).
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1.1.2.3. Disability, institutionalisation

From 2050, it is predicted that there will be 613 million dependent people worldwide, of
whom 277 million (45%) would be aged 60 over (22) Dementia leading to multiple
incapacities, mild at first then progressively aggravated, dementedyatéed daily care to
perform everyday life activities. According to WHO, peogés generally expect to be in the
mild or early stage of dementia (eg, forgetful, some language difficuiesmood changes)

for the first year or two, the moderate or middle stage (eg, very forgetfidasiog difficulty

with speech, and help needeith selfcare activities) from the second to the fourth or fifth
years, and the severe or late stage (eg, serious memory disturbances andotaarly
dependence and inactivity) from the fifth year onwaitlk). However, the early stage can
also evolve over a longer periofeveloping dementia lead to increased disabidity
demonstrated in a French study showing that among people with dementia, 94.6% had IADL
disability and 13.8% had bADL disability. Moreover, in the elderly population aged 75 years
and older, 34.1% of subjects disabled in IADL and 87.8% of subjects severely disabled in
ADL had dementia(10). As a result, dementia is one of the major causes of
institutionalization with anncreasd HR of 1.5 to 5.1 and OR even high@3, 24). Among
dementia cases, the probability to reside in an institution is(Bgh with an increased risk of
20% in the first year after diagnosis to 50% after 5 years. The median time until
institutionalization was found around 30 months after diagn@&is27) Analyses from the
PAQUID study showed that among elderly in home care settings, 70% have denmehtia, a
that 39% of demented persons live in institut{@f). Because of repercussions in term of
dependency, with help needed for everyday living and possibly institutior@iisdémentia

thus leads to high medical and social costs for patients and society. Indeed, tveideorl
costs of dementia have been reporé 818 billion US dollars in 201®28). However, these
costs remain concentrated in HIC, even though the part of LMIC in the derbardien is

increasing. Thus, global costs of dementia are expected to keep rising in théngpgesns.
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1.1.2.4. Survival

At age 65, the global lifexpectancy folFrance was 16.6 (18.418.78) for men and 23.0
(22.7323.18) for women in 2010. In 2030, it is expected to rise to 21.47 (PA.83) for

men and 26.05 (223-29.01) for womer{4). Developing demera strongly increase mortality
(29, 30) A French study reported a 1.8 (1-221) adjusted risk of dying after developing
dementia(30). Thus, dementia leads to a reduction of duration of life. Duration of life (or
survival) consists of the total number of years an individual is going to spend being demente
In a study based on European cohorts, prevalent cases had consistently lowal sategv
than noncases in all age groyB4). Survival with dementia decreases with age at diagnosis,
being a man and high educational level. Estimations cdtidun of life with dementia are
heterogeneous across studpdeed, the age range of the population, the type of the
population (clinical or populaticbased), and the methodology applied vary across study.
Duration of lifeis mostly comprised between 3 and 9 years before ¢&ait82-35). Beyond
survival with dementia, another frequently estimated indicator is life expgctdife
expectancy with dementia quantifies the effect of dementia on the survival abtéhe
population. This indicator corresponds to the average number of years one is expected to live
with dementia. This measure accounts for both dementia incidence and éxpeaftdife
based on populatielevel trends rather than the trends of only those with dementia.
Estimations are fluctuant between countries; howevée, déixpectancy with dementia
consistently declines with age and is higher for women and low educational atia{B36:

38). A recent stdy from the Adult Changes in Thought (ACT) Study showed a total life
expectancy of 17.% (0.0 —19.1) with 88.4% being without dementia at 70 y.o. and ofy5.5
(4.76.6) with 77.4% being without dementia at 90 ¥38). The poeéntial years of life lost
(YLL) - ie, the average number of additional years a person would have lived if he or she had
not died prematuhg because of dementiain pegle aged 75 years or older has been
estimated at-3b yearq40, 41).

15



1.1.3.Risk and Protectivéactors

Dementia is known aa multifactorial disrder, being the consequence of the interplay of
genetic susceptibility and environmental factors across the lifggf2anThe exposition to
multiple riskfactors thus leads to amcreag of the risk to develop the disease. Knowledge on
risk factors mostly comes from observational studieshhagidentified associations between
the factor and the risk of dementia or ABor many risk factors, population studies are often
converging.t is yetto mention that for some risk factors, reverse causation cannot be totally
excluded and may biased associations.

1.1.3.1. Non-modifiable risk factors

e Age

The most important risk factor afementia is age. Indeed, the risk to develop dementia
increase exponentially with age, as well as dementia prevalence. In most ofltheegions,
prevalence started at almost 1% at agé40rising to more than 20% at age 838, 44).
Alongside with age, women tend to have leghisk of dementia than mga0). However, it
is not always truén every country, with incidence of dementia being higher for men thran fo

women in the UK for exampl@l5).

e Genetic

Some genetic characteristics also predispose to dementia. The most im@mtantsf the
APOE protein, with people carrying the €4 allele being more at risk than the oth€n6, 47) A
metaanalysis showed an increasesk of 3.2 and 14.9 for carriers of one ate4 alleles,
respectively(48). On the contrary, carrying the €2 allele protects against dementia (OR=0.11
(0.02-0.50) (49)Genetic research of Alzheimer’s disease has strongly developed owastthe |
decade and other genesrbden evidenced as involved in the development of(BO, 51)
However, these genes only slightly iease the risk52). Genetic research mostly aims at
identifying metabolic pathways for better understanding of physiopathokuy the

development of new treatments.
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1.1.3.2. Modifiable risk factors

e Psychosocial factors

Educational level is one of the earliest factors in life influencing the fidiementia. Indeed,
people with higher educational attainment or number of years of educatioa kaverrisk

of developing dementia than people with low educational 1€58156). In addition to
education, principal occupation also contribute to dementia risk through cognititeesabil
(57). Cognitive activity or mentally stimulating activity has also been associatededliiced
dementia risk, as well as social engagement and the maintenance of a rich soorl (3&w
59).

The impact of these factonas been hypothesized to be link to the notion of cognitive reserve
(60). Educabn and mental stimulation is supposed to help building cognitive reserve that
enables individuals to keep functioning at a “normal” level despite the presence of
neurodegenerative pathology. It has also been evidenced by some autopsy stuidies tha
subjectswith normal cognitive function presented evidence of AD neuropatho{6dy

Cognitive reserve of these subjects allows them to compensate the lesions.

e Cardiovascular factors
Cardiovascular health factaase also known tomfluence dementia ris(62-64).

Blood Pressure: Association between high blood pressure or hypertension anedhdstas
of dementia has mostly been evidenedokn blood pressure at midlife is asseq$&d70).A
review also showed an association between hypertension and aadmitction(71). Midlife
hypertension may contribute to ABhrough vascular mechanism&2, 73) Indeed,
hypertension is a risk factor for small vessel disease, i.e. pathologicalgg®edtecting the
small arteries, arterioles, venules and capillaries of the brain, which iactleasisk of

dementia.

CholesterolResults regardinthe implication ofcholesterol levein dementia rislaremixed
Several studies have reported that a high total cholesterolinenetllife increase the risk of

developing dementié/4-76).0n the contrary, some studissowed that a decline in serum
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totd cholesteol level could be associated with early stages in the development of dementia
(77-79).

Diabetes: Several studies have reported that diabetes lead to an increasedens&ntia. A
metaanalysis evidenced a pooled adjusted risk ratio of 1.47-(L 725 for all dementia, of
1.39 (1.161.66) for AD and of 2.38 (1.79.18) for vasculadementia(80). Similar results
were foundin other metaanalysis studieg81, 82). The findings of mechanistic studies
suggest that vascular disease and alterations in glucose, insulin, and amyloid isnetabol
underlie the pathophysiolog{83). Diabetes may also contribute to AD through vascular
mechanisms. Other mechanisms such as blood glucose levels, insulin resistEmmation

or alterations in betamyloid metabolism have al¥een mentioned (884).

Obesity:Obesity at midlife has been linked with higher risk of dementia and85D86) A
metaanalysis showed an increased risk of 1.59 (.62 (81) Another metaanalysis study
based on midlife obesity also showed a 1.91-2162) risk for dementia in US and China
(87). However, underweight people at older ages seerbe more at risk of developing
dementia(86, 88). This could be due to reverse causation because weight loss often occurs in
early phase of dementiaMlid-life obesityis inter-related and all linked to vascular health

through several mechanisms such as inflammation for instance (89, 90).

e Lifestyle factors
Several lifestyle factors have also been shown to be related to dementia.

Smoking: Smokinghas beerassociated to an increaseask of dementia, especially with
lifelong exposurg91, 92).A metaanalysis reported that current smokers had a higher risk of
1.27 (1.021.60) than never smokers and the association was even stronger for AD and
vascular dementia. By also showed that current smokers had greater yearly declines in
MMSE scores than never smokers (RR=1.70 (2.23)) (93).Smoking is most likely related

to dementia through vascular diseases, as smoking contributes to a varietycudarvas
disorder sah as atherosclerosis and cerebrovascular disease. Moreover, the chemicals
contains in tobacco smoke are known to be neurotoxins and could contribute to AD through

oxidative stess or inflammatory processés!).

Physical activity: Practicing a regular physical activiiys been evidenced to hefpduce

dementia incidenc€5-99).A metaanalysis reported a reduced risk of cognitive decline of
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0.65 (95% CI 0.5%.76), and dementia of 0.86 (95% CI GO87) (98).However, the
association has not always been found significant and the definition of phydivay as
quite heterogeneous across studiBBysical activity is mostly associated with healthy
lifestyle and diet and is beneficiah brain structure and function. Moreover, physical activity
is protective factor from several cardiovascular risk factors cited albiah could impact

dementia risk.

Diet: Several nutrients, in particular atkidant vitamins and polynsaturatedatty acids
have been shown to be associated with a decreased risk of dementia or cognitinee decli
Adherence to a Mediterranean diet (or related diet), considered as a hes]thgslalso been

associated to a reduced incidence of AD and to sloweitoagdecline(100-105).

e Depression

Depression is strongly correlated with demebtiathe temporal relation is complex: indeed,

it is somehow difficult to determine if it precedes, coincides with or follows déanenset
(106-110) Severh studies have though showed that depression is associated with
approximatelywo-fold increase in risk of developing cognitive impairment or dementia (111-
113). Depression couldérelated to dementia through vascular disease and also because of
alterations in streselated hormones, lower levels of neuronal growth factors and reduced

hippocampal volume (114).

e Other factors

Beyond the frequently investigated factors described above, some other factors could be
mentioned as increasing the risk of dementia. Some infectious diseases suelpes H
Simplex Virus or Helicobacter pylori infectidrave beertinked to increased risk of dementia

or AD (115-119) Other environmental factors such as pesticidealuminium havebeen
associated uh increased risk of dement{@20-122).Moreover, cemorbidities are frequent

with advancing age and some of them, in particular sensorial deficit, hanediated to

cognitive impairment$123-125).
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1.1.3.3. Life course approach

A life-course approaatonsiderdactors that act during development and ageing, which might
influence disease onsél26). Brain and cognitive reserve, developed early in life, and
consolidated imidlife may attenuate or delay the expression of symptoms of dementia in the
presence of neurodegerative diseas€60). It is therefore important to investigate
associations between risk fact@smidlife and dementia. To better understand which risk
factors lead to disease initiation, progression and prognosis, a life course approlaeh t
epidemiologic study of dementia is need&87).1t also provides information on the different
trajectories to health and disease in old age. There are evidences that factors asostain as f
developmenand birth could be linked to cognitive function aagking(128, 129). Moreover,
several of the risk factors listed above play a role as soon agen(itlBB0-132) A Finnish
study showed that high systolic blood press@®6Q0 mm Hg) or high serum cholesterol
concentration X6.5 mmol/l) in midlife wassignificantly associated with higher risk of
Alzheimer's disease in later li{€6). Another study evidenced that an increasing number of
midlife vascular risk factors was associated with an elevated cerebral anoddi¢l83).
Finally, healthy diet at midlife has also been linked to greater health anteirgj in elderly
people (134)These results are consistent with the impact of multiple risk factors on the bra

through the whole lifesparfigure 4).
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Figure 4: Hypothesized model on the origins and life course of brain aging. Several fcritica
periods” (prenatal period, childhood/adolescence, adulthood, and old age) are identified
during which an individual is at greatest risk of dam#gexposed to putative risk factors.

(from Muller M et al, 2014).

1.1.4 Prevention

In the absence of effective pharmacologic treatments against dementia, preveodioh sh
target factors that can be influenced by medical interventions or indiviuktedviour.
Prevention thus needs to focus on the modifiable risk factors listed above and commonly

identified in the literature (figurs).
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Figure 5: Strength of evidence on risk factors for dementia (from Baumgart M et al, 2015).

Most of dementia cases are at least partly attributable to some cardiovascular risk factors and
psychosocial factors, which could be targeted for intervention (91, 130). A few studies have
reported evidences on some modifiable risk factors to reduce cognitive decline and dementia
(42, 135). Medical and public health interventions to lower various cardiovascular risk factors
may lead to an additional benefit of improving cognitive health and then lower the risk of
dementia. The goal of prevention will thus be to prevent, delay, or slow age related cognitive
decline or clinical dementia and its subtypes. A study has reported that a delay in the onset of
dementia by just 5 years might reduce the number of cases in total by up to 50% over 50 years
and if onset could be delayed by 1 year, there would be nearly 800,000 fewer prevalent cases
in the USA (136). A few studies have also modelled the effect of the reduction of main risk
factors’ prevalence on the number of dementia cases (63, 137, 138). They focused on seven
modifiable risk factors (low education, smoking, diabetes, midlife hypertension, midlife
obesity, depression, and physical inactivity) and reported that 28.2% (95% CI 14.2-41.5) of
AD cases were attributable to these factors, which equates to 9.6 million attributable cases

(95% CI 4.8—-14.1 million) of 33.9 million cases. A reduction of 10% per decade in the
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prevalence of each of these seven risk factors could reduce the prevalence ohéizhei
disease in 2050 by 8.3% worldwi¢E37). This 10% reduction could potentially prevent up to
1.1 million cases of AD pegrear worldwidg63).

However, even if some risk factors have been strongly identified as imyeksnentia risk,

the impact of medication or care has been poorly evidenced in randomised contrahttials
more complex interventions should be investigatedystematic review published in 2010 by
the Agency for Healthcare Research &pdality and an associated “state of the science”
conference at the National Institutes of Health (NIH) concluded that thias insufficient
evidence to make recommendations about interventions to prevent cognitive dedline an

dementig139).Prevention strategies wilhus be further detailed in discussion.

1.2. Secular trends

As defined earlier, dementia prevalence depends on incidenciatn of the disease. The
forecasted prevalence described in the first part were based on the assuhgdtdementia
incidence remained stable over time and did not take into accoasiblepast or future
evolution.Yet, as seen in the section abpagotentialevolutionof several modifiable risk
factorscould havemodified the risk of dementia and cognitive decline. The main hypothesis
lay on adevelopment obetter management of these factors over the last de¢hdes
Indeed, prevention could have led to a reduction of their prevalence, which couldHewer t
risk of dementia.A decrease in dementia incidence cotldis be the result of the
improvement of these factorSeveaal studies havéhusinvestigated secular trends over the
last decades in terms of prevalenteidenceof dementiaand/or survivalwith dementia
(141, 142).Dementia being characterised by cognitive decline with repercusstorss
interesting to look whether the decrease in dementia incidence is assowitiedn
improvement in cognition and/or disability. Some studies hiawginvestigated more closely

the cognitiveandfunctional abilities across generations.
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1.2.1.Dementia

1.2.1.1. Trends in prevalence

Trend in prevalence of dementias been investigated in several studies from Ewaogdéhe

USA. Detailed characteristics and results are shown in fable

Most of the prevalence studies have been based on cohort sfltieaghthis kind of study

is probably the most appropriate way to accurately evaluate prevalence because of
undiagnosed dementian issue when using cohort studies is that they carry biases linked to
selectionWith participation rates that tend to be lower in more recent cohorts, it leagho

overestimatedrends.

In Sweden, three different studies have been conducted. First, a study based on two cohorts
(the Kungsholmen Project (KP), n=1,700 and the Swedish National study on Aging and Car

in KungsholmenSNAC-K), n=1,575) reported a stable prevalence between-198% and
20012004 @djusted odds ratio for dementia OR=1.17 (619%6)) (143) Then,a study from
Gothenburg compared participants aged 70 y.o. in -1976 (n=404) and in 2062001
(n=579), and aged 75 y.o. in 1971877 (n=303) and 2008006 (n=753). This study did not
evidence a relation between birth cohort and demé¢h44) Finally, two rural populations

from the Nordanstig Project (NP) in 199998 (n=303) and the SNARordanstig in 2001

2003 (n=384) were compared in 78 y.o. and older and showed a trend toward a reduced
prevalence of dementia (OR=0.71 (0.48-1)@a45).

A study in the UK compared participants aged 65 y.o. and older from the Cognitive Function
and Ageing Study (CFAS) I and Il in 199893 and 200&2011. They reported a decrease in
prevalence with an OR of 0.7 (8089) (146).A Spanish study of elderly aged 65 y.o. and
older from the Zarademp 0 and 1 studies (n=1,080 and 3715) showed a prevalence ratio of
0.75 (0.561.02), with a sigificant decrease for men onl\L47). Evidence from France
comparing prevalence among rural participants between AU study in 19881989
(n=595) and theAging Multidisciplinary Investigation AMI) studyin 20072008 (n=906)

were shown based on two diagnosis approaches: a clinical and an algorithmiterfiest
approach showed an increase in prevalence with an OR=2.504(152and the second one

a decrease of the prevatenwith an OR=0.60 (0.42-(7B(148).
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In the USA, an American study compared prevalence in elderly African Americans in
Indianapolis aged 70+ between 1992 and 2001 and showed a stable prevalence (rate=6.75
(5.77-7.74) and 7.45 (4.210.64)) (149) Thenthe Health and Retirement Study (HRS) was
used to compare prevalen@ssessed by an algorithm on cognitive measbedseen
participants aged 65 years or older from two waves: the 2000 (n=10,54€)eaB812 one
(n=10,511) It reports a significant decline from 11.6%0(712.7%) to 8.8% (8-3.4%)

(150).

Finally, two studies reported prevalence of cognitive impairment rather than tenkerst,
another study from the HRS compared cognitive impairment consistent with dementia
between 1993995 (n=7406) and 2062004 (n=7104)In 1993 and 2002, 12.2% and 8.7%

of those aged 70+ had cognitive impairment respectively, suggesting a coamprefss

cognitive morbidity (151).

A few other prevalence studies are basee@lentronic health records. These data carry biases
due to inadequate capture of milder cases of dementia and underdiagnoses whictadould le
to an important amount of missed cases. A German study based on health insuince dat
reported a yearly reduction between 1% and 2% in the prevalence of dementia only among
women aged 75 to 84 years between 2007 and @®. Another American study reported

an average decline in tipeevalence of Severe Cognitive Impairment on individuals aged 65+
participating in National Long Term Care Surveys for 1982, 1984, 1989, 1994, and 1999 from
5.7% to 2.9% (153).
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Table 3: Studies estimating changes in dementia prevalence over time (adapted from évalYA017).

Odds ratio (95%

1st author, year Study population Diagnostic methods Cohorts (n) Comparison ci
Wiberg et al, 2013 People aged 7@ears Clinical diagnosis 1: 1976-1977r{= 707, R =79%) 2000 vs 1976 (70 y.o.
and 75 years in (Historical criteria, 2: 2000-2001r{= 579, R =66%) Total 1.2 (0.5, 3.0)
. . _ . _ — — 0 1 .
GothenburgSweden  similar to DSMIII-R)  3: 2005-20061{ = 753, R = 63%) Men 0.5 (0.1, 3.1)
Women 1.7 (0.6,5.1)
2005 vs 1976 (75 y.0.)
Total 1.2 (0.7, 2.2)
Men 1.0 (0.4, 2.3)
Women 1.4 (0.6, 3.3)
Wimo et al, 2016 People aged >78 years  Clinical diagnosis 1: 1995-19981r{= 303, R =90%) 2001 vs 1995
in Nordanstig Sweden (DSM-1II-R) 2: 2001-2003r{= 384, R=77%) Total 0.7 (0.5, 1.0)
Men 0.5(0.2,0.9)
Women 0.9(0.5,1.4)
Qiu et al, 2013 People aged >75 years  Clinical diagnosis 1: 1987-1989r{= 1,700, R = 72%) 2001 vs 1987
in Kungsholmen, (DSM-III-R) 2: 2001-2004r{= 1,575, R = 73%) Total 1.2 (0.9, 1.5)
tockhol ’
Stockholm Sweden Men 0.9 (0.6, 1.5)
Women 1.2 (1.0, 1.6)
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Odds ratio (95%

1% author, year Study population Diagnostic methods Cohorts (n) Comparison ci)
Lobo et al, 2007  People aged >65 years  Clinical diagnosis 1: 1987-1989r{= 1,080, R = 95%) 1994 vs 1987
in ZaragozaSpain (DSM-IIT-R) 2:1994-19961{ = 3,715, R = 64%) Total 0.8 (0.6, 1.0)
Men 0.4 (0.3, 0.6)
Women 1.0 (0.7, 1.5)
Matthews et al, People aged >65 years  Algorithmic diagnosis  1: 1991-19941{= 7,635, R = 80%) 2008 vs 1991
2013 in England(Newcastle, (GMS-AGECAT, 2:2008-2011r{= 7,796, R = 56%) Total 0.7 (0.6, 0.9)
Nottingham, similar to DSMIII -R) ’
Cambridgeshire)¥rom Men 0.6(0.5,0.8)
CFAS | and 1l,UK Women 0.8 (0.7, 0.9)
Hall et al, 2009 African- American Clinical diagnosis 1: 1992 (1= 1,500, R = 86%) 2001 vs 1992
people aged >70 years  (DSM-III-R, ICD-10) 2: 2001 6= 1,892, R = 44%) Total 1.1 (0.9, 1.4)
in Indianapols, USA
Péres et al, 2017 Farmers aged >65 years  Clinical diagnosis 1: 1988-1989r{= 595, R = 69%) 2007 vs 1988
from PAQUID and (DSM-III-R) 2: 2007-2008r{ = 906, R = 52%) Total 23 (1.5’ 3.4)
AMI in Bordeaux,
France
Algorithmic diagnosis  1: 1988-1989rf = 595, R = 69%) 2007 vs 1988
(MMSE + IADL) 2: 2007-2008r{= 906, R = 52%) Total 0.6 (0.4, 0.7)
Langa et al, 2017 People aged >65 years  Algorithmic diagnosis 1: 2000 6 = 10,546, R = 88%) 2012 vs 2000
in the HRS, USA (phone or facee-face  2: 2012 6= 10,516, R = 89%) Total 0.8 (0.7, 0.9)
interview, 27item ’
cognitive test or proxy Men 0.7(0.6,0.8)
assessment + IADL) Women 0.8 (0.7, 0.9)
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1.2.1.2. Trends in incidence

A growingnumber of studies have suggested decline in incidence of derfiabtexd). In the
United Statesa significant decline between 1984 and 1995 was observed in one out of four
sites, suggesting a 30% decrease in 10 years but this was not supported by theddtayear
nor other US cohort studies (lllinois and Indianago{iL54). More recent studg from the

USA confirmed the decline in dementia incidence. Fa205 participants of the Framingham
Heart Study aged 60 and over were compared across 4 periods: lateed8yd980s, late
80searly 90s, late 90=arly 2000s, and late 2006arly20Ds Analyses evidenced ayear
incidence decline of 22%, 38%, and 44% during the second, third and fourth epochs
respectively, compared to the first ofi®5). Second, oe study based on African Americans

in Indianapolis investigated incidence from a cohorts of participants enrolled in 1992
followed until 2009 (n=1440) and another enrolled in 2001 followed until 2009 (n=1835)
they reported a significantly lower incidence in the 2001 cohort compared to thedl89%s

(156) The same study was conducted among participants in Nigeria (1992 cohort n=1774;
2001 cohort n=1895) but did not find a significant difference.

In the Netherlandss study has investigat@acidence on individuals aged 80 between two
periods: 1990 (n=5727) and 2000 (n=1769)dé&cline of 25% of §ear dementia incidence
between 199®5 and 200805 has been reported, althougbnsignificant(IRR= 0.75 (0.56

1.02)) (157). The prevalence studyfrom Sweden calculated dementia incidence using
mortality and prevalence, suggesting that stable prevalence withasedresurvival
necessarily indicates declining incider(@@3). The CFAS | and Il studies were also used to
compare tweyear incidencgand evidenced an incidence rate ratio (IRR) of 0.8 100, this
decline being mostly driven by a decreased incidence in(Atgn

A study based on people aged 65+ and living in Chicago compared incidence of AD from
1997 through 2008 but did not find any change in the risk of AD over time (158).

As for prevalence data,elpond populatiofbased cohorts, some studies have investigated
dementia trends based on health insurance @iataGerman study based on health insurance
data compared incidence between two periods (2004/2007 and 2007/2010) and reported a
higher incidencen the first period (RR=1.10, p=0.006)59) Another $sudy based ohealth

care administrativelata from the Canadian Institute for Health Information reported a 7.4%
(p=0.009) decrease of incidence rate between 2002 and(26@BMoreover, a study based
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on Medicare inpatient records from 1984 to 2001 and linked to the NationalTlesngCare

Survey (about 380,000 persgaars totally) found an increase of dementia incidence rate over

time (6.2/1000 p.y. in 1984-1990 to 9.5/1000 p.y. in 1991-2000) (161).

The growing interest for secular trends of dementia is recent and, whkethehis work

was initiated, only a few studies had reported secular trends of prevaledeven less of

incidence.Secular trends analysélen studied during the last few yeahave mostly
reported decreases in dementia prevalence and incidence, or stable prevalence
cases. However, studies in fawoof a declining risk of dementia mostly took place]
Europe and the USA, whereas some studies conducted in East Asiamesduate mostly
reported increased prevalence or incide(ib@2-168).For example, a study fronihe

Hisayama Study, based on residents aged @bthe Japanese community, compal

in some

prevalence in 1985, 1992, 1998, and 2005. They found an increase of dementia prevalence

over time: 6.0%, 4.4%, 5.3%, and 8.3% respectiy&89) The most recent one from
Japanese community have reported an increased prevalence-¢ausaldementia: 6.8
in 1985, 4.6% in 1992, 5.3% in 1998, 8.4% in 2005, and 11.3% in 2012, p for trend

and an increased incidence between 1333 and 2002012 (for allcause dementig

HR=1.68 (1.38.06); forAD: HR=2.07 (1.592.70) (170).Differences between countri¢s

and determinants of these trends will be further analysed in discussion.

a

0
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Table 4: Studies estimating changes in dementia incidence over time. (Adapted front \&fak2017)

Study, Country

Study population

Diagnostic methods

Cohorts (n)
Incidence duration

Comparison

Hazard
ratio/incidence
ratio (95% CI)

Schrijvers et al,

All residents aged 60-9 Clinical diagnosis

1: 1990 (= 5,727, R = 73%)

2000 vs 1990

2012 years in Ommoord (DSM-III-R) 2: 2000 6=1,769, R = 67%) Total 0.8 (0.6, 1.0)

district of Rotterdam Men 0.7 (0.4, 1.2)
5 year incidence Women 0.8 (0.5, 1.1)

Matthews et al, People aged >65 years Algorithmic diagnosis 1: 1991-19941f{ = 7,635, R = 80%) 2008 vs 1991

2016 in England (Newcastle, (GMS-AGECAT, 2:2008-2011r{= 7,796, R = 56%) Tota) 0.8 (0.6, 1.0)
Nottingham, similar to DSMIII -R) Men 0.6 (0.4, 0.9)
Cambridgeshirefrom 2 year incidence Women 1.0 (0.7, 1.3)
the CFAS | and I, UK

Gao et al, 2016 African-American Clinical diagnosis 1: 1992 6= 1,440, R= 86%) 2001 vs 1992
people aged >70 years in (DSM-1lI-R, ICD-10)  2: 2001 (1= 1,835, R = 44%) Total 0.4 (0.3-0.5)
Indianapolis, USA
Yoruba aged >70 years  Clinical diagnosis 1:1992 =1,174, R= 98%) 2001 vs 1992
in Ibadan, Nigeria (DSM-III-R, ICD-10)  2: 2001 (= 1,895, R = 100%) Total 0.8 (0.6, 1.1)
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Cohorts (n) Hazard

Study, Country Study population Diagnostic methods Comparison ratio/incidence
Incidence duration ratio (95% CI)
Satizabal et al, Longitudinal cohorts of Clinical diagnosis Epoch 1 1977-1983r{ = 2,457) 1986-1991 vs 1977-198:
2016 people aged >60 years (DSM-IV) Epoch 2 1986-1991r{ = 2,135) Total 0.8 (0.6, 1.0)
from the Framingham Epoch 31992-1998r{ = 2,333) Men 1.0 (0.6, 1.6)
Heart Study Epoch 4 2004-2008r{ = 2,090) Women 0.7 (0.5, 1.0)
5 year incidence 1992-1998 vs 1977-1983
Total 0.6 (0.5, 0.8)
Men 0.9 (0.6, 1.4)
Women 0.5(0.4,0.7)
2004-2008 vs 1977-1983
Total 0.5 (0.4, 0.7)
Men 0.6 (0.4, 1.1)
Women 0.5(0.4, 0.8)
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1.2.1.3. Trends in mortality

From a public health perspective and an individual perspeatnagtality according to
dementia statudife expectancy and survival with dementia are crucial knowledge. Ifdrend
in global mortality areeasily known from census data in most countriedy a fewstudies
have however,investigated trends in dementia mortalitgese results need to be updated
either in time or in methodologftable 5) Moreover, #most no study investigating secular

trends of survival or life expectancy without dementia have been conducted.

The Swedish study also compared survival betwibenKP study in 19871994 and the
SNAC-K study in 20032004. The results showed a decreasedtality with hazard ratio of
death being 0.71 (0.58.88) in subjects with dementia, 0.68 (6-:8699) in those without
dementia, and 0.66 (0.509.74) in all participant$143). The other study from a rural area in
Sweden reported a global decreased risk of dying between9B8hd 200403 with an
adjusted hazard ratio of 0.65 (0-@®4), driven by the significant decrease in nib4b) A
non-significant decrease was also found for people with and without dementia.

Analyses from the Rotterdam Study showeRi7&o decline irmortality rate in10 yeardqrate
ratio=0.63 (0.52.77)) however, mortality according to dementia status has not been
investigated(157). In the Indianapolis study, the observed decrease in dementia incidence
associated with a stable prevalence over time suggests an increasingndafratementia
(declining dementia mortality)149, 156).Analyses from a Japanedéexly population aged

65+ showed an improved survival for individuals from the 1988 cohort compared to the 2002
cohort (47.3% to 65.2%, p<0.01) (170).

Some results regarding mortality with dementia have also been obtaineddimunmstrative
databases, but with potential biases due to this kind of data. Thus, unlike results from
populationbased studies, results from German health insurance data showmdera
mortality with dementia in the first period compared to the second one, gnificzant for
women (2006/2007 vs 2009/2010 RR =0.83 (6788l)). Mortality without dementia tended

to decrease for men and remained stable for waih®®). They also investigated trends in

life expectancies, reporting that remaining life years with dementia wereressesg non
significantly for men (0.96 vs 0.87, p=0.18) and significantly for women (1.87 vs 1.53,
p=0.000) at age 65. At the same time, remngidife years without dementia increased fion
significantly for men (14.79 vs 15.14, p=0.084) and for women (18.14 vs 18.41, p=0.148).
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An American study showed that AD mortality increased by 31% from 1999 to (2004.
However, they used AD diagnosis from death certificate, which could have Higsesbtilts

if the diagnosis of AD frequency in primagare had changed over tim&nalyses fom the

HRS participants showed a neignificant decrease of twgear mortality among participants
with moderate to severe cognitive impairment from HR=3.11 to HR=2.53 (p=0.09) between
1993-95 and 2002-04 (151).

f

Analyses relying on populatiemased studiebaverepored a decrease in mortality, even
results of mortality according to dementia status are more mMerkover, trends in life
expectancies according to dementia status have been poorly investiéted. using
administrative database, the mortality with dementia tends to have incréfsedver,
interpretation of results on these specific populations needs to be taken with catiody A
from elderly American based on medical records showed an increase in totab&teagcy

among men in younger ages, while it tended to be decreasing for older womemidgiee

[%2)

and 1980. The dementia free life expectancy increased for both sex at yagegend thu
the percentage of life free of dementia declined among male and increased amnoey
Thelife expectancywith dementia increased in men and decreased in women bet@égn
and 1980 (172).
More studieson evolution of mortality and life expectancy according to dementia are thus
needed to confirm the decrease in mortality with or without dementia anccteasa in life
expectancy free of dementia. Discrepancies between results based on popaksthn
studies and administrative databases as welloésnpal bias wherusing administrative

database will be further discussed in discussion.
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Table 5: Studies estimating changes in mortality over time

1% author, year

Study population Diagnostic methods

Cohorts (n)

Comparison

Mortality ratio (95%

Cl)

Schrijvers et al,
2012

All residents aged 60-9 Clinical diagnosis
years in Ommoord (DSM-IIT-R)
district of Rotterdam,

from the Rotterdam

Study (Netherlands)

1:1990 (1 = 5,727, R = 73%)
2: 2000 f= 1,769, R = 67%)

2000 vs 1990

Total
Men
Women

Total mortality
0.63 (0.52-0.77)

0.64 (0.50-0.82)
0.59 (0.44-0.80)

Qiu et al, 2013

Clinical diagnosis
(DSM-III -R)

People aged >75 years
in Kungsholmen,
Stockholm

1: 1987-19891(= 1,700, R = 72%)
2: 2001-20041{= 1,575, R = 73%)

2001 vs 1987

Total
Men
Women

2001 vs 1987

Total
Men
Women

2001 vs 1987

Total
Men
Women

Total mortality

0.66 (0.59-0.74)
0.67 (0.54-0.84)
0.66 (0.57-0.75)

No dementia

0.68 (0.59-0.79)
0.71 (0.55-0.91)
0.67 (0.56-0.79)

With dementia

0.71 (0.57-0.88)
0.68 (0.40-1.14)
0.71 (0.55-0.90)
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1% author, year Study population

Diagnostic methods  Cohorts (n)

Comparison

Mortality ratio (95%

Cl)

Doblhammer et al, Sample from health
2015 claims data from a

-ICD-10 numbers G30 1: 2006-2007 (n=141092)
G31.0, G31.82, G23.1, 2: 2009-2010 (n=135243)

2006 vs 2009

No dementia

) Men 1.04 (p=0.075)
Germany’s insurance  F0OO, FO1, FO2, FO3, wWomen 1.00 (p=0.935)
aged 50+ and F05.1

-prescription of With dementia
cholinesterase Men 0.90 (p=0.084)
inhibitors and/or Women 0.83 (p=0.000)
memantine
Wimo et al, 2016  People aged >78 years Clinical diagnosis 1: 1995-19981r{= 303, R =90%) 2001 vs 1995 Total mortality
in Nordanstig (DSM-“| -R) 2: 2001-2003r{= 384, R = 77%) Total 0.78 (0.63-0.97)
Men 0.77 (0.61-0.98)
Women 0.86 (0.68-1.07)
2001 vs 1995 No dementia
Total 0.86 (0.67-1.11)
Men 0.88 (0.59-1.29)
Women 0.85 (0.60-1.20)
2001 vs 1995 With dementia
Total 0.75 (0.59-1.09)
Men 0.64 (0.34-1.21)
Women 0.89 (0.55-1.43)

Ohara et al, 2017 Resident of a Japanese
community aged 65+

Two stage survey of  1:1988-1998 (n=803)
dementia based on the 2: 2002-2012 (n=1231)
Hasegawa Dementia

Scale (HDS), the HDS

revised version (HDS-

R), and MMSE

1988 vs 2002

Survival

47.3% to 65.2%,
p<0.01

35



1.2.2.Cognition and disability

Cognitive decline and disability being the two components of dementia, evaluatiendirir
these two components could allow a better understanditing afecline in dementia trend.
Evolution of cognitive deficits/performances is easieadsesand has been more widely

studied than evolution of cognitive decline.

1.2.2.1. Trends in cognition

Evolution over time in level and/or decline has been investigated for differentigegnit

domains.Table6 summarises results on secular trends of cognitive performances.

Some studies only looked at level of cognitive abilittesd were consistent toward an
improvement of cognitive futions (173). Astudy from Germany anagd cognitive
processing speed among participants aged 50 to 90 y.o. of two waves from the German Soci
Economic Panel (SOEP). It showed ttta average cognitive functioning of those aged 50

90 and tested in 2012 was higher than that of the samgragpe tested in 2006174)

Another study using two cohorts of Danish nonagenarians born 10 years apart (1905 vs 1915)
looked at cognitive functioning assessed by the ¥ental State Examination and by a
composite score of 5 cognitive tests. It reported that the 1915 cohort scored asijgific
better on the MMSE and on the composite score than the @@t (175).Then, aFrench

study based on two generations born more than 15 years apart (the 1991 cohort and the 2008
cohort) analysd the evolution of the Cognitive Efficiency Profile (CEP) global score and sub-
scoresand showed that the 2008 cohort performed bettat the different cognitive scores
except for the naming one, than the 1991 col{d6). An English study comparing two
cohorts of subjects aged 65 years or older from the MRC CFAS in 1991 (n = 9458) and the
ELSA study in 2002 (n = 5196) showed that semantic verbal fluency measured by the anim
naming test was higher in the 2002 cohort than in the 1991 (dfiam. Finally, two cohorts

of participants from Gothenburg aged 70 y.o. born in 1901-1902 (n=381) and in 1930 (n=551)
were compared with a battery of psychometric tests assessing short éenarymverbal

ability, spatial ability, reasoning and executive functions. Excapobrie test assessing short

term memory, the second cohort had better scores than the first one (178).
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Severalarticles also investigated trends in cognitive declisreAmerican study basechdhe
MoVIES and MYHAT cohorts looked at evolution of psychomotor speed, executive function,
and language during the period 198¥12. Authors pooled data from the two stsdand
categorized participants into four-¥@ar birth cohorts: those born between 1902 and 1911;
between 1912 and 1921; between 1922 and 1931; and 1932 and 1943. They reported
significant baseline cohort effects and evolution with age effectsvinycognitive outcome

the earliest birth cohort (19a911) had lower baseline scores ateeper cognitive declines
compared with the latest birth cohort (19B243) (179).An update of this work has been
made on immediate and delayed recall of at&® Word List, assessing verbal memory.
They observed that both immediate and delayed recall showed an improvemeenhéeve
earliest and latesborn cohorts’performance, at baseline and for @gsaiated trajectory
(180). Another American study using participants from the Seattle Londitudinal Study
investigated evolution on several cognitive domains such as spatial orientation,vanducti
reasoning, word fluency, number ability and verbal meaning betiveergenerations: the
first one born between 1883 and 1913 (n=1242) and the second one born between 1914 and
1948 (n=738). Except on number ability, later born cohorts outperformed earlier born cohorts
at age 70 by up to 0.50 SD and also showed shalloates of cognitive decline on all
abilities (181). A study based on the Swedish Adoption/Twin Study of Aging compared four
cognitive domains (verbal and spatial ability, memory, and speed) between twtscoher
born in 19001925 and the secortabrn in 19261948. Results indicated significant cohort
differences in average performance at age 67.5 for all components except speederHow
unlike the previously described studies, no cohort differences were found in tiageotosr

time on the ageompaed (62 to 78 y.0.j182). Similar conclusions were established from the
Long Beach Longitudinal Study comparing to cohorts tested 16 yeardrapadges 55 to 87

on reasoning, list recall, text recapace and vocabulaf$83).0n the contrary, two studies
found steeper decline for later born cohort. First, a study compared three diffanertsc
(born in 190102, in 190607 and in 1930) on logical reasoning (n=1176) and spatial abilities
(n=1480). They have reportedubstantial cohort differences in levels of performance and
significant but moderate cohort differences in rates of change-lhatercohorts, on average,
outperformed earlieborn, but also shosd a steeper average decline compared with the
earliestborn cohort (184). Asecondstudy from the Longitudinal Aging Study Amsterdam
compared two cohorts aged 65 to 75: the first one f5) was born between 1920 and
1930, whereas the second cohortB46) was born between 1931 and 1941. The later born

cohort had better general cognitive performance (assessed by the MM8HE(fivie
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reasoning, and processing speed at baseline but showed steeper decline in preeessing s
(185).
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Table 6: Studies estimating changes in cognitive function over time.

Cognitive domains

1% author, year Study population (test) Cohorts (n) Main results
Finkel et al, 2007  Participants from the  -Verbal abilities 1. Born between 1900 and 1925 Verbal:
Swedish Twin Registry (Information, (n=425) 1900 vs 1926: 50.53 vs 53.95
aged 50+ Synonyms, and 2: Born between 1926-1948 (n=381) Spatial:
Analogies) 1900 vs 1926: 49.98 vs 53.22
-Spatial abilities Memory:
(Figure logic, block 1900 vs 1926: 49.07 vs 53.42
design, card rotations Speed:
tests) 1900 vs 1926: 49.31 vs 49.82

-Memory (Digit span,
picturememory and
Names and Faces)
-Processing speed
(Figure identification)

Zelinski et al, 2007 Participants from the  -Reasoning (Letter anc 1: Born between 1893-1923 (n=456) Reasoning:

Long Beach word series) 2: Born between 1908-1940 (n=482) 1893 vs 1908: 4.37 (0.82); p<.001
Longitudinal Study aged -List recall List:
55-87 -Text recall 1893 vs 1908: 7.54 (1.10); p<.001
-Space (Figure and Text:
Object Rotation) 1893 vs 1908: 1.76 (0.56); p<.001
-Recognition Space:
Vocabulary 1893 vs 1908: 1.72 (0.37); p<.001
Vocabulary:
1893 vs 1908: 0.71 (1.21); p>.05
Llewellyn et al, Community living Semantic verbal 1: 1991 (n=680) Increase by 1.1 (0.9-1.3) extra words/min
2009 individuals in England  fluency (animal 2: 1996 (n=600)
aged 65+ naming test)
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1% author, year Study population

Cognitive domains

(test) Cohorts (n)

Main results

Sacuiu et al, 2010 People living in
Gothenburg (Sweden)
aged 70 y.o.

Short term memory
(Digit Span Forward,
Digit Span Backward)

Verbal ability
(synonyms)

Spatial ability (block
design)

Reasoning (Figure
classification)
Executive function
(identical forms)

1: born in 1901-1902 (n=381)
2: Born in 1930 (n=551)

Identical forms: 16.6 (8.3) vs 26.2 (7.7);
p<.001

Synonyms: 17.1 (6.4) vs 21.6 (5.2); p<.001
Figure Classification: 12.6 (4.6) vs 17.0
(4.6); p<.001)

Block design: 13.5 (6.6) vs 20.1 (6.7);
p<.001

Digit Span Forward: 5.6 (1.0) 5.8 (1.2);
p=0.55

Digit Span Backward: 3.8 (0.9) vs 4.3 (1.1);
p=0.002

Gerstorf et al, 2011 Participants from the
SLS from age 50 to age
80

-Spatial Orientation 1. Born between 1886 and 1913

- Inductivereasoning  (n=1242)
-Word fluency 2: Born between 1914 and 1948
-Number ability (n=738)

-Verbal meaning

(five subtests from
the 1948 PMA 11-17
version of Thurstone’s
Primary Mental
Abilities Test)

Spatial orientation:

1914 vs 1886: 4.975 (0.361); p<.05
Inductive reasoning:

1914 vs 1886: 5.818 (0.337); p<.05
Word fluency:

1914 vs 1886: 2.353 (0.609); p<.05
Number ability:

1914 vs 1886: 0.457 (0.443); p=NS
Verbal meaning:

1914 vs 1886: 5.408 (0.375); p<.05
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1% author, year

Study population

Cognitive domains
(test)

Cohorts (n) Main results

Dodge et al, 2013
and 2017

Individuals aged 65+
from the Voter
Registration Lists in
Southwestern
Pennsylvania

-Psychomotor speed
(TMT-A)

-Executive function
(TMT-B, letter
fluency)

-Language (animals
fluency)

-Memory (Immediate
and delayed recall)

1: Born between 1902-1911 (n=400) TMT-A:
2: Born between 1912-1921 (n=1387)1902 vs 1932:-0.77; p<.0001
3: Born between 1922-1931 (n=1075)1912 vs 1932: -0.51; p<.0001
4: Born between 1932-1943 (n=718) 1922 vs 1932: -0.24; p=0.002
TMT-B:
1902 vs 1932:-1.24; p<.0001
1912 vs 1932: -0.95; p<.0001
1922 vs 1932: -0.54; p<.0001
Letter fluency:
1902 vs 1932:-0.85; p<.0001
1912 vs 1932: -0.66; p<.0001
1922 vs 1932: -0.43; p<.0001
Animals fluency:
1902 vs 1932:-0.89; p<.0001
1912 vs 1932: -0.64; p<.0001
1922 vs 1932: -0.39; p<.0001
Immediate recall:
1912 vs 1902: 0.41; p=0.31
1922 vs 1902: 2.0; p=0.001
1932 vs 1902: 6.10; p<.0001
Delayed recall:
1912 vs 1902: -0.01; p=0.96
1922 vs 1902: 0.44; p=0.12
1932 vs 1902: 2.36; p<.0001
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1% author, year

Study population

Cognitive domains
(test)

Cohorts (n)

Main results

De Rotrou et al,
2013

Patients attending the
memory clinic of the
Broca hospital, Paris,
France

MMSE
CEP score

[EEN

: 1991 sample (n=204)
: 2008 sample (n=177)

MMSE: 27.0 (2.2) vs 29.0 (1.0) ; p<.0001
CEP global score: 63.5 (12.9) vs 77.3 (8.5);
p<.0001

Christensen et all,
2013

Participants from
Danemark aged 90+

Global cognition
(MMSE)

a composite of five
cognitive tests

: Born in 1905 (n=2262)

Assessed at 93 y.o.

: Born in 1915 (n=1584)

Assessed at 95 y.o.

MMSE: 21.4 (6.0) vs 22.8 (5.6); p<.0001
Composite score: 0.01 (3.6) vs 0.49 (3.6);
(p=0-0003)

Steiber et al, 2015

Participants from the
SOEP aged 50 to 90

Cognitive processing
speed (SDT)

N =

: Tested in 2006 (n=1997)
: Tested in 2012 (n=2854)

Men: 2.563 (0.33) increase 2006 -> 2012
Women: 2.237 (0.32) increase 2006 -> 2012

Karlsson et al, 201!

Participants from the
H70 study aged 70-79

-Logical reasoning
(Figure Logic test)
-Spatial ability (Block
Design Test)

wWN P

: Born in 190102 (n=460)
: Born in 190607 (n=513)
: Born in 1930 (n=1250)

Logical reasoning: p<.001
1901: 12.67 (12.21-13.14)
1930: 16.19 (15.71-16.66)
Spatial ability: p<.001

1901: 13.80 (12.97-14.63)
1906: 16.13 (15.46-16.80)
1930: 19.31 (18.70-19.92)
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1% author, year Study population

Cognitive domains
(test)

Cohorts (n) Main results

Brailean et al, 2016 Participants from the
Longitudinal Aging
Study Amsterdam aged
55-64

-Globalperformance
(MMSE)

-Episodic memory (15
word test)
-Processing speed
(DSST)

-Inductive reasoning
(Raven Colored
Progresive Matrices)

1: Born between 1920-1930 (n=705) Global performance:

2: born between 1931-1941 (n=646) 1920 vs 1931: -0.09 (-0.02); p<0.01
Immediate recall:
1920 vs 1931: 0.27 (-0.35); p>0.05
Delayed recall:
1920 vs 1931: 0.12 (-0.18); p>0.05
Processing speed:
1920 vs 1931: -5.02 (-7.14); p<0.001
Inductive reasoning:
1920 vs 1931: -0.57 (-0.95); p<0.01
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1.2.2.2. Trends indisability

Dementia has high consequences on health and disability, leading to high costs fa patient
and society Several reviewshave thus been conducted on health and disability trgi@6s
188).

Even if some studs evidenced mixed resul(374, 189, 19Q)the majorityare consistent
toward an improvement of disability over timA. review confirmed the decline in any
disabiity and IADL fromeight US studie§191). The Danish study on nonagenarians showed
a lower score in ADL (an titem selfreport measure of physical disability) for the 1905
cohort than for the 1915 one, meaning a deaedn disability (175). A study from
Gothenburg examined parnippants at age 75 in 194877 (n=744) and in 20036 (n=731)

on ADL and IADL. They reported a significantly decreased disability in b@h £3.9 vs
5.6%) and IADL (33.4 vs 13.0%). Another study in Finland compared people agg@ 65
years in 1988 (n=362), 1996 (n=320) and 2004 (n=292) on IADL abilities and showed a
significant improvement in IADL difficulties betweer®88 andl996,and betweer1988 and
2004 (192).A Chinese study investigated trends in ADL and IADL among 4 waves: 1998,
2003, 2005, and 2008. They showed a decreased risk of having ADL disability in 2005 and
2008 compared to 1998 and a decreased risk of IADL disability in all period compared t
1998 (193)In the USA, individuals aged 55 to 70 from the origiRedmingham Heart Study
(n=1760) were compared with those from the offspring cohort (n=1688). Total ifysabil
combining a physical activity component (Nagi activities), a gross neotoponent (Rosow
Breslau activities) and ADL scale showed a significant decrease in disahivever,
disability in ADL on its own was stabl€l94). Two other American papers reported a
decreasing trend of disability. They were based on the National Long TaerSQrveys and
showed decreases in ADL or IADL disability between 1982 and 1995, 196) Another
study onthe Longitudinal Study on Aging and the National Health Interview Survey
participantsreported mixed results with a prevalence of disability lower in the more recent
years in the NHIS, a lower incidence of disability, but an inegsevalence at some dates
after 1984 in the LSOA sampl@97). Results from thd-renchPAQUID study, comparing

two generations aged 75 to 84 born betw#@03-1912 and between 1911®22also showed

no change for ADL and a decrease in IADL disability for women ¢1®8).A study from a
population aged 70+ from Gloucestershire evaluated four items: outdoor mobidiastable

to go outside for short walks, managing to wash or shower independently, managing to dress
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easily on own and able to cook or reheat a whwdal between 1998 and 2008. They showed
significant reductions in disability for outdoor mobility, washing difficulgnd cooking
(299). Finally, the Swedish studyom Gothenburg investigated ADL and IADL dependency
between 1976 and 2005 and showed aifsigmt decrease for boi200).

If improvement of cognitive performances has been evidenced in most of the studieg
of cognitive trajectories are more conflicted. Fewer studies have igatest evolution both
in level and declineand the cognitive domains highly varied as well as
neuropsychological tests used. For disabilidyscussion of trends is also complica
because disability can be defined and measured in many D#fggent criteria based op
ADL and/or IADL have been mostly investigated amdrend towarcan improvement o

functional abilitieshas been evidenced
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Table 7: Studies estimating changes in disability over time.

1% author, year Study population Disability definition

Cohorts (n)

Main results

Manton et al, 1997 Participants from the IADL and ADL scale
National Long Term Total disability score
Care Surveys aged 65+

1. 1982 assessment (n=20,485)
2: 1994 assessment (n=19,171)

Total disability:

1982 vs 1994: 24.9% (0.31) vs 21.3% (0.29);
p<.0001

IADL:

1982 vs 1994: 5.6% (0.17) vs 4.3% (0.14);
1-2 ADL:

1982 vs 1994: 6.6% (0.18) vs 5.9% (0.16);
3-4 ADL:

1982 vs 1994: 2.9% (0.12) vs 3.2% (0.12);
5-6 ADL:

1982 vs 1994: 3.6% (0.13) vs 2.8% (0.12);

Crimmins et al, Participants from the  ADL and IADL items
1997 NHIS and the LSOA for total disability:
aged 70+ unable to perform at
least one ADL or
IADL

NHIS: Assessment from 1982 to
1993 (n= almost 9000 each year)
LSOA: Assessment 0hi984, 1986,
1988 and 1990 (n=7527 in 84 and
5151 after)

NHIS:

Years since 1982: QRaiiy=0.989; p<0.01
LSOA:

1986 vs 1984: OR=1.20; p<0.05

1988 vs 1984: OR=1.15; p<.05

1990 vs 1984: OR=1.06; p>.05

Allaire et al, 1999 Participants from the  ADL scale

FraminghanHeart Gross motor function
Study aged 55 to 70 y.o.

1: Subjects from the original cohort
started in 1948 (n=1760)

Help in at least one ADL.:
Men: 1.3% vs 0.5%; p=0.17

2: Subjects from the offspring cohormvVomen: 1.0% vs 1.1%; p=0.86

started in 1971 (n=1688)

Help in at least one gross motor function:
Men: 16.0% vs 8.8%; p<.001
Women: 29.2% vs 17.2%; p<.001
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1% author, year Study population Disability definition Cohorts (n) Main results

Manton et al, 2001 Participants from the IADL and ADL scale 1: 1982 assessment Total disability:
National Long Term Total disability score  2: 1989 assessment 1989 vs 1982: 0.26%/y decline
Care Surveys aged 65+ 3: 1994 assessment 1994 vs 1982: 0.38%!/y decline
4: 1999 assessment 1999 vs 1982: 0.56%/y decline
Pérés et al, 2005 Participants from ADL and IADL 1. Born between 1903-1912 IADL.:
PAQUID study aged 75 (n=1496) Women:1903 vs 1913: OR=0.61 (0.49-0.77)
to 84 2: Born between 1913-1922 (n=910Men: 1903 vs 1913: OR=1.09 (0.81-1.48)
ADL:

1903 vs 1913: OR= 0.73 (0.49-1.09)

Jagger et al, 2007 Participants from the  Modified Townsend  1: Assessment in 1991-92 (n=689) Total disability:

Cambridge center of activities of daily 2: Assessment in 1996-97 (n=687) 1996 vs 1991: OR=1.34 (0.98-1.83)
MRC CFAS study aged living scale : nine
65-69 activities and tasks,

including eight

ADL/IADL
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1% author, year Study population

Disability definition Cohorts (n)

Main results

Donald et al, 2010 Population aged 75+ of
10 general practices in
Gloucestershire

4 items: outdoor 1: Survey in 1998 (n=4482)
mobility at least able to 2: Survey in 2008 (n=5290)
go outside for short

walks, managing to

wash or shower

independently,

managing to dress

easily on own and able

to cook or reheat a

whole meal

Unable to wallbeyond gate:
1998: 19.5 (18.3-20.8)
2008: 16.1 (15.1-17.1)
Difficulty/inability washing
1998: 43.7 (42.2-45.2)
2008: 29.2 (28.1-30.6)
Difficulty/inability dressing
1998: 8.8 (7.9-9.7)

2008: 7.6 (6.9-8.4)
Unable to prepare a meal
1998: 15.6 (14.4-16.7)
2008:12.3 (11.4-13.2)

Seeman et al, 201C Participants from
National Health and
Nutrition Examination
Surveys aged 60+

4 ADL item: difficulty 1: NHANES 19881994 (n=4688)
walking from room to  2: NHANES 19992004 (n=4239)

room, getting in and
out of bed, eating, and
dressing.

3 IADL items:
difficulty doing choes
around the house,
preparing own meals,
and managing money

BADL: 1999 vs 1988:
60-69y: OR=1.7 (1.4-2.2)
70-79y: OR=1.1 (0.9-1.4)
80+y: OR=1.1 (0.9-1.5)
IADL: 1999 vs 1988:
60-69y: OR=1.7 (1.3-2.2)
70-79y: OR=1.4 (1.1-1.8)
80+y: OR=1.2 (0.9-1.6)

Heikkinen et al, Participants part of the
2011 Evergreen project from
Finland, aged 65-69

IADL scale 1: Bornin 191923 (n=451)
2: Born in 192731 (n=403)
3: Born in 193539 (n=400)

1996 vs 1988: OR=0.43 (0.31-0.59)
2004 vs 1988: OR=0.35 (0.25-0.48)
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1% author, year Study population Disability definition Cohorts (n) Main results

Christensen et al, Participants from Basic activities of daily 1: Born in 1905 (n=2262) Total (mean):

2013 Danemark aged 90+ living: 11-item self Assessed at 93 y.o. 1905 vs 1915: 1.8 (0.7) vs 2.0 (0.8); p<.0001
reportmeasure such as2: Born in 1915 (n=1584) Men:
walking around the Assessed at 95 y.o. 1905 vs 1915: 2.1 (0.8) vs 2.3 (0.9); p<.0001
house, walking up and Women:
down one flight of 1905 vs 1915: 1.7 (0.7) vs 1.9 (0.8); p<.0001

stairs, running 100 m,
carrying 5 kg
(The lower the worse)

Feng et al, 2013  Participants from the  ADL and IADL scales 1: Assessmentin 1998 (n=2763) ADL:

Shanghai Longitudinal 2: Assessment in 2003 (n=3222) 2003 vs 1998: OR=1.00; p>.05

Survey of Elderly Life 3: Assessment in 2005 (n=1680) 2005 vs 1998: OR=0.78; p<.05

and Opinion aged 60+ 4: Assessment in 2008 (n=2195) 2008 vs 1998: OR=0.64; p<.001
IADL:

2003 vs 1998: OR=0.74; p<.001
2005 vs 1998: OR=0.62; p<.001
2008 vs 1998: OR=0.36; p<.001

Falk et al, 2014 Population aged 75 fron ADL and IADL
Gothenburg

: Assessment in 1976-77 (n=744) ADL:

: Assessment in 2005-06 (n=731) 1976 vs 2005: 13.9% vs 5.6%; p<.0001
IADL:
1976 vs 2005: 33.4% vs 13.0%; p<.0001

N =
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1.3. Methodological consideratiors

Investigating secular trends of dementia expose estimations to a few methcad adsges
and bias. Studies and analyses need to account for the following problems to try to provide the

most unbiased, robust and accurate results.

1.3.1.Selection bias

Establishingaccuratecomparisons between the participants of different populations or cohorts
requires similarity and consistency &videncereal associationThe selection of different
populations, either by initial different response rate or different fellpywcan produce
estimates variations more linked to methodology than a real dffeatever,response rates

are frequently heterogeneous between studsesl to establish secular trends, with even an
increase of nonparticipation in more recstudies(201). Low response rates often lead to a
selection of the participants included in these studies, with a trend toward tti@sedd
healthier subjectsndeed, consent/refusal to participate in a study is sometimes related to
exposure statuand/or health statudt is common that subjects that are already dexdi

with a high number of ecanorbiditiesor with low educational levedre more prone to ree

to beincluded (202).The major issue of low response ratethss the introduction ofa
nonresponse/nonparticipation bidisrefers to the systematic errors introduced in the study
when reasons for study participation are associated with the epidemiolegiofainterest.
When comparing two studies with different response ratesjnder/over estimation of the

investigated asgiations is possible.

The otherselection bias is related to dropt of subjects during the follewp of longitudinal
studies.Three different mechanisms of dropt have been proposed, defining missing data
(203)

- Completely at random (MCAR data) when the probability to draipis not related to
the marker trajectory (in this case, dementia or cognitive dedirte)covariatesThis
is the only scenario where the sample is still representative of the entiretjpopula
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- Atrandom (MAR data) when the probability to drop-out depends on covariates as well
as on past obsezd values of the marker. It is the cassulbjects’ decision to dreput
is related to their last observed cognitive scoratticipants with incomplete data
shall not be excluded from analyses to assure unbiased parameters.

- Not at random (MNAR data) when the probability to doyt depends also on
unobserved characteristics of the cognitive marker trajectory, such as tkat curr
cognitive status. It is the case if subjects who deteriorated since theiislagtnd to

drop-out.Unfortunately, this case leads to biased parameters.

However, MAR and MNAR data are difficult to distinguish. When studying agingAR

data arenot the principal cause for missing dalladeed, it has been shown that individuals
who dropped out for reasons other than death tended to be older and were moresyognitiv
impaired(204). This selectiorbased on MNAR data could bias incidence estimations and also

misestimate secular trends.

1.3.2.Diagnosis instability

Dementia diagnosis is a clinical syndromic diagnosis, using diagnostic critesieyé clear
thresholds to define the level of cognitive decline and its repercussion are notngitiese
criteria, leaving the ultimate decision to clinical judgeménta lot of countries, growing
interest has been shown about dementia and several countries have estabikbadeAl
programme to enhance research and awaren@sh. this evolution of interest, and the
increasing awareness of dementia, the diagnostic boundaries are widely belidwaack to
significantly changed in clinical and research practice over. tbneng the last few years,
other factors could have influence diagnosis with for example, negative results of
pharmaceutical trialsr better knowledgeni biomarkers’ researci@linical sensitivity is also
different across countries.

As an illustration, here is the case report of a patient described in the JAMA (205)

“Mrs J, age 81 years, with hypertension and hyperlipidemia, requested a referral to a
neurologist, stating: “I am forgetting things | just heard.”

Mrs J and her husband began noticing mild memory problems 1.5 years earlier, and report

slow progression since. Her husband noticed changes in problem solving and time

51



management. Mrs J was easily distracted and had difficulty remembering recent
conversations. She misplaced objects and spent time looking for them; she read and wrote
less than before. She repeatedly asked how to do things on her computer and cell phone. Her
husband reported that she exhibited no initiative, and that their home seemed more
disorganized. She had difficulty planning dinner and her cooking was simpler. Both denied
changes in language or speech. She continued to drive locally without accidents but had
difficulty remembering directions to familiar places. Mrs J had no hallucinations or
delusions. She slept well, her mood was fine, and she exhibited no behavioural problems or
personality changes.

Functionally, she remained independent in all activities of daily living (ADLSs). halde
urinary frequency and over the past couple of months she had a few incidents of incontinence,
especially when awakening from a nap. In instrumental activities of daily living (IADLS), M

J had recently taken over paying bills. Finally, even with a compartmentalizdabgjlishe
occasionally forgot to take her medications (amlodipine 5 mg daily; losartan 50 mg twice
daily; and ergocalciferol 1,000 units daily.)”

In this paper, this person is qualified as hawantypical case oMild Cognitive Impairment

(MCI). This case has then been presented to 150 neurologists, psychiatrists aridiaygsiat

of the French Memory Consults during a meeting in early 2015. They all considered this
person had mild dementia and not MChis case wuld have been diagnosed with no

dementia in France in 1990 and with mild dementia in 2000.

This greatly complicates comparisoover time, with clinical diagnosis probably not being
the most adapted way to armsdytime trendsindeed, if diagnosis is madearlier in more
recent population, prevalence and incidence will appear to rise, unrelategbtdrecrease of
dementia risk. Metanalysis of incidence or prevalence decrease is thus difficult because

dementia can be defined in different ways across &nd countries.

1.3.3.Mortality (competing risk of death)

When studying elderly individuals, death is expected to be frequent enough to induce
selection of the surviving population. In this case, selection is even more probleetause
death is known tde linked to cognitive decline, among other fact@®6). Beside,several
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risk factors of dementia are common risk factors of death as age or vascular disea¥és
consider @athas a semicompeting riskbecause dementia canmmtcur after death while
subjects living with dementia can di#/ith interval censoring happening when dementia
status is evaluated only at visit times, the exact time of dementia onset is unknown.
Combination of competing death and interval censoring may thus lead to an undémstima
of dementia incidencendeed, it may either prevent dementia from occurring or prevent
demented subjects from being diagnosed if they die before the visit following ¢neentia
onset. Moreover, due to the high improvement of suryittas bias may be differential
between periods. Enhdifferential death rate between people with and without dementia may
itself be changingStatistical methods such as multi states models should be applied to
account for semcompeting risk of death and interval censoring.
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2. Study justification and objectives

The main objective of this thesis was to investigate and undemsaaturately as possible

the evolution of dementia over time in France.
For this purpose, severaljectives were determined:

- To assess the evolution of dementia incidence based on two elderly populations from
two different generations, by evaluating both the evolution of a clinical diagnosis of
dementia and an algorithm diagnosis.

- To evaluatehe effect of several risk factors on the evolution.

- To account for the selection of the population compared, for the evolution of dementia
diagnosis over time, and for competing risk of death.

- Toinvestigate thevolution of severdicomponents” of dementi@ognition and
disability.

- To confirm the evolution aoflinical diagnosis overitie and the reproducibility of our
dementia algorithm

- To assess the evolution of mortality of demented anddeomented subjects, as well
as the evolution of life expectancy with and without dementia and the life duration

with dementia.
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3. Methods

3.1. Population

3.1.1.French cohorts

The Personnes Agées Quid (PAQUID) study and the Taige (3C) study are two
population based cohorts of randomly chosen participants aged 65 years arteligiote.
subjects were contacted by letter or phone, or even directly at homenénal the aim of
these cohorts is to regularly follow and evaluate participants, with repeateitivaog
evaluations and a screening and active research of dementia [Easdsoth cohorts, a
standardized questionnaire assessing stemographic, medical, cognitive, and functional
data was administered at hoime trained neuropsychologists during faodace interviews,

at baseline and at each follay. Participants wer#llowed-up at home every 2/3 years,
even if they moved to a care home. At each follgw vital status was systematically
recorded for all the participants. An ethical review committee has approvedthdies.To
limit attrition during cohort durationlost to followrup were regularly researched after the
contact informantParticipants who dropped out during follayp were contacted again at
next visit and werencludedagainin case of approvallThe questionnaires assessadong
other thingseducational level, treatment intakes, height and weight, stroke history, living
condition, Instrumental Activities of Daily Living (IADL), Basic Activities @faily Living
(bADL), and depression. A battery of psychometric tests assessed the MbtStEdBenton
test, the Isaacs Set Test (IST), and the Wechsler dodthe 3C study, the Grober and
Buschke test was also recorded. The two cohoAQURD and the Bordeaux part of the 3C

study, were managed by the same team.

3.1.1.1. The PAQUID study

The PAQUID studyconsists of a representative sample of 3,777 participants in the
departments of Gironde and Dordogne (Southwest France), randomly chosen from the
electoral rolls in 19881989 (57) Among the 5,554 persons selected initially, 3,777 (68
percent) agreed to participate in the study. Three ieritexd to be met for inclusion: to be at
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TO

1988
N=3777

General information, health status, neuropsychological and functional assessment, dementia diagnosis, death status

least 65 years of age by December 31, 1987; to be living at home at the time of the initial data
collection phase; and to give informed consent to participate in the study. The participation
rate was 68%. The main objective of this study was to describe and analyse normal and
pathological brain aging, as well as functional status after 65 years old. For this, prevalence
and incidence of dementia were estimated and cognitive and functional aging, as well as the
identification of risk factors and pre-clinical symptoms of AD were investigated. Participants
were followed over 25 years every 2 or 3 years, at 3, 5, 8, 10, 13, 15, 17, 20, 22 and 25 years

after the baseline evaluation. The follow-up is still ongoing (figure 6).

T3 TS T8 T10 T13 T15 T17 T20 T22

91 93 96 98 2001 03 05 08 2010

Figure 6: Study design of the PAQUID cohort.

3.1.1.2. The 3C study

The ongoing 3C Study is conducted in three areas of France: Bordeaux (South-West), Dijon
(North-East) and Montpellier (South-East) (207). To be eligible for recruitment into the study,
persons had to be (1) living in these cities or their suburbs and registered on the electoral rolls,
(2) aged 65 years and over, and (3) not institutionalized. The objective of this study was to
investigate vascular factors and their relation with dementia in a prevention goal. Twenty-four
percent of the eligible persons selected on the electoral rolls (n = 34,922) could not be
reached; among those contacted, the acceptance rate was 37%. A total of 9,294 persons were
included: 2104 from Bordeaux, 4931 from Dijon, and 2259 from Montpellier. The cohort was
recruited and examined between March 1999 and March 2001. It was then follow-up over 14
years (for Bordeaux and Montpellier, Dijon were only followed for 12 years) every 2 or 3
years, at 2, 4, 7, 10, 12, and 14 years after the baseline evaluation. The follow-up is still
ongoing (figure 7). Similarly to PAQUID, numerous data were collected with a focus on
medical data, especially vascular ones. Moreover, biological samples were collected, as well

as brain imaging for a subsample of the cohort.
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In the following works, only the Bordeaux centre has been used to facilitate comparison with

the PAQUID study.

TO T2 T4 T7 T10 T12 T14
| I I | | | |
| | | | B 9
1999
N=9204 2001 03 06 09 2011 13

General information, health status, neuropsychological and
functional assessment, dementia diagnosis, death status

Figure 7: Study design of the Three City Study for the Bordeaux centre.

3.1.2. The Cognitive and Function Aging Study (CFAS I and II)

The MRC Cognitive Function and Aging Study (CFAS I): between 1989 and 1994, baseline
interviews in populations aged 65 years and older were conducted in six geographical areas in
England and Wales and subjects were followed up to ten years. A two stage process, with
screening followed by diagnostic assessment, was used in CFAS I to assess dementia
prevalence (Figure 8). In the following, only data from three of the English areas of MRC
CFAS—Cambridgeshire, Newcastle, and Nottingham (208), where interviews were carried
out between Dec, 1990, and July, 1993— were selected for comparison analyses. It provided
7,635 subjects, from which a sub-population of 1,459 subjects undergone the assessment
phase. The CFAS 1 baseline interview included questions about sociodemographic
characteristics, lifestyle, health, activities of daily living (basic and instrumental), cognition,
health-care and social-care contact, and medication. A sample of 20% of those who had a
baseline interview, stratified to represent the entire cognitive spectrum, was invited for
assessment with the geriatric mental state (GMS) examination, a standardized interview for

ascertainment of dementia and other neuropsychiatric syndromes in the older population.

Between Nov, 2008, and Oct, 2011, new fieldwork in the same geographical areas was carried

out to provide CFAS II estimates on 7762 subjects, which could be directly compared with
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CFAS | (146). In CFAS II, the one stage interview integrated screening and assessment
phases of CFAS I.

CFAS | and CFAS Il had identical sampling approaches, methodsiagualodtic approach
apart from the simplification of design from two stagie one stage at baseline and incidence
phase through combination of screening and assessment interiewsth studies, the
population for invitation to interview was randomly saded from primary care registration of
the same geographical areas. An introductory letter from the generaiquactvas followed

by a visit by a named study interviewer, previously trained to deliver the sarethr

interviews.The response rate off8S | was 80% compared to 56% in CFAS II.
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3.2. Cognitive and functional evaluationin the French cohorts

3.2.1.Psychometric tests

Cognition was evaluated based on a battenqysgthometric tests assessing several cognitive
domains: the MinMental State Examination (MMB, the Isaacs Set Test (IST)etBenton
Visual Retention Test (BVRT), and the Digit Symbol Substitution Test (DSSPAQUID
only). These tests were assessed and collected at every -fghloexcept for the DSST,

missing at the 3 year followp of PAQUID.

The MMSE assesss global cognitive functioning through several domains: time and space
orientation,recall attentionand concentratiompraxis, constructional capacitgnd language
(annexel) (209, 210) It is composed of 30 items and scores ranged from 0 (much altered

performance) to 30 (good performance).

The ISTassesses semantic verblaéncy (211) In the following, the 15 seconds version has
been used: participants have to pronounce a list of words from a semantic category in 15
seconds. Four categories are proposed: cities, fruits, animals angscdloe higher the score

is, the better are the performances.

The BVRT definesvisual working memory, necessary to realize complex cognitive activities
(212) This test consists in recognizing the previously seen figameng four proposed
figures(Figure 9). Fifteen figures are successively presented. The BVRT sogredrfrom 0
(much altered performance) to 15 (good performance).
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Figure 9: The Benton Visual Retention Test

The DSST evaluates processing speed which is the pace at which you take in iofigrmat
make sense of it and begin to respond. This test requires the patient to copy, irdds|oace
rows of numbers, the symbols that are matched to each number according to a kdylocate
the top of the pagéFigure 10) The test is timed and the score is the number of success

performed in 90 seconds. A high score represents good performance.

Digit symbol substitution test
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Figure 10: The Digit Symbol Substitution Test
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3.2.2.Disability scales

Even if multiple scales assessing disability have been developed, th&enosintly used in

the literature assessing IADLtise Lawton and Brody sca{@13) The Lawton scale includes

8 complex actiities involving motor function@and cognitive function (table 8). Cognitive
abilities such as memory, attention, language, executive functioning, and visaidspation

are necessary to process information necessary to realize specific Itasksers the
following tasks: telephoning, transporting, shopping, and handling budget and medication.
Three additional items are specifics to women: cooking, doing laundry and cleaning
According to activities, three or five answer modalities are proposed. Acsibeonsidered

as disabled if at least one IADL is impaired. Each activity has its own impairnesiid

In the following works, we considered only the four activities which have demmnsto be
the most correlated with cognitive function in praxgovork (214) telephoning, transporting,

handling budget and handling medications.
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Table 8: Instrumental Activities of Daily Living (IADL) Scale with disability thresholds

Laundry Ability to use telephone
1. Does personal laundry completely 1 1. Operates telephone on own initiative ; looks up
2. Launders small items, rinses socks, stockings, ¢« 0 and dials numbers 1
3. All laundry must be done by others 0 2. Dials a few wetknown numbers 1
3. Answers telephone, but does no dial 1
4. Does not use telephone at all 0
Shopping Responsibility for own medications
1. Takes care of all shopping needs independently 1 1. Is responsible for taking medicatimncorrect
2. Shops independently for small purchases 0 dosages at correct time 1
3. Needs to be accompanied on any shopping trip O 2. Takes responsibility if medication is prepared in
4. Completely unable to shop 0 advance in separate dosages 0

3. Is not capable of dispensing own medication 0

Food Preparation Ability to handle finances
1. Plans, prepareand serves adequate meals 1. Manageginancial matters independently (budge
independently 1 writes checks, pays rent and bills, goes to bank);
2. Prepares adequate meals if supplied with collects and keeps track of income 1
ingredients 0 2. Manages day to day purchases, but needs help ]
3. Heats and serves prepared meals or prepares t banking, major purchases, etc 1
but does not maintain adequate diet 0 3. Incapable of handling money 0
4. Needs to have meals prepared and served 0

Housekeeping Mode of transportation
1. Maintains house alone with occasion assistance 1. Travels independently on public transportation ¢
(heavy work) 1 drives own car 1
2. Performs light daily tasks such as dishwashing, 2. Arranges own travel via taxi, but does not
bed making 1 otherwise use public transportation 1
3. Performs light daily tasks but cannot maintain 3. Travels on public transportation when assisted or

acceptable level afleanliness 1 accompanied by another 1

4. Needs help with all home maintenance tasks 1 4. Travel limited to taxi or automobile with

5. Does bit participate in any housekeeping tasks 0 assistance of another 0
5. Does not travel at all 0

1: Ability to performthe activity; O: Disability fothe activity
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3.3. Dementia Diagnosis

3.3.1.Clinical diagnosisn the French cohorts

The clinical diagnosis was made following &t8p procedure for botRAQUID and 3C
Bordeaux studiesThe first step wathe cognitive evaluation made by the neuropsychologist
through a series of psychometric teatsl the functional evaluatioRarticipantswho were
suspected of dementia based on their neuropsychological performadacese relative to a
previous examinatimand clinical impression of neuropsychologistre then examined by a
senior neurologist. The diagnosis of dementia was based on thellD&vand the DSMV
criteria. In case of refusal or death between the first and second step, adoif@naation
was gathered from the informant and the medical practitioner. Then, each casscwssed

by a validation committee composed of neurologists, geriatrician andedirey JFD to
definitely classify the casénformation on cognitive decline was included based on felipw

data.

3.3.2.Algorithmic diagnosis

To prevent the instability of the clinical diagnosis we defined an algoitbiagnosis, based
on cognitive and functional assessments using the Mini Mental State ExaminaMBE)M
and the 4 Instrumental Activities of Daily Living (IADL) (ability to uske telephone,
transportation, responsibility for medications and ability to manage its Hudgmet each
activity, participants were considered disabled for the first level of digakiius the score
range from O for a subject completely unimpaired to 4 for a person dependem: fout
activities. Considering the old age of the participants and the associated dpgintipn of
subjects restricted in the activity of transport, we considered restrictiastiuitias from at
least two restricted aciiies out of the four(215). These four IADL were selected because
theyhave been shown to ltkee most cognitive activities and the most associated to dementia
in a peviously published papef214). The algorithmic diagnosis of dementia was then
defined by a MMSE score <24 (or a missing MMSE score for "cognitive reastD) aA4

IADL score >2. However, these four IADL are not always recorded in international cohorts

66



and the algorithm thus needs to be adapted according to functional items avéitable
example with the CFAS data, disability was assessed by some IADL and Atbbugh
cognitive decline is part of dementia definition, the algoritbse the globalkognitive
performance as it is more convenient and more reproducible, available not amdydance

studies but also in prevalence studies.
3.3.3.AGECAT

The Automated Geriatric Examination for Computer Assisted Taxono®m@ECAT)
algorithm used in the English studies based on the Geriatric Mental State examination
(GMS) that provides relevant information to determine dementia syndrome in older
population (216) Missing data within an interview could prevent the algorithmic diagnosis
and for individuals with missing data, the same approach was taken for CFASIGISAS

I, which was a review of all available information by diagnosticiaar¢CBrayne, applying
DSM-IIIR criteria. Many of these individuals with missing data had seveognitive
impairment and were not able to respond to the interview questions. TheAGEMSAT has

been validated against internationally accepted earligndsdic criteria (DSMIIR) (217).

3.4. Statistical methods
3.4.1.Multi-state modellingllinessdeath model

In the following work, ncidence analyses weperformed using a mulgstate mod, the
llinessDeath mode(218). In this model, individuals start out as healthy (state 0), they may
become demented (move to state 1) and afterwtrelg may die (state 2) (figure).x
Individuals may also die without first becoming demented (transition from state Qet@)ta
Transition intensities can be interpreted as instantaneous risks of the onset of evgiveat

time t. Transition intensity 01 represents the agecific incidence of dementia.
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state 0: health | == | state 1: illness

(1) (1)
state 2: death

Figure 11: The illness-death model. Transition intensity 01 (a0Ol(t)) represents age-specific
incidence of dementia. Transition intensities 02 (a02(t)) and 12 (al2(t)) represent age-specific

mortality rates for healthy or demented subjects, respectively.

Transition intensities between states are defined as follow:
a01(t1Z) = a01,0(t) exp(BOIT Z),

a02(t1Z) = a02,0(¢) exp(BO2T Z),

a12(tlZ) = a12,0(t) exp(B12 T Z),

With:

(tlZ) being transition intensity from a state k to a state | at time t for a subject with a covariate

vector Z,

akl,0(t) being unspecified transition intensity at the beginning of the follow-up (at diagnosis)

between k and 1

and Bkl being the vector of regression coefficients measuring the effect of Z on transition

intensity k to 1.

This model takes into account interval censoring of age at dementia due to the fact that
dementia is assessed only at the visits, competing risk of death, right censoring, and left
truncation due to the selection of subjects alive and non-demented at inclusion. Beyond
providing transition intensities, it has also been programmed to perform other relevant
indicators, such as probabilities according to dementia and death status, as well as life

expectancies and life duration with dementia.
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3.4.2 Linear Mixed Effects model

For cognitive and functional evolutions, analyses were performed usiniinéae mixed
models theory(219). This model enables analysis of individual trajectories among a
population. It studies the linear relation between a variable efesit and explanatory
variables, taking individual variability into account.

The general formulation of a linear mixed modetisfined as follow for subjecti =1, ..., N
attimet,j =1, ..., n:

Y = X"iB+Z"yi + & withy; ~ N(0,B) and & ~ N(0, R)

With Yij beingthe observed values of the marker individual i at time j.The vectorsXij

and Zij include covariates with fixedna random effects respectively, are the subjeet
specific random effects, with B the variance mat®andomeffects represent long term
individual trend. The random intercept is defined as the difference between thenteszept

of the total population and the intercept of subjed@he random slope takes into account the
inter-individual difference so that all individuals can have different slogesepresents the
residual error or measurement eriprepresents the fixeeffect parameters to estimaféis

model uses the whole information available and measurement numbers and time can differ
between indiiduals. The variances of estimated parameters account for amdrintra

subjects’ correlation of repeated data thanks to random effects.

Due to the nature of some psychometric tests, ceiling and floor effects, lasasve
curvilinearity (unequalinterval scaling) can intervene and biased the resulihese
characteristics thus need to account for with models imgudpline transformations to
nomalize the different scorg220). The scores are transformed and normalizefit linear
assunptions of linear mixed models. In the following worlack score used was transformed
and analysedwith linear mixed models assuming a linear mean trajectory with time and
including individual correlated random effects on intercept and slope. The singate affa
variable quantified the “baseline” scores according to this variable Wiglenteraction with

time quantified the effect of variable on the score change over the fofiqveriod.
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4. Results

4.1. Seculartrends of dementia incidence and related factors

4.1.1. Introduction

Dementia being a syndrome known for its haginsequencesot only for patienteind family

but alsoat an economic leveprojection of number of cases expected in the next decases ha
been frequently estimated worldwide. These projections are based pretiaéenceof the
disease and assume thia¢ incidencenas been stable over the last decaates that it will
remain stableHowever,this work was initiated following the report af trend toward a
decrease in dementia prevalence or incidence in a few studies. Momow@provement in
care of healthelated risk factors of dementisas been evidencedyith for example a
decrease in the stroke prevalence, higher proportions ofepgepted again hypertension or
hypercholesterolemia. Moreover, access to education also improved oveNéwegtheless,
other factors such as obesity or diabetes became more frequent in the population. The
hypothesis leading teecular trendsivork wasthat the modification of risk factors could have
influenced the risk of developing demen#adecrease of dementia incidence could leeah
overestimabn in projections of the number of people with dementia in the future and would

reinforce the potential for prevention of risk factors involved.

To date, sveral studies reported a decline in the prevaesrcincidence of dementi@5s,

145-147, 150, 155-157However, only a few tried to identify factoinvolved in this decline
(150, 155)and few analyses investigated the stability of dementia diagnosis orphetiof

low respone rate(45, 146).

4.1.2.Methods

To investigate the possible evolution of dementia prevalence and incidenaealysedlata
from participants 10 years apart from the say@egraphicareas of the PAQUIRthe 1990’s
population) and the 3C studie§he 2000’s populatior). As PAQUID was performed on a
larger geographic area (departments of Gironde and Dordogne) than 3C, we inclydad onl

subsample of the PAQUID participants, those living in the same geogragas as the 3C
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participants.To evalua¢ factors involved in the evolution,adels were adjusted on several
risk factors differing between the two studies. To take into account the potentistic@vaolf
clinical diagnosis of dementiawod different definitions of dementia were used: first, the
clinical diagnosis established by neurologists and consgnsupand second, an algorithmic
diagnosis which definition was a MMSE score <24 (or a missing MMSE score fymitive
reason") AND a 4 IADL score >2. The illnessdeath model was applied to account for death,
interval censoring and left truncatiorSeveral sensitivity analyses were also performed to
validate our results. First, we defined other algorithms to diagnose dentoeieishthe MMSE
threshold chosenl) a MMSE score <23 (or a misgifMMSE score for "cognitive reason”)
AND a 4 TADL score >2; 2) a MMSE score <25 (or a missing MMSE score for "cognitive
reason") AND a 4 IADL score >2; 3) a MMSE score <24 (or a missing MMSE score for
"cognitive reason") for low education level or MMSE score <26 for higtcacan level

AND a 4 TADL score >2. Then, we ran analyses on participants aged 65 to 85 years old to
make the populations more similar, as participants aged 85 + from 3C where under
represented. Finally, we have simulated sample with different dementiaorigkcaunt for

the low response rate of 3C-Bordeaux.

4.1.3.Article
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Abstract

Introduction: Few recent studies have suggested declining trends in dementia frequency. French
cohorts with long follow-up allowed us to explore incidence evolution trends.

Methods: Two different populations of subjects aged >65 years included in 1988-1989 (n = 1469)
and 1999-2000 (n = 2104) were followed up over 10 years, with systematic assessment for cognition
and dementia. Multistates illness-death models were used to compare dementia incidence using both
clinical and algorithmic diagnoses.

Results: Using the algorithmic diagnosis, incidence declined significantly overall and for women
(age-adjusted hazard ratio [HR] = 0.62; confidence interval (CI) = 0.48-0.80 for women between
the two populations). Differences in education, vascular factors, and depression accounted only to
some extent for this reduction (women full-adjusted HR = 0.73; CI = 0.57-0.95). No significant
decreasing trends were found for men or when using the clinical diagnosis for either sex.
Discussion: Our study provides further support for a decrease in dementia incidence in women using

algorithmic diagnosis. Changes in diagnostic boundaries mask this reduction.
© 2016 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Over the past 10 years, the number of people living with
dementia worldwide has been estimated to rise to 81
million by 2040 [1]. The estimates being used at present
are based on the assumption of stable incidence of demen-
tia and have not taken the potential for decreased preva-
lence and incidence into account. It is possible that better
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risk factor management could lower the risk of dementia
and lead to smaller rises [2].

Some published studies have supported the hypothesis of a
declining dementia trends or an improvement of cognitive
performances [3-9]. Most of these have been prevalence
studies, with only a few yet reporting incidence [4,5].
Others report no change in dementia or even a rise [10,11].
Any studies attempting to examine change over time must
deal with methodological concerns. Included here is the
potential major effect of changes in dementia diagnosis over
time, and mortality competing risks which might prevent the
occurrence of dementia. Previous studies did not take both
these concerns into account. Moreover, there might be
different effects for men and women as their health profiles
change over time. Indeed, age-specific incidence of dementia
differs between women and men, as well as age-specific risk
of death and living conditions improvement.

1552-5260/© 2016 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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Recently, the potential impact on dementia prevalence of
several modifiable risk factors has been highlighted,
showing that about one-third of Alzheimer’s disease cases
might be attributable to these risk factors [12]. Among these
factors, cardiovascular risk factors, physical activities, diet,
and educational level are of particular interest [13—16]. A
decrease in dementia incidence could be the result of the
improvement of these factors.

This study aimed to evaluate the possible decrease of de-
mentia incidence dealing with several methodological con-
cerns. Two French surveys of elderly community dwellers
have been compared in the same urban area over the past
two decades, one that started in 1988 and the other one in
1999. We also determined how some risk factors could
explain this evolution of dementia incidence.

2. Methods
2.1. Study population

This study is based on two prospective population-based
cohorts in the Bordeaux area of France (Personnes Agées
Quid [PAQUID] and Three-City [3C]). Participants aged
>65 years living in the community were randomly chosen
from the electoral rolls for both cohorts.

The PAQUID cohort was formed in 1988-1989 with a
representative sample of 3777 participants living at home
in the departments of Gironde and Dordogne. The selec-
tion was stratified by sex, age, and size of urban unit. For
this article, only participants from the Urban Community
of Bordeaux (n = 1469) have been selected from PA-
QUID. The 3C cohort started in 1999 and recruited
2104 participants from the Urban Community of
Bordeaux, within 10 districts. For both cohorts, a stan-
dardized questionnaire assessing sociodemographic,
medical, cognitive, and functional data was administered
by trained neuropsychologists during face-to-face inter-
views, at baseline, and at each follow-up (3, 5, 8, and
10 years for PAQUID and 2, 4, 7, and 10 for 3C;
Supplementary Fig. 1). Participants were followed up
even if they moved to a care home. At each follow-up, vi-
tal status was systematically recorded for all the partici-
pants. Full details of the studies have been described
elsewhere [17,18].

The study population was, thus, composed of 1469 sub-
jects from PAQUID (named 1990s population in the
following, baseline screening response rate 60%) and 2104
from 3C (named 2000s population, baseline screening
response rate 39%; Fig. 1).

PAQUID 3iC
N=3777 N=2104
J/ : Out of area subjects J/ :
; 2000°
1990°s population exchusion 2000°s population
N=1469 N=2104
(/ (2) Prevalent.cases (1) 2)
exclusion
N=1385 N=1438 N=2.059 N=2027
Missing data for
confunders exclusion
N=1334 N=1376 N=1971 N=1948
10-year follow-up
v y
Death: 482 Death: 511 Death: 505 Death: 483
Drop out: 340 Drop out: 348 Drop out: 294 Drop out: 296

Fig. 1. Flow chart of the study. The 1990s population (left) and the 2000s population (right) are represented for algorithmic (1) and clinical (2) diagnoses. An-
alyzes have been realized on the bold boxes numbers. Abbreviations: 3C, Three City study; PAQUID, Personnes Agées Quid.
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2.2. Diagnosis of dementia

At baseline, as at each follow-up, participants underwent
a complete functional and cognitive evaluation as well as an
active screening for dementia. Although diagnostic criteria
have not fundamentally changed, there have been substantial
societal and clinical shifts in dementia awareness. To take
this into account, two definitions of dementia have been
used in this study: a clinical diagnosis and an algorithmic
diagnosis, both considered as nonreversible diagnosis.

The clinical diagnosis was made after a three-step proce-
dure for both 1990s and 2000s populations. The first step was
a cognitive evaluation made by the neuropsychologist
through a series of psychometric tests. Participants who
were suspected of dementia, based on their neuropsycholog-
ical performances or decline relative to a previous examina-
tion, were then examined by a senior neurologist. The
diagnosis of dementia was based on the Diagnostic and
Statistical Manual of Mental Disorders - Third Edition,
Revised and the Diagnostic and Statistical Manual of Mental
Disorders - Fifth Edition criteria. In case of refusal or death
between the first and second step, additional information
was gathered from the informant and the medical practi-
tioner. Then, each case was discussed by a validation com-
mittee composed of neurologists, geriatricians, and
directed by J.-E.D. to definitely classify the case.

The algorithmic diagnosis was based on cognitive and
functional assessments, using the mini mental state examina-
tion (MMSE) [19] and the four instrumental activities of
daily living (IADL,; ability to use the telephone, transporta-
tion, responsibility for medications, and ability to manage
its budget). For each activity, participants were considered
disabled for the first level of disability; thus, the score range
from O for a subject completely unimpaired to 4 for a person
dependant for the four activities. Considering the old age of
the participants and the associated high proportion of sub-
jects restricted in the activity of transport, we considered re-
striction in activities from at least two restricted activities of
the four [20]. The algorithmic diagnosis of dementia was then
defined by an MMSE score <24 (or a missing MMSE score
for “cognitive reason”) and a four IADL score >2.

2.3. Baseline characteristics

Initial interview data provided numerous factors similarly
collected in PAQUID and 3C: educational level divided into
three categories (validated primary school level or short sec-
ondary school level, long secondary school level or more, vs.
no diploma); smoking habits (current, former vs. never
smoker); body mass index (BMI, reported weight/reported
heightz), categorized into four classes (<21, 21-27, [refer-
ence] 27-30, and >30); history of stroke; drug use collected
using a standardized questionnaire as well as visual inspec-
tion of the participant’s medicine packs, allowing to evaluate
treated hypertension; treated diabetes; and use of lipid-
lowering drugs and antidepressants. Depressive symptom-

atology was assessed using the Center for Epidemiologic
Studies—Depression scale, considering a score >16 for men
and >22 for women for depressive symptomatology [21].
A depressive status was considered for subjects either using
antidepressants or having a depressive symptomatology.

2.4. Statistical analyses

Data from 1990s and 2000s populations were pooled. For
each of these two populations, data from the first 10 years of
follow-up were analyzed (1988—1989 to 1998-1999 for the
1990s population and 1999-2001 to 2009-2010 for the
2000s population). Both populations were compared on so-
ciodemographic characteristics, MMSE and 4-IADL scores
at baseline, and on the previously described variables (chi
square and Student tests). Data regarding follow-up and
attrition of each population were provided. Diagnosis of de-
mentia was determined separately for each of the two diag-
nosis criteria, using exactly the same definition for prevalent
and incident cases.

Then, incidence analyses were performed using a multi-
state model, the illness-death model [22]. In this model, indi-
viduals start out as healthy (state 0), they may become
demented (move to state 1), and afterward they may die (state
2; Fig. 2). Individuals may also die without first becoming
demented (transition from state O to state 2). Transition inten-
sity 01 represents the age-specific incidence of dementia. This
model takes into account interval censoring of age at dementia
owing to the fact that dementia is assessed only at the visits,
competing risk of death, right censoring, and left truncation
due to the selection of subjects alive and nondemented at in-
clusion. Age was used as the basic time scale in the analyses,
so the risks of dementia were adjusted nonparametrically for
age. Because of mortality and incidence differences between
sexes, analyses have been performed overall and for men and
women separately using both diagnostic methods. We first
measured incidence evolution between the two populations
(2000s population vs. 1990s population) adjusted only for
age and for sex on overall analyses. The models were then
additionally adjusted for (1) educational level; (2) vascular
factors (BMI, stroke, antihypertensive, antidiabetic, and
lipid-lowering drugs intake); (3) depressive status; (4) and
all these potential risk factors to see the degree to which
they might explain any changes. Finally, sensitivity analyses
were performed. First, we used different algorithmic

g (1) .
state 0: health | —— | state 1: illness

“02(1\‘ %12(”

Fig. 2. The illness-death model. Transition intensity 01 (ot (t)) represents
age-specific incidence of dementia. Transition intensities 02 (opx(t)) and
12 (a12(t)) represent age-specific mortality rates for healthy or demented
subjects, respectively.

state 2: death
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diagnoses, considering different thresholds for MMSE score
(<23 and <25; or depending on education level [<24 for
low level and <26 for high level]). Second, we explored the
effect of a potential response bias on incidence changes. To
complete the 2000s sample and reach response rate of 60%
as in the 1990s sample, several samples of refusals were,
thus, simulated using a Weibull distribution, estimated on
the 2000s responders, assuming a higher risk of dementia of

3. Results
3.1. Description

Mean age did not differ between the two populations,
although there were fewer participants aged <70 and >80
years in the 2000s population (Table 1). The 2000s popula-
tion was higher educated, had a higher BMI, and was more
often former smoker than the 1990s population. They had

1.25, 1.5, or 2 for refusals than for participants. Statistical an-
alyses were performed with SAS statistical software version
9.3 and R package SmoothHazard. Third, we re-ran the ana-
lyses excluding participants aged >85 years at baseline to
make the populations more similar. Fourth, we re-ran the an-
alyses including the maximum of participants without missing
data for each analysis.

less history of stroke, took more antihypertensive and
lipid-lowering drugs, and had less often a depressive symp-
tomatology but took more antidepressant drugs. At baseline,
participants in the 2000s population were less disabled on
the 4-IADL score and had higher MMSE scores than those
in the 1990s population. The proportion of participants
visited at least once over the follow-up was higher in the

Table 1
Comparison between the 1990s and the 2000s populations at baseline, overall, and by sex, n = 3573

1990s (n = 1469) 2000s (n = 2104)

n (%) or mean (SD) Overall Men ‘Women Overall Men Women P value
Sex 1469 (59.9) 562 (38.3) 907 (61.7) 2104 (41.1) 816 (38.8) 1288 (61.2) NS
Age <.0001

65-70 457 (31.1) 184 (32.7) 273 (30.1) 468 (22.2) 197 (24.1)t 271 (21.0)%

70-75 323 (22.0) 148 (26.3) 175 (19.3) 690 (32.8) 286 (35.0) 404 (31.4)

75-80 341 (23.2) 115 (20.5) 226 (24.9) 615 (29.2) 216 (26.5) 399 (31.0)

80-85 202 (13.8) 78 (13.9) 124 (13.7) 269 (12.8) 91 (11.2) 178 (13.8)

85 and older 146 (9.9) 37 (6.6) 109 (12.0) 62 (3.0) 26 (3.2) 36 (2.8)

Mean (SD) 75.0 (7.0) 74.2 (6.5) 75.5(7.2) 74.64 (5.1) 74.3 (5.1) 74.9 (5.1) NS
Education* <.0001

No diploma 375 (25.5) 100 (17.8) 275 (30.3) 262 (12.5) 73 (9.0)% 189 (14.7)%

Intermediate school level 880 (59.9) 340 (60.5) 540 (59.5) 1141 (54.5) 417 (51.1) 724 (56.4)

High school level 214 (14.6) 122 (21.7) 92 (10.1) 696 (33.2) 325 (39.9) 371 (28.9)
Stroke* 81 (5.5) 41 (7.3) 40 (4.4) 78 (3.7) 42 (5.17) 36 (2.8)1 0.01
Smoking habits* <.0001

Current 155 (10.6) 104 (18.6) 51 (5.6) 115 (5.5) 275 (33.7)f 1078 (83.7)1

Former 394 (26.9) 325 (58.0) 69 (7.6) 635 (30.2) 479 (58.8) 156 (12.1)

Never 915 (62.5) 131 (23.4) 784 (86.7) 1353 (64.3) 61 (7.5) 54 (4.2)
BMI* <.0001

<21 253 (17.8) 51(9.2) 202 (23.3) 256 (12.6) 46 (5.7t 210 (17.0)

21-26 853 (60.1) 369 (66.7) 484 (55.9) 1192 (58.5) 485 (60.4) 707 (57.2)

27-29 208 (14.7) 94 (17.0) 114 (13.2) 384 (18.8) 196 (24.4) 188 (15.2)

>30 105 (7.4) 39 (7.0) 66 (7.6) 206 (10.1) 76 (9.5) 130 (10.5)
Antihypertensive drugs 766 (52.1) 285 (50.7) 481 (53.0) 1206 (57.3) 479 (58.7)1 727 (56.4) 0.002
Antidiabetics drugs 101 (6.9) 50 (8.9) 51(5.6) 160 (7.6) 88 (10.8) 72 (5.6) NS
Lipid-lowering drugs 165 (11.2) 66 (11.7) 99 (10.9) 656 (31.2) 250 (30.6)1 406 (31.5)1 <.0001
Antidepressants drugs 46 (3.1) 11 (2.0) 35(3.9) 198 (9.4) 43 (5.3)t 155 (12.0)% <.0001
Depressive symptomatology* 201 (14.0) 77 (14.0) 124 (13.9) 160 (7.7) 49 (6.1t 111 8. 7)1 <.0001
Depressive status™ 234 (16.2) 86 (15.6) 148 (16.6) 312 (15.0) 85 (10.6)1 227 (17.8) NS
4 TADL* <.0001

0 (not disabled) 1076 (73.4) 459 (82.1) 617 (68.0) 1753 (83.5) 704 (86.6) 1049 (81.6)1

1 224 (15.3) 51 (9.1) 173 (19.1) 234 (11.2) 67 (8.2) 167 (13.0)

2 80 (5.5) 21 (3.8) 59 (6.5) 61 (2.9) 21 (2.6) 40 (3.1)

3 37 (2.5) 10 (1.8) 27 (3.0) 27 (1.3) 11(1.3) 16 (1.2)

4 (disabled for the 4 activities) 49 (3.3) 18 (3.2) 31 (3.4) 24 (1.1) 10 (1.2) 14 (1.1)
MMSE <.0001

Mean (SD) 26.2 (3.3) 26.7 (3.0) 25.80 (3.4) 272 (24) 27.3 (2.3)t 27.11 2.5)%

Abbreviations: SD, standard deviation; NS, nonsignificant; BMI, body mass index; IADL, instrumental activities of daily living; MMSE, mini-mental state
examination.

NOTE. Significant differences between the two populations by sex: 1P <.05, {P <.001.

*Missing data: Education (n = 5); stroke (n = 12); BMI (n = 116); smoking habits (n = 6); depressive symptomatology (n = 66); depressive status (n = 59);
four IADL (n = 8); and MMSE (n = 23).
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2000s population (91% vs. 69% for the 1990s population)
and the proportion of deaths lower (27.5% vs. 41.7% for
the 1990s population, P <.0001).

3.2. Clinical diagnosis incidence

Using clinical diagnosis, 31 prevalent cases in the earlier
population (2.1%) and 77 (3.7%) in the 2000s were excluded
as well as participants with at least one missing value for
adjustment factors (n = 141). Analyzes were, thus, per-
formed on 3324 subjects. Over the 10 years of follow-up,
251 incident cases for 13,508 person-year (PA) have been
diagnosed in the 2000s population compared with 123 for
7139 PA in the 1990s population.

The age-adjusted risk of developing dementia did not
differ for the 2000s compared with the 1990s population,
overall (hazard ratio [HR] = 0.92 [0.73-1.15]) and whatever
the sex (HR = 1.21 [0.76-1.93] for men and HR = 0.90
[0.69—1.17] for women; Table 2). Adjustment on each factor
separately did not modify this risk of dementia incidence be-
tween the 2000s and the 1990s population. When adjusted
on all the potential risk factors, there was still no difference
in dementia incidence between the 2000s and the 1990s pop-
ulation (overall HR = 1.06 [0.82-1.36], HR = 1.54 [0.94-
2.55] for men and HR = 1.10 [0.83-1.42] for women).

3.3. Algorithmic diagnosis incidence

Using algorithmic diagnosis, 84 prevalent cases (5.7%) in
the 1990s population and 45 (2.1%) in the 2000s have been
identified, which is much higher than earlier clinical diag-
nosis estimates. After exclusion of these prevalent cases as
well as of participants with at least one missing value for
adjustment factors (n = 139), analyzes were, thus, per-
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formed on 3305 subjects. Over the 10 years of follow-up,
217 incident cases for 13,747 PA have been diagnosed in
the 2000s population compared with 155 for 6835 PA in
the 1990s population.

Incidence rates of dementia by age are presented in Fig. 3
for the 1990s and the 2000s populations, separately for men
and women.

A significant decrease of dementia incidence between
the 1990s and the 2000s population was found overall
(HR = 0.65 [0.53-0.81] for 2000s population compared
with 1990s) and for women (HR = 0.62 [0.48-0.80]) on
age-adjusted analyses, whereas the risk did not differ for
men (HR = 1.10 [0.69-1.78]; Table 2). Comparison be-
tween the different models showed that education
explained only a small part of this decrease in dementia
incidence as did vascular factors. The difference of inci-
dence remains significant in the fully adjusted model (over-
all HR = 0.77 [0.61-0.97] and women’s HR = 0.73 [0.57-
0.95]). In men, the risk of developing dementia did not
differ between the 2000s and the 1990s population regard-
less of the adjustment.

3.4. Sensitivity analyses

Sensitivity analysis using a different algorithmic diag-
nostic criterion using different MMSE cut points did not
alter the findings (Supplementary Table 1). Sensitivity
analysis assuming a higher risk of dementia for the refusals
was performed for women (Supplementary Table 2). De-
mentia incidence decrease remained significant when an
increased risk of 1.25 was applied to refusals (age and
education-adjusted HR = 0.78 [0.63-0.98]). For an
increased risk of dementia of 1.5 among refusals, age-
adjusted dementia incidence decrease was still significant

Table 2
Incidence evolution between the 1990s and the 2000s population, for both diagnoses, overall and by sex
Overall* Men Women
Diagnosis of Dementia HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Clinical diagnosis (n = 3324) (n = 1299) (n = 2025)
2000s versus 1990s
Adjusted on age 0.92 (0.73-1.15) 46 1.21 (0.76-1.93) 42 0.90 (0.69-1.17) 43
Adjusted on age + education 0.97 (0.77-1.23) .82 1.28 (0.79-2.07) 31 0.98 (0.73-1.32) .88
Adjusted on age + vascular factors' 0.96 (0.76-1.21) 73 1.28 (0.78-2.11) 32 0.98 (0.72-1.33) .89
Adjusted on age + depressive status 0.93 (0.73-1.18) .55 1.24 (0.78-1.97) 37 0.90 (0.69-1.17) 43
Fully adjusted" 1.06 (0.82-1.36) .66 1.54 (0.94-2.55) .09 1.10 (0.83-1.42) .50
Algorithmic diagnosis (n = 3305) (n = 1301) (n = 2004)
2000s versus 1990s
Adjusted on age 0.65 (0.53-0.81) <.0001 1.10 (0.69-1.78) .68 0.62 (0.48-0.80) .0002
Adjusted on age + education 0.71 (0.57-0.88) .002 1.00 (0.48-2.11) .99 0.70 (0.54-0.89) .004
Adjusted on age + vascular factors' 0.69 (0.56-0.86) .0009 1.27 (0.79-2.05) 32 0.66 (0.52-0.85) .001
Adjusted on age + depressive status 0.64 (0.51-0.79) <.0001 1.13 (0.70-1.82) .61 0.59 (0.46-0.76) <.0001
Fully adjusted 0.77 (0.61-0.97) .02 1.27 (0.76-2.11) .36 0.73 (0.57-0.95) .02

Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index.

*Additionally adjusted for sex.

TAdjusted for BMI, stroke, antihypertensive, antidiabetic, and lipid-lowering drugs intake.
iAdjusted for age, education level, BMI, stroke, antihypertensive, antidiabetic and lipid-lowering drugs intake, and depressive status.
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Fig. 3. Comparison of incidence rates of dementia and confidence intervals by age, for the 1990s (solid lines) and the 2000s population (dotted lines), for men

(left) and women (right), based on algorithmic diagnosis.

(HR = 0.73 [0.59-0.92]) but became nonsignificant after
further adjustment on education (HR = 0.83 [0.67-
1.04]). Sensitivity analysis excluding participants
>85 years showed the same result as the main analysis
(fully adjusted HR = 0.71 [0.54-0.92] for women;
Supplementary Table 1). Sensitivity analysis including
the maximum of participants without missing data for
adjustment factors also showed the same result (age-
adjusted HR = 0.66 [0.52-0.83] for women).

4. Discussion

We found a significantly lower risk of dementia in the
2000s compared with the 1990s population wholly ac-
counted for by a decrease in women using the algorithmic
diagnosis. Adjustment for education level and vascular fac-
tors only partially explained the decrease of incidence
among women. Using clinical diagnosis, no decrease has
been found, with a suggestion of estimated risk for men
higher in the 2000s population after adjustments. These find-
ings were robust to sensitivity analyses where the algo-
rithmic method was modified and with believable bias
assumed in the refusal groups.

Our study has potential limitations. First, the sampling
was not exactly the same for the 1990s and 2000s cohort.
However, these cohorts covered the same geographic area
(the Urban Community of Bordeaux) using the same data-
base (electoral rolls) for randomization. They were
managed by the same principal investigator (J.-F.D.) with
partly the same team using same procedures for collecting
the data. Second, the lower response rate of the 2000s

cohort will potentially have led to selection bias, with par-
ticipants differing somewhat from the population in age,
sex, and socioeconomic level distributions [18]. This could
be due (1) to more complicated procedures to participate in
the research in the 2000s study due to regulations, with
more detailed written inform consent which might have
discouraged the eligible subjects; (2) and to a rise of tele-
phone solicitations for sales prospecting, which conduct
selected people to be more prone to refuse during phone
contact; (3) and to a more detailed communication about
medical examinations in the 2000s population than in the
1990s population.

If the adjusted risk of dementia was higher among re-
fusals than respondents, this could have overestimated
the decrease of dementia incidence in our results. Howev-
er, sensitivity analyses showed that an increase of 50% of
the risk of dementia among refusals would be necessary to
balance the decrease of dementia incidence in the 2000s
population, which is unlikely. Moreover, sensitivity ana-
lyses excluding participants aged >85 years who were
under-represented in the 2000s population provided
similar results as the main analysis. Third, attrition of
the cohort was higher in the 1990s population, partly
due to a decrease of mortality rates over a 10-year period.
Moreover, it is possible that participants who are not fol-
lowed up are at higher risk of dementia; thus, this is likely
to have led to an underestimation of the incidence
decrease. Fourth, although potential measured con-
founders were accounted for, residual confounding cannot
be excluded because of measurement error and unmea-
sured confounders.
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Secular trends analyses encounter many difficulties
including consistency of the diagnosis over time and
competing risk of death. Dementia diagnosis is a clinical
syndromic diagnosis, using diagnostic criteria; however,
clear thresholds to define the level of cognitive decline
and its repercussion are not given in these criteria, leaving
the ultimate decision to clinical judgment. With the evolu-
tion of interest, and the increasing awareness of dementia,
the diagnostic boundaries are widely believed to have
significantly changed in clinical and research practice
over time; contemporary diagnosis is made at an earlier
phase of the disease than in the 1990s. This greatly com-
plicates comparison over time, with clinical diagnosis
probably not being the most adapted way to analyze
time trends. This explains the higher proportion of preva-
lent cases in the 2000s population (5.7%) compared with
the 1990s (2.1%) using the clinical diagnosis, although
these numbers are the opposite (2.1% in the 1990s and
3.7% in the 2000s) using the algorithmic diagnosis. In
our study, using the clinical diagnostic approach, stable
estimates were found for women with even an increased
estimates for men, whereas for the algorithmic method,
a decrease for women was found but no change for men.
Algorithmic diagnostic methods avoid such a measure-
ment bias and have been used in a small number of other
studies (e.g., HRS, CFAS) [7]. The algorithm we used
matches the definition of dementia which associates
cognitive decline and functional impairment. This algo-
rithm considered only the MMSE to evaluate cognitive
decline and may, thus, have some limitations. However,
the MMSE explores the global cognition and seems,
thus, more appropriate to define a “demented state” than
other tests exploring specific cognitive domains. In addi-
tion, to increase its predictive value, we combined it
with the IADL functional evaluation. Moreover, sensi-
tivity analyses using different cutoffs of MMSE showed
consistent results. Second, death is a competing risk;
thus, it may either prevent dementia from occurring or
prevent demented subjects from being diagnosed if they
die before the visit after their dementia onset. Combina-
tion of competing death and interval censoring may,
thus, lead to an underestimation of dementia incidence.
Owing to a higher mortality in the 1990s population,
this bias may be differential between periods. The differ-
ential death rate between people with and without demen-
tia may itself be changing. The multistate model allowed
taking both competing risk and interval censoring into ac-
count. One limit of this model is that it assumes propor-
tionality of transition intensities between the two
periods, which is a strong assumption. However, when in-
terval censoring occurs, it has been shown that this model
provides better estimations of incidence than a standard
survival model [23].

A small number of studies have suggested decline in
incidence of dementia. In the United States, a significant

decline between 1984 and 1995 was observed in one of
four sites, suggesting a 30% decrease in 10 years but
this was not supported by the 20-year data, nor other
US cohort studies (Illinois and Indianapolis) [4]. In the
Netherlands, a decline of 25% of 5-year dementia inci-
dence between 1990-1995 and 2000-2005 has been re-
ported but this was nonsignificant [5]. These figures are
very similar to our 27% decrease in women. A prevalence
study in Sweden calculated dementia incidence using
mortality and prevalence, suggesting that stable preva-
lence with increased survival necessarily indicates
declining incidence [6]. An English study with three
geographical sites reported consistent reductions in prev-
alence over two decades [7]. Finally, a German study us-
ing routine data also reported decreasing prevalence of
dementia, but over a period of only 3 years [9].

In contrast to these findings, other studies have showed
an increased incidence or prevalence of dementia over
time [24-27]. Until now, studies in favor of a declining
risk of dementia took place mostly in Europe and the
USA [4-7.9], whereas studies that showed an increasing
dementia incidence were mostly conducted in China or
Japan [25-27]. However, the recent meta-analysis of
China studies does not support significant increases
once methodological factors were taken into account
[28].

Our results showed a different trend between men and
women, with a decreasing incidence only for women.
Few studies have analyzed dementia trends according to
sex, with inconsistent results. Lobo et al. showed a signif-
icant decline in prevalence for men but not for women,
whereas the German study found a slight nonsignificant
decrease for men and a significant decrease for women.
Qiu et al. and Schrijvers et al. failed to find any differences
according to sex. One explanation for the sex difference
incidence evolution in our results could be that improve-
ment of education and risk factor management could
have been greater in women than in men over the past de-
cades, leading, thus, to a lower risk of dementia in women.
Moreover, women were less disabled at baseline in the
2000s population than in the 1990s population which is
in accordance with previous French results showing a sig-
nificant decline in I[ADL disability prevalence over
10 years, particularly for women [29].

The two main hypotheses proposed for the observed
decrease of dementia incidence are the improvement of
education, which is largely implicated in cerebral and
cognitive reserve [30], and the improvement in the man-
agement of risk factors, in particular vascular factors
[5,6]. However, previous articles have not specifically
explored these hypotheses. In our data, the 2000s
population was higher educated and more medicated
against vascular problems with less history of stroke.
However, despite adjustment, these factors only partly
explained the decreasing dementia incidence in our
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results. Yet, it is possible that variables included do not
catch all the beneficial impact of education and health
behavioral changes.

Important strengths of our study are the comparison of
two large independent cohorts, with identical design and
procedures of data collection, and the comparison of a clin-
ical and an algorithmic diagnosis. We have also taken into
account several potential confounders and considered mor-
tality evolution and interval censoring using multistate
models.

Our study supports the hypothesis of a decline of demen-
tia incidence for women, but not for men, between the 1990s
and the 2000s; this decline seems only partly explained by
potential modifiable factors. Further research is needed to
clearly identify which factor change and at what age are
influencing these changes across time. Such understanding
will allow better policies on risk reduction for dementia
across populations. In the context of an increase of risk fac-
tors such as diabetes and obesity in industrialized countries,
better understanding of risk, protection, and compensation
across the life course is important.
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RESEARCH IN CONTEXT

1. Systematic review: We searched PubMed for articles
on secular trends of dementia published in any lan-
guage up to January 31, 2015, using the search terms:
“dementia” or “Alzheimer’s disease” and “inci-
dence” or “prevalence” or “change” or “trends.”

2. Interpretation: This work strengthens the evidence of
a decline in dementia incidence over time but only
for women. Moreover, our results provide an insight
into the impact of some modifiable risk factors on
this dementia incidence decline, although these risk
factors accounted only to some extent for this
decline. The decrease is in line with improved pre-
vention and treatments of cardiovascular diseases
and improved education and lifestyle. The use of
multistate models allows taking competing risk of
death and interval censoring into account. The use
of algorithmic diagnosis allows stable comparison
of cases between different periods.

3. Future directions: This finding will help producing
more accurate projections of the number of individ-
uals with dementia and care needs and could help tar-
geting effective prevention measures. Our study
suggests the potential for prevention to reduce the
number of cases with dementia.
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Supplementarytable 1: Sensitivity analyses for ncidence evolution between the 1990’s and the 2000°s
population, for both sexes.

Hommes Women
HR (95%CI) p value HR (95%Cl) p value
Analyzes with algorithm 1
2000’s vs 1990°s (n=1,290) (n=1,981)
Adjusted on age 1.25 (0.82- 1.89) 030 0.62 (0.50- 0.78) <.0001
Adjusted on age + educatic 1.23 (0.80- 190) 034 0.68 (0.54- 0.85) 0.0008
Adjusted on age + vascular factor 1.32 (0.87-201) 0.20 0.65 (0.51-0381) 0.0002
Adjusted on age + depressive sta 1.26 (0.83-192) 027 0.60 (0.48-0.75) <.0001
Fully adjusted 1.37 (0.89- 2.10) 0.15 0.69 (0.54-0387) 0.002
Analyzes with algorithm 2
2000°s vs 1990°s (n=1,304) (n=2,020)
Adjusted on age 1.06 (0.62- 1.79) 0.83 0.58 (0.45- 0.75) <.0001
Adjusted on age + educatic 0.86 (0.49-1.51) 0.60 0.64 (0.49- 0.83) 0.0009
Adjusted on age + vascular factor 1.36 (0.82- 2.27) 0.23 0.61 (0.46-0.79) 0.0003
Adjusted on age + depressive sta 1.07 (0.63-1.81) 0.80 0.56 (0.43-0.72) <.0001
Fully adjusted 1.11 (0.65- 1.89) 0.70 0.67 (0.51-0.88) 0.004
Analyzes with algorithm 3
2000°s vs 1990°s (n=1,294) (n=1,988)
Adjusted on age 1.07 (0.71- 1.63) 0.74 0.60 (0.47-0.75) <.0001
Adjusted on age + educatic 0.97 (0.62- 1.51) 0.89 0.67 (0.53-0.84) 0.0006
Adjusted on age + vascular factor 1.20 (0.79- 1.82) 0.40 0.61 (0.48-0.77) <.0001
Adjusted on age + depressive sta 1.08 (0.71- 1.63) 0.72 0.57 (0.46-0.72) <.0001
Fully adjusted 1.21 (0.72-2.03) 0.47 0.69 (0.54-0.87) 0.002
Analyzes on 65 - 85 years old participants
2000°s vs 1990°s (n=1,251) (n=1,906)
Adjusted on age 1.18 (0.72-1.92) 0.52 0.64 (0.49-0.82) 0.0006
Adjusted on age + educatic 1.04 (0.63-1.72) 0.87 0.69 (0.53- 0.89) 0.004
Adjusted on age + vascular factor 1.32 (0.82-2.13) 0.25 0.67 (0.52-0.88) 0.003
Adjusted on age + depressive sta 1.22 (0.75- 1.99) 0.42 0.61 (0.47-0.78) 0.0001
Fully adjusted 1.35 (0.83-2.20) 0.23 0.71 (0.54- 0.92) 0.01
Analyzes including all available participants for
each analysis
2000’s vs 1990’s
Adjusted on age 1.oe§r]((:).1é§31).71) 0.74 o.sén(?).zéé—l :(L)).83) 0.0005
Adjusted on age + educatic 100(13173?21)29) 0.97 0.7??](3.25’;?%).93) 0.01
Adjusted on age + vascular factor 12&318113)03) 0.28 06ér1;25232)85) 0.001
Adjusted on age + depressive sta 1.17(n((:)%7’?f£?L).88) 0.52 0.6?Er](?).25'((§3)).80) 0.0001

HR: Hazard Ratio ; IC: Confidence Interval

* Adjusted for BMI, stroke, antihypertensive, antidiabetic and lipid-lavgedrugs intake
1 Adjusted for age, education level, BMI, stroke, antihypertensive, argtitiadnd lipid-lowering drugs intake anc

depressive status

Algorithm 1: Algorithm depending on education: without diploma: MMSE <24 and 4TADL>2; with diploma:




MMSE <26 and 41ADL>2
Algorithm 2: MMSE<23 and 41ADE2
Algorithm 3: MMSE<25 andlIADL>2




Supplementary table 2: Incidence evolution between the 1990°s and the 2000’s population, assuming different risks of dementia among non-respondents.

Women Initial analysis

HR (95% Cl)

Algorithmic diagnosis (n=2,004)
2000’s vs 1990’s
Adjusted on age 0.62 (0.48- 0.80)
Adjusted on age + educatic 0.70 (0.54- 0.89)

Non-respondent over risk=1.25

0.70 (0.56- 0.87)
0.78 (0.63- 0.98)

Non-respondent over risk=1.5 Non-respondent over risk=2.0
HR (95% ClI) p value HR (95% ClI) p value
(n=2,648) (n=2,648)
0.73 (0.59- 0.92) 0.006 0.83 (0.67- 1.03) 0.09
0.83 (0.67- 1.04) 0.11 0.92 (0.75-1.14) 0.46

HR: Hazard Ratio ; IC: Confidence Interval
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1990’s population |
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2000°s population |
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Supplementary figure 1: Follow up for each population with number of subjects seen at each follow up (FU), cumulative number of deaths and non-cumulative
number of subjects not seen at each follow up (Non FU) (n=3573). Non FU subjects at one time can be seen at a following time.

365 Non FU

281 Non FU

311 Non FU



4.1.4.Supplementary results

Beside the incidence trend analysis, prevalence estimates at basetime tiwo populations
and both diagnosis were performed. Prevalence rates of the 3C population wenglizethda
according to age and sex distribution of the PAQUID population. Prealates are shown
in table9.

Table 9: Age and sex standardised prevalence rates of dementia in % according to dementia
definition and population

Total Men Women
N=3573 N=1378 N=2195
Clinical diagnosis
1990’s 21(1.4-2.8) 3.0(1.6-4.4) 1.5(0.7-2.3)
2000’s 3.8(3.0-4.6) 3.9(2.6 -5.3) 3.7(2.6-4.7)
Algorithmic diagnosis
1990's 5.7(4.5-6.9) 4.4 (2.7-6.2) 6.5(4.9-8.1)
2000'’s 2.2(1.6-2.8) 25(1.4-35) 20(1.2-2.8)

According to clinical diagnosis, the 2000’s population had a higher prevalence than the
1990’s population, whereas it is the contrary with the algorithmic definition. Thesks are

in line with the clinical diagnosis in 3C made earlier than in the PAQUID studycavalso
remark that prevalence was really different according to gender in the 1990’stoopula
whereas it became more similarthe 2000’s population. The diagnostic drift seemed more

important in women than in men.

In addition to this incidence study have also contributed to the prevalence analysis
comparing two rural populations from the PAQUID study in 1988 and the Aging
Multidisciplinary Investigation (AMI) study in 2008Pérés K, Brayne C, Matharan F,
Grasset L, Helmer C, Letenneur L, et alrends in the prevalence of dementia in French
farmers from two epidemiological cohorts. J Am Geriatr Soc. 2017;65(2P0)1%revalence
was also defined according to the two diagnostic procedures: the clinical and titaralgor

ones. The prevalence @finical dementia has increased from 5.7% to 11.3% between the
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1988 and the 2008 populations. However, the prevalence using algorithrdietitigd
dementia has decreased from 23.8% to 13.0%. These results have also demonstrated the shift
in clinical boundary of diagnosis between PAQUID and AMI toward less cuglyitand
functionally impaired states. Older farmers are different from the dgvapalation in many
ways, such as occupational exposures, lifestyle, educational level, and access, tout

nevertheless provide insight into change over time.

4.1.5.Discussion

This work bringsfurther evidence toward a decreasing trend of dementia incidence and
prevalence. However, our results did not show a decrease of incidence in men and the risk

factors accounted for in the analyses did not fully explainiéteeas@bserved in women.

The decrease evidenced may be explained by a global improvement of headtihhetaten
generations. However, a selection bias in theB8@leaux population cannot be totally
excluded, even if sensitivity analyses reported consistency of reduitss issue of
partidpation rates differences between populations compared is frequent in the published
papers: 56 vs 80% between the CFAS studies, 95 vs 64% in the Spain studies, and 86 vs 44%
in the IndianapolidbadanDementia Project for exampld46, 147 156) As developed in
introduction,a low response rate can lead to a selection of the population towand|tiston

of healthier participants than the global population. With lower participationrrdtes later
populations, the selection could lead to over estimation of the reduction evidenced. Even if in
our study and in other§l46) authors tried to take into account this by sensitivity analyses,

such analyses could not replace similar response rates

Even if most of the studies supptie declining trend of dementia incidence, gender results
are more mixed. In our study, the decrease in incidence is driven by a dddreadence in
women. Similar results were shown in the Framingham Heart Study with sighifiealine

in women between all the period, and a #saificant decline in men between 202408

and 19771983 only. In the Rotterdam study, the rmgnificant decline was similar between
men and women. However, in the CFAS study, the decline in incidence was sigridicant
men only. In the article, it is shown thaten had higher incidence rates theamen in CFAS

| and that tis difference was less strong in CFAS Il. Unlike CFAS, womed hiagher

incidence rates than men in PAQUID and 3C studies, even if the diffesassenaller in the
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3C study. In the prevalence studies, the Zaragoza study also saal@eckased prevalence in

men only.

In the literature, three additional studies investigated the effect of seigkréhctors on the
decrease of incidence. First, analy$esn the FHS were adjusted for educational level,
midlife blood pressure, BMI and diabetes, stroke history, cardiovascular desedsarial
fibrillation. These factors only slightly explained the decrease of incidence by less than 10%
each.They have als found that the decrease was observed among individuals with at least a
high school diploma only. Them ithe HRS study, prevalence analyses were adjusted
education, cardiovascular risks of stroke, diabetes, hypertension, and heart disedd|.

In line with other results, these factors partially explained the decreapeewalence
however, the decrease was still significant. In the Rotterdam study, amiacrolume, total

brain volume, and volume of white matter lesions were compared anddlaowiacreased

total brain volume and less cerebral small vessel disease (nonsignifigagn) This is in

line with an increase of cerebral reserve and an improvement of cerebrovdszalthr
Population Attributable Risk (PAR) weedso calculatedh another paper for the two cohorts
and showed a reduced PAR by smoking and cholesterol level, a stable PAR biedurzht

cardiovascular disease and an increased PAR by diabethgmartension (138).

The decreasing trends in dementia incidence and prevalence are promising agttitighli
potential for prevention of modifiable risk factors. However, the increasing trendabeftels
and obesity could reverse this trend in the future. It is therefdreatto replicate secular

trends analyses and focus on factors associated to this decline.
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4.2. Secular trends of cognition and disability

4.2.1. Introduction

With accumulating evidence in famoof a decrease of dementia incidence and prevalence, it

is therefore important to seek for a better understanding of this evolution. Dug to it
definition, dementia is closely related to and directly affects cognitiddianctional abilities.
Looking more closely at components of the disease over time could help having a better
comprehension of mechanisms involved. It has been shown that cognitive impairment can be
identified many years before dementia on§&21). It is thus of interest to investigate
evolution of cognition and function between generati@whort effect could be seen in term

of level or trajectory over time.

When referring to cognition, reserve is an important concept. As defined in intmddlcé
concept of reserve refers to the ability of a physiologic system to maintaitiofuespite
damage from injury or disease. In the context of dementia, reserve tetbe ability to
maintain cognitive function despite the accumulation of the various pathologies that
contribute to cognitive impairment. We can distinguishribaral reservand thecognitive
reserve Neural reservés more quantitative, like for example, more neurons or bigger brain
volumes. The brain can tolerate more pathology before it reaches a d¢htiesihold for
clinical symptoms to apped222). In cognitive reserve, the brain actively attempts to cope
with brain damage by using pexisting cognitive processing approaches or by enlisting
compensatory appaches(60, 223-225) Related to this, the improvement over time of
educational level could have improved cognitive reserve and lead to better cognitive
performances.Indeed, subjects wit better cognitive reserve maintain better cognitive
performances through lesion processes, and cope better with these lesmascapdin level

of pathology.For vascular risk factors, the hypothesis relies on a better health of the brain.
Decrease invascular disease could imply less brain structure damages and thus greater

abilities to perform cognitive task.

The aim of this work was thus to investigate the cognitive and functional abilitieselraley
decline of two generations 10 ysapart, as well as the effect of several risk factors on the

evolution.
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4.2.2 Methods

In this work, we have decided to compare cognitive and functional abilities dretiwe
generations of the PAQUID study only. This limits the participation ratesreif€ebetween
PAQUID and 3C, even if a selection due to comparison of surviving individuals in the second
generation can occur. However, an inconvenient is the limited age range lavéiiab
comparisonOne difficulty when studying cognitive tests evolutioreptime is firstpassing
effect. This effect conducts to an increase of the performance at the second exgsddsen
issue with our population was that this learning effect was present only in thgefiesation.

To avoid biased comparison, we have chosen to investigate scores evolution ftbreghe
year follow-up for the first generation up to the-¢&ar followup and from the 1§ear
follow-up to the 25year followup for the second generation.

Four cognitive domains were assessed: 1) globghitive functioning with the MMSE; 2)
semantic verbal fluency with the Isaacs Set Test (IST); 3) visual working mpemitb the
BVRT; and 4) processing speed with the DSST. For function, we decided to ineettigat
evolution on the four IADL highly related to cognitiowith a 15point scale summing the
score at each of the 4 activitidsnear mixed models were used to look at the evolution of
cognitive and functional scores over time. Scores have been transformed to beasedrmal

using splines transformations.

4.2.3.Article
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working memory and processing speed. No difference was observed for
cognitive decline. Regarding function, despite a trend, no significant
differences were found.

Discussion: Cognitive state of the French elderly population has changed,
partially due to improvement of educational level.
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Abstract

Introduction: To compare cognitive and functional evolution between two generations 10
years apart and to evaluate the effect of specific risk factors on this evolution.

Methods: Two “generations” of elderly aged 78-88 years, included 10 years apart in the
Paquid cohort (n=612 in 1991-92 and n=628 in 2001-02) were followed-up over 12 years with
repeated assessment for cognition and function. Mixed effects models were used.

Results: The second generation had higher performances at baseline than the first one for the
four cognitive tests (from p=0.005 to p<.0001). For the MMSE and the verbal fluency tests,
these differences were mostly explained by educational level improvement, but not for the
tests of working memory and processing speed. No difference was observed for cognitive
decline. Regarding function, despite a trend, no significant differences were found.
Discussion: Cognitive state of the French elderly population has changed, partially due to

improvement of educational level.

Key Words: Cognitive Aging, disability, trendsohort studies



O©CoO~NOOOUITA,WNPE

OO UIVIVIUUIUIUIVVIUIADNRNDRNDNDRARARARNDNWWWWWWWWWWRNRNNNNNNNNNRPRPRRPRRERRRERRE
ORWNPRPOOONOTRWOMNROOONOURWNRPOOONOUIRWMNRPOOO~NOURNWNROOONOURNWNERO

1. Introduction

Because of important health and economic consequences of population aginggijateo-
estimation of future dementia burden has become crucial for societies to estimate the need of
health care and social services. Accurate evaluation of the evolution of dementia-related
processes over time can provide such information. Indeed, forecasts indicated that by 2050 the
number of people living with dementia should be around 131.5 million [1]. However, some
studies have found evidences of a trend toward a decline of prevalence or incidence of
dementia over the last decades [2-9]. Even if hypotheses for a decline in dementia frequency
are based on changes of modifiable risk factors across decades [10,11], such as educational
level, vascular factors, or healthy life style, the few studies analyzing the role of these risk

factors on the dementia decrease did not enable to fully explain such a decrease [8,9].

Dementia is defined by impairment of cognitive performance with repercussions on capacity
to perform daily living activities. Cognitive impairment has been shown to begin more than
15 years before the diagnosis [12]. Thus, evaluating trends of cognition and function in daily
living activities over time could bring arguments to better understand secular trends of
dementia.

Furthermore, living conditions and health profiles have highly evolved and improvement of
factors such as education or vascular diseases could have an impact on secular trends of
cognition and function. Determinants may impact cognition or function at different periods of
life and may differentially impact cognitive domains. Indeed, education may intervene early
in life span while vascular risk factors probably intervene later, at midlife or after 65 years
old. Thus, evolution of trends in cognition and function in old age may be due either to a

difference in baseline performances or to a differential decline over time.
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This study aimed to analyze the secular trends of cognition and function, comparing two
generations of elderly people in the same age group 10 years apart, followed over a 12-year

period. Moreover, we aimed to assess possible determinants of these trends.

2. Methods

2.1 Study population

This study was based on a prospective population-based cohort, the Personnes Agées Quid
(PAQUID) study, which consists af representative sample of 3,777 participants in the
departments of Gironde and Dordogne (Southwest Frararelpomly chosen from the

electoral rollsn 1988-1989.Three criteria had to be met for inclusion: to be at least 65 years

of age by December 31, 1987; to be living at home at the time of the initial data collection
phase; and to give informed consent to participate in the dadlycipants were followed

ove 25 years every 2 or 3 years, at 3, 5, 8, 10, 13, 15, 17, 20, 22 and 25 years after the
baseline evaluatiorAmong the 5,554 persons selected, 3,777 (68 percent) agreed to
participate in the study. Full details of the study have been given elsewherg [13].
standardized questionnaire assessing socio-demographic, medical, cognitive, and functional
data was administered at home by trained neuropsychologists durirtg-face-interviews,

at baseline and at each follow-up. An ethical review committee has approved the PAQUID
study.

In this study, time trends of cognition have been studied 10 years apart. To avoid first-passing
effect inherent to cognitive tests [14], we did not consider the baseline evaluation. Thus, two
generations (G1 and G2) have been selected and compared: G1 included subjects born
between 1903 and 1912 and thus aged 78-88 years in 1991-1992 (at the three-year follow-up
of the cohort, T3) and G2 those born between 1913 and 1922, thus aged 78-88 years in 2001-

2002 (T13) (Cf. figure 1). For each of these two generations, the 12 subsequent years of



O©CoO~NOOOUITA,WNPE

DO UTUOOOITOTAORDDRADIMDADIEDIMNDIEDRERDRDNWWWWWWWWWWNNDNNNNNNNNRERRPERPERPRPRERRE
OORWNRPOOO~NOUODPRWNPFPOOONOUPRARWNRPRPOOONOURWNPOOO~NOOUPAWNPOOONODUOPMAWNEO

follow-up have been analyzed. The follow-up at T3 for the first generation and the follow-up
at T13 for the second one are further referred tdpaseling for G1 and G2. For each
generation, participants with a prevalent dementidaselin& were excluded. As we

previously evidenced that clinical diagnosis of dementia had changed over time, these
prevalent cases were excluded based on an algorithmic diagnosis (MMSE<24 and disability
for at least 2 activities of the 4-IADL scale: telephone, transports, medications and finances
[8]. The study population was thus composed of 1238 subjects: 612 for the first generation

and 628 for the second ane

2.2 Adjustment factors
Demographic factors included age, sex and educational level (divided into three categories: no
diploma, validated primary school level or short secondary school level and, long secondary
school level or more)At the “baseline” visit (i.e. at T3 for G1 and T13 for G2) medication
consumptions have been collected using a standardized questionnaire, agwislias
inspection of the medical prescriptions andpeicipant’s medicine packs; anti-

hypertensive drugs, anti-diabetics and lipid-lowering drugs were controlled for in the present

study (taken as a proxy of cardiovascular diseases, diabetes and, hypercholesterolemia).

2.3 Cognition and function assessment

At baseline and at each follow-up, participants underwent a complete cognitive and functional
evaluation.

Cognition was evaluated using four cognitive tests: 1) the Mini Mental State Examination
(MMSE) [15], from O to 30, assessing global cognitive function®)dhe 15-second version

of the Isaacs Set Test (IST) [16], assessing semantic verbal fluency; 3) the Benton Visual

Retention Test (BVRT) [17], from O to 15, measuring visual working memory; 4) and the
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Digit symbol substitution test (DSST), evaluating processing speed; this test was underwent at
each time apart from T3. Functional abilities were evaluated using four Instrumental

Activities of Daily Living (4 IADL: ability to use the telephone, transportation, responsibility

for medications, and ability to manage finances), assessing cognitive-specific functions [18]; a
score from 4 to 15 was used. High cognitive scores represent good performances whereas

high functional score represent high disabilities.

2.4 Statistical analyses

For each of the two generations, cognitive and functional abilities were analyzed over a 12-
year period of follow-up (from 1991-92 to 2003-for theG1 and from 2001-02 to 2013-14

for G2) (Cf. figure 1). Both populations were compared on sociodemographic characteristics,
MMSE, BVRT, IST, DSST and 4 IADL scores‘dtaseling, and on intake of the three

specific drug categories (anti-hypertensive, anti-diabetic and lipid-lowering treatments) using
Chi-square and Studentests. Data regarding follow-up and attrition of each population were

provided (Cf. figure 1).

For cognitive and functional evolutions, analyses were performed using the linear mixed
models theory [19]. Due to ceiling and floor effects and curvilinearity (unequal interval
scaling), the models included spline transformattomormalize the different scores [20].

Each score was transformed and analyrestparated one-step models assurailirgear

mean trajectory with time and including individual correlated random effects on intercept and
slope. Time was the number of years of follow-up (time stheseling). Interaction with

sex was tested but data were analyzed globally as it was non-significant. A first model was
systematically adjusted for generation (G2 vs. G1), age, sex and ineluofedraction

between generation and time (Model 1). The simple effect of generation quantified the

difference in thé'baselin& scores while the interaction with time quantified the generation
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effect on the score change over the follow-up period. Then, models were additionally adjusted
for educational level (Model 2) and vascular factors (antihypertensive, antidiabetic, and lipid-
lowering drugsModel 3). Interaction between time and adjustment factors were tested and
added in models when significant. The goodness-of-fit of each model was assessed using

residual plots.

Statistical analyses were performed with SAS statistical software version 9.3 and R packages

lcmm 1.7.5 [21].

3. Results

3.1 Study sample description

Sex distribution did not differ between the two generations (tablé2las slightly younger,

had a higher educational level and took more antihypertensive and lipid-lowering drugs than
G1 “Baselin& performances in terms of MMSE, BVRT and DSST (mean at T5 and T15 as
DSST is not available at T3) were significantly higher for the second generation and
“baseling 41ADL significantly lower (better function). The 12-year mortality was also lower

in G2 (66.9% vs 80.%) (Cf. figurel).

3.2 Cognitive and functional evolution between gemations

Results of the linear mixed effect regressions for each psychometric and functional test are
presented in table 2. Estimates are given in the normalized scales of the tests. Figure 2
illustrates the predicted score trajectory according to generation, based on model 1, in the

natural scale of each test.

For MMSE and IST, model 1 showed that the generation was associated with the mean
transformed scores (respectively p=0.0007 and p=0.005), meaning that the second generation

had better scores at baseline. Time variable was also significant whatever age and sex (using

7
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multivariate Wald test), indicating that scores declined over time. Howégedecline did

not differ according to the generation (respectively p=0.73 and p=0.24). After adjustment for
education (model 2), generation was no longer significantly associatetbagéling mean
transformed scores (respectively p=0.21 and p=0.30); results regarding decline over time
remained unchanged. Additional adjustment in model 3 did not modify this result.

For BVRT and DSST, the generation was associated with the mean transformed scores
(respectively p<.0001 and p=0.000GR had higher scores th&il at“baselin&. This

association between generation and baseline performance remained significant after additional
adjustment for education (model 2) and vascular treatment (model 3, respectively p<.0001
and p=0.003). As for MMSE and IST, the cognitive performances significantly declined with
time whatever age and sex (using multivariate Wald test) but the intensity of change over time
did not significantly differ according to generations.

For 4IADL score, the mean functional state at baseline did not significantly differ between
generations, even in the first model (p=0.10). A significant increase in the score with time
whatever age and sex (using multivariate Wald test) indicated an increase in mean disability
over the follow-upThis increase in disability tended to be slower@&than forG1,

although non-significaht (p=0.08).

4. Discussion

The main finding of this study is an improvement of performance in global cognitive
functioning, verbal fluency, working memory and processing speed between two generations
of subjects aged 78-88 evaluated 10 years apart, but without any difference in the rates of
decline for these cognitive domains. For global cognition and verbal fluency, the
improvement was mostly explained by the increase of educational level, but not for visual

working memory and processing speed. Despite our hypothesisypertensive, anti-
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diabetes and lipid-lowering treatments were not significantly associated with baseline scores
or with decline over time and only slightly explained the relationship between generation and
cognition.For functional capacities in activities of daily living, no difference was found

between generations on the initial level and on disability progression.

Supporting the decrease in dementia occurrence, cognitive performance increased between
generations, involving a global improvement of cognitive functions in 10 years. Educational
level was highly improved over the two generations (31.4% had no diploma in G1 vs. 18.2%
in G2) and it was found to explain a large part of the baseline score differences between the
two generations. However, the intensity of age-related cognitive decline over time did not
vary between the two generations. This discrepancy between improvements of baseline
performances without improvement of decline over time could be partly explained by the
effect of education that probalilytervenes early in life spamdeed, educational level was
highly associated with the mean score at baseline, but was not associated with the decline

over time (data not shown). Itis in line with a review showing that education is highly

associated with cognitive performance but does not moderate age-associated cognitive decline

[22]. These findings are consistent with the Flynn effect, described as an improvement of
intellectual quotient with improvement of education [23,24]. The improvement of cognitive
functions with generations has already been faoonmevious studies [25-32]. However,

results on cognitive decline are more conflicted. Indeed, previous authors also found that
cohort improvement (improvement over generations) did not mitigate age decline [26,27]. In
contrast, Gerstorf et al. showedmaller age-related decline among individuals born later for
spatial orientation, reasoning, word fluency and verbal meaning [31].

In our results, education explained the improvement in baseline cognitive performance

between the two generations for tests exploring global cognition and verbal fluency but not
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for tests exploring visual memory and executive function. Similar results for baseline
performance have been found in a recent study from the Longitudinal Aging Study
Amsterdam [32]. However, in this later study, the authors also found a steeper decline for the
second generation for processing speed (DSST) not explained by education. Depending on the
cognitive domains implicated in each test, it makes sense that some tests are more influenced
by educational level. The IST test, evaluating semantic memory, highly deperducation,
whereas the DSST, evaluating more executive functions, is probably less influenced.
Although education has also been found to influence BVRT [33], a difference between
generations remained. This suggests that other factors beyond education may contribute to the
improvement of cognitive level over time. Indeed, many aspects of our environment have
changed over time, requiring an increasing level of cognitive capacities, mainly executive
ones, leading thus to an improvement of tests evaluating executive functions.

Overall, persons from older generations have higher cognitive performances and thus, despite
asimilar cognitive decline rate, may reach the clinical threshold later than the more recent
generations and experience a detigccurrence of dementia. These higher cognitive
performances are in some domains partly explained by their higher level of education. This is
in line with our previous results regarding dementia incidence evolution, with a decreased risk
of dementia partially explained by education [8]. However, more complicated processes seem
to be involved in dementia decrease and improvement of cognition, with other factors than
educational level implicated. Even if we failed to evidence that vascular factors could explain
this cognitive improvement over generations, we cannot exclude an inappropriate
measurement of these factors (we only had drug consumptions, analyzed as proxies). Thus,
individual factors such as vascular factors and behavioral habits, as well as environmental

factors may be implicated. Moreover, progression toward dementia is a very long process,

10
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beginning several years before clinical dementia onset [12]; the understanding of this process
would need a lifelong evaluation of cognitive performance.

Regarding functional abilities, they were not significantly improved between generations,
although the trajectory of disability over time tended to be slightly better for the second
generation. Unlike our results, a few studies have evidenced a significant improvement in the
level of functional abilities between cohorts [30,34-36]. In contrast, Jagger et al. found a non-
significant trend to an increase in disabilities in 5 years interval cohorts [37], and Steiber
showed a decrease in physical health score (lower physical performance) in subjects aged 50
— 90 years and born 6 years apart [d%lese differences between studies could be due to the
use of different assessment of functional status. Thus, mild disability (in instrumental
activities of daily living) may have decreased whereas more severe disability (in basic
activities of daily living) may have risen due to a longer survival of frail people. In the present
study, we focused only on four Instrumental activitiéth high cognitive demand. It might
explain the difference with the study also based on PAQUID which found a significate
decline of disability on the Lawton IADL [36].he differences could also be due to different

age range and generations, or to the fact that assessment of instrumental activities of daily
living may have evolved over timasthe way to perform tasks such as driving, telephoning

or handling the budget. Although non-significant, our results are in favor of a slight better
functional aging, occurring in advanced ages (more than 78 years old), that may be more
related to an improvement of care than to determin@mtshe contrary, cognition may be

more relatedo a lifelong effect of the improvement of determinants (before 65 years old).

This difference could be explained by a delay between cognitive improvement effects and
impact on function.

This study has several limits. First, the study sample was aged 78-88 years at baseline and

results might be different for younger subjects, although a recent study on subjects aged 65 to

11
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75 years old showed concordant results [32]. Then, results for function were not significant
and conclusions regarding functional abilities need to be taken with caution. This could be
explained by the fact that the 4 IADL scasenot sensitive enough to changes. Finally, for

slope estimation, differential attrition between the two populations could have led t¢ a bias
however, as attrition is lower in the second generation, it would have biased the results
towards an underestimation of the generation effect.

An important strength of this study is that the two generations are from the same population-
based prospective cohort, with up to 6 assessments of cognition and function over a 12-year
follow-up period for each generation. Moreover, to increase comparability between the two
generations and to avoid first passing effect for cognitive test, we excluded the fiist thisit
present study. Follow-up questionnaires were administered by trained neuropsychologists,
managed by the same team over time. Appropriate statistical models were used to take
normality problems into account avoiding large bias highlighted when studying decline over

time of cognitive scores with asymmetric distribution [20].

Conclusion

Our analyses indicate that initial cohort differences in cognitive performance are maintained
throughout aging but are not exacerbated with advancing age. Thus, the improvement of the
basic cognitive state more than a lesser decline in cognitive performances in old age, may
explain a possible decrease in incidence of dementia. The real link between cognition and

function still needto be investigated.

12
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*Research in Context

Research in context

Systematic review We searched Pubmed for articles on secular trends of cognitive and
functional abilities published in any language up té' Bc 2016 using the search terms:
“cognitiori’ or “disability” or “function” and“change” or “trends”.

Interpretation : This work strengthens the evidence of an improvement of cognitive
performances over time but no change in cognitive decline between generations. Moreover,
our results provide an insight into the impact of some modifiable risk factors on this trend,
with educational level explaining the improvement for global cognitive functioning and verbal
fluency but not for working memory or processing speed. Early life factors such as education
seems to have an impact on late life cognition. Vascular factors however had no impact.
Despite a tendency, no significant improvement of IADL functioning has been found.

Future directions: This finding will improve the understanding of the mechanism behind the
decline of dementia incidence. The next step will be to better identify the factors explaining
this improvement, to help finding effective target to enhance healthy aging.



Table 1

Table 1 “Baselin&* characteristicéor thetwo generatios

n (%) or mean (s.d.)

First generation Second generation P value
(G1) (G2) Chi2 for %
N=612 N=628 Student for means
Sex 0.94
Women 361 (59.0) 368 (58.8)
Mean age 82.4 (2.4) 81.95 (2.7) 0.0007
Education <.0001
No diploma 192 (31.4) 114 (18.2)
Intermediate school leve 364 (59.5) 402 (64.2)
High school level 56(9.1) 110 (17.6)
Antihypertensive drugs 383 (62.6) 440 (70.3) 0.004
Antidiabetics drugs 50 (8.2) 35 (5.6) 0.07
Lipid-lowering drugs 70 (11.4) 154 (24.6) <.0001
Mean “Baseline”* MMSE 26.6 (2.4) 27.1(2.2) <.0001
Mean“Baseline”* IST15 26.9 (5.4) 27.5(6.1) 0.08
Mean “Baseline”* BVRT 10.3 (2.4) 11.24 (2.2) <.0001
Mean “Baseline + 2 years”* DSST 24.0(9.2) 27.0 (10.0) <.0001
Mean “Baseline”* 41ADL 5.2(1.9) 4.9 (1.6) 0.006

*Baseline time corresponds to the three-year follow-up for the fnseation and the 13-year follow-L
for the second one. For DSST, as it was not available at the three-year fo)lag-apmpare here DSS
at five and 15 years).

MMSE: Mini Mental State Examination

IST15: Isaacs Set Test truncated at 15 seconds

BVRT: Benton Visual Retention Test

IADL: Instrumental Activities of Daily Living



Table 2

Table 2: Parameter estimates of score changés their normalized scalesand generation effect from the linear mixed models

MMSE IST 15 BVRT DSST 4 1ADL

B Pvalue B Pvalue B Pvalue B P value B Pvalue

N=1221 N=1187 N=1140 N=891 N=1237
Model 1
Generation (G2 vs. G1 0.29 0.0007 0.28 0.005 0.51 <.0001 0.70 0.0001 -0.14 0.10
Time -0.12 <.0001 -0.19 <.0001 -0.06 0.003 -0.24 <.0001 0.12 <.0001
Generation*Time 0.00t 0.73 0.02 0.24 0.02 0.16 -0.02 0.44 -0.03 0.09
Model 2
Generation (G2 vs. G1 0.10 0.21 0.10 0.30 0.35 <.0001 0.43 0.008 -0.04 0.65
Time -0.12 <.0001 -0.19 <.0001 -0.06 0.005 -0.24 <.0001 0.12 <.0001
Generation*Time 0.00t 0.72 0.02 0.25 0.02 0.16 -0.01 0.50 -0.03 0.08
Model 3
Generation (G2 vs. G1 0.07 0.38 0.07 0.49 0.35 <.0001 0.48 0.003 -0.02 0.80
Time -0.12 <.0001 -0.19 <.0001 -0.05 0.005 -0.24 <.0001 0.12 <.0001
Generation*Time 0.00t 0.73 0.02 0.25 0.02 0.15 -0.01 0.49 -0.03 0.08

Model 1: Adjusted for age and sex

Model 2: Adjusted for age, sex and education level

Model 3: Adjusted for age, sex, education level, antihypertensive, antidiametitpid-lowering drugs intake
Due to score transformation, parameters cannot be interpreted aording to score$ natural scale.
MMSE and IADL: each model adjusted for interaction between timeagadand time and sex

IST15, BVRT: each model adjusted for interaction between tirdeaga

Time variable: values are for age and sex variable in 0 (men of J3wytbe interactions with time.



Figure 1

73.7% FU 50.0% FU 43.4% FU 24.8% FU 14.6% FU
13.0% death 32.1% deat 44.6% death 65.6% death 80.6% death
TO T3 T5 T8 T10 T13 T15 T17 T20 T22 T25
||
78.2% FU 66.7% FU 50.8% FU 38.6% FU 24.4% FU

13.3% death 24.5% death 42.1% death 54.0% death 66.9% death

Figure 1: Repartition of subjects in the two generations with percentage of subjects seen (FU) and death (cumulafetipat gadime.



Figure 2
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Figure 2: Non-adjusted predicted mean trajectories for each score in its natural scale for the
two generations with its 95% confidence bands.



4.2.4.Complementary results

As part of the revision process for this article, the problem of diffi@teattrition between the

two generations needed further invesimgat Indeed, the second generation had lower

mortality rate and lower dreput. The lower attrition in the second generation could have led

to a lower number of missing values for this generation. Thus, the second generatidns coul

havea more important declingan the oberved decline, aattrition is often not at random

and unobserved participants may have lower cognitive performance. We have thus decided t

jointly model the trajectory of the longitudinal markers with the attrition risle. Ripackage

JM has thus beersad to perform joint model for each cognitive test and the disability scale.

With this package, two suimodels (a longitudinal mixed model and a survival model) are

used in the joint model. The survival model for attrition risk has been adjusted foatpene

sex, age at baseline and educational level. The three models presented 11 tedddehe

sameadjustmenas the original analyses.

Table 10: Parameter estimates of score changes in their normalized scales and generation

effect from joint modelling

MMSE IST 15 BVRT DSST 4 1ADL

B P value B P value B P value B P value B Pvalue

N=1221 N=1187 N=1140 N=891 N=1237
Model 1
Generation(G2 vs. G1) 0.29 0.0006 0.27 0.006 0.51 <.0001 0.56 0.0017 -0.14 0.08
Time -0.15 <.0001 -0.23 <.0001 -0.07 0.0001 -0.27 <.0001 0.18 <.0001
Generation*Time 0.01 0.35 0.03 0.04 0.02 00M 0.001 0.95 0.4 0.2
Model 2
Generation (GZs. G1) 0.10 0.21 0.08 0.42 0.35 <.0001 0.34 0.04 -0.04 0.59
Time -0.15 <.0001 -0.23 <.0001 -0.07 0.0002 -0.27 <.0001 0.18 <.0001
Generation*Time 0.01 0.34 0.03 0.4 0.02 0.0 0.0 0.90 -0.4 0.2
Model 3
Generation (G2 vs. G1) 0.07 0.40 0.052 0.59 0.34 <.0001 0.34 0.04 -0.03 0.72
Time -0.15 <.0001 -0.23 <.0001 -0.07 0.0002 -0.27 <.0001 0.18 <.0001
Generation*Time 0.01 0.35 0.03 0.04 0.02 00M 0.0 0.90 -0.04 0.01

Model 1: Adjusted for age and sex
Model 2: Adjusted for agesex and education level

Model 3: Adjusted for age, sex, education level, antihypertensive, antidiabetipp@htbivering drugs intake
Due to score transformation, parameters cannot be interpreted accordinto scores’ natural scale.
MMSE and IADL: each model adjusted for interaction between time and age ananihsex

IST15, BVRT and DSST: each model adjusted for interaction between time and age

Time variable: values are for age and sex variable in 0 (men of 75 y.0.) mefaetions with time.
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For the MMSE and the DSST, taking attrition into account did not significantlygehéme
results: the score at baseline has improved between the generation and tiecognitive
decline remained similar with time. However, chanigesignificanceappearedor the Isaacs
Set Test, the BVRT and the 4 IADL score. For IST and BVRT, the performanesedine
remained significantly better for the second generation than for the first onbehbdecline
with time becamesignificantly slower for the second generation than for the first one (IST:
=0.03, p=0.04 ; BVRT: p=0.02, p=0.04), whereas it was nesignificant with the simple
linear mixed modelHowever, beta estimates are simikor the 4 IADL score, the disability
level at baseline remained similar betm the two generations, but ttiend toward a less

important disability rates for the second generation became signfffeaft04; p=0.02).

4.2.5.Discussion

This work evidences an improvement of the overall cognitive performances betwdao the
generatios. For some cognitive domains, this improvement can be explained by the
improvement of educational level between generations, but not for all of Wgmattrition
accounted for, cognitive decline improved between generation for the IST 15 andRfAe BV
For functional abilitiesan improvementof functional declineover the followup has been
shownbetween generationghen taking attrition into account; however, the improvement for

functional performances at a time was fsgnificant.

The improvement otognitive performances has been quite documented cthsrentwith

the Flynn effect, whichiefers tothe observed rise over time in standardized intelligence test
scores, documented in a study on intelligence quotient (1Q) $=0ns (226). However,
previous resuls on cognitive decline are moreonflicted. Some studies found an
improvement in cognitiveetline between generatio(is7/9-181) whereaothersshowed that
laterborn gemration had more important declirf{@84, 185).Finally, others have shown
similar declinerates between generatio(ls32, 183).Different reasons can be proposed to
explain these different results: 1) no difference in decline may be thaitibg differences in
levels of cognitive performances last similarly across the life span, nesaltparallel rates

of cognitive decline between leorts factors influencing cognitive performances early in life
are involved 2) slower decline could be that individuals with higher performance levels are
able to better cope with agirglated decline and will present lower rates of cognitive

decline 3) on the contrary, we can hypothesize that individuals showing more important
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cognitive decline are the one dealing with more aging pathology and are no dhgeat
some point to cope with brain damage. Regarding our findings, our results are intHirze w
similar evolution of cognition with agand even a slower decline when taking attrition into
account with more recent generations performing at a higher level than older emera
These results suggest that individuals from younger generations would adteesiical
threshold of dementia later than the older generations. When looking at the agesftiadem
diagnosis, the second generation is diagnok&2 yearlater than the first generation
(p<.0002.

For functional abilities, the scale used could be not adequate enough to show an improvement
of disability. It is assessing mild functional dependency, where more important disahsity h
been used in the published literatuvireover, these tasks could have become more complex
with availability of internet, smartphone, or public transportation. Even with cogniti

improvement between generations, these activities could now require more caailifies.

These results are imfour of better cognitive health for younger generations lasting through
aging. However, due to mixed results from the literature, further investigation olasec

trends of cognitive trajectories as well as disability trajectories shoulehbsed.
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4.3. Diagnostic evolution and algorithmic comparison

4.3.1. Introduction

Investigation of secular trends of dementia is of high interest for a bettestamting ofisk
factors impact and life course riskhese analyses request populatb@sed studies with
different time period. Howeverfglying changes in dementia incidence and prevalence over
time is challenging, mainly becausarying methodological approachean bias prevalence
and incidence estimateSvolution of dementia diagnosistisus a criticatopic to deal with
Indeed, differences in diagnostic approaches between dimdegeographical location can
affect prevalence or incidence estimates and lead to misestimated trentisli&grsostic
criteria have changed across the last decades withaseggision of the consensus criteria
from the DSM. Thendementia diagnosis is mostly influenced by clinical judgement, even
with the support of cognitive and functional information. Finalhgreasing awareness of
dementia from the public but also fropnofessionals has been associated with changes in
diagnostic boundaries. However, recent failures of therapeutic trials to firdersff
treatments could have also ledguwestioning early diagnosis usefulness for patient. All these
factors could have influenced diagreo$iming (227). Thus, we need to keep in mind that a
stable diagnosis is critical to assess time trends in the incidence or pceva@iel@mentia.

Trying to solve the issue of diagnostic drift, we have thus decided to uakl@ithmic
approach Cohort studies in the UK ar@so usingan algorithmic diagnosigshe AGECAT
algorithm to diagnose dementia casé&sis algorithmhas been validated against DSM IIl R
criteria(217) In the first work of this thesis, we have established a simple algorithm based on
performance on MMSE test and cognitive IADL dependency.

The aim of this work was first to investigate the evolution of clinical diagnosisnoémnlga in

the Frenchcohorts and to compare cases diagnosed by the clinical diagnosis and the
algorithmic one on several characteristics. The second part of this work ainpgdyatgaour
MMSE-IADL (Comparative Dementia Algorithm CDAglgorithm on the CFAS studies, to

compare prevahce and incidence estimates with those based on the AGECAT diagnosis.
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4.3.2.Methods

For the first objective, lmical diagnosisoverthe Z yeas of follow-up from PAQUID and

the 14 yeass of follow-up from 3GBordeaux was compared based on the MMSE.every
incident case of dementia diagnosed in the two cohorts, we compared the Btidi®Eat

time of diagnosisLinear splines regression model was used for this purpose. With this model,
we could identify changes in thpattern of cognitive performance @dagnosis over time and

studies, adjusting for essential factors.

For the second objective,ewapplied the MMSHADL algorithmto the CFAS | and Il
participants and established prevalence and incidence estimates of demerntih &udies.
Incidenceanalyses were performed using Poisson regression models and every aragysis w
weighted to account for the selection of populations and for attrition, as in the CFAS's

published papers on trends.

4.3.3.Article
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Abstract

Introduction: To establish how secular trends in dementia can be tested robustly requires use
of consistent diagnostic approastover time. This study aimed to examine the evolution of
clinical dementia diagnosis over three decades. To account for possible variation in clinical
diagnosis over time, we compared two stable, and recently used, algorithmic approaches: the
easy to use “Comparative Dementia Algorithm (CDA) , matching dementia syndromic
criteria, and the validated GMS-AGECAT algorithm.

Methods: Four cohorts covering a period ranging from 1988 to 2013 were used: the PAQUID
study (n=3777, which started in 1988), the Thtatg-Bordeaux study (n=2104, since 1999),
and CFAS | (n=7635, since 1990) and Il (n=7762, since 2008). To examine podsinige

in clinical diagnosis over time, Mini Mental State Examination (MMSE) scores at time of
clinical diagnosis were compared over a 24-year follow-up period in PAQUID and 3C-
Bordeaux using linear regression (with or without splines). To evaluate the algorithmic
approach, the CDA method, (algorithm based on cognition and disability), was applied to
CFAS | and Il to provide prevalence and incidence estimates using weighted Poisson
regression, accounting for participation rate and attrition, and then compared with the
AGECAT estimations.

Results: For PAQUID, a significant increase of the MMSE score was e@dbafore 2001

and a significant decrease after 2001. A significant decline in the MMSE score at clinical
diagnosis was found for the 3C-Bordeaux between 2000 and 2010. The CDA methods
established a prevalence of 8.8% for CFAS | compared to a prevalence of 8.3% showed in
previously published AGECAT estimations. For CFAS II, a prevalence of 6.5% estimated
using CDA was compared to 5.7% in previously published AGECAT estimations. The two-
year incidence rate was estimated at 31.2/1000 (95%CI=2B408) for CFAS | (AGECAT
algorithm: 20.0; 95% CI 16.9 23.8) and 15.0/1000 (95%CI=13-516.7) for CFAS I
(AGECAT algorithm: 17.7; 95%CI 15:220.9).

Discussion: Clinical diagnosis of dementia within and across cohorts has varied during the
last 30 years. Applying a stable algorithm to cohort across time can peorothest method

for the estimation of time trends. Simple algorithmic approaches such as CDA provide similar
results to an internationally validated algorithm.



Dementia is a syndrome consisting of deterioration in cognitive functions sufficient to impair

a person’s daily life and activities. In order to describe the extent of dementia as a public
health priority, many population-based studies following older people over time have been
implemented during the past 30 years ZL Research on the descriptive epidemiology of
dementia has identified several challenges in the field: standardization of diagnostic
approaches for dementia subtype and mild forms of cognitive decline; dealing with selection
and attrition, differential mortality and incidence for prevalence estimations; dementia at the
end of life and terminal decline; substantial under-diagnosis by the health care system (3)
Diagnosis of the dementia syndrome is sensitive to such challenges (4, 5). Recently
researchers have evaluated changes in dementia over time (6-14). However, to provide
accurate estimations, consistent dementia diagnosis across studies aisdréiquéred. The
relationship of clinical and consensus diagnosis of dementia can be examined across time, and
also in relation to other types of measurement. The diagnosis of dementia is a clinical
syndromic diagnosis, based on a clinical diagnostic process, usually a version of the
Diagnostic and Statistical Manual of Mental DisalDSM) (15). These diagnostic criteria

do not have clear thresholds or specific measures to define the level of cognitive decline and
its consequences, leaving the ultimate decision to clinical judgement or consensus diagnosis.
Although diagnostic criteria have not fundamentally changed, there have been substantial
societal and clinical shifts in dementia awareness, likely to haveegsulinter- and intra-
clinician variability. Recently, a few studies on the evolution of dementia over time have
hypothesised that the diagnosis of dementia is likely to have evolved over time and that
algorithmic diagnosis could be more stable {Bp- Changes in prevalence and incidence of
any disorder, including dementia, are known to be influenced when diagnostic processes
change over time, resulting in systematically different estimations (e.g. diabetes mellitus,

hypertension) (19). The studies presented in this work have determined dementia cases using



two different algorithms in place of or in addition to clinical diagnosis: the Automated
Geriatric Examination for Computer Assisted Taxonomy (AGECAT) algorithm, a well-
known and validated automated computer algorithm used in the British cohorts CFAS | and
CFAS 11 (20, 21); and dComparative Dementia Algorithm (CDA) developed from French
cohorts (17). Clinical diagnoses in French cohorts showed no change in dementia incidence
over two decades whereas the algorithmiagnosis revealed a decrease, supporting the
evolution hypothesis and highlighting the importance of using a stable diagnosis of dementia.
This paper aimed 1) to examine the evolution of clinical dementia diagnosis over three
decades, by analysing the cognitive performance of people given a study diagnasdeat in
dementia. A comparison of thewith the cases diagnosed by a CDA method on French data
was also conducted to establish the nature of change, if anys &)validation of this
algorithm, an adaptation was also applied to the British data to perform prevalence and

incidence analysis, in order to provide a comparison with the validated AGECAT algorithm.

Methods

1) Study populations

Participants, aged 65 years and older, from four different population-based cohorts from
France(PAQUID and Three-City) antJK (CFAS | and II) have been used in this study (Cf
Supplementary Figure).

The Personnes Agées Quid (PAQUID) cohort Weashed in 19881989 with a representative
sample of 3,777 participants living at home in the departments of Gironde and Doffugne.
selection was stratified by sex, age and size of urban Regpondents have been followed

for 27 years.The Three-City (3C-Bordeaux) cohort, starting in 1999, recruited 2,104
participants from the Urban Community of Bordeaux, within 10 districts. Participants have

been followed for 14 years. For these two French cohorts, standardized questionnaires



assessing socio-demographic, medical, cognitive, and functional data were administered by
trained neuropsychologists during faceface interviews, at baseline and at each follow-up.
Participants were followed-up every two to three years even after institutionalization. At each
follow-up vital status was systematically recorded for all the participants.

The MRC Cognitive Function and Ageing Study (CFAS I): between 1989 and 1994, baseline
interviews were conducted in six geographical areas in England and Wales and subjects were
followed for ten years. A two stage process, with screening followed by diagnostic
assessment, was used in CFAS | weighted across the cognitive performance as Mini Mental
State Examination (MMSE) and AGECAT original items in screen. Data from three of the
English areas of MRC CFASCambridgeshire, Newcastle, and Nottingham (22), where
interviews were carried out between Dec, 1990, and July-1988re selected for analyses
providing 7,635 subjects, from which a sub-population of 1,459 individuals underwent
assessment. Between Nov, 2008, and Oct, 2011, new fieldwork in the same geographical
areas was carried out to provide CFAS Il estimates on 7762 subjects, which could be directly
compared with CFAS I. CFAS | and CFAS Il had identical sampling approaches, methods
and diagnostic approach apart from the simplification of design from two stage to one stage at
baseline and incidence phase through combination of screening and assessment interviews.

Full details of the studies have been described elsewhere (16, 22-24).

2) Diagnostic methods

In the French cohorts, a clinical diagnosis was available, whilst in the British cohorts, the
AGECAT algorithm was applied. Moreover, in the four stude§omparative Dementia
Algorithm (CDA) wasapplied.

For both PAQUID and 3C populations, the clinical diagnosis was made following a 3-step

procedure. The first step was a cognitive evaluation made by the neuropsychologist dhrough



series of psychometric tests. Participants who had a high likelihood of dementia, based on
their neuropsychological performances or decline relative to a previous examination, were
then examined by a senior neurologist. The diagnosis of dementia was based on tHe-DSM-

R or the DSM-IV criteria. In case of refusal or death between the first and second step,
additional information was gathered from the informant and the medical practitioner. Then,
each case was discussed by a validation committee composed of neurologists, gedatfician
directed by JFD to provide a final diagnosis.

In CFAS | and Il, the AGECAT algorithm used was based on the Geriatric Mental State
examination (GMS) that provides relevant information to determine dementia syndrome in
older population (2025). Missing data within an interview could prevent the algofithm
diagnosis and for individuals with missing data, the same approach was taken for CFAS Il as
for CFAS I, which was a review of all available information by diagnostician (CB), applying
DSM-IIIR criteria. Many of these individuals with missing data had severe cognitive
impairment and were not able to respond to the interview questions. The GMS-AGECAT has
been validated against internationally accepted earlier diagnostic criteria (DSM-IIIR) (21).

The Comparative Dementia Algorithm (CDA) approach was a cognition-disability algorithm.
For the French data, we used a previously published algorithm (17). This diagnosis was based
on cognitive and functional assessments using MMSE and four Instrumental Activities of
Daily Living (4l1ADL) associated with cognition (ability to use the telephone, transportation
responsibility for medications and ability to manage its budget) to fit dementia definition. The
algorithmic diagnosis was then defined by a MMSE score <24 (or a missing MMSE score for
"cognitive reasonsuch as major aphasia, mutism, comprehension proplsND a 4 IADL
score>1 (disability, even mild, for more than one activity out of the 4). For the English data,
information on disability vasnot recorded in the same way as in Frasoghe algorithm has

been adapted for comparative purposiesas based on the MMSE score and on disability on



IADL and ADL (Ability to wash all over or bath, to prepare and cook a hot meal, and to put
on shoes and socks or stockings). The algorithm was defined by a MMSE score <24 AND if

the respondent need more than partial help with at least one of the three abilities.

3) Statistical analyses

Socio-demographic characteristics, MMSE and disability score at baseline have been
compared between populations.

To explore evolution of the clinical diagnosis over time, cognitive status at diagnosis using
the MMSE score was described. The scores of incident clinical cases at each follow-up of the
whole PAQUID and 3C-Bordeaux studies were described using mean scores according to
study and educational level. Prevalent cases at inclusion were removed and only incident
cases at each follow-up were kept. Linear splines regression of MMSE scores according to
time, age at diagnosis, gender, study and educational level were also performed.

The cases diagnosed during the first ten years of follow-up from PAQUID and 3C-Bordeaux
were then classified according to the concordance or divergence of clinical and algorithmic
diagnosis. A comparison of the characteristics of discordant casesnalysed with socio-
demographic, cognitive and functional factors according to two categories: dementia in
clinical diagnosis but no dementia in the algorithmic approach, and no dementia in clinical
diagnosis but dementia in the algorithmic approach.

Finally, in order to validate the cognition-disability algorithm (CDA), prevalence and
incidence in both CFAS | and Il have been estimated and discussed in relation to previously
published prevalence and incidence results obtained based on AGECAT algorithm. For CFAS
I, the prevalence was provided from the first wave (inclusion) on all subjects. For CFAS I,
prevalence was provided from the first wave on all subjects. Prevalence has been weighted

and standardised on the age and sex repartition of the 2011 UK population. Two-year



incidence has been estimated with a weighted Poisson regression on all subjects for both
CFAS I and II. An inverse probability weighting has been used based on both the probability
of being included in the study, taking participation rate difference into account, and the
probability of having a diagnosis, taking attrition into account. Comparisons of both

prevalence and incidence between CFAS | and CFAS Il are provided.

Results
1) Population characteristics

Global characteristics of the four cohort populations are presented in Table 1 (including the
CFAS | sub-population). The mean age at inclusion was around 75 years old with more
women than men. PAQUID and CFAS | participants reported less years of education and had
a lower MMSE at baseline than 3C and CFAS Il. Flow charts of the four populations are

presented in Supplementary Figure 1.

2) Evolution of the clinical diagnosis

In total, 1318 incident cases where clinically diagnosed in 3C and PAQUID over the follow-
up, with 1250 with values allowing for adjustment of MMSE score at diagnosis. The crude
means of the MMSE at clinical diagnosis for each follow up in PAQUID and 3C-Bordeaux
are shown in Figure 1. The means of the MMSE at diagnosis were higher in higher-educated
subjects of 3C-Bordeaux than in lower-educated subjects of 3C and in PAQUID at all follow-
up times. Overall, the regression model showed a significant increase in the MMSE score at
diagnosis before 2001 (=0.30/y, p<.0001) and then a significant decrease of the MMSE score
after 2001 (p=-0.34/ y, p<.0001), adjusted on age at diagnosis, sex, study and educational
level. Subjects from 3C had significantly highevels of MMSE score at diagnosis (p=1.16,
p=0.006), as well as subjects with hegheducational level compared to those without

diploma(p=2.87, p<.0001).



3) Characteristics of diagnostic discordance
Cases from the ten-year follow-up of 3,777 subjects of PAQUID and 2104 subjects of 3C-
Bordeaux have been classified according to both clinical and algorithmic diagnosis (CDA).
On the 5,881 subjects, 4,8@&1.6%) did not have dementia at either diagnosis and 535
(9.1%) were diagnosed with dementia by the two diagnosis over the ten-years follow-up. 389
(6.6%) subjects were algorithmic cases only and 156 (2.6%) subjects were clinical cases only.
The characteristics of discordant cases are described in table 2. In 3C-Bordeaux, people were
more likely to be diagnosed by clinical diagnosis than algorithm. They were also better
educated and had less disability than the cases diagnosed by the algorithm. Age at diagnosis
was the same for both categories but MMSE score at diagnosis was higher for subjects

diagnosed by clinical diagnosis than for the one diagnosed by algorithm only.

4) CFAS prevalence and incidence estimatethe cognition-disability algorithm
approach. Comparison with AGECAT estimations.

e Prevalence

In CFAS | total population at baseline; the algorithm was incomplete for 274 individuals. On
the 7,365 remaining individuals, 601 were classified as having the algorithmic diagnosis of
dementia (CDA) (weighted and standardised percentagé#).88eviously published results

on CFAS based on the AGECAT algorithm revealed a prevalence of 8.3%. Of the CFAS I
total population at baseline, 404 of the 7762 had incomplete data for the CAD and were not in
the analysis. CDA then classified 367 as having dementia (weighted and standardised
percentage=5.7%). Previously published results on CFAS Il based on the AGECAT algorithm

reported a prevalence of 6.5%.

Based on the CDA, dementia prevalence has dedin@%$% between 1990-93 and 2008-11.



e Incidence

For CFAS 1, 4,648 out of the 6,135 respondents without prevalent dementia (CDA defined)
were seen at the two-year follow-up. @fese, 247 (5.3%) individuals had developed
dementia (based on the CDA definition) during the two years. For CFAS Il, 4964 out of 6574
without prevalent dementia defined by CDA weednterviewed at two years, out of whom

137 (2.7%) individuals fulfilled the CDA. The two-year age and sex adjusted incidence rates
were thus 31.2/1000 (95%CI=28-034.8) for CFAS | and 15.0/1000 (95%CI|=13.5.6.7)

for CFAS IlI. Previously published results on CFAS based on the AGECAT algorithm have
found an incidence of 20.0/1000 (95%CI=16.23.8) for CFAS | and 17.7/1000 (95%
Cl=15.2—- 20.9) for CFAS Il. Incidence rates and confidence intervals per age and sex based
on the CDA definition have been provided for both CFAS | and Il in Table 3. CFAS I
incidence estimates were lower than CFAS I, for both men and women and each age category,
and women always had a higher incidence rate than men, even though somewhat reduced in

CFAS Il compared to CFAS I.

Discussion

This paper has described the evolution over time of the cognitive status of incident cases of
dementia when they were diagnosed based on clinical diagnosis. Compared with cases
diagnosed by Comparative Dementia Algorithm (CDA) only, those with a clinical diagnosis
only were more highly educated and diagnosed with a higher MMSE score. Prevalence and
incidence estimates werditile higher using the CDA approach compared with the AGECAT

algorithm on CFAS | and similar on CFAS II.

An important strength of this study was the use of four well-recognized cohort studies, with
longitudinal follow-up covering a 25-year period and with high number of subjects
Moreover, results are based on three different diagnostic approaches already published, one

clinical and two algorithmic. Among the different algorithms used, gold standards will depend



on purpose and motivation for diagnosis and whether research or clinical settings. However,
the CDA approach has the advantage of being simple and easy to use inrauabge of
studies. It needs to be stated that the diagnostic approach must be appropriate for the purpose
(26). When studying secular trends of dementia, stability of the diagnosis over time is the
main requirement. A limitation is that our results on possible evolution or boundary creep of
dementia diagnosis are only based on the two French studies with a clinical diagnosis
available. Further replication on other population studies is necessary to confirm our results.
Another issue is a limit of our CDA definition that does not allow disentangling the part of
functional and/or cognitive deficits attributalite co-morbidities unrelated to dementia. For
example, disabilities due to comorbidities such as blindiassinson’s disease or stroke are
similarly accounted for by the algorithm as disabilities due to repercussion of cognitive
impairment. This could explain part of the difference between cases diagnosed by clinic and

by algorithm only (6.6% CDA+/clin-).

The analysis of MMSE scores clinical diagnosis from the beginning of the 90’s to the
beginning of 2010 demonstrates an evolution of cognitive status of participants at time of
dementia diagnosis across time and study in France. Between 1992 and 2001 in PAQUID, we
found that subjects were increasingly diagnosed earlier - at a less severe stage - over time. The
improvement of disease knowledge and the introduction of treatments may have led to
diagnosis at earlier stage. A German study based on memory clinics also found a trend to
earlier diagnosis between 1985 and 2009 (27). After 2001 however in the French studies, we
found that incident cases were progressively diagnosed when morelysesaggitively
impaired over time. This decrease may be the result of the aging of the whole cohorts, even
though regression models have been adjusted on age at diagnosis. Failure to find new efficient
treatments and public perception of the impact of diagnosis on patients could also be possible

explanations for this change. The diagnosis of dementia was made earlier in 3C than in



PAQUID. The higher educational level of the 3C participants partly explains this difference
It may also be explaed by the introduction of the Free and Cued Selective Reminding Test
(FCSRT) in the 3C questionnaires (28). This provides a finer/more subtle indication of
episodic memory impairments of the participants and may have led to the differences with the
PAQUID study. Only later follow up with validation through knowledge of progression can

the comparison of relative performance be knevithmay be that over-diagnosis is occurring.

The instability of the clinical diagnosis led to the emergence of the algorithmic appooach
diagnose dementia in cohort studies. The comparison of dementia incidence ten years apart in
PAQUID and 3C has shown that the type of diagnosis used can lead to mixed results and have
an influence on conclusions about secular trends (17). Only the algorithmic diagnosis showed
a decrease in the incidence of dementia with the trends stable for clinical diagnosis. Similar
observations ha been made in the comparison of dementia prevalence twenty years apart in
the PAQUID and AMI studies (29). In the Framingham study, the authors have reviewed a
second time each case diagnosed before 2001 to apply up to date criteria (8); hineever,
same indicators are needed to control for evolution. In the Health and Retirement Study, an
algorithmic approach based on cognitive deficit assessed with a 27-point scale has also been
used (14, 30)These results provide further evidence to support the use of approaches that are
less prone to secular changes in diagnostic thresholds when evaluating time trends and
computing projections. When comparing cases diagnosed by either the clinical or the CDA
diagnosis in the two French populations, it appeared that cases diagnosed by purely clinical
diagnosis were more educated and had a higher MMSE score at diagnosis than the cases
diagnosed by the algorithm only, thus diagnosing people earlier in the disease course than the
algorithm (or indeed over diagnosis). The CDA items and cutpoints were mapped to the
dementia syndrome criteria. In 2015, the major change between the DSM-IV and the latest

edition, the DSMV, heralded the “end of the word dementia with substitution of “Major



Neurocognitive Disorder where the loss of independent functioning remains an important
criterion. Algorithms have become even more relevant as these are highly compatible with

this approach.

The AGECAT algorithm was validated according to the DSM IlI-R criteria and prevalence
and incidence estimates and time trends have already been published for CFAS | and 1l (16
18). One difficulty in CFAS was the two-phase design where a majority of individuals had

not undergone the assessment process, although sampling and assessment was across the
cognitive spectrum. The estimations show that the CFAS CDA prevalestghtly higher

for CFAS |, and for CFAS Il lower when compared with the prevalence found in the
published paper where study design has been accommodated by a Bayesian missing data
model of the AGECAT diagnosis with inverse probability weighting has been used. For
CFAS |, the incidence estimates using the CDA were much higher than the incidence rates
found with the AGECAT and Bayesian procedure but slightly lower for CFAS II. Using the
CDA approach thus showed an even more marked reduction in incidence of dementia
between CFAS | and Il than has been published. The results also showed a significant decline
in women, not found with the AGECAT. This could be explained by the fact that disability in
women has improved between the two generations and these measures of disability were not

directly part of the AGECAT algorithm unlike the CDA algorithm (31).

To conclude, secular trends analyses of dementia are important and have attracted
considerable attention. Investigating the best ways to provide the most accurate estimations
critical. Such estimations are used to predict future dementia worldwide. It is therefore
essential to employ a stable diagnosis over time and studies. We provide here a simple and
easy to use algorithmic approach that can be applied to most pre-existing cohorts. Further
studies exploring secular trends of dementia in multiple cohorts could stabilise/standardise

their methods over time by using this approach.



Table 1: Descriptive data on cohorts

PAQUID CFAS | 3C CFAS I
Inclusion date 1988-1989 1990-1993 1999-2000 2008-2011
Number of participants
-total population 3777 7635 2104 7762
-subpopulatioh - 1459 - -
Age at baseline: mean (SD)
-total population 75.5 (6.9) 75.8 (7.1) 74.6 (5.1) 75.7 (7.3)
-subpopulatioh - 77.4 (7.9) - -
Gender (Women): n (%)
-total population 2200 (58.3) 4594 (60.1) 1288 (61.2) 4228 (54.5)
-subpopulatioh - (921 (63.6) - -
Low educational level: n (%)
-total population 2980 (78.9) 5532 (74.1) 872 (41.5) 2045 (26.8)
-subpopulatioh - 1065 (79.3) - -
MMSE score at baseline
mean (SD)
-total population 25.6 (3.7) 24.8 (6.1) 27.2 (2.4) 26.8 (3.5)
-subpopulatioh - 20.9 (7.4) - -

I subjects with assessmdnt AGECAT algorithm diagnosis

Low educational level: less than 10 years of study
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Figure 1: MMSE (mean) at time of study clinical diagnosis (incident) across time in 3C-
Bordeaux and PAQUID.



Table 2: Characteristics of participants according to clinical or algorithmic diagnostic met
in the first 10 years of follow-up in PAQUID and 3C-Bordeaux, h=545.

Clinical =1 Clinical =0
Diagnostic type Algorithm =0 Algorithm =1
N=156 N=389
3C/PAQUID % (n) 60.9 (95) 24.2 (94)
Women % (n) 60.3 (94) 72.7 (283)
Low education % (n) 21.1 (33) 57.8 (225)
Diagnosis Rosow disability?o (n) 90.2 (138) 98.2 (376)
Diagnosis Katz disability % (n) 13.1 (20) 29.7 (114)
Diagnosis agemean (s.d.) 83.4 (5.5) 83.5(6.2)
Diagnosis MMSEmean (s.d.) 23.5 (3.0) 19.9 (4.0)

Diagnosis type =0: no dementia; =1: dementia

Table 3: Incidence rates in CFAS | and CFAShit age and gender, defined usini
CDA and weighted for non-response and population selection.

/1000 PY CFAS | CFAS I

Rate 95%Cl Rate 95% ClI
Men
65-69 8.5 6.6-11.0 4.1 3.2-53
70-74 11.4 9.0-14.4 55 4.3-6.9
75-79 19.5 15.8-24.0 9.4 7.6-11.5
80-84 53.0 44.4-63.4 25.5 21.5-30.2
85 + 106.9 88.7—128.7 51.3 43.4-60.8
Women
65-69 12.8 10.1-16.2 6.1 48-7.8
70-74 17.1 13.7-21.3 8.2 6.6—-10.3
75-79 29.3 24.4-35.3 14.1 11.6-17.1
80-84 79.7 68.9-92.2 38.3 33.0-44.4

85 + 160.7 139.0- 185.7 77.2 67.5—88.3
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Supplementary figure: Flow chart presenting the follow-up for the four cohorts used in the study, with number of subjects seen at each follow-up,
cumulative death and lost to follow-up. ™\ : Individuals selected for assessment of dementia in CFAS L
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4.3.4.Discussion

This work providesanother evidence of the evolutionaihical dementia diagnosis over time
and studies. Indeed, incident cases from theB8fleaux study were diagnosed at higher
level of MMSE than the incidence cases from the PAQUID stitcdgems that diagnosis can

be impacted by some subjects’ characterisiingl by information availabléo make a
decisbn. For instance, participants having a high educational kredbeing diagnosed at
higher MMSE score than participants without diploma. Educational level was higl3€} i
than in PAQUID, because of the improvement of education that has occurred olast the
century.Furthermore, some cognitive tests such asFilee and Cued Selective Reminding
Test (FCSRTevidenced more subtle cognitive impairment, more related to preclinical stage
of AD (228).The FCSRT test has not been assessed in PAQUID whereas it has been in 3C.
This could lead to the identification of milder cases of dementia than in studiesessth
cognitive test availablel'hus, this, combined to the higher education level, could explain the
difference between PAQUID and 3C in this woflhis diagnosisinstability needs to be
accounted for when studying secular trends, wilnften requires comparison of different

studies at different times.

When applying th€DA algorithm to the CFAS | and Il data, we were also able to evidence a
decrease in prevalence and incidence of dementia. This decrease was even largpr with
CDA than with the AGECAT, corroborating the decredsewever, estimates were not the
same than the ones published based on the AGECAT algofttawalence estimates were
higher with the CDA algorithm in CFAS | and lower in CFAS IlI. Incidencegatere much
higher with the CDA approach for CFAS | and a bit lomath the CDA for CFAS II.
Women and individuals of older agigem CFAS Ihad higher incidence rates with the CDA
approactthan with the AGECAT algorithmThe AGECAT algorithm does not take disability
into account unlike the CDA, armbntainstemsaboutclinical opinion from the interviewers.
Exempt ofclinical opinion,the CDA could thus be more replicable in different context to

assess secular trends.
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4.4. Secular trends of mortality and life expectancy according to

dementia status

4.4.1.Introduction

The decrease of dementia incidence is of good promise for health of the eldexlglso of
interest to investigate the evolution of mortality and whether it differs betwe@nduals

with and without dementia. Another relevant indicator for public hesithe life expectancy
without dementiacombining directlymortality and health daténdeed, dementia is a costly
disease, and life expectancy free of dementia or with dementia could help estimattialem
management needs and costs. From a more indiVigerspective, duration of life with
dementia is also interesting. It is therefore important to look at the evolutiohesé t
indicators over time and whether different trajectories are obseivedigh different
populations (gender, educational leve). Increasing life expectancy does not in itself mean
a healthier populatiorAn increase in total life expectancy may be accompanied by increase
in life expectancy without dementout also with dementid’he most optimistic scenario is a
compression of morbidity where the increase in life expectancy is only cethpdsextra
years free of dementidhis means that we would live longer, but longer in a healthy state and
shorter in a diseased statéowever,the increase in life expectancy can also be associated
with extra years with dementia, named the expansion of morbidity, where wd gl
longer but also longer in a diseased statenuance these scenarios, a dynamic equilibrium
theory has been builthere we would live longer in a healthy state but the same time in a
diseased state. There would be a delayed entry in disease. More lately, anedteceatario

has emerged: unhealthy years may increase but the proportion of life spentyhesalthi

increasing or decreasing, resulting either in a relative compression orerebgpiansion.

Health expectancies were developed to bring a quailtije dimension to life expectancin

the literature, a high number of studies are focused on disddity life expectancy.
However,only few studies have investigated secular trends of derfeadidife expectancy.
This work thus aimed at evaluating the evolution of mortality, life expectandyduration of

life with dementia.
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4.4.2 Methods

The two populations compared in this study are the same as in the first papegatiagst
trends in dementia incidence. We thus analysed data from participants 10 yedremptue
same areas of the PAQUIEné 1990’s population n=1,342 and the 3C studieshie 2000’s
population, n=1,996). In this work, only the algorithmic diagnosis has been used which
definition was a MMSE score <24 (or a missing MMSE score for "cogngason™) AND a

4 TADL score >2.

The same illnesdeath model was applied to providentality, life expectancies and duration
of life with dementia estimates. Results were thus presented globallyyagdnder and

education levetor ages 70, 75, 80, 85, and 90 years old.

4.4.3.Article
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Abstract

Introduction: Whether the increase of life expectancy is associated to greater years of life
spent without dementia has been poorly investigated. The aims of this paper were to
investigate the evolution of mortality and life expectancy according to dementia statas in tw
French populations ten years apart.

Methods: Two different populations of subjects aged 65 years or older included #19888
(n=1342) and 19922000 (n=1996) and initially not demented were followed up over 10
years. Dementia was assessed using an algorithmic approach. Multi-states illness-death
models were used to compare mortality with and without dementia, and to provide total life
expectancy (LE) and Dementia Free Life Expectancy (DemFLE), as well as duralifen of

with dementia.

Results: Mortality without dementia has decreased among men and women between the two
populations (HR= 0.63 (0.49-0.81) for men and HR=0.67 (0.50-0.90) for women), whereas
mortality with dementia has decreased for women only (HR=0.59 (0.41-0.87)). Total LE and
DemFLE hasricreased between the 90’s and the 2000’s population (total LE at age 75%:2.4

years; DemFLE at age 75:2.2 years), as well as duration of life with dementi®.6 years

at age 75). The proportion of life spent healthy has slightly increased; yet, not fgesll a
gender and educational level.

Discussion: The improvement of DemFLE is promising. However, as duration of life with
dementia has also increased, efforts to delay dementia onset should be reinforced.



Introduction

In most high-income countries worldwide, a regular increase in life expectancy (LE) at age 60
by around two years per decade has been evidenced (1). According to WHO, worldwide
average life expectancy at age 60 years was 21.5 years for women and &&5 for2012
whereas it was 19.7 and 16.6 years for women and men respectively in 19%0fe(2)
expectancy is expected to keep increasing in several countries up to 208@e(8)ajor risk

factor for dementia being age, the number of persons at risk of becoming demented is thus
expected to rise. Indeed, the forecasted number of dementia cases worldwide has been
estimatedat 74.7 million in 2030 and 131.5 in 2050 (4). The high burden of dementia
impacting not only the patients but their families and societies, it is therefore critical to
explore any evolution of life expectancies. If the increase of global life expectakogvis,

the increase of life expectancy according to dementia status has been poorly investigated. Yet,
the quality of life became as important as the number of remaining years to live and a real
progress in life expectancy should be associated with an increase of years spent in a healthy
state without disease. Three scenarios can apply. First, an overall increase in LE associated
with extra years of life spent in good health (without dementia) is referred to as a compression
of morbidity (5). Then, if the extra years of LE are spent in poor health (with dementia), it is
defined as expansion of morbidity (Kramer M 1980). Alternately, unhealthy years with
dementia can increase but the proportion of life spent healthily is increasing or decreasing,
resulting either in a relative compression or relative expansion (6). Finally, morbidity can

increase at a similar rate to LE but not sevetityich is known as “dynamic equilibrium (7).

Nevertheless, several studies have shown decreasing trends of prevalence and incidence of
dementia over the last three decades (8-15). However, only few papers have investigated
changes over time in mortality and/or survival among people free of dementia and with
dementia (1016, 17). Life expectancies are related to both mortality and incidence or
prevalence of dementia. Studies investigating secular trends of life expectancies are lacking to

evidence which scenario could be accurate.

In a previous paper, we published the decrease of dementia incidence, found in women
between two French populations 10 years apart (12). In this work, we aimed at investigating
within the same population whether the improvement of mortality is common between

participants with or without dementia, and which factors could be related to these evolutions.

Moreover, we established life expectancies and duration of life with dementia.



Methods

1) Study population

This study is based on two prospective population-based cohorts in the Bordeaux area of
France (PAQUID and Three-City). Participants aged 65 and over living in the community
were randomly chosen from the electoral rolls for both cohorts.

The Personnes Agées Quid (PAQUID) cohort weasned in 19881989 with a representative
sample of 3,777 participants living at home in the departments of Gironde and Doffiogne.
selection was stratified by sex, age and size of urban kmitthis paperonly participants

from the Urban Community of Bordeaux (n=1,469) have been selected from PAQUID. The
Three-City (3C) cohort started in 1999 and recruited 2,104 participants from the Urban
Community of Bordeaux, within 10 districts. For both cohorts, a standardized questionnaire
assessing socio-demographic, medical, cognitive, and functional data was administered by
trained neuropsychologists during faoeface interviews, at baseline and at each follow-up

(3, 5, 8 and 10 years for PAQUID and 2, 4, 7 and 10 for 3C) (supplementary figure 1).
Participants were followed-up even if they moved to a care home. At each follow-up vital
status was systematically recorded for all the participants. Full details of the studies have been
described elsewhe(18, 19).

Thus, 1,469 subjects from PAQUID (named 1990’s population in the following, baseline
screening response rate 60%) and 2,104 from 3C (named 2000’s population, baseline
screening response rate 39%) were available. After exclusion of prevalent dementia cases
using an algorithmic diagnosis and missing values for adjustment factors (12), the study
population was thus comiged of 1342 participants for the 1990’s population and 1996
participants for the 2000’s population.

2) Diagnosis of dementia

To diagnose dementia consistently between generations, an algorithmic approach has been
used (ref papier 1). The algorithmic diagnosis was based on cognitive and functional
assessments, using the Mini Mental State Examination (MMSE) (20) and the 4 Instrumental
Activities of Daily Living (IADL) (ability to use the telephone, transportation, responsibility

for medications and ability to manage its budget). For each activity, participants were

considered disabled for the first level of disability; thus the score range from 0 for a subject



completely unimpaired to 4 for a person dependent for the four activities. Considering the old
age of the participants and the associated high proportion of subjects restricted in the activity
of transport, we considered restriction in activities from at least two restricted activities out of

the four (21). The algorithmic diagnosis of dementia was then defined by a MMSE score <24

(or a missing MMSE score for "cognitive reasoAND a 4 IADL score >2.
3) Baseline Characteristics

Several risk factors were used for adjustmanstatistical models. First, sociodemographic
factors such as gender and educational level. In adjustment for mortality ratios, a three level
variable was used: validated primary school level or short secondary school level, long
secondary school level or more, vs. no diploma. Then, vascular-related factors were
considered: history of stroke as well as treatment with antihypertensive drugs, lipid-lowering
drugs, and anti-diabetic drugs as proxy for vascular risk factors. Data on treatments were
collected using a standardized questionnaire as well as visual inspection of the participant’s

medicine packs.
4) Statistical analyses

The two populations were compared in terms of sociodemographic and health factors, as well

as for cognitive and functional abilities at baseline.

Analyses comparing both populations have been established with an Iliness-Death model.
This multi-state model describes the pathway from a healthy state to an absorbing state
(death) either directly or through a demented state (figure) (ref). A semi-parametric approach
using M-Splines was used to provide transition intensities and interval censoring was
accounted for. We have estimated mortality hazard ratios according to dementia status by
fitting models separately for men and women, pooling the two populations with the
population as a binary adjustment factor. To investigate in what extent risk factors explained
the evolutions of mortality risk, additional adjustment were tested: 1) educational level; 2)
vascular risk factors and 3) both educational level and vascular risk factors. The
SmoothHazard package also estimates transition probabilities, cumulative event probabilities
and life expectancies and we have fitted separated model for the two populations and adjusted
on sex and educational level (two highest levels combined to compare participants with or
without diploma). The following predictive parameters were computed: 1) the probability of

being alive without dementia according to age; 2) the probability of being alive with



dementia; 3) the probability of dying; 4) the total life expectancy (LE); 5) the life expectancy
free of dementia (BMFLE) alongside with the % of total life expectancy without dementia

and 6) the duration of life/survival with dementia. Probabilities correspond to the probability
to be in a given state at a given age for participants being in state 0 at the beginning (at age 66
in the following results). Life expectancy without dementia at a given age was defined as the
average number of years a participant who attained that age without dementia was expected to
live free of dementia. Life expectancy with dementia at a given age can be defined as the
average number of years a participant who attained that age without dementia was expected to
live with dementia. It is the difference between the total life expectancy and the DemFLE. It
has to be differentiated from the survival with dementia, corresponding to the average number
of years an individual with dementia is expected to live. Both indicators have different
interests, life expectancy with dementia being more relevant from a Public Health point of
view and survival with dementia more relevant from a clinical point of view and for the

patient himself.

Results

The comparison of the two populatiofi§42 participants for the 1990’s population and 1994
participants for the 2000’s population) is described in table 1. The mean age at baseline did
not differ between the two populations; howevkg, 1990’s population had more participants

aged 85 and more at baseline than the 2000’s population. Educational level highly improved

between populations. Stroke history has declined and participants from the 2000’s population

were more treated against hypertension and hypercholesterolemia than participants from the
1990’s population. Participants from the 2000’s population had better cognitive level at
baseline with a higher MMSE score and were less disabled according to the 4IADL score at
baseline. Mean age at time of diagnosis of algorithmic dementia over the follow-up was 79.4
(6.7) y.o. for the 1990’s population and 81.4 (5.2) y.o. for the 2000’s population.

Hazard ratios comparing the two populations for mortality of people with and without
dementia are presented table 2. For participants dying without becoming demented, women of
the second population had a lower risk than women from the first population (HR=0.67 (0.50-
0.90)), and this decreased risk was even more pronounced after adjustment on educational
level and vascular factors (HR=0.59 (0.43-0.81)). The risk of dying after developing dementia

was also lower for women of the second population than of the first one (HR=0.59 (0.41-



0.87)). This decrease remained significant after adjustment for education but not for vascular
factors (HR=0.69 (0.46-1.03)). For men, mortality without dementia was also lower in the
second generation compared to the first one (HR=0.63 (0.49-0.81)), even after adjustment
(HR=0.66 (0.49-0.88)). However, there were no significant differences between the two

generations in mortality for men with dementia (HR=1.13 (0.64-1.98)).

Table 3 reports the total Life Expectancy (tbE), the Dementia Free LE (DemFLE) and the
percentage of life spent dementia free (Y%oDemFLE) according to the population for different
ages.Globally, total LE and DemFLE have increased between the 1990’s population and the

2000’s population. This increase is also found in both men and women, with and without
diploma (Supplementary tables 1 and 2). However, the increase was lower after 80 years old
for men and women with high education. At the age of 75 y.o., total LE has increased of 3.4
years for men without diploma and of 1.5 years for men with diploma. For women aged 70
yo, total LE has increased of 4.7 years without diploma and of 2.7 years with diploma (Figure
1). Compared with th&990’s population at age 75, Dementia Free LE (DemFLE) increased

for both men with diploma (1.4 years) and without diploma (3.0 years), as well as for women
with diploma (2.0 years) and without diploma (3.4 years). At this age, men and women with
diploma had a longer total LE than those without diploma in the first generation; this
difference was no longer observed in the second generation where only DemFLE was equal or
higher among those with diploma whereas total LE was shorter (figure 1). Globally, the % of
years lived free of dementia has slightly increased, but in different extent according.to age
When looking at men without diploma, % DemFLE was higher for the second population
(except at age 70). However, it tended to be similar for men with high education. For women,
% DemFLE tended to have increased without diploma (except at age 70) and tended to have

decreased with diploma (excegitage 90).

Table 4 shows the survival of participants with dementia for both populations, first globally,
and then according to sex and educational level. In total, except for the youngest, survival
with dementia has increased between the two populations. We found an increased survival at
every age for women with (age 75: 2.7 years) and without diploma (age 75: 4.2 years).
Survival was higher in women without diploma compared to women with diploma. For men
without diploma, survival tended to increase between the two generations (age 75: (.8 years

but remained similar for men with diploma (age 75: -0.1 years



Discussion

This work has evidenced a decrease in mortality without dementia for men and women, and a
decrease in mortality with dementia for women only. Both total life expectancy and dementia-
free life expectancy havieacreased between the 90’s and the 2000’s. Globally, the proportion

of life spent healthy without dementia has tended to slightly increase; however, %demFLE
showed variations across educational level with an improvement for individuals without
diploma and stability or worsening for individuals with diploma. These results seem to be in
line with a relative compression of morbidity. Moreover, survival with dementia has increased
between the two generatiorishas mostly improved for women, which is concordant to the

decrease in dementia mortality for women, but only slightly for men without diploma.

Only a few studies have investigated mortality trends according to dementia status. In line
with our result, a Swedish study from Stockholm showed a significant decrease in total
mortality and mortality without dementia for both sex, and a significant decrease in mortality
with dementia for women only (10). However, a rural Swedish study found a significant
decrease in total mortality for men only, and the decrease in mortality by dementia status was
not significant (16). Sample size was however small in that latter study (between 300 and
400). Then, there is also a study using insurance data that found a stable mortality without
dementia and a significant decrease in dementia mortality for women only (17). However,
dementia ascertained by administrative database is highly dependent of care access, which can
lead to biased trends. A US study reported an increased risk of death between generations
with moderate/severe cognitive impairment (22). Explanation for the decrease in mortality has
not been investigated in previously published studies. In our results, risk factors accounted for
in analyses did not really explain the decrease, except for vascular treatment in mortality with

dementia for women, where the decrease became non-significant.

Our findings have evidenced that the global increase in total life expectancy has also been
associated with an increase in life expectancy without dementia. However, overall survival
with dementia has also increased, which has not resulted in real clear improvement of
proportions of life spent healthy for every individual, even if it tends to has increased in men
and women with low educational level. Dementia-free life expectancy in 1989/90 has already
been published by our team for nearly the same geographical area as our populations: results
regarding DemFLE were similar to the ones from d200’s population but total LE was

higher (23). This difference may have different reasons: their population sample included



institutionalised participants, prevalence data was used to provide LE, and mortality from
France was applied when we used mortality data from the two generations. The increase of
total life expectancy in older ages has been widely documented (1, 24). A studybaked

CFAS | and Il participants showed an increase in life expectancy between 1991 and 2011 of 3
years for men and 2.5 years for women aged 70, with estimates of total LE in line with our
results (25). Howeverf trends in life expectancy with and without disabihigve been well
documented (25-28), only few studies have investigated changes in life expectancy gccordin
to dementia status between generations. A study compared life expectancy at age 65 between
2006/07 and 2009/10 and has not evidenced significant changes in total LE or DemFLE but
has reported a significant decrease in LE with dementia for women, in line with our decrease
in dementia mortality for women only (17). However, the time period may have been too
short to evidence any trends and data are from administrative database. Another American
study reported a decrease in proportion of life spent without dementia for men but an increase
for women between a 1971 cohort and a 1980 cohort, related to a decrease in mortality for
men only (29). Indeed, they have not shown any improvement in total LE for women but a

small decrease of LE with dementia.

Survival with dementia often varies across studies from 3 to 9.3 years, differences being at
least partly explained by study setting and methodology applied (30-36). When looking at
duration of survival, it is important to start at the beginning of clinical sign of the symptoms
and not from the time of study entry or at the beginning of reported symptoms; which could
lead to an over-estimated duration of survival (30). It has been shown that patients with a

longer estimated duration of symptoms at initial visit had a better prognosis (37)..

Regarding survival with dementia, we have evidenced different results according to gender
and educational level. Women experienced éidifie expectancies but lower proportion of

life without dementia than men and higher survival with dementia. This result is in line with
previous studies (23, 38). It is also interesting to note that individuals with high educational
level spent higher proportions of life free of dementia than individuals with low educational
level. This result has also been shown in other studies (39-42). A possible reason is that
individuals with high education have better cognitive reserve and are able to cope better with
brain damage. However, when they finally reach the dementia threshold, later than individuals
with low educational level, neuropathology is more advanced and mortality is then higher

after diagnosis (43).



The principal limit of this work is the low response rate of the 3C study, leading to the
selection of healthier participants. It could have over-estimated the decrease of mortality and
the differences between life expectancies. Moreover, the statistical model used for the
analyses assumes risk proportionality for adjustment factors. However, to limit the loss of
statistical power when computing life expectancies and probabilities, we decided to stratify
analyses based on the population only and adjusted on gender and education. The
SmoothHazard package does not provide life expectancy with dementia and its confidence
intervals. LE with dementia was thus obtained by the difference between total LE and
DemFLE.

This work has several strengths: it relied on the comparison of two large independent
populations, followed for 10 years with identical design and procedures of data collection. To
limit the impact of diagnosis evolution, we assessed dementia based on an algorithmic
approach. The effect of several risk factors has been investigated. Furthermore, life

expectancies have been calculated over a ten year period.

Investigating the quality of the extra years gained with increased life expectancy is critical.

The increase of life expectancy free of dementia is thus of good promise. However, mortality
with dementia has also decreased for women and thus they tend to live longer with dementia.
With dementia being a great fear and leading to high costs for families and societies, a

particular focus should be provided on interventions to delay dementia onset.



Table 1: Characteristics description of the two populations at baseline (N=3338)

Gender (Women)
Mean age at baseline
Age at baseline
65-69 y.o.
70-74y.0.
75-79 y.o.
80-84y.o0.
85— +y.o0.
Educational level
No diploma
Intermediate school leve
High school level
Stroke history
Anti-hypertensive ttt
Anti-diabetic ttt

Lipid lowering ttt
Mean MMSE score at

baseline* (59 manquants’

4 |ADL at baseline* (6
mangquants)

3

4

1990’s population

N=1342
815 (60.7)

74.3 (6.5)

449 (33.5)
314 (23.4)
324 (24.1)
158 (11.8)

97 (7.2)

312 (23.2)
825 (61.5)
205 (15.3)
67 (5.0)
701 (52.2)
97 (7.2)
161 (12.0)

26.61 (2.7)

1059 (79.0)
209 (15.6)
47 (3.5)
15 (1.1)

11 (0.8)

2000’s population

N=1996
1211 (60.7)

74.4 (5.0)

461 (23.1)
672 (33.7)
580 (29.1)
234 (11.7)

49 (2.4)

230 (11.5)
1091 (54.7)
675 (33.8)
65 (3.3)
1137 (57.0)
147 (7.4)
636 (31.9)

27.39 (2.03)

1724 (86.6)
214 (10.7)
33 (1.7)
13 (0.6)

7 (0.4)

P value

0.97

0.69

<.0001

<.0001

0.012

0.007

0.88

<.0001

<.0001

<.0001

Abbreviations: MMSE, Mini Mental State Examination; 4 IADL, Instrumental Activities ofyDai

Living

* Missing data: MMSHEnN=59); 4 IADL (n=6)




Table 2: Mortality evolution between the 1990s and the 2000s population, by sex

Men Women
N=1312 N=2026
HR (95% CI) p HR (95% CI) p
Transition 0-2 (healthy to death) N=
2000’s vs 1990’s
Adjusted on age 0.63 (0.49-0.81) 0.0002 0.67 (0.50-0.90) 0.008
Adjusted on age + educatic 0.72 (0.56-0.92) 0.01 0.67 (0.48-0.92) 0.01
Adjusted on age + vascular factor 0.57 (0.43-0.74) <.0001 0.61 (0.45-0.81) 0.0009
Fully adjustedt 0.66 (0.49-0.88) 0.005 0.59 (0.43-0.81) 0.0009
Transition 1-2 (dementia to death)
2000’s vs 1990’s
Adjusted on age 1.13 (0.64-1.98) 0.68 0.59 (0.41-0.87) 0.007
Adjusted on age + educatic 0.83 (0.49-1.42) 0.51 0.53 (0.35-0.78) 0.002
Adjusted on age + vascular factor 1.30 (0.75-2.24) 0.34 0.69 (0.46-1.03) 0.07
Fully adjusted 0.80 (0.45-1.43) 0.46 0.61 (0.40-0.92) 0.02

* Adjusted for BMI, stroke, antihypertensive, antidiabetic, and lipid-lowering drugs intake.
1 Adjusted for education level, BMI, stroke, antihypertensive, antidiabetic and lipid-lowering drugs intake



Table 3 Total life expectancy (LE), dementia-free life expectancy (DemFLE) and proportion ofdifewjthout dementia (%oDemFLE) for select
ages according to population

1990’s population 2000’s population
Total LE DemFLE % DemFLE Total LE DemFLE % DemFLE
70 15.9(15.2-16.5) 13.9(13.2-14.4) 87.4 19.0 (18.3-19.5) 16.7 (16.0-17.1) 87.9
75 12.6(12.0-13.2) 10.5(9.9-11.0) 83.3 15.0 (14.4-15.6) 12.7 (12.2-13.2) 84.7
80 9.7(9.1-10.2) 7.6 (7.1-8.1) 78.3 11.5(10.9-12.0) 9.2 (8.7-9.6) 80.0
85 7.3 (6.7-7.9) 5.5 (5.0-6.0) 75.3 8.7 (8.1-9.3) 6.6 (6.1-7.1) 75.9

90 5.3 (4.8-6.0) 3.9 (3.4-4.5) 73.6 6.2(5.7-6.7) 4.7 (4.2-5.2) 75.8




Table 4 Duration of life with dementia in years for selected ages according to genera

sex and education.

Overall

Men without diploma

Men with diploma

Women without diploma

Women with diploma

70
75
80
85
90

70
75
80
85
90

70
75
80
85
90

70
75
80
85
90

70
75
80
85
90

Duration of life with dementia

1990’s population

8.2 (5.1-10.7)
6.2 (4.6-7.9)
4.9 (4.0-6.0)
4.0 (3.3-4.9)
3.3 (2.6-4.3)

7.5 (4.5-11.3)
5. (3.7-9.2)
4.5 (3.0- .0)
3. (24-.)
3.0 (1.9-5. )

5.2 (2.5- . )
3.9 (2.5- .2)
3.0(2.2-4. )
2.4 (1.7-3.9)
1.9 (1.4-3.3)

10. ( .4-13.9)
5( .1-11.4)
9(5.2-9.7)
5. (4.3- .2)
4. (3.5-.)

7. (3.3-11.5)
5.9(3. - .4)
4.7 (3.3- .3)
3.7 (2.9-5.1)
3.0 (2.3-4.2)

2000’s population

7.5 (4.8-10.6)
6.8 (5.2-8.6)
6.2 (5.1-7.6)
5.7 (4.7-7.0)
4.9 (3.9-5.9)

7.9 (4. -12.5)
4 (4.3-10.1)
53(3. - .7)
4. (3.1-7.4)
3. (2. -.0)

49(2. - 1)
3. (2.7-5.5)
3.1(2.4-4.5)
2.7 (1.9-4.0)
2.3(1.5-3. )

15.2 (9. -20.5)
12.7( .9-17.4)
10. (7.7-14.5)
(. -113)
4 (5.3-7.9)

10.4( . -14.2)
o (.1-11.4)
7.2 (5. -9.4)
(4. -7.7)
4.9 (3. - .0)
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Figure 1: Life expectancy with and without dementia in years at age 75 between the two
populations according to gender and educational level. (DemFLE: Dementia-Free Life
Expectancy; LE with dem: Life expectancy with dementia; Total LE=DemFLE + LE with
dem)



Supplementary table 1:Total life expectancy (LE), dementia-free life expectancy (DemFLE) and proportion of life sgemitvdementia

(%DemFLE) for selected ages according to population and educational level, in men

Men without diploma

Men with diploma

70
75
80
85
90

70
75
80
85
90

1990’s population

Total LE DemFLE
13.3(11.4-14.4) 11.5 (9.1-12.7)
10.4 (9.0-11.6)  8.5(7.3-9.6)

7.9 (6.8-9.1) 6.1 (5.2-7.0)
5.7 (4.9-6.8) 4.2 (3.4-5.1)
4.1 (3.4-5.0) 2.9 (2.3-3.6)

14.0 (12.8-14.7) 13.3 (11.6-14.1)
11.0 (10.1-11.8) 10.3 (9.3-11.1)

8.4 (7.6-9.1) 7.6 (6.8-8.4)
6.0 (5.3-6.8) 5.1 (4.7-6.1)
4.2 (3.4-5.0) 3.7 (3.0-4.5)

% DemFLE
86.5
81.7
77.2
73.7
70.7

95.0
93.6
90.5
90.0
88.1

2000’s population

Total LE DemFLE
17.8 (16.0-19.5) 15.4 (13.7-17.0)
13.8 (12.2-15.4) 11.5(10.0-12.9)

10.4 (9.1-11.9) 8.1 (7.0-9.2)
7.9(6.9-9.0)  5.8(4.9-6.7)
5.8(5.1-6.5) 4.2 (3.5-4.8)

16.3 (15.6-17.1) 15.5 (14.7-16.2)
12.5 (11.8-13.2) 11.7 (10.9-12.4)

9.3(8.7-9.9)  8.5(7.8:9.1)
6.9 (6.3-7.6) 6.2 (5.5-6.8)
5.1(4.55.7)  4.5(3.9-5.0)

% DemFLE
86.5
83.3
77.9
73.4
72.4

95.1
93.6
91.4
89.8
88.2




Supplementary table 2:Total life expectancy (LE), dementia-free life expectancy (DemFLE) and proportion of life sgenitwdementia
(%DemFLE) for selected ages according to population and educational level, in women

1990°’s population
Women without diploma Total LE DemFLE
70 16.9 (14.5-18.1) 12.4 (8.8-13.1)
75 13.3(12.0-14.7) 8.8 (7.5-9.5)
80 10.3(9.2-11.8) 6.0 (5.2-6.7)
85  7.9(6.9-9.2) 4.2 (3.5-4.8)
90 6.0 (5.1-7.0) 3.0 (2.3-3.6)
Women with diploma
70 17.6(15.7-18.4) 15.5(12.6-16.2)
75 13.9(12.9-14.7) 11.8(10.6-12.5)
80 10.7 (10.0-11.5) 8.7 (7.8-9.5)
85  8.1(7.3-8.8) 6.3 (5.5-6.9)
90 6.0 (5.2-6.8) 4.6 (3.8-5.3)

% DemFLE
73.4
66.2
58.2
53.2
50.0

88.1
84.9
81.3
77.8
76.7

2000’s population
Total LE DemFLE
22.3 (20.6-23.7) 16.3 (14.9-17.4)
18.0 (16.5-19.2) 12.2 (11.2-13.2)
14.0 (12.7-15.1) 8.6 (7.7-9.5)
10.6 (9.6-11.5) 6.1 (5.3-7.0)
7.5(6.9-7.9) 4.4 (3.7-5.0)

20.8 (20.0-21.5) 17.9 (17.1-18.6)

16.6 (15.8-17.2) 13.8 (13.1-14.5)

12.8 (12.1-13.5) 10.2 (9.5-10.8)
9.7(3.1-10.3) 7.4 (6.7-8.0)
6.9(6.4-7.3) 5.3 (4.7-5.8)

% DemFLE
73.1
67.8
61.4
57.5
58.7

86.1
83.1
79.7
76.3
76.8
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4.4.4.Complementary results

In addition to mortality and life expectancy, the SmoothHazard package provitererdif
probabilities. In the following, we have investigated the probability of beivg alithout
dementia, the probability of dying and the probgbof being alive with dementia. TablEL
showsthethree different probabilities for the two populations according toEajgles12 and

13 and figure 12 show these probabilities for both men and women respectively addhgccor
to educational level folboth populations. Globally, for people healthy at age 66, the
probabilities of being alive without dementia (p00) has increasédthe probabilities to die
(p02) have decreased between the 1990's and the 2000’s population. Morbaver,
probabilities of being alive with dementia (p(by individuals without dementia at age 66
have also increased. For the probability of being alive with dementia, it iasreas! 85 y.o.

and then decreases for the 90’s population whereas it tends to decrease after 90 fpo. only
the 2000’s population (except for women without diploma). phidability tends to be lower

or similar for the 2000’s generation compared to the 90’s one, except afyen.80r men

and 85 yo. for women, where the 2000’s population has higher probability to remain alive
without dementia than the 90’s populatidine probability to remain alive with dementia is

higher for individuals with low educational level.

Overall, probabilities to be alive without dementia have increased and probaltiitidie
have decrease. For women without diploma mostly, the probatoillig alive with dementia
was higher in the second population after 8 ¥his is due to a decrease in mortality more
important than the decrease of dementia incidence, leading to individuals staygeg &t
risk of developing dementia before dying. It could also be due to a delayed onset ofi@eme

at older ages.
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Table 11 Probability (in %) to be in a given state (alive without dementia, alive with deareerd deathat different ages according to the
population, for individuals healthy (without dementia) at 66 years old.

1990’s population

2000’s population

Probabilities p00
70 89.9 (85.6-92.6)
75 78.8(73.9-82.0)
80 61.9 (57.0-65.2)
85 39.7 (35.3-42.7)
90 18.8(15.7-21.3)

pO1
2.2 (0.7-4.0)
3.5(1.9-5.2)
7.1 (5.4-9.1)
11.2(9.1-13.4)
10.0 (7.9-12.0)

p02
7.9 (5.7-12.1)
17.8 (15.0-22.5)
31.0 (28.0-35.9)
49.1 (46.0-53.6)
71.2 (68.5-75.0)

p00
95.6 (80.0-96.9)
89.1 (73.7-90.7)
77.7 (63.8-79.2)
56.7 (46.3-58.3)
32.5 (26.1-34.6)

p01 p02
2.4 (0.9-4.9) 2.0 (1.5-18.0)
3.1(1.8-5.4) 7.8 (6.6-23.3)
4.9 (3.7-6.8) 17.4 (16.0-31.5)
9.7 (7.7-11.3)  33.6 (31.9-45.3)
13.1 (10.2-14.9) 54.4 (52.2-62.8)

p00: Probability of being alive without dementia; p0O1: Probabilityedhg alive with dementia; p02: Probability of dying
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Table 12: Probability (in %) to be in a given state (alive without dementia, alive with deareerd death) at different ages accordmghe
population and educational level in men healthy (without dementia) at 66 years old.

1990’s population

2000’s population

Men with low education

Men with high education

70
75
80
85
90

70
75
80
85
90

p0O0
85.3 (77.7-90.5)
69.6 (58.1-75.5)
49.4 (37.6-56.5)
26.4 (17.6-34.4)
9.2 (4.7-14.7)

87.4 (82.7-91.2)
73.6 (66.6-78.1)
56.5 (48.8-61.3)
36.2 (29.8-41.1)
17.3 (13.1-21.8)

pO1
2.9 (1.2-7.4)
4.3 (2.4-11.9)
7.6 (4.2-13.6)
9.9 (5.7-14.0)
7.0 (3.5-12.3)

1.2 (0.5-3.2)
1.6 (0.9-5.4)

2.9 (1.8-5.4)
3.8 (2.5-5.7)

2.8 (1.7-4.6)

p02 p00 p01 p02
11.8 (7.4-18.1)  94.6 (88.2-96.9)  3.3(1.0-6.2) 2.1(1.3-7.8)
26.0 (18.8-35.8) 86.7 (79.8-90.1) 4.7 (2.6-8.3) 8.6 (5.8-15.5)
43.1(35.5-54.1) 72.6 (63.3-77.9) 7.1(4.5-10.6)  20.2 (15.5-29.0)

63.7 (56.2-74.1) 48.3 (36.9-57.3) 12.0 (7.8-17.0) 39.7 (31.8-50.9)
83.7 (77.1-90.0) 23.6 (14.9-31.9) 13.3(8.0-20.2)  63.1 (53.2-73.2)

11.3(7.6-16.1)  95.6(87.3-97.1) 1.6 (0.5-3.3) 2.7 (1.8-10.6)
24.7 (20.1-30.5) 84.4 (79.9-89.7) 1.9 (0.9-3.5)  10.7 (8.5-17.9)

40.6 (35.0-48.2) 73.2(66.4-76.0)  2.7(1.8-3.9)  24.2(21.3-31.2)
59.9 (54.9-66.0) 50.0 (43.7-53.6) 4.3 (3.2-5.7) 45.6 (41.8-52.0)

79.9 (75.1-84.3) 26.1(21.2-30.3)  4.4(3.1-6.3)  69.5 (65.1-74.3)

p00: Probability of being alive without dementia; p01: Probability of beirg alith dementia; p02: Probability of dying
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Table 13 Probability (in %) to be in given state (alive without dementia, alive with dementia and death) at diffgemnaecording to the
population and educational level in women healthy (without dementia) at 66 years old.

1990’s population 2000’s population
Women with low education p00 pO01 p02 p00 p01 p02
70 89.3(81.3-92.9) 5.1(2.2-12.8) 5.5(3.6-9.3) 94.6 (88.7-97.3) 4.4 (1.4-9.0) 0.9 (0.6-3.8)

75 77.7(59.8-81.5) 8.8(5.8-22.8) 13.5(9.6-21.3) 88.4(82.0-91.8) 7.6(4.3-12.4) 4.0 (2.5-8.0)

80 57.3(41.6-62.6) 17.3(12.7-27.5) 25.5(21.3-35.9) 76.8(68.5-80.9) 13.1(9.2-18.3) 10.0 (7.4-15.6)
85 29.9(19.9-34.5) 25.4(18.5-32.4) 44.6(39.8-56.0) 54.0 (45.4-59.2) 24.7 (18.8-30.4) 21.3(17.1-29.4)

90 10.0(5.4-13.0) 21.7 (15.0-28.1) 68.3 (62.4-77.4) 28.6 (20.3-34.3) 33.9 (25.3-42.3) 37.5 (31.0-48.8)

Women with high education

70 92.4 (87.5-94.6) 2.3(0.9-5.9) 5.3(3.5-8.4)  96.4(92.1-97.9)  2.4(0.9-4.7) 1.2 (0.9-4.7)
75 83.7(72.9-86.4) 3.7(2.1-11.1) 12.6 (10.2-18.0) 91.2(86.4-93.2) 3.7(2.2-6.2) 5.1 (3.8-8.9)

80 69.4(58.7-72.5)  7.3(5.2-15.0)  23.3(20.3-31.1) 81.5(76.0-83.7) 6.2(4.8-8.8)  12.3(10.4-17.4)

85 48.0(39.1-51.7) 11.6(8.5-15.5) 40.4 (37.1-48.6) 62.7 (57.4-65.3) 11.7 (9.3-14.4) 25.6 (23.1-31.2)
90 25.7(19.4-29.6) 10.9(8.1-14.0)  63.3(59.1-70.0) 39.5(34.1-43.4) 16.0 (12.8-20.5) 44.5 (40.9-50.4)

p00: Probability of being alive without dementia; p01: Probability of beiwg alith dementia; p02: Probability of dying
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Figure 12: Probabilities of being in a given state (alive without dementia, dead, alivdeanented) accordi
to population and age, for both sex and with and without diploma. (Blue: 2000’s population; red
population; continued line: alive and dementedhed line: alive without dementia; dotted line: death)
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4.4.5.Discussion

This work was motivated by the idea that, beyond the improvement of life expectancy, the
quality of life of extra years gained has important implications for futuedical and care
requirementsindeed, improvement of population health means more than simply delaying
death or increasing life expectancy. We have evidenced that increase of totghdittaaxy

was associated with an increase of years free of denfrttadso, in a smaller extent, with an
increase of years with demeniraFrance Thus, the proportion of life spent healthy without
dementia has tended to improve, hot clearly anchot for everyone. Indeed, mortality with
dementia has decreased formagn and their duration of life with dementia has increased.
Health expectancies have been frequently investigated but the assessment dialseadibin
wide and trends may be highly influenced by the level of severity condideesults in
regard with expnsion, compression or equilibrium of different indicators are thus mixed
(229-235).However, dementia as a health indicator has been rarely investigatechits. tre
The decrease in dementia mortality may be linked to global improvement anttesiva
medicine and public health, living standards, and educational attainment. It islfigoisd

news even if it leads to longer survival of demented pedple.major issue with dementia is
that it leads to important functional impairmedbwever,the entire time with dementia is not
spent with heavy disability. The most concerning years are the one wheratiagties are
impaired and an external help is needdddeed, tlese years with disabilitare the one
bringing the highest burden for fame$ and society. The most favourable scenario for
prevention of dementia is thus to delay the onset of the disease. However, a delay in the
worsening of symptoms, mostly functional ones, could also be an alternative. It nadedd i
conduct to a compressiof life expectancy with high disability impairmentait maybealso

in selfperceived health
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5. Discussion

5.1. Principal results et consequences

During the past 30 years, dementia has been more and more highlighted as an important
public health priority, on one hand because of the increase of life expectancy aisththe

number of people at risk of developing the disease, and on the other kbandebef the high

burden related to demented people care and consequences of the disease on the patient, his
family and society. Investigating secular trends of the disease, basaéle evolution of its

consequences and the determinants associated gemafere critical.

Dementiais a disease witthigh underdiagnosis, with only half of cases being properly
diagnosed in primary care settingsl, 236) In patients with milder dementia, it is even less,
with only a third of cases diagnosé&87, 238) Even with more advance@hentia, cases are
still missed. Because of this under diagnosis in primary care settingstutingl cohort
studies with active and systematic screening of dementia are critical to dgcestdblished
incidence or prevalence estimates. Some studies are still based on analysisaif newuds

or on healthcare administrative databaBbke advantage is the availability of the health
outcome for everyone. They include larger populations but focus ontehartrends. The
major limit is due to ascertanent bias, because of the inclusion of patients who approached
medical services. Thus, differences in diagnostic practice between clinigagsetinnot be
fully addressed in these analyses, making interpretation of the findings chmgleng
Moreover, only diagnosed cases are identified and toidgnosis could have evolved with
time. Using administrative database could thus lead to wrong estimations of deneeisa

A better ascertainment and recoding of dementia in routine health recoradk heomeded.
Results based on these data are mixed with some studies reporting decreasdk or st
dementigprevalence or incidendd52, 153, 159160, 239)and others reporting increased in
dementia incidenc€161, 240) This emphasizes the fact that time trends should rely on

populationbased studies with careful assessment of dementia cases.

Ourwork has contributed to the growing bodyesidencetoward a decline of dementia risk
and an improvement of global cognitive capacity for younger generationsevdovbecause
of methodological difficulties, we need to be cautious when interpreting trends réswur
work, we applied new methodologies compared to other published papeis field to take

into account some of these methodological difficulties. However, the regaedingthe
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representativeness of populations compaegdains unresolved. Indeed, comparison across
time and studies requires comparable and unbiased sample to be gghéoathe general
population. Unfortunately, participation rates of the studies compared to evidemce th
decrease in prevalence and incidence of dementia has often diédMultiple factors

can influence the decision to participate or not and the characteristias fofahsample can
impact estimates. A major conmoess related to the nonresponse bias when reasons for study
participation are associated with the factor of interdst. populationbased studies,
nonresponders could be individuals with more risk fagtiading thus tooverestimated
dementia decling202) Drop-out during followup is also problematic when seeking for
unbiased sampld204). Representativeness is thus a key faittqrovide accurate trendsd
should be kept in mind when designing population-based studies.

Dementiais often associated to multiple -coorbidities due to oldelages; these eo
morbidities may be risk factors for the demerpathology and/or may intervene in its
diagnosis.n this context, | have also contributed to the study of the frequency of these co
morbidities associated to dementia from they&@r followup of the 3C studyTabueTeguo

M, Grasset L, AvileFunes JA, Garer R, ProusLima C, Peres K, et al. Prevalence and-Co
Occurrence of Geriatric Syndromes in People Aged 75 Years and Older in FrancesResult
From the Bordeaux Thredty Study. J Gerontol A Biol Sci Med Sci. 2017 (Epub Ehead of
Print). Establishing a diagnosis is thus compbad more prone to clinical subjectivity than
other diseaseslt is sometimes difficult for general practitioners to distinguish a real
degenerative pathology from the cognitive impact of sensory deficits orafjdirexss.One

of the challenges with dementia diagnosis is the lack of operational criteria tbsbsthb
diagnosis. Even if it relies on efficient test battery in more recent epidemiologidadss the
degree of cognitive impairment, decline and their repercussion on the ability feonper
complex tasks is left to the clinician appreciation. Ideally, additional sveinkbuld be done to
provide thresholds for psychometric tests above which dementia should be detdwted. W
evaluating abilities to perform everyday life iaittes, the different scales available rely on
patient or caregiver’ statementhis subjectivity and the potential deny of symptoms by the
patient and/or his caregiver can lead to an -@amation of the patient's performances. A
way to overcome this could be to use ecological activities of daily living ei@iua
observing patients doing a given activigg4l, 242) Such evaluations are used in some
research studies or memory centres. Its implementation in primary setting is¥ehowe

probably more complex. Beyond clinical evaluatidme tavailability of biomarkers of the
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pathology may modify the diagnosis. Howevergven if morphological imaging is
recommended for the diagnosis of dementia in clinical pracsicely examination isot
available in every populatiebased cohort. Moreover, otheexaminations, such as
cerebrapinal fluid biomarkers or imaging biomarkers are done only in specialised snemor
consults or in the research contekh. important research fosthas beemadelately on early
stage of dementia with better characterizatiorthef prodromal phase. Performancethe
neuropsychometric tests amet affectedat the same stage the course of the diseas®mme

are declining earlywhereas others are affected in the late stage

Indeed, n this work, we have confirmed that the clinical diagnosis has evolved over time in
France andt is likely that the evolution also occurréd other countries. With substantial
societal and clinical shifts in dementia awareness worldwide and among i¢mifisc
community, dementia now tends to beghosed earlierThe DSM criteria have changed
across different updated versiofitie availability of more subtle cognitive tests can also lead
to earlier diagnosisiVe thus evidencedthat a more stable diagnostic approach is needed to
provide accurate incidence and prevalence treAdslitionally, prewvalence estimates have
been shown to vary widely depending on diagnostic classification system(24&2dAs
evidenced in introduction, the trends in dementia are varying across couintrgszeral
Asian studies, an increase of dementia incidence or prevalenoédmaseen reportedunlike
American and European resultd is important to know that there has been a high
improvement of basic living conditions and health of population in East Asian countries over
the last hundred years. Howevérhas been hypothesizéuht methodological changes, such
as diagnosis drift, could be an explanation for this incre&sdeed, there is major
heterogeneity between studies and diagnostic criteria often (##d}. Training of clinicians,
knowledge and attitudes to dementia in professionals has also changed over detades an
affect diagnostic standards and measurement methods. Evolution of stigma ofilnestal

and dementia can also have impacted dementia tréndystematic review adjusting for
diagnostic criteria and age structure showedsignificant variations in prevalence in China
(245). Such aalyses applying stable criteria such as algorithmic approach should kedeali
to confirm if the increase is real limked to methodology in these populations.

The decrease in dementia incidence brings questions about healthy agindubisliare now
living longer than the previous generations, as supported by our work on life expectancy.
However, living longer is not enough anymore and quality matters as much as quantity.

Indeed, unhealthy years of life are consideretigis burden for individualsral society. The
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main goal with life expectancy relies on the compression of morbidity, with aadecoé the
time with a disease or with disabilitipelaying dementia onset should lead to a decrease Iin
time spent with dementia and thus reduce its bur@eaying dementia symptoms and
particularly the ones leading to high dependency is also an alternative. Preventmaclappr
are thus of high interest, not only for dementia, but also for other disabling healtharmndit
Moreover, it appears that importamequalitiesin health expectancy are presemhong
countries (246, 247) and effort to reduce inequalities should be made in the future.

The decrease in dementia prevalence and incidence was not planned and could btemg a be
understanding ofhe disease. Ipublished studieghe decrease of dementia syndrome, and
not spedically of the different aetiologies of dementia, has been investigdiedvever,
when comparing the distribution of prevalent dementia cases at-teal @llowup of 3C,

it is equivalent to the distribution of dementia causes from thgea0dfollowup of PAQUID

(10 years apart), with a decrease of prevalence around 25% (unpublished results)inrhis i
line with a similar decline in the different causes of dementia (AD, mixed demesdi@ylar
dementia or other dementia¥)e could hypothesise thdtd factoranvolvedin this decrease,
whatever they are education, vascular, social, healthy lifestyle, improvement of carego..

not have an impact on the specific Alzheimer's disease pathology but alaob@iempact on
brain, allowing to prevent the different aetiologies of dementia. Thus, these faotdds c
together prevent an early stage of the demented process, the cerebral aging,fran an
individual to another of the same age. This cerebral aging could be consideredtask
stagefor future development of brain pathologies, Alzheimer's disease or others. Cogsider
this stage of cerebral aging and the impact of risk factors on it could helpuretezstanding
the development of the pathologies and the factors involved inffieeedi stages, all along

the processes.

5.2. Public health perspectives

Unfortunately, despitemportant research effort, no real progress has been made in the
curative treatment of dementia for approximately twenty years. Indesstas promising new
agents have recently failed in Phasé dlinical trials (248-251) Currently available
medications for dementia and AD have relatively small effect sizes and dceady @lter

disease progression. Hopefully, the decrease in incidence and prevalencecofiaémin
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favour of possible successful prevention strateddesnentia being gnerally considered as a
fatality in older ags, it gives promising perspectivdt is therefore important to better
understandthe determinast explaining this decreasen order to extend and reinforce
preventive strategiesObservational studies have identified a wide range of potentially
modifiable risk factors for AD and dementia, including cardiovascular riskorigct
psychosocial factors and healibhaviours Some could balreadyinvolvedin the decrease;
others could be easy target for future prevention.

To date, only few studies have investigated the determinarniseoflecrease idementia
incidence or prevalenqd38, 150, 155)The ones studied were mostly education and vascular
factors. Despiténconclusive resultg these studies as well as in ours, strong hypotheses can
be assumedo explain this trendIndeed, the prevalence of some of the risk factors
highlighted in introduction has also evolved. As highlighted in several of the trends ,studies
educational level has highly improved between generatioms in the early 1900
Worldwide, the proportion athe population without diplomalsodecreased from 47.2% in
1950 to 30.6% in 1980. Educational level is still improving, particularly in developing
countries with a proportion of population without diploma of 30.5% in 1990 and of 17.4% in
2010 (252).This improvement has been even greater for women than for men with a gender
ratio that reacks 100% in advanced countrielseading to an increase in cognitive reserve,
this is a major factor supporting the decrease in dementia incidence and in d&weu
continuing decrease. Another improvement is the decrease in high blood pressure. Age
standardised prevalence of raised bigwessure has decreased globally from 1975 to 2015,
from 29.5% (95% C 24.2—-350) to 241% (214-271) in men and from 26% (217-311) to
20.1% (17.8-225) in women(253). Related to hypertension, a decrease in stroke incidence
has also been evidencd@54, 255). There has been strong improvement in carnsl
managemenbf cardiovascular risk factors, mostly with availability of treatmeagsinst
hypertension (256, 257Dementia being highly related tvascular health, it could have
played a role in incidence decreagdthough these factors are not really explaining the
declining trend, others could have played a role in the deci@a&8) First, cognitive
stimulations such as social activities or games have been evidenced as a prfateictivof
dementia and cognitive decline by enhancing cognitive reg@@4& 259, 26Q)A positive
result showed that starting leisure and social activities lower the risk of tienzs
individuals becoming inactive had a higher risk of dementia than individuals whonezgmai

active (261) An increase of cognitive activities over time could explain the observed

171



decrease. Healthy diet is also associated with dementia and healthy lifegtyless diet have
improved, potentially playing a role in the decrease of incidence. Then, eveterftae

habits may have increased, physical activities can be an interesting factéutdre
prevention Finally, other less studied factors colldvealso been involved. Some studies
have shown a link between infections and demei2&?) Indeed, reactivation of Herpes
infection has been showto increase the risk of dement{al5). A lower exposition to
infections, herpes or others, together with other factors, could have contributed to the
decreasing trend in dementia incidence. A reduction of these infectious diseakbdbe
related to the improvement of global health behaviours across theet®ury with major
progress in comfort, hygiene, healthcare, soeiihg or even mobility. These factors
conducted to an improvement of global aging by promoting a safe emamii263). In
addition, global health of the populations has become a major public health goal in most
countries. A lot of programs aingrat reducing diseases prevalence and improving quality of
life have been conducted by governments. Healthy aging has thus been a pritrityast
decades(264) Even if these factors have not been assessed to explain the trends, their
improvement could have been a part of the improvement of dementia risk over time.
Improvement of lifstyle factors has already conducted to the decrease of other chronic
conditions. For instance, the improvement of dietary habits (consumption of fresh food) and
of food preservation with refrigeratbas led to a decrease in risk of stomach cancer.

However, the increase of some other conditions is worrying and could reversenttheotre
declining incidence of dementia. Even if hypertension has decraesedgvalence remains
high and work is still needed to control the problg85). Indeed, studies have shown that
only half of adults with hypertension have their blood pressure cont{@]). Diabetes and
obesity have also worseneHirst, a pooled study evidenced that global ag&ndardised
diabetes prevalence has increased fra3#o4(24—70) in 1980 to D% (7.2—-111) in 2014 in
men, and from B% (29-79) to 79% (64-97) in women worldwid€267). Another pooled
study reported that the global prevalence of diabetes mellitus in the yidaw28 6.4% (285
million adults), and this was projected to increase to 7.7% (439 million adults) byZ&&B0
Then, mean BMI has also increased from 21.7 k@AhZ3-22.1)in 1975 to 24.2 (24:24.4)
in 2014 in men and from 22.1 (2122.5) to 24.4 (24:24.6) in women(269). This latter
studyalso reported that prevalence of obesity increased from 3.2%.®.4 1975 to 10.8%
(9.7-12.0) in 2014 in men and from 6.4% (&.B) to 14.9% (1346.1) in women.The
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global targes were establishetb halt the rise in the prevalence of diabediad obesityby
2025.However,this objective seems unlikely to be attairsedl if post2000 trends continue,
severe obesity will surpass underweight in wor(®8v, 269).Furthermore, wide differences
are evidenced between countrigsdeed, the rise for diabetes and adiposity for instance is
larger in low or middlencome countrie$LMIC) than in highincome countrie$HIC). These
populations have lower access to care with worse primary care system and themneg adg
diseases is not optimallon-communicable diseases became a high contributor to the burden
of disease in these populatiof@y0, 271) and as shown in introduction, they asgected to
face a highincrease of the older individualg/ith agrowing importancen some risk factors,
individuals fromLMIC could beomeat higher risk of developing demeniima the future
decadeswith a high number of cases. These countriesnai@edalso less prone to &blish
prevention strategies and the lack of resources prevents from supportingelitdstyiges or
improving access to and adherence to medication. Mental and neurological dise déisna

a low priority compared to infectious diseasesthese coumies Strengthening health
systems seems a priority to tackle rammmunicable diseases ILMIC because health
infrastructures and resources are often lackv). Moreover, research in low and middle
income countries should be developénl better understand the different social and
environmental context$iealthand sociainequalities are thus a major concern, for{@nd
middle-incomecountries (272, 273Qut also for populations in precarious situations within
high income countriedndeed, i has been shown that individuals with low socioeconomic
status have poorer health and present more dis€284280).Furthermore, an association
between precariousness and increased risk of dementia or greater cognitive likeslbeen
evidenced(281). However, socieeconomic inequalities in health have increa&fpP, 283)

and substantial inequalities in healthy life years exist within EU cour{#4&). Moreover,
health inequalities persist among the eldd@®4). With widening inequalities in socio
economic statysmore individuals in precarious condition are exposed to increased risk of
disease and neoptimal health managemeriiventhoughimportant progress for health sa
beenmade efforts should be maintaingd reduce prevalence of diabetes and obesity and
health inequalitie$285).

Up to now however even with results found from observational studies, evidence for a
significant positive impactof interventions targeting dementia risk factbess been mixed
(22, 286-290).The first trial of antihypertensive treatmeitr felderly people with isolated
systolic hypertension (Sy&ur trial) showedhat the treatment was associated with lower
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dementia incidencg291) However a metaanalysis examining effect of hypertension
treatment found no significant difference between treatment versus placebo gnaipsf,
cognitivedecline of the MMSE was lowdR92, 293).Results from the Hypertension in the
Very Elderly Trial (HYVET) also failed to show an improvement in dementia emciel
(292). A systematic revievof randomised control tridlave reported that physical activity is
beneficial for cognitive function in healthy older adulg®4) whereas a more recent one
could not evidence this improvement (2959r cognitive training, severeandomised control
trials have evidenced an improvement in cognitive function for cognitive inteovegtoups
(296-299).

Dementia being a multactorial disease, targeting only one risk factor could not be enough to
improve dementia risk or cognitive decline. Recently, somtidomain intervention trials
have been conductesich asThe Finnish Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER) study the Multidomain Alzheimer Preventive Trial
(MAPT) study. The Finger trialwas a 2 year ppulationbased multidomain randomised
controlled trial done in six centres in Finland withrigk participants aged 60 to {300).

The intervention consisted inutritional counselling physical exercise training, cognitive
training, and vascular and metabolic risk factor management. They reported maignif
improvement in a neuropsychological test battery, in executive functioning andsimgces
speedout not in memory over 24 months. The MAPT trial wasye&r randomised, placebo
controlled superiority trial with four parallel groups at 13 megmoentres in France and
Monaco of frail @rticipants aged 70 years or old@01) The intervention consisted in
nutritional counselling physical exercise and cognitive training, associated or not with
omega3s supplementation. However, no differences between the placebo and the intervention
groups were significant on cognitive decline. In a ffast analysis in which all participants
who received multidomain intervention were pooled, cognitive decline was sigrificant

improved compared to groups without the intervention.

Designing suchtrials bring several questionsAccording to a report ofthe National
Academies of Sciences, Engineering, and Medicingrevention of cognitive decline and
dementia, the prevention research should identify individuals who are at higher risk of
cognitive decline and dementia; increase participation of urgeesented populations; begin
more interventions at younger agend have longer followp periods; use consistent
cognitive outcome measures across trials to enable pooling; integrate robusiveognit

outcome measures into trials with other primary purposes; include biomarketsrasediate
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outcomes; and conduct large trials designed to test the effectiveness of an iotervent
broad, routine clinical practices or community setti{@32) An important point is thathe
outcome should be chosen carefully. Investigating the risk of dementia requirestdioge

up, thus intermediate endpoint are often seleciethe cognitive tests are more prone to
changes thaothersand according to the tesperformances are not decreasing at the same
stage of the disease proce3sen, the time window for action is crucial and population
receiving interventions need to be selected caref@iyen that neurodegeneration may
precede the onset of dementia by several decadpagct of risk factors reduction must be
evaluated early enough tmave impactecheurodegeneration or cerebrovascular processes.
Moreover, formany factors, midlife status is associated with dementia an lée. Thus,
different risk factors probably act at different times through thepigiesand at different stages
and processes of the disease, the result being the development of cognitive decline and
dementia status. Thusffieient interventionneeds @ target thepopulation before onset of
clinical symptomsA better understanding of the accurate time window for risk factors impact
needs further researchddowever, following individuals for 10 or 20 years is costly and
difficultly doable.All these difficulties could mventintervention to evidence a real benefit of
the prevention of the risk factors. A growing amount of argument has yet been issued fr
observational studies. All these arguments, both from observational studiedingg#sk
factorsand from current decreasing trends of dementia frequesmy sufficient to reinforce
prevention without waiting for more proof from interventional studies, which design could be
not the most appropriate. However, monitoring and assessment of the impact of prevention
requires important human and financial support, which is crucial. An important point to keep
in mind with prevention strategies is mortality. Indeed, if the factor tatgetalso related to
death, its prevention will lead to a decrease in mortality and thus only little ehavit
appear in the number of dementia ca$883) To really lower dementia prevalence,
intervention should target a risk factor that is not assocwitiddeath in demented subjects,

or more strongly associated with dementia than with death or when the intervesluced

only the risk of dementia.
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0. Conclusion

The high global prevalencéhe economic impact of dementia damilies, caregiverand
communities, and the associated stigaml social exclusion present a significant public
health challengeGlobally, when measured in terms of morbidity and mortality, our findings
support an improvement of health of older people during the last twameeThis work also
highlights the need for appropriate methodology whenystg an agingelated disease.
Even if several studies have reported a decrease in prevalence and incidence, satsutsr tren
dementia need further investigation. Indeethortant differences across countries have been
reported and whether this decline will last is unsure.addition, previous findings on
temporal trends failed at identifying the factors explaining this decrémgkerstanding the
evolutionand the modifiable, protective risk factassociateds yet critical. The growing
body of evidence toward a decline in dementia incidence and prevalence brings hope
regarding the projections of number of dementia cases in the future. Whemeagtidevas
once consided a fatality, it suggests that this diseas@ot an inevitable consequence of
ageing and can be manageable. As long as efficient therapeutic treatment is fask@gh
focusing on risk factors and interventions in order to prevent or even delay the onset of the
disease should be a prioritiEven if some studies failed to evidence a real efficacy of
intervention trials targeting identified risk factors, the idea of prevention shouldelot
withdrawn. Indeed, the hypotheses behind vascular and lgefygtors areconsistent and
observational studies also provide strong evidences. Moreover, promoting heafthgnidea
brain lifestyles could not harm individuaknd healthyehaviours toward the entire lifespan
can only help healthy agingrhus, the benefit/risk balance appears in favour of the
development of preventiofowever,the implementation of preventive strategies implies to
evaluate the efficacy of these strategies, requipimgulationbased cohorts with long follow

up and active diagnosis dlementia case® document the trends in dementia frequency
Conducting such cohoriavolving human participants extremely complex and expensive.
Funding for these studiess clearlylacking in Franceand in EuropeYet it is crucial to

progress irdementia research.

In summary, this thesis work has evidenced promising perspectives for the fukenly el
people. Further efforts will be needed to confirm and lengthen these poséivds.tr
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Multidisciplinary research should be encouraged to apprehend the complexity of dementia i

an ageing population.
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Annex 1: The Mini-Mental State Examination

En cas de réponse exacte, coder 1
En cas de réponse fausse, coder O

1) Quel jour de Isemaine sommasous ?
2) Quelle est la date aujourd’hui ?

3) En quel mois sommewus ?

4) En quelle saison sommes-nous ?

5) En quelle année sommesus ?

/]
/]
/]
/]
!/

6) Ou sommes-nous ici ? (Quel hopital, quelle maison de retraite, rue, lieu-dit /..)

7) A quel étage sommesus ?
8) Dans quelle ville sommes-nous ?
9) Dans quel département somAnesIs ?

10) Dans quel pays sommes-nous ?

/_/
/]
/]
/]

L’examinateur doit prononcer les mots suivants au rythme de un par seconde.

En cas de difficultés, recommencer jusqu’a 5 fois

Répétez les mots suivantsitron, clé, ballon

11) ler mot cité
12) 2nd mot cité
13) 3éme mot cité

Soustraire 7 de 100 ainsi de suite.

14) 93
15) 86
16) 79
17) 72
18) 65

/]
/]
/]

/_J/
!/
/]
/]
/]
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Vous souvenez-vous des trois mots que vous avez répétes tout a I'lheure ?

19) ler mot cité /_/
20) 2nd mot cité /_/
21) 3éme mot cité /__/
22) Qu'estee-que c'est que cela (montrer un crayon) [/
23) Qu'estee-que c'est que cela (montrer la montre) [/
24) Répétez pas de si ni de mais /_/

Faire exécuter au sujet les trois ordres successifs

25) Prenez cette feuille de papier, [/

26) pliez-la par le milieu, et /_/

27) posezla par terre. /_/

28) Lisez ce qui est écrit et faites I'actiolermez les yeux /_/
29) Ecrivez une phrase de votre choix sur cette feuille /_/
30) Copiez ce dessin sur cette feuille /_/
Score total sur 30 : /_/_/
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