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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-même 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 thèse avait pour but d’analyser les tendances séculaires de l’incidence de la 
démence, ainsi que de certains de ses composants et conséquences et d’en comprendre les 
déterminants. Dans la première partie de ce travail, nous avons apporté un argument supplémentaire de 
la tendance à la baisse de l’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 âgées, qui semble être due à une amélioration acquise 
relativement précocement au cours de la vie plutôt qu'à 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 l’espérance de vie en 
bonne santé et de la durée de vie en démence. Ces résultats sont en accord avec une amélioration de 
l’état de santé des personnes âgées au cours des deux dernières 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 être 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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Résumé substantiel 

 

1. Introduction 

En raison de l'allongement de l'espérance de vie, avec pour conséquence le vieillissement de 

la population dans la plupart des pays industrialisés, les pathologies démentielles (maladie 

d'Alzheimer et maladies apparentées) représentent actuellement un défi de santé publique. En 

effet, la proportion de personnes âgées de 60 ans et plus dans le monde pourrait atteindre 

16,3% en 2030. L’âge étant le facteur de risque principal de démence, le nombre de personnes 

atteintes, estimé actuellement à environ 47 milli ons au niveau mondial, pourrait atteindre plus 

de 131 millions en 2050 si la prévalence reste inchangée. La démence est une des pathologies 

contribuant le plus largement à l'incapacité des personnes âgées. La définition même de cette 

pathologie associe des troubles de la mémoire et un déclin cognitif avec un retentissement sur 

les activités de la vie quotidienne. Avec l'évolution de la pathologie, ce retentissement sur la 

vie quotidienne évolue vers une perte progressive d’autonomie nécessitant parfois 

l'institutionnalisation quand les familles ne peuvent plus gérer la situation à domicile. La 

démence est ainsi la principale cause d'institutionnalisation et les personnes démentes 

représentent plus de 70% des résidents d'institution. La survenue d’une démence a donc de 

nombreuses conséquences sur la vie d’un individu, mais aussi sur la vie de son entourage au 

niveau physique, psychologique, social et économique. Actuellement, les traitements existant 

sont uniquement symptomatiques, permettant de limiter l’évolution de la maladie pendant une 

période donnée. En l’absence de traitement curatif, les approches préventives consistant à 

limiter les facteurs de risque pour retarder la survenue de la maladie apparaissent 

particulièrement intéressantes. La démence est une maladie multifactorielle et plusieurs 

facteurs de risque ont pu être identifiés. Au-delà de l'âge et de l'allèle ε4 de l'apolipoprotéine 

E, des facteurs modifiables existent avec notamment des facteurs vasculaires tels que 

l’hypertension artérielle, le diabète, l'hypercholestérolémie, l'obésité ou l’athérosclérose ; leur 

présence dès "midlife" (i.e. 45-55 ans) semble associée à un risque augmenté de démence. A 

l'opposé certains facteurs semblent protecteurs comme un niveau d’éducation plus élevé 

permettant une réserve cognitive plus importante ou encore certains régimes alimentaires, 

notamment le régime dit méditerranéen, l’activité physique ou les activités sociales. Une 

diminution de 10% par décennie de la prévalence de 7 facteurs de risque majeurs (bas niveau 



 

 

d’études, tabagisme, diabète, hypertension, obésité, dépression et inactivité physique) pourrait 

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 pour la compréhension de 

l’évolution de la maladie au cours du temps ainsi que pour identifier de potentiels facteurs 

permettant de prévenir ou repousser la survenue de démence. Actuellement, les projections de 

nombre de cas réalisées 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 conduire à une plus 

faible augmentation du nombre total de personnes démentes dans le futur. Récemment, des 

études de prévalence et d’incidence en Europe et aux Etats-Unis ont rapporté des tendances 

évolutives à la baisse avec notamment une diminution de l’incidence de la démence. En 

parallèle, une amélioration des performances cognitives et une diminution de la dépendance 

ont été mises en évidence dans un certain nombre d’études. Même si très peu d’études ont 

analysé les facteurs impliqués dans ces tendances, ces résultats sont encourageants. En effet, 

la prévention ainsi qu’une meilleure prise en charge des facteurs de risque au cours des 

dernières décennies pourrait avoir eu un effet sur le risque de démence et sur le déclin cognitif 

et fonctionnel. Cependant, l’étude des tendances séculaires de la démence se heurte à 

certaines difficultés méthodologiques qui doivent être prises en compte afin de produire des 

résultats non biaisés et robustes. Tout d’abord, la comparaison de populations différentes 

conduit souvent à un biais de sélection, notamment si le taux de réponse initial ou tout au long 

du suivi diffère entre les populations comparées. Les individus acceptant de participer sont 

souvent différents et en meilleure santé que la population générale, ce qui peut conduire à une 

mauvaise estimation des tendances. Ensuite, le diagnostic de démence est un diagnostic 

essentiellement clinique où l'appréciation des troubles cognitifs et du retentissement est 

laissée à l'appréciation du clinicien. Ce diagnostic peut donc varier en fonction du clinicien, 

de son expérience mais aussi de son "intérêt" à porter un diagnostic. Avec l’évolution actuelle 

de l'intérêt pour cette maladie, il est probable que le stade auquel le diagnostic est porté ait 

différé au cours des dernières décennies ce qui complique les comparaisons au cours du 

temps. Enfin, dans les populations âgées, le risque de démence entre en compétition avec la 

mortalité, de nombreux facteurs de risque de décès étant en outre des facteurs de risque de 

démence. L'analyse des tendances évolutives nécessite donc de considérer le risque de 

démence ainsi que le risque de décès, qui évolue régulièrement avec une augmentation 

constante de l'espérance de vie depuis plusieurs décennies.  



 

 

L’objectif principal de cette thèse était donc d’analyser l’évolution de la fréquence des 

démences au cours du temps ainsi que ses déterminants, tout en prenant en compte les limites 

méthodologiques inhérentes à ce genre d’études.  

      

2. Méthodes 

Ce projet s'appuie sur l'analyse de plusieurs études de cohortes en population. En France, les 

participants des cohortes PAQUID et 3 Cités (3C) ont été utilisés. PAQUID a recruté 3777 

individus de 65 ans et plus vivant à domicile en Gironde et Dordogne en 1988. Les 

participants ont été revus depuis tous les 2-3 ans afin de collecter des informations essentielles 

concernant leur état de santé physique, leurs capacités cognitives et fonctionnelles et la 

survenue d'une éventuelle démence. L'étude des 3 Cités se déroule dans 3 villes en France, 

Bordeaux, Dijon et Montpellier. Le centre bordelais de l’étude cette étude a recruté 2104 

individus de 65 ans et plus vivant à domicile à Bordeaux en 1999. Les participants ont été 

revus tous les 2-3 ans depuis l’inclusion et des données similaires à celles de PAQUID ont été 

recueillies à chaque fois. Au Royaume-Uni, les participants des cohortes CFAS I (pour les 

centres de Cambridge, Newcastle et Nottingham) et II ont été utilisés. CFAS I a inclus plus de 

7500 individus entre 1990 et 1993 dont un sous échantillon a reçu une évaluation pour le 

diagnostic de démence. CFAS II a également inclus plus de 7500 individus entre 2008 et 

2011, tous ayant été évalués pour la démence. 

Différents types de diagnostic ont été utilisés et comparés dans les travaux de cette thèse. 

Dans les cohortes françaises, un diagnostic clinique a été établi à chaque visite : les 

participants bénéficiaient d'abord d'une évaluation complète, notamment cognitive et 

fonctionnelle, réalisée par la psychologue dans le cadre de sa visite. A l'issue de cette visite, la 

psychologue sélectionnait les personnes "suspectes" de troubles cognitifs ou de démence. Ces 

personnes étaient ensuite revues pour un entretien et un examen avec un neurologue ou un 

gériatre à leur domicile. Le neurologue basait son diagnostic de démence sur les critères 

cliniques DSM III R dans PAQUID et DSM IV dans 3C. Puis les dossiers étaient revus par un 

comité de validation composé d’experts. En plus de ce diagnostic clinique, pour prendre en 

compte l’évolution du diagnostic clinique au cours du temps, un algorithme a été établi pour 

classifier les individus, basé sur les performances cognitives et le retentissement en termes 

d’Activités instrumentales de la vie quotidienne (IADL ). L’algorithme a été réalisé à partir 

des scores au MMSE et aux 4 IADL à chaque suivi : un score MMSE inférieur à 24 ET une 



 

 

atteinte de 2 IADL ou plus ont été utilisés pour classer les déments. D’autres algorithmes 

utilisant des seuils de score MMSE différents ont aussi été réalisés. Cet algorithme a 

également été adapté aux données des cohortes anglaises. Au-delà des diagnostics clinique et 

algorithmique de démence, les capacités cognitives et fonctionnelles ont également été 

évaluées. En plus du MMSE, différents tests neuropsychologiques comme le Set Test d’Isaacs 

(IST), le Test de Rétention Visuel de Benton (BVRT) ainsi que le Test de Substitution des 

Symboles (DSST) ont été évalués lors des visites et utilisés pour ce travail. Des données 

concernant la dépendance ont aussi été utilisées avec l’échelle des Activités Instrumentales de 

la Vie Quotidienne (IADL). 

Les méthodes statistiques utilisées ont été choisies afin de modéliser les données de la façon 

la plus adaptée. Dans un premier temps, des modèles multi-états de type « Illness-death » ont 

été utilisés pour étudier les tendances de la démence. Le modèle illness-death décrit les 

transitions d’un état initial (vivant ou sain (0)) vers un état absorbant (décès (2)) directement 

ou par un état intermédiaire (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 différentes ce qui permet de prendre en compte des facteurs de 

risque différents entre les évènements. L’intensité de transition 01 représente l’incidence de la 

démence à âge spécifique et les intensités de transition 02 et 12 représentent le taux de 

mortalité à âge spécifique pour des sujets sains et déments respectivement. Ce modèle permet 

de tenir compte de la censure par intervalle entre l’état initial et l’état intermédiaire ainsi que 

de la compétitivité des risques de décès. Pour étudier les tendances de la cognition et de la 

fonction, des modèles linéaires mixtes conjoints ont été utilisés, permettant de modéliser 

l’évolution des performances aux tests mesurés au cours du suivi tout en prenant en compte 

l’attrition au cours du suivi.  

 

3. Résultats 

a. Tendances séculaires de l’incidence de la démence et déterminants 

Cette première étude avait pour objectif d’investiguer une potentielle diminution de 

l’incidence de la démence au cours des 20 dernières années. Au début de ce travail, un petit 

nombre d’études avaient rapporté une tendance à la diminution de la prévalence et une seule 

étude avait montré une tendance non significative vers une incidence plus faible. Il était donc 



 

 

important de répliquer ces résultats avec des méthodes adaptées. Pour cela, les participants de 

deux populations à 10 ans d’écart ont été comparés : 1469 individus âgés de 65 ans et plus 

inclus en 1988-89 dans PAQUID et 2104 individus âgés de 65 ans et plus inclus en 1999-

2000 dans 3C-Bordeaux. Deux diagnostics ont été comparés : le diagnostic clinique et le 

diagnostic algorithmique, stable au cours du temps. L’incidence sur 10 ans de suivi des deux 

populations a été comparée en utilisant un modèle multi-état Illness-death. Nous avons 

également cherché à expliquer cette diminution par différents facteurs de risque tels que le 

niveau d’études, des facteurs vasculaires et la dépression.  

La deuxième population (3C-Bordeaux) avait un niveau d’études plus élevé, moins 

d’antécédents d’AVC, avait moins de fumeurs et était d’avantage traitée contre 

l’hypertension, l’hypercholestérolémie, et la dépression. En utilisant 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 chez les femmes 

seulement a été mise en évidence. Cette diminution était maintenue après ajustement sur les 

différents facteurs de risque. Les analyses de sensibilité réalisées confirmaient cette 

diminution du risque. Cette étude a donc apporté un élément de preuve supplémentaire en 

faveur du déclin de l’incidence de la démence au cours des 30 dernières années, bien que 

retrouvé uniquement chez les femmes. Alors qu'une seule étude avait jusque-là été publiée sur 

des données d'incidence, de façon concomitante à notre publication, trois articles sont parus, 

sur des données anglaises et américaines. Dans la littérature, les résultats concernant le sexe 

sont mixtes, certaines études retrouvant une diminution chez les hommes et les femmes, 

d’autres ne retrouvant la diminution que pour les hommes ou les femmes. Jusqu’à présent, 

seules peu d’études ont analysé l’effet de facteurs de risque sur la diminution de l’incidence 

et, comme pour ce travail, les facteurs pris en compte n’ont pas permis d’expliquer totalement 

la diminution. Malgré la présence de certains problèmes méthodologiques pouvant biaiser les 

résultats obtenus jusqu’à présent, la tendance à la baisse de l’incidence de la démence est une 

bonne nouvelle, encourageant à 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 la prévalence de la 

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



 

 

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

plus en détail les composants de la maladie au cours du temps pourrait aider à mieux 

appréhender les mécanismes impliqués. Il est donc intéressant d’analyser un effet génération 

de l’évolution des performances cognitives et fonctionnelles, en termes de niveau ou de 

trajectoire au cours du temps. Pour ce travail, deux générations issues de la cohorte PAQUID 

ont été utilisées : la première génération G1 a inclus 612 sujets nés entre 1903 et 1912 âgés de 

78 à 88 ans au suivi à 3 ans et la deuxième génération G2 a inclus 626 sujets nés entre 1913 et 

1922 âgés de 78 à 88 ans au suivi à 13 ans. Les données de suivi sur 12 ans ont été utilisées 

pour modéliser les trajectoires des performances à différents domaines cognitifs évalués par 

les tests suivant : MMSE, IST, BVRT et DSST ; et à un score fonctionnel de dépendance 

(4IADL). Les analyses ont été réalisées à l’aide de modèles linéaires mixtes classiques dans 

un premier temps puis dans un second temps conjoints au risque de décès et de perdu de vue 

afin de prendre en compte l’attrition plus faible dans la deuxième génération. Les différents 

scores ont été transformés afin d’être normalisés.  

Les individus de la deuxième génération avaient un niveau d’études plus élevé et prenaient 

d’avantage d’antihypertenseur et de traitement hypolipémiant. Pour l’ensemble des domaines 

cognitifs, la seconde génération avait des performances plus élevées à l’inclusion que la 

première génération. L’évolution des performances sur les 12 ans de suivi était similaire entre 

les deux générations pour le MMSE et le DSST alors que les participants de la deuxième 

génération présentaient un déclin plus faible que ceux de la première génération pour l’IST et 

le BVRT. Après ajustement sur le niveau d’études, les performances à l’inclusion devenaient 

similaires entre les deux générations pour le MMSE et l’IST, tandis que la deuxième 

génération maintenait des performances plus élevées pour le BVRT et le DSST. Les résultats 

concernant le déclin au cours du suivi n’étaient pas modifiés après ajustement sur le niveau 

d’études. L’ajustement supplémentaire sur les facteurs vasculaires ne modifiait pas réellement 

les résultats. Concernant la dépendance, une amélioration non significative de la fonction a été 

retrouvée à l’inclusion, disparaissant totalement après ajustement sur le niveau d’études. La 

deuxième génération présentait un déclin de la fonction plus faible au cours du suivi que la 

première génération, même après ajustement sur le niveau d’études. Ce travail a donc 

confirmé l’amélioration des capacités cognitives pour les générations plus récentes, expliquée 

par l’amélioration du niveau d’études pour le MMSE et l’IST mais pas pour les autres tests. 

La littérature concernant l’évolution du déclin en 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. En effet, les critères 

utilisés pour poser un diagnostic ne proposent pas de seuils opérationnels quantifiant le déclin 

cognitif et les répercutions attendues sur les activités de la vie quotidienne. L’évolution du 

diagnostic complique donc fortement la comparaison de l’incidence et de la prévalence à 

différents temps et entre différentes études, pouvant conduire à des estimations biaisées. Une 

alternative pour l’étude des tendances séculaires est l’utilisation d’algorithme permettant de 

diagnostiquer les cas de manière stable au cours du suivi et entre études. Cette approche a déjà 

été utilisée dans les études anglaises CFAS I et II. Le premier objectif de ce travail était donc 

d’investiguer l’évolution du diagnostic clinique au cours du temps en France. Pour cela, les 

scores au MMSE des cas incidents à chaque suivi de PAQUID (27 ans de suivi) et du centre 

bordelais de 3C (14 ans de suivi) ont été analysés à l’aide de modèle linéaire utilisant des 

splines. Ensuite, le second objectif était d’appliquer l’algorithme déjà utilisé sur les données 

françaises aux données anglaises. Les prévalences standardisées et pondérées ont été établies 

à partir des données d’inclusion de CFAS I et II, tout comme les taux d’incidence pondérés à 

partir de modèles de Poisson.  

Pour PAQUID, une augmentation significative du score MMSE au moment du diagnostic a 

été mise en évidence avant 2001 et une diminution significative après 2001. Un déclin 

significatif du score MMSE au moment du diagnostic a été retrouvé pour 3C-Bordeaux. Cela 

confirme le fait que le diagnostic clinique n’a pas toujours été établi aux mêmes stades au 

cours des 30 dernières années et entre différentes études. Il est probable que cette évolution ne 

soit pas retrouvée seulement en France. L’utilisation d’un diagnostic stable semble donc 

nécessaire. Ainsi, quand on appliquait l'algorithme sur les données anglaises, la prévalence de 

la démence était de 8,8% pour CFAS I et 5,7% pour CFAS II. L’incidence était, elle, de 

31,2/1000 PA (95% IC : 28,0-34,8) pour CFAS I et 15,0/1000 PA (13,5-16,7) pour CFAS II. 

Ces résultats, bien que différents de ceux publiés précédemment basés sur un algorithme 

différent, l’AGECAT, confirment la diminution de l’incidence et de la prévalence de la 

démence.   

   



 

 

d. Evolution de la mortalité et de l’espérance de vie selon le statut de 

démence 

La diminution de la mortalité a conduit à un allongement de l’espérance de vie, que ce soit à 

la naissance ou à 65 ans. Cependant, la question se pose de la qualité des années de vie 

gagnées. En effet, vivre plus longtemps ne signifie pas forcément vivre en meilleure santé et 

si les années gagnées sont passées en démence, les conséquences peuvent être importantes 

pour les personnes démentes, leur entourage et la société avec un poids économique. Il semble 

donc important d’investiguer l’évolution de la mortalité chez des personnes démentes et des 

personnes non démentes et d'analyser les évolutions d'espérances de vie afin de voir si 

l’augmentation de l’espérance de vie s’accompagne d’une augmentation de l’espérance de vie 

sans démence. De plus, au-delà de l'espérance de vie, pour une personne développant une 

démence l’évolution de la durée de survie en démence est aussi intéressante à analyser. Pour 

cela, les participants de deux populations à 10 ans d’écart ont été comparés : 1469 individus 

âgés de 65 ans et plus inclus en 1988-89 dans PAQUID et 2104 individus âgés de 65 ans et 

plus inclus en 1999-2000 dans 3C, les données sur 10 ans de suivi de ces deux populations 

ayant été utilisées. Le diagnostic de démence était basé sur l’algorithme défini dans cette thèse 

et un modèle illness-death a été appliqué aux données pour établir des risques de décès, des 

espérances de vie et des durées de vie en démence.  

Une diminution de la 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 chez les femmes. 

L’espérance de vie totale ainsi que l’espérance de vie sans démence ont augmenté entre les 

années 90 et les années 2000 à tout âge 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 à 

légèrement augmenter, avec des différences selon l’âge. Cependant, le pourcentage 

d’espérance de vie sans démence variait selon le niveau d’études avec une augmentation pour 

les individus sans diplôme et une stabilisation voir une détérioration pour les individus avec 

diplôme. Ces résultats semblent en accord avec une compression relative de la morbidité pour 

les personnes avec un bas niveau d’études. De plus, la survie en démence a augmenté entre les 

deux générations, principalement pour les femmes. Ce travail montre que bien que 

l’augmentation de l’espérance de vie soit associée à une augmentation de l’espérance de vie 

sans démence, elle est aussi suivie d’une augmentation de l’espérance de vie et du temps 



 

 

passé en démence. Il serait donc intéressant de parvenir à retarder l’apparition de la démence 

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

 

4. Discussion 

La démence conduisant à d’importantes conséquences pour les malades, leur famille et la 

société, l’étude des tendances séculaires et leur compréhension s’est développé au cours des 

dernières années. Ce travail de thèse a contribué à confirmer la tendance à la diminution de 

l’incidence de la démence ainsi que l’amélioration des capacités cognitives pour les 

générations plus récentes. Cependant, ces progrès ne sont pour l’instant pas encore bien 

compris. Il est pourtant nécessaire d’identifier les raisons de la diminution du risque de 

démence. Si l’amélioration du niveau d’éducation, la meilleure prise en charge des maladies 

vasculaires et l’amélioration globale des conditions de vie peuvent y avoir contribué, les 

études réalisées n’ont pour l’instant pas réussi à le démontrer. De plus, d’autres facteurs 

comme l’augmentation de l’obésité ou du diabète ainsi que les inégalités sociales pourraient 

dans le futur compromettre ces tendances. Avec l’absence de traitements efficaces, la 

prévention semble une bonne alternative et pourrait encourager le vieillissement réussi. Vivre 

plus longtemps n’est de nos jours plus suffisant et la qualité des années de vie gagnées 

importe tout autant. L’objectif principal étant d’augmenter le temps passé en bonne santé tout 

en diminuant le temps passé en incapacité ; ainsi, retarder les symptômes de démence et 

particulièrement ceux conduisant à une forte dépendance semble primordial.      

Bien que l’ensemble de ces résultats soit encourageant, il est important de noter que l’analyse 

des tendances séculaires de la démence fait face à certaines difficultés méthodologiques 

souvent retrouvées dans la littérature. Nous avons donc utilisé des méthodes adaptées afin de 

prendre en compte le mieux possible la sélection des populations, l’évolution du diagnostic et 

la compétitivité avec le décès. Cependant, la présence de biais résiduel ne peut être exclue. 

Les études réalisées dans le futur devront continuer à essayer de produire des résultats les plus 

corrects et non biaisés possibles.   

Les résultats de cette thèse sont en accord avec une amélioration de l’état de santé des 

personnes âgées au cours des deux dernières décennies. Nos résultats comme les autres études 

sur le sujet en faveur d'une diminution de la fréquence de la démence sur les dernières 

décennies, montrent que la  prévention peut être efficace face à cette maladie. Il est donc 



 

 

important de continuer l’investigation des raisons liées à cette amélioration et d'améliorer la 

compréhension des tendances afin de mieux préciser les stratégies de prévention qui 

permettraient de maintenir les progrès réalisés.  
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1. Introduction 

 

In most developed countries, life expectancy (LE) at birth has been regularly increased up to 

69.1 years for men and 73.7 years for women overall in 2015 (1). LE at age 60 was 18.9 for 

men and 21.7 for women in 2015. At age 60, an increase of around two years per decade has 

been evidenced (2). In France, LE at birth in 2015 was 79.0 y for men and 85.1 y for women. 

Additionally, LE at age 60 was of 22.9 for men and 27.3 for women (3). These life 

expectancies are expected to keep rising until 2030 for a high number of industrialised 

countries (4). This improvement has led to an aging population, with a growing proportion of 

elderly people (5). Indeed, 12.2% of the world population is aged 60 years and older and this 

number is expected to rise to 16.3% in 2030 (6). Moreover, it will  not be restricted to high 

income countries, with all categories of country being concerned (Figure 1). In the OCDE 

countries, the proportion of 65+ should rise from 15% in 2010 to 25% in 2060 (7). In France, 

almost 25% of the 66.6 million people living in France in January 2016 are aged 60 and more 

(3). The number of individuals aged 60 and more could rise by 10.4 million between 2007 and 

2060, with 23.6 million individuals older than 60 y.o. (8). However, chronic diseases are more 

frequent with age and are followed by incapacities and dependency (9). Age being a major 

risk factor of dementia, this would result in greater number of individuals at risk of 

developing dementia, with 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 2050. LIC: Low Income Countries; L-MIC: Low and Middle Income Countries; 
UMIC: Upper and Middle Income Countries; HIC: High Income Countries. (World 
Alzheimer Report 2015) 

 

• Why is dementia considered as a public health priority? 

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

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

direct consequences for the subject (cognitive deterioration, disability, institutionalization and 

death) (10). According to the World Health Organization (WHO), 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 death. However, dementia also has consequences for the 

relatives of the patient. Indeed, caregivers report increased risk of death, increased risk of 

depression and anxiety, and even an increased risk of dementia (12, 13). Age-related diseases 

such as dementia are leading to a high social and economic burden, impacting not only the 
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patients but also their families and societies. It is thus a costly disease, responsible for 

hundreds of billions for health expenses worldwide (6). Dementia is often the cause of 

stigmatisation, abuse and family conflicts. However, this disease is not well understood, under 

treated and under estimated. Aging-related diseases come with several comorbidities, making 

the disease difficult to identify. Results from the Three-City (3C) study evidenced that only a 

third of incident dementia cases have recourse to a specialist (14, 15). In Europe, only a low 

proportion of patients are treated with cholinesterase inhibitors, with high disparities between 

countries.   

Dementia is thus a complex disease leading to important consequences for patients, families 

and society in term of health, burden and economy; and can no longer be neglected. It is 

therefore important to understand the evolution of this disease over time as well as the 

determinants associated to identify potential target to prevent or delay dementia occurrence. 

 

1.1. Aging and dementia 

 

Alzheimer disease has first been characterised by Alois Alzheimer in 1906. However, 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 creation of the first 

association of family members and the mediatisation of the disease has increased awareness 

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

 

1.1.1. Definition 

Dementia is commonly defined as a syndrome associating a cognitive decline and a 

repercussion on the ability to perform everyday life activities. Its clinical diagnosis takes into 

account multiple indicators including neuropsychological evaluations, neurological 

examinations, global medical records, as well as complementary information including 

neuroimaging. Clinical diagnosis is often based on consensus criteria; the most used being the 

Diagnostic and Statistical Manual of Mental Disorder (DSM). Until recently, the DSM-IV 

version for Dementia was focusing on memory impairment associated with at least one of the 

following deficit: aphasia, apraxia, agnosia, or disturbance in executive functioning. These 

cognitive deficits had to cause significant impairment in social or occupational functioning. 
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Mi ld Cognitive Impairment is defined has been defined as impairment in memory or other 

cognitive function greater than expected for normal aging without significant impairment of 

activities of daily living. In the last DSM-V version, the term Dementia disappeared and was 

replaced by two different levels of severity: 1) Minor Neurocognitive Disorder, allowing an 

intermediate state between a normal cognitive status and a severe cognitive trouble impacting 

activities of daily living, and 2) Major Neurocognitive Disorder, relating to the former 

dementia terminology. The first stage refers to mild to moderate cognitive alterations without 

major impact on everyday functioning. The second stage refers to cognitive deficits severe 

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

 

Different aetiologies can be distinguished. Accounting for 50 to 70% of cases, Alzheimer’s 

disease is the most frequent form of dementia. Unpublished data from the 10 year follow-up 

of the Three-City study (3C) confirmed this proportion (table 2). Then, the other major causes 

are vascular dementia, dementia with Lewy’s body, and diseases related to fronto-temporal 

dementia. However, with aging, dementia has mainly mixed aetiology, combining 

Alzheimer's disease and other aetiology, in particular small vessel disease. 
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Table 1: Dementia definitions according to different criteria 

DSM-IV criteria  Peterson’s criteria  (16) DSM-V criteria  

Dementia Mild Cognitive Impairment Major Neurocognitive disorder Minor Neurocognitive disorder 

A. The development of multiple 
cognitive deficits manifested by 
both: 

A. Impairment in memory or 
other cognitive function 
greater than expected for 
normal aging. 

A. Evidence of significant 
cognitive decline from a 
previous level of performance in 
one or more cognitive domains 
(Learning and memory, 
Language, Executive function, 
…) 

A. Evidence of milder  cognitive 
decline from a previous level of 
performance in one or more 
cognitive domains (Learning and 
memory, Language, Executive 
function, …) 

1. Memory impairment  1. Evidence of decline is based 
on: Concern of the 
individual, a knowledgeable 
informant, or the clinician 
that there has been a 
significant decline in 
cognitive function 
 

1. Evidence of decline is based 
on: Concern of the 
individual, a knowledgeable 
informant, or the clinician 
that there has been a mild  
decline in cognitive function 

2. At least one of the following: 
- Aphasia  
- Apraxia  
- Agnosia 
- Disturbance in executive 
functioning (planning, 
organizing, …) 

 

 2. A substantial impairment in 
cognitive performance, 
preferably documented by 
standardized 
neuropsychological testing 
or, in its absence, another 
quantified clinical 
assessment. 

2. A mild  impairment in 
cognitive performance 
preferably documented by 
standardized 
neuropsychological testing 
or, in its absence, another 
quantified clinical 
assessment. 

B. The cognitive deficits in A1 and A2 
each cause significant impairment in 
social or occupational functioning 
and represent a significant decline 
from a previous level of functioning 

B. No significant impairment of 
activities of daily living 

B. The cognitive deficits interfere 
with independence in everyday 
activities (at a minimum, 
assistance should be required 
with complex instrumental 
activities of daily living) 

B. The cognitive deficits do not 
interfere with independence in 
everyday activities (complex 
instrumental activities of daily 
living are preserved) 
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Dementia Mild Cognitive Impairment Major Neurocognitive disorder Minor Neurocognitive disorder 

C. The course is characterized by 
gradual onset and continuing 
cognitive decline 
 

 C. The cognitive deficits do not 
occur exclusively in the context 
of a delirium 

C. The cognitive deficits do not 
occur exclusively in the context 
of a delirium 

D. The cognitive deficits do not occur 
exclusively during the course of 
delirium 

 D. The cognitive deficits are not 
better explained by another 
mental disorder (eg, major 
depressive disorder, 
schizophrenia) 

D. The cognitive deficits are not 
better explained by another 
mental disorder (eg, major 
depressive disorder, 
schizophrenia) 

E. The cognitive deficits are not better 
explained by another mental 
disorder (eg, major depressive 
disorder, schizophrenia) 

   

 

 

Table 2: Distribution according to aetiology from dementia cases at the 10 year follow-up of the Three-City (3C) Study (n=90). 

Aetiology Frequency (%) 

Probable AD 35 (38.5) 

Possible AD / 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 rather than its different 

aetiologies described above. First, especially in epidemiological studies, it is indeed difficult 

to collect all the information required to establish an exact etiologic diagnosis. Furthermore, 

as we get older, the probability to combine several kinds of lesions in elderly patients 

increases. For example, Alzheimer’s lesions, that are extracellular deposits of the amyloid-β 

peptide and intracellular accumulation of abnormally phosphorylated tau neurofibrillary 

tangles, may be associated with vascular damages such as macro- and/or microscopic 

infarctions, atherosclerosis, arteriolosclerosis, and white matter lesions. 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 population-based 

studies following older people over time have been implemented from the end of the 80’s to 

the 90’s. Knowledge about descriptive epidemiology of dementia and its consequences 

mainly come from these studies. This kind of study, with longitudinal follow-up of the 

participants allowing to document cognitive decline over time and active screening and 

diagnosis of dementia, is one of the main ways to accurately estimate prevalence and 

incidence of dementia. However, they are not exempt from issues such as low participation 

rates or drop-out 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 disease at a certain 

time or period, depends on two indicators: the incidence (defined as the number of new cases 

of a disease during a defined period) and the mean duration of the disease. A change in 

prevalence involves a change in one of these indicators.  

In 2015, the World Alzheimer Report based on prevalence study worldwide has estimated a 

prevalence of dementia of 46.8 million cases (6). 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 projected increase 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 an important 

increase of the elderly 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 estimates from the 

Eurodem analyses, estimating a prevalence of 966,000 (757,000 – 1,254,000) cases of 

dementia in France in 2015, representing 8.1% of the 65 + population (19). 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.  

 

1.1.2.2. Incidence 

 

The most recent estimation of dementia incidence from a meta-analysis reports over 9.9 

million new cases of dementia each year worldwide, meaning one new case every 3.2 

seconds. The age and gender standardized global incidence for those aged 60+ is 17.30/1000 

person-year (pyr). Globally, the incidence of dementia varies from 3.9/1000 person-years at 

Figure 2 : The growth in numbers of people with dementia (millions) in high income (HIC) and low 
and middle income countries (LMIC). (World Alzheimer Report 2015) 



13 

 

age 60-64 to 104.8/1000 pyr at age 90+. Dementia incidence appears to be higher in high 

incomes country than in low or middle income countries (Figure 3). Important differences are 

shown between world regions with 4.9 million new cases (49% of the total) in Asia, 2.5 

million (25%) in Europe, 1.7 million (18%) in the Americas and 0.8 million (8%) in Africa. 

Differences between countries seem to be wider for higher age groups. In LIC, quality and 

availability of studies bring difficulties to estimate incidence or prevalence adequately. 

Incidence could be less precise and diagnostic criteria different compared to HIC. A selection 

of elderly populations with less dementia could also appear because mortality is higher in 

these countries.  

 

 

 

Incidence data have not recently been updated in France or in Western Europe. A 

collaborative incidence study based on European population-based cohorts in 2000 showed a 

global incidence of 2.4/1000 pyr (1.8-4.8) at age 65-69 and of 70.2/1000 pyr (54.4-77.4) 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).  

 

Figure 3: Estimated age-specific annual incidence of dementia, derived from Poisson random effects 
models, for world regions for which meta-analytical synthesis was feasible. (World Alzheimer Report 2015) 
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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 or over (22). Dementia leading to multiple 

incapacities, mild at first then progressively aggravated, demented elderly need daily care to 

perform everyday life activities. According to WHO, people can generally expect to be in the 

mild or early stage of dementia (eg, forgetful, some language difficulties, and mood changes) 

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

with speech, and help needed with self-care activities) from the second to the fourth or fifth 

years, and the severe or late stage (eg, serious memory disturbances and nearly total 

dependence and inactivity) from the fifth year onwards (11). However, the early stage can 

also evolve over a longer period. Developing dementia lead to increased disability as 

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 an increased HR of 1.5 to 5.1 and OR even higher (23, 24). Among 

dementia cases, the probability to reside in an institution is high (25), 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 diagnosis (26, 27). Analyses from the 

PAQUID study showed that among elderly in home care settings, 70% have dementia, and 

that 39% of demented persons live in institution (10). Because of repercussions in term of 

dependency, with help needed for everyday living and possibly institutionalisation, dementia 

thus leads to high medical and social costs for patients and society. Indeed, the worldwide 

costs of dementia have been reported at 818 billion US dollars in 2015 (28). However, these 

costs remain concentrated in HIC, even though the part of LMIC in the dementia burden is 

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

At age 65, the global life expectancy for France was 16.6 (18.42-18.78) for men and 23.0 

(22.73-23.18) for women in 2010. In 2030, it is expected to rise to 21.47 (17.83-24.69) for 

men and 26.05 (22.43-29.01) for women (4). Developing dementia strongly increase mortality 

(29, 30). A French study reported a 1.8 (1.46-2.21) 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 demented. 

In a study based on European cohorts, prevalent cases had consistently lower survival rates 

than noncases in all age groups (31). Survival with dementia decreases with age at diagnosis, 

being a man and high educational level. Estimations of duration of life with dementia are 

heterogeneous across study. Indeed, the age range of the population, the type of the 

population (clinical or population-based), and the methodology applied vary across study. 

Duration of life is mostly comprised between 3 and 9 years before death (30, 32-35). Beyond 

survival with dementia, another frequently estimated indicator is life expectancy. Life 

expectancy with dementia quantifies the effect of dementia on the survival of the total 

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 expectation of life 

based on population-level trends rather than the trends of only those with dementia. 

Estimations are fluctuant between countries; however, life expectancy with dementia 

consistently declines with age and is higher for women and low educational attainment (36-

38). A recent study from the Adult Changes in Thought (ACT) Study showed a total life 

expectancy of 17.1 y (0.0 – 19.1) with 88.4% being without dementia at 70 y.o. and of 5.5 y 

(4.7-6.6) with 77.4% being without dementia at 90 y.o. (39). The potential years of life lost 

(YLL) - ie, the average number of additional years a person would have lived if he or she had 

not died prematurely because of dementia - in people aged 75 years or older has been 

estimated at 3–5 years (40, 41). 

 

 

 

 



16 

 

1.1.3. Risk and Protective factors 
 

Dementia is known as a multifactorial disorder, being the consequence of the interplay of 

genetic susceptibility and environmental factors across the lifespan (42). The exposition to 

multiple risk factors thus leads to an increase of the risk to develop the disease. Knowledge on 

risk factors mostly comes from observational studies that have identified associations between 

the factor and the risk of dementia or AD. For many risk factors, population studies are often 

converging. It is yet to mention that for some risk factors, reverse causation cannot be totally 

excluded and may biased associations.  

 

1.1.3.1. Non-modifiable risk factors 

 

• Age 

The most important risk factor of dementia is age. Indeed, the risk to develop dementia 

increase exponentially with age, as well as dementia prevalence. In most of the world regions, 

prevalence started at almost 1% at age 60-64, rising to more than 20% at age 85+ (43, 44). 

Alongside with age, women tend to have higher risk of dementia than men (20). However, it 

is not always true in every country, with incidence of dementia being higher for men than for 

women in the UK for example (45). 

 

• Genetic  

Some genetic characteristics also predispose to dementia. The most important factor is the 

APOE protein, with people carrying the ε4 allele being more at risk than the other (46, 47). A 

meta-analysis showed an increased risk of 3.2 and 14.9 for carriers of one or two ε4 alleles, 

respectively (48). On the contrary, carrying the ε2 allele protects against dementia (OR=0.11 

(0.02-0.50) (49). Genetic research of Alzheimer’s disease has strongly developed over the last 

decade and other genes have been evidenced as involved in the development of AD (50, 51). 

However, these genes only slightly increase the risk (52). Genetic research mostly aims at 

identifying metabolic pathways for better understanding of physiopathology and the 

development of new treatments.   
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1.1.3.2. Modifiable risk factors 

 

• Psychosocial factors 

Educational level is one of the earliest factors in life influencing the risk of dementia. Indeed, 

people with higher educational attainment or number of years of education have a lower risk 

of developing dementia than people with low educational level (53-56). In addition to 

education, principal occupation also contribute to dementia risk through cognitive abilities 

(57). Cognitive activity or mentally stimulating activity has also been associated with reduced 

dementia risk, as well as social engagement and the maintenance of a rich social network (58, 

59).  

The impact of these factors has been hypothesized to be link to the notion of cognitive reserve 

(60). Education 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 studies that 

subjects with normal cognitive function presented evidence of AD neuropathology (61). 

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

 

• Cardiovascular factors 

Cardiovascular health factors are also known to influence dementia risk (62-64). 

Blood Pressure: Association between high blood pressure or hypertension and increased risk 

of dementia has mostly been evidenced when blood pressure at midlife is assessed (65-70). A 

review also showed an association between hypertension and cognitive function (71). Midlife 

hypertension may contribute to AD through vascular mechanisms (72, 73). Indeed, 

hypertension is a risk factor for small vessel disease, i.e. pathological processes affecting the 

small arteries, arterioles, venules and capillaries of the brain, which increase the risk of 

dementia. 

Cholesterol: Results regarding the implication of cholesterol level in dementia risk are mixed. 

Several studies have reported that a high total cholesterol level in midlife increase the risk of 

developing dementia (74-76). On the contrary, some studies showed that a decline in serum 



18 

 

total cholesterol level could be associated with early stages in the development of dementia 

(77-79).  

Diabetes: Several studies have reported that diabetes lead to an increased risk of dementia. A 

meta-analysis evidenced a pooled adjusted risk ratio of 1.47 (1.25-1.73) for all dementia, of 

1.39 (1.16-1.66) for AD and of 2.38 (1.79-3.18) for vascular dementia (80). Similar results 

were found in other meta-analysis studies (81, 82). The findings of mechanistic studies 

suggest that vascular disease and alterations in glucose, insulin, and amyloid metabolism 

underlie the pathophysiology (83). Diabetes may also contribute to AD through vascular 

mechanisms. Other mechanisms such as blood glucose levels, insulin resistance, inflammation 

or alterations in beta-amyloid metabolism have also been mentioned (83, 84). 

Obesity: Obesity at midlife has been linked with higher risk of dementia and AD (85, 86). A 

meta-analysis showed an increased risk of 1.59 (1.02-2.5) (81). Another meta-analysis study 

based on midlife obesity also showed a 1.91 (1.4-2.62) risk for dementia in US and China 

(87). However, underweight people at older ages seem to be more at risk of developing 

dementia (86, 88). This could be due to reverse causation because weight loss often occurs in 

early phase of dementia. Mid-life obesity is inter-related and all linked to vascular health 

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

 

• Lifestyle factors 

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

Smoking: Smoking has been associated to an increased risk of dementia, especially with 

lifelong exposure (91, 92). A meta-analysis reported that current smokers had a higher risk of 

1.27 (1.02-1.60) than never smokers and the association was even stronger for AD and 

vascular dementia. They also showed that current smokers had greater yearly declines in 

MMSE scores than never smokers (RR=1.70 (1.25-2.31)) (93). Smoking is most likely related 

to dementia through vascular diseases, as smoking contributes to a variety of vascular 

disorder such as atherosclerosis and cerebrovascular disease. Moreover, the chemicals 

contains in tobacco smoke are known to be neurotoxins and could contribute to AD through 

oxidative stress or inflammatory processes (94).   

Physical activity: Practicing a regular physical activity has been evidenced to help reduce 

dementia incidence (95-99). A meta-analysis reported a reduced risk of cognitive decline of 
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0.65 (95% CI 0.55-0.76), and dementia of 0.86 (95% CI 0.76-0.97) (98). However, the 

association has not always been found significant and the definition of physical activity is 

quite heterogeneous across studies. Physical activity is mostly associated with healthy 

lifestyle and diet and is beneficial on brain structure and function. Moreover, physical activity 

is protective factor from several cardiovascular risk factors cited above which could impact 

dementia risk.  

Diet: Several nutrients, in particular anti-oxidant vitamins and poly-unsaturated fatty acids 

have been shown to be associated with a decreased risk of dementia or cognitive decline. 

Adherence to a Mediterranean diet (or related diet), considered as a healthy diet, has also been 

associated to a reduced incidence of AD and to slower cognitive decline (100-105).  

 

• Depression  

Depression is strongly correlated with dementia but the temporal relation is complex: indeed, 

it is somehow difficult to determine if it precedes, coincides with or follows dementia onset 

(106-110). Several studies have though showed that depression is associated with 

approximately two-fold increase in risk of developing cognitive impairment or dementia (111-

113). Depression could be related to dementia through vascular disease and also because of 

alterations in stress-related hormones, lower levels of neuronal growth factors and reduced 

hippocampal volume (114). 

 

• Other factors 

Beyond the frequently investigated factors described above, some other factors could be 

mentioned as increasing the risk of dementia. Some infectious diseases such as Herpes 

Simplex Virus or Helicobacter pylori infection have been linked to increased risk of dementia 

or AD (115-119). Other environmental factors such as pesticides or aluminium have been 

associated with increased risk of dementia (120-122). Moreover, co-morbidities are frequent 

with advancing age and some of them, in particular sensorial deficit, have been related to 

cognitive impairments (123-125). 
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1.1.3.3. Life course approach 

 

A life-course approach considers factors that act during development and ageing, which might 

influence disease onset (126). Brain and cognitive reserve, developed early in life, and 

consolidated in midlife may attenuate or delay the expression of symptoms of dementia in the 

presence of neurodegenerative disease (60). It is therefore important to investigate 

associations between risk factors at mid-life and dementia. To better understand which risk 

factors lead to disease initiation, progression and prognosis, a life course approach to the 

epidemiologic study of dementia is needed (127). It also provides information on the different 

trajectories to health and disease in old age. There are evidences that factors as soon as foetal 

development and birth could be linked to cognitive function and ageing (128, 129). Moreover, 

several of the risk factors listed above play a role as soon as midlife (130-132). A Finnish 

study showed that high systolic blood pressure (≥160 mm Hg) or high serum cholesterol 

concentration (≥6.5 mmol/l) in midlife was significantly associated with higher risk of 

Alzheimer's disease in later life (66). Another study evidenced that an increasing number of 

midlife vascular risk factors was associated with an elevated cerebral amyloid load (133). 

Finally, healthy diet at midlife has also been linked to greater health and well-being in elderly 

people (134). These results are consistent with the impact of multiple risk factors on the brain 

through the whole lifespan (figure 4).  
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Figure 4: Hypothesized model on the origins and life course of brain aging. Several “critical 

periods” (prenatal period, childhood/adolescence, adulthood, and old age) are identified 

during which an individual is at greatest risk of damage if exposed to putative risk factors. 

(from Muller M et al, 2014). 

 

1.1.4. Prevention 

In the absence of effective pharmacologic treatments against dementia, prevention should 

target factors that can be influenced by medical interventions or individual behaviour. 

Prevention thus needs to focus on the modifiable risk factors listed above and commonly 

identified in the literature (figure 5). 
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prevalence of each of these seven risk factors could reduce the prevalence of Alzheimer’s 

disease in 2050 by 8.3% worldwide (137). This 10% reduction could potentially prevent up to 

1.1 million cases of AD per year worldwide (63).  

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

the impact of medication or care has been poorly evidenced in randomised control trials and 

more complex interventions should be investigated. A systematic review published in 2010 by 

the Agency for Healthcare Research and Quality and an associated “state of the science” 

conference at the National Institutes of Health (NIH) concluded that there was insufficient 

evidence to make recommendations about interventions to prevent cognitive decline and 

dementia (139). Prevention strategies will thus be further detailed in discussion.  

 

1.2. Secular trends  

 

As defined earlier, dementia prevalence depends on incidence and duration of the disease. The 

forecasted prevalence described in the first part were based on the assumption that dementia 

incidence remained stable over time and did not take into account possible past or future 

evolution. Yet, as seen in the section above, a potential evolution of several modifiable risk 

factors could have modified the risk of dementia and cognitive decline. The main hypothesis 

lay on a development or better management of these factors over the last decades (140). 

Indeed, prevention could have led to a reduction of their prevalence, which could lower the 

risk of dementia. A decrease in dementia incidence could thus be the result of the 

improvement of these factors. Several studies have thus investigated secular trends over the 

last decades in terms of prevalence, incidence of dementia and/or survival with dementia 

(141, 142). Dementia being characterised by cognitive decline with repercussions, it is 

interesting to look whether the decrease in dementia incidence is associated with an 

improvement in cognition and/or disability. Some studies have thus investigated more closely 

the cognitive and functional abilities across generations. 
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1.2.1. Dementia 

1.2.1.1. Trends in prevalence 

 

Trend in prevalence of dementia has been investigated in several studies from Europe and the 

USA. Detailed characteristics and results are shown in table 3.   

Most of the prevalence studies have been based on cohort studies. Although this kind of study 

is probably the most appropriate way to accurately evaluate prevalence because of 

undiagnosed dementia, an issue when using cohort studies is that they carry biases linked to 

selection. With participation rates that tend to be lower in more recent cohorts, it might lead to 

overestimated trends. 

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 Care 

in Kungsholmen (SNAC-K), n=1,575) reported a stable prevalence between 1987-1989 and 

2001-2004 (adjusted odds ratio for dementia OR=1.17 (0.95-1.46)) (143). Then, a study from 

Gothenburg compared participants aged 70 y.o. in 1976-1977 (n=404) and in 2000-2001 

(n=579), and aged 75 y.o. in 1976-1977 (n=303) and 2005-2006 (n=753). This study did not 

evidence a relation between birth cohort and dementia (144). Finally, two rural populations 

from the Nordanstig Project (NP) in 1995-1998 (n=303) and the SNAC-Nordanstig 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 (0.48-1.04)) (145).  

A study in the UK compared participants aged 65 y.o. and older from the Cognitive Function 

and Ageing Study (CFAS) I and II in 1990-1993 and 2008-2011. They reported a decrease in 

prevalence with an OR of 0.7 (0.6-0.9) (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 (0.56-1.02), with a significant decrease for men only (147). Evidence from France 

comparing prevalence among rural participants between the PAQUID study in 1988-1989 

(n=595) and the Aging Multidisciplinary Investigation (AMI ) study in 2007-2008 (n=906) 

were shown based on two diagnosis approaches: a clinical and an algorithmic one. The first 

approach showed an increase in prevalence with an OR=2.50 (1.52-4.12) and the second one 

a decrease of the prevalence with an OR=0.60 (0.42-0.87) (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 (4.27-10.64)) (149). Then the Health and Retirement Study (HRS) was 

used to compare prevalence assessed by an algorithm on cognitive measures between 

participants aged 65 years or older from two waves: the 2000 (n=10,546) and the 2012 one 

(n=10,511). It reports a significant decline from 11.6% (10.7-12.7%) to 8.8% (8.2-9.4%) 

(150).  

Finally, two studies reported prevalence of cognitive impairment rather than dementia. First, 

another study from the HRS compared cognitive impairment consistent with dementia 

between 1993-1995 (n=7406) and 2002-2004 (n=7104). In 1993 and 2002, 12.2% and 8.7% 

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

cognitive morbidity (151).  

A few other prevalence studies are based on electronic health records. These data carry biases 

due to inadequate capture of milder cases of dementia and underdiagnoses which could lead 

to an important amount of missed cases. A German study based on health insurance data 

reported a yearly reduction between 1% and 2% in the prevalence of dementia only among 

women aged 75 to 84 years between 2007 and 2009 (152). Another American study reported 

an average decline in the prevalence 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 Wu YT et al, 2017). 

1st author, year Study population Diagnostic methods Cohorts  (n) Comparison 
Odds ratio (95% 

CI)  
Wiberg et al, 2013  People aged 70 years 

and 75 years in 
Gothenburg, Sweden  

Clinical diagnosis 
(Historical criteria, 
similar to DSM-III -R)  

1: 1976–1977 (n = 707, R = 79%)  
2: 2000–2001 (n = 579, R = 66%)  
3: 2005–2006 (n = 753, R = 63%)  
 

2000 vs 1976 (70 y.o.) 

Total  

Men 

Women 

2005 vs 1976 (75 y.o.) 

Total  

Men 

Women 

 

 

1.2 (0.5, 3.0) 

0.5 (0.1, 3.1) 

1.7 (0.6, 5.1) 

 

1.2 (0.7, 2.2) 

1.0 (0.4, 2.3) 

1.4 (0.6, 3.3) 

Wimo et al, 2016 

 

People aged ≥78 years 
in Nordanstig, Sweden  

Clinical diagnosis 
(DSM-III -R)  

1: 1995–1998 (n = 303, R = 90%)  
2: 2001–2003 (n = 384, R = 77%)  
 

2001 vs 1995 

Total 

Men  

Women 

 

0.7 (0.5, 1.0) 

0.5 (0.2, 0.9) 

0.9 (0.5, 1.4) 

 

Qiu et al, 2013 

 

 

 

 

 

 

People aged ≥75 years 
in Kungsholmen, 
Stockholm, Sweden  

Clinical diagnosis 
(DSM-III -R)  

1: 1987–1989 (n = 1,700, R = 72%)  
2: 2001–2004 (n = 1,575, R = 73%)  
 
 

2001 vs 1987 

Total 

Men 

Women 

 

 

1.2 (0.9, 1.5) 

0.9 (0.6, 1.5) 

1.2 (1.0, 1.6) 
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1st author, year Study population Diagnostic methods Cohorts  (n) Comparison 
Odds ratio (95% 
CI)  

Lobo et al, 2007  People aged ≥65 years 
in Zaragoza, Spain  

Clinical diagnosis 
(DSM-III -R)  

1: 1987–1989 (n = 1,080, R = 95%)  
2: 1994–1996 (n = 3,715, R = 64%)  
 

1994 vs 1987 

Total 

Men  

Women 

 

0.8 (0.6, 1.0) 

0.4 (0.3, 0.6) 

1.0 (0.7, 1.5) 
 

Matthews et al, 
2013  

People aged ≥65 years 
in England (Newcastle, 
Nottingham, 
Cambridgeshire), from 
CFAS I and II, UK  

Algorithmic diagnosis 
(GMS-AGECAT, 
similar to DSM-III -R)  

1: 1991–1994 (n = 7,635, R = 80%)  
2: 2008–2011 (n = 7,796, R = 56%)  
 

2008 vs 1991 

Total 

Men  

Women 

 

0.7 (0.6, 0.9) 

0.6 (0.5, 0.8) 

0.8 (0.7, 0.9) 

 
Hall et al, 2009 

 

 

African- American 
people aged ≥70 years 
in Indianapolis, USA  

Clinical diagnosis 
(DSM-III -R, ICD-10)  

1: 1992 (n = 1,500, R = 86%)  
2: 2001 (n = 1,892, R = 44%)  
 

2001 vs 1992 

Total 

 

1.1 (0.9, 1.4) 

Pérès et al, 2017 

 

Farmers aged ≥65 years 
from PAQUID and 
AMI in Bordeaux, 
France 

Clinical diagnosis 
(DSM-III -R)  
 

1: 1988–1989 (n = 595, R = 69%)  
2: 2007–2008 (n = 906, R = 52%)  
 

2007 vs 1988 

Total 

 

2.3 (1.5, 3.4) 

  Algorithmic diagnosis 
(MMSE + IADL)  
 

1: 1988–1989 (n = 595, R = 69%)  
2: 2007–2008 (n = 906, R = 52%)  
 

2007 vs 1988 

Total 

 

0.6 (0.4, 0.7) 

 

Langa et al, 2017 

 

 

 

People aged ≥65 years 
in the HRS, USA  

Algorithmic diagnosis 
(phone or face-to-face 
interview, 27-item 
cognitive test or proxy 
assessment + IADL)  

1: 2000 (n = 10,546, R = 88%)  
2: 2012 (n = 10,516, R = 89%)  
 

2012 vs 2000 

Total 

Men  

Women 

 

0.8 (0.7, 0.9) 

0.7 (0.6, 0.8) 

0.8 (0.7, 0.9) 
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1.2.1.2. Trends in incidence 

 

A growing number of studies have suggested decline in incidence of dementia (table 4). In the 

United States, a 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 the 20 year data, 

nor other US cohort studies (Illinois and Indianapolis) (154). More recent studies from the 

USA confirmed the decline in dementia incidence. First, 5205 participants of the Framingham 

Heart Study aged 60 and over were compared across 4 periods: late 1970s-early 1980s, late 

80s-early 90s, late 90s- early 2000s, and late 2000s-early2010s. Analyses evidenced a 5-year 

incidence decline of 22%, 38%, and 44% during the second, third and fourth epochs 

respectively, compared to the first one (155). Second, one 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 the 1992 cohorts 

(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 Netherlands, a study has investigated incidence on individuals aged 60-90 between two 

periods: 1990 (n=5727) and 2000 (n=1769). A decline of 25% of 5-year dementia incidence 

between 1990-95 and 2000-05 has been reported, although non-significant (IRR= 0.75 (0.56-

1.02)) (157). The prevalence study from Sweden calculated dementia incidence using 

mortality and prevalence, suggesting that stable prevalence with increased survival 

necessarily indicates declining incidence (143). The CFAS I and II studies were also used to 

compare two-year incidences and evidenced an incidence rate ratio (IRR) of 0.8 (0.6-1.0), this 

decline being mostly driven by a decreased incidence in men (45).  

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, beyond population-based cohorts, some studies have investigated 

dementia trends based on health insurance data. The German study based on health insurance 

data compared incidence between two periods (2004/2007 and 2007/2010) and reported a 

higher incidence in the first period (RR=1.10, p=0.006) (159). Another study based on health 

care administrative data from the Canadian Institute for Health Information reported a 7.4% 

(p=0.009) decrease of incidence rate between 2002 and 2013 (160). Moreover, a study based 



29 

 

on Medicare inpatient records from 1984 to 2001 and linked to the National Long-Term Care 

Survey (about 380,000 person-years 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, when this thesis work 

was initiated, only a few studies had reported secular trends of prevalence and even less of 

incidence. Secular trends analyses then studied during the last few years have mostly 

reported decreases in dementia prevalence and incidence, or stable prevalence in some 

cases. However, studies in favour of a declining risk of dementia mostly took place in 

Europe and the USA, whereas some studies conducted in East Asian countries have mostly 

reported increased prevalence or incidence (162-168). For example, a study from The 

Hisayama Study, based on residents aged 65+ of the Japanese community, compared 

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% respectively (169). The most recent one from a 

Japanese community have reported an increased prevalence (for all-cause dementia: 6.8% 

in 1985, 4.6% in 1992, 5.3% in 1998, 8.4% in 2005, and 11.3% in 2012, p for trend <0.01) 

and an increased incidence between 1988-1998 and 2002-2012 (for all-cause dementia: 

HR=1.68 (1.38-2.06); for AD: HR=2.07 (1.59-2.70)) (170). Differences between countries 

and determinants of these trends will be further analysed in discussion.   
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Table 4: Studies estimating changes in dementia incidence over time. (Adapted from Wu YT et al 2017) 

Study, Country Study population Diagnostic methods 
Cohorts  (n) 

Incidence duration 
Comparison 

Hazard 
ratio/incidence 
ratio (95% CI) 

Schrijvers et al, 
2012  

All residents aged 60–90 
years in Ommoord 
district of Rotterdam  

Clinical diagnosis 
(DSM-III -R)  

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

2000 vs 1990 

Total 
Men  
Women 

 

0.8 (0.6, 1.0) 
0.7 (0.4, 1.2) 
0.8 (0.5, 1.1) 

Matthews et al, 
2016 

People aged ≥65 years 
in England (Newcastle, 
Nottingham, 
Cambridgeshire) from 
the CFAS I and II, UK 

Algorithmic diagnosis 
(GMS-AGECAT, 
similar to DSM-III -R)  

1: 1991–1994 (n = 7,635, R = 80%)  
2: 2008–2011 (n = 7,796, R = 56%)  
 
2 year incidence 

2008 vs 1991 

Total  
Men 
Women 

 

0.8 (0.6, 1.0) 
0.6 (0.4, 0.9) 
1.0 (0.7, 1.3) 

Gao et al, 2016 African-American 
people aged ≥70 years in 
Indianapolis, USA 

Clinical diagnosis 
(DSM-III -R, ICD-10)  

1: 1992 (n = 1,440, R = 86%)  
2: 2001 (n = 1,835, R = 44%)  
 
  

2001 vs 1992 

Total 

 

0.4 (0.3-0.5) 

 Yoruba aged ≥70 years 
in Ibadan, Nigeria 

Clinical diagnosis 
(DSM-III -R, ICD-10) 

1: 1992 (n = 1,174, R = 98%)  
2: 2001 (n = 1,895, R = 100%)  
 

2001 vs 1992 

Total 

 

0.8 (0.6, 1.1) 
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Study, Country Study population Diagnostic methods 
Cohorts  (n) 

Incidence duration 
Comparison 

Hazard 
ratio/incidence 
ratio (95% CI) 

Satizabal et al, 
2016 

 

 

 

 

 

 

 

Longitudinal cohorts of 
people aged ≥60 years 
from the Framingham 
Heart Study  

Clinical diagnosis 
(DSM-IV)  

Epoch 1: 1977–1983 (n = 2,457)  
Epoch 2: 1986–1991 (n = 2,135)  
Epoch 3: 1992–1998 (n = 2,333)  
Epoch 4: 2004–2008 (n = 2,090)  
 
5 year incidence 

1986–1991 vs 1977–1983 
Total 
Men  
Women 

1992–1998 vs 1977–1983 
Total 
Men  
Women 

2004–2008 vs 1977–1983 
Total 
Men  
Women 
 

 
0.8 (0.6, 1.0) 
1.0 (0.6, 1.6) 
0.7 (0.5, 1.0) 

 
0.6 (0.5, 0.8) 
0.9 (0.6, 1.4) 
0.5 (0.4, 0.7) 
 
 
0.5 (0.4, 0.7) 
0.6 (0.4, 1.1) 
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 perspective, mortality according to 

dementia status, life expectancy and survival with dementia are crucial knowledge. If trends 

in global mortality are easily known from census data in most countries, only a few studies 

have, however, investigated trends in dementia mortality; these results need to be updated 

either in time or in methodology (table 5). Moreover, almost no study investigating secular 

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

 

The Swedish study also compared survival between the KP study in 1987-1994 and the 

SNAC-K study in 2001-2004. The results showed a decreased mortality with hazard ratio of 

death being 0.71 (0.57–0.88) in subjects with dementia, 0.68 (0.59–0.79) in those without 

dementia, and 0.66 (0.59–0.74) in all participants (143). The other study from a rural area in 

Sweden reported a global decreased risk of dying between 1995-98 and 2001-03 with an 

adjusted hazard ratio of 0.65 (0.45-0.94), driven by the significant decrease in men (145). A 

non-significant decrease was also found for people with and without dementia. 

Analyses from the Rotterdam Study showed a 37% decline in mortality rate in 10 years (rate 

ratio=0.63 (0.52-0.77)); 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 increasing duration of dementia 

(declining dementia mortality) (149, 156). Analyses from a Japanese elderly 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 obtained from administrative 

databases, but with potential biases due to this kind of data. Thus, unlike results from 

population-based studies, results from German health insurance data showed a lower 

mortality with dementia in the first period compared to the second one, only significant for 

women (2006/2007 vs 2009/2010 RR =0.83 (0.76-0.91)). Mortality without dementia tended 

to decrease for men and remained stable for women (159). They also investigated trends in 

life expectancies, reporting that remaining life years with dementia were compressed 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, remaining life years without dementia increased non-

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 (171). 

However, they used AD diagnosis from death certificate, which could have biased the results 

if the diagnosis of AD frequency in primary care had changed over time. Analyses from the 

HRS participants showed a non-significant decrease of two-year 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).  

 

Analyses relying on population-based studies have reported a decrease in mortality, even if 

results of mortality according to dementia status are more mixed. Moreover, trends in life 

expectancies according to dementia status have been poorly investigated. When using 

administrative database, the mortality with dementia tends to have increased. However, 

interpretation of results on these specific populations needs to be taken with caution. A study 

from elderly American based on medical records showed an increase in total life expectancy 

among men in younger ages, while it tended to be decreasing for older women between 1971 

and 1980. The dementia free life expectancy increased for both sex at younger ages and thus 

the percentage of life free of dementia declined among male and increased among women. 

The life expectancy with dementia increased in men and decreased in women between 1971 

and 1980 (172). 

More studies on evolution of mortality and life expectancy according to dementia are thus 

needed to confirm the decrease in mortality with or without dementia and the increase in life 

expectancy free of dementia. Discrepancies between results based on population-based 

studies and administrative databases as well as potential bias when using administrative 

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

1st author, year Study population Diagnostic methods Cohorts  (n) Comparison Mortality ratio (95% 
CI)  

Schrijvers et al, 
2012  

All residents aged 60–90 
years in Ommoord 
district of Rotterdam, 
from the Rotterdam 
Study (Netherlands) 

 

Clinical diagnosis 
(DSM-III -R)  

1: 1990 (n = 5,727, R = 73%)  
2: 2000 (n = 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 

 

 

 

 

 

 

 

 

 

 

 

 

People aged ≥75 years 
in Kungsholmen, 
Stockholm  

Clinical diagnosis 
(DSM-III -R)  

1: 1987–1989 (n = 1,700, R = 72%)  
2: 2001–2004 (n = 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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1st author, year Study population Diagnostic methods Cohorts  (n) Comparison Mortality ratio (95% 
CI)  

Doblhammer et al, 
2015 

Sample from health 
claims data from a 
Germany’s insurance 
aged 50+  

-ICD-10 numbers G30, 
G31.0, G31.82, G23.1, 
F00, F01, F02, F03, 
and F05.1 

-prescription of 
cholinesterase 
inhibitors and/or 
memantine 

1: 2006-2007 (n=141092) 
2: 2009-2010 (n=135243) 

2006 vs 2009 

Men 
Women 
 
 
Men 
Women 

No dementia 

1.04 (p=0.075) 
1.00 (p=0.935) 
 
With dementia 

0.90 (p=0.084) 
0.83 (p=0.000) 

Wimo et al, 2016 

 

People aged ≥78 years 
in Nordanstig  

Clinical diagnosis 
(DSM-III -R)  

1: 1995–1998 (n = 303, R = 90%)  
2: 2001–2003 (n = 384, R = 77%)  
 

2001 vs 1995 

Total 
Men 
Women 

2001 vs 1995 

Total 
Men 
Women 

2001 vs 1995 

Total 
Men 
Women 

Total mortality 

0.78 (0.63-0.97) 
0.77 (0.61-0.98) 
0.86 (0.68-1.07) 

No dementia 

0.86 (0.67-1.11) 
0.88 (0.59-1.29) 
0.85 (0.60-1.20) 

With dementia 

0.75 (0.59-1.09) 
0.64 (0.34-1.21) 
0.89 (0.55-1.43) 

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

Two stage survey of 
dementia based on the 
Hasegawa Dementia 
Scale (HDS), the HDS 
revised version (HDS-
R), and MMSE 

1: 1988-1998 (n=803) 
2: 2002-2012 (n=1231) 

1988 vs 2002 Survival  

47.3% to 65.2%, 
p<0.01 
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1.2.2. Cognition and disability 

 

Cognitive decline and disability being the two components of dementia, evaluation of trend in 

these two components could allow a better understanding of the decline in dementia trend. 

Evolution of cognitive deficits/performances is easier to assess and 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 different cognitive 

domains. Table 6 summarises results on secular trends of cognitive performances. 

Some studies only looked at level of cognitive abilities and were consistent toward an 

improvement of cognitive functions (173). A study from Germany analysed cognitive 

processing speed among participants aged 50 to 90 y.o. of two waves from the German Socio-

Economic Panel (SOEP). It showed that the average cognitive functioning of those aged 50–

90 and tested in 2012 was higher than that of the same age-group tested in 2006 (174). 

Another study using two cohorts of Danish nonagenarians born 10 years apart (1905 vs 1915) 

looked at cognitive functioning assessed by the Mini-Mental State Examination and by a 

composite score of 5 cognitive tests. It reported that the 1915 cohort scored significantly 

better on the MMSE and on the composite score than the 1905 cohort (175). Then, a French 

study based on two generations born more than 15 years apart (the 1991 cohort and the 2008 

cohort) analysed the evolution of the Cognitive Efficiency Profile (CEP) global score and sub-

scores and showed that the 2008 cohort performed better in all the different cognitive scores, 

except for the naming one, than the 1991 cohort (176). 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 animal 

naming test was higher in the 2002 cohort than in the 1991 cohort (177). 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 term memory, verbal 

ability, spatial ability, reasoning and executive functions. Except for one test assessing short 

term memory, the second cohort had better scores than the first one (178).  
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Several articles also investigated trends in cognitive decline. An American study based on the 

MoVIES and MYHAT cohorts looked at evolution of psychomotor speed, executive function, 

and language during the period 1987-2012. Authors pooled data from the two studies and 

categorized participants into four 10-year 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 effects for every cognitive outcome: 

the earliest birth cohort (1902-1911) had lower baseline scores and steeper cognitive declines 

compared with the latest birth cohort (1932-1943) (179). An update of this work has been 

made on immediate and delayed recall of a 10-item Word List, assessing verbal memory. 

They observed that both immediate and delayed recall showed an improvement between the 

earliest- and latest-born cohorts’ performance, at baseline and for age-associated trajectory 

(180). Another American study using participants from the Seattle Londitudinal Study 

investigated evolution on several cognitive domains such as spatial orientation, inductive 

reasoning, word fluency, number ability and verbal meaning between two generations: 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 shallower rates 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 two cohorts: one 

born in 1900-1925 and the second born in 1926-1948. Results indicated significant cohort 

differences in average performance at age 67.5 for all components except speed. However, 

unlike the previously described studies, no cohort differences were found in trajectories over 

time on the age compared (62 to 78 y.o.) (182). Similar conclusions were established from the 

Long Beach Longitudinal Study comparing to cohorts tested 16 years apart from ages 55 to 87 

on reasoning, list recall, text recall, space and vocabulary (183). On the contrary, two studies 

found steeper decline for later born cohort. First, a study compared three different cohorts 

(born in 1901-02, in 1906-07 and in 1930) on logical reasoning (n=1176) and spatial abilities 

(n=1480). They have reported substantial cohort differences in levels of performance and 

significant but moderate cohort differences in rates of change. Later-born cohorts, on average, 

outperformed earlier-born, but also showed a steeper average decline compared with the 

earliest-born cohort (184). A second study from the Longitudinal Aging Study Amsterdam 

compared two cohorts aged 65 to 75: the first one (N = 705) was born between 1920 and 

1930, whereas the second cohort (N = 646) was born between 1931 and 1941. The later born 

cohort had better general cognitive performance (assessed by the MMSE), inductive 
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reasoning, and processing speed at baseline but showed steeper decline in processing speed 

(185).  
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Table 6: Studies estimating changes in cognitive function over time. 

1st author, year Study population 
Cognitive domains 
(test) 

Cohorts  (n) Main results 

Finkel et al, 2007 Participants from the 
Swedish Twin Registry 
aged 50+ 

-Verbal abilities 
(Information, 
Synonyms, and 
Analogies) 
-Spatial abilities 
(Figure logic, block 
design, card rotations 
tests) 
-Memory (Digit span, 
picture memory and 
Names and Faces) 
-Processing speed 
(Figure identification) 

1: Born between 1900 and 1925 
(n=425) 
2: Born between 1926-1948 (n=381) 

Verbal: 
1900 vs 1926: 50.53 vs 53.95 
Spatial: 
1900 vs 1926: 49.98 vs 53.22 
Memory: 
1900 vs 1926: 49.07 vs 53.42 
Speed: 
1900 vs 1926: 49.31 vs 49.82 
 

Zelinski et al, 2007 Participants from the 
Long Beach 
Longitudinal Study aged 
55 – 87 

-Reasoning (Letter and 
word series) 
-List recall 
-Text recall 
-Space (Figure and 
Object Rotation) 
-Recognition 
Vocabulary 

1: Born between 1893-1923 (n=456) 
2: Born between 1908-1940 (n=482) 

Reasoning: 
1893 vs 1908: 4.37 (0.82); p<.001 
List: 
1893 vs 1908: 7.54 (1.10); p<.001 
Text: 
1893 vs 1908: 1.76 (0.56); p<.001 
Space: 
1893 vs 1908: 1.72 (0.37); p<.001 
Vocabulary: 
1893 vs 1908: 0.71 (1.21); p>.05 

Llewellyn et al, 
2009 

Community living 
individuals in England 
aged 65+ 

Semantic verbal 
fluency (animal 
naming test) 

1: 1991 (n=680) 
2: 1996 (n=600) 

Increase by 1.1 (0.9-1.3) extra words/min 
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1st 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 
- Inductive reasoning 
-Word fluency 
-Number ability 
-Verbal meaning 
(five subtests from 
the 1948 PMA 11-17 
version of Thurstone’s 
Primary Mental 
Abilities Test) 

1: Born between 1886 and 1913 
(n=1242) 
2: Born between 1914 and 1948 
(n=738) 

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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1st 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) 
2: Born between 1912-1921 (n=1387) 
3: Born between 1922-1931 (n=1075) 
4: Born between 1932-1943 (n=718) 

TMT-A: 
1902 vs 1932:-0.77; p<.0001 
1912 vs 1932: -0.51; p<.0001 
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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1st 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 

1: 1991 sample (n=204) 
2: 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 al, 
2013 

Participants from 
Danemark aged 90+  

Global cognition 
(MMSE)  
a composite of five 
cognitive tests 

1: Born in 1905 (n=2262) 
     Assessed at 93 y.o. 
2: 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) 

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

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

Karlsson et al, 2015 Participants from the 
H70 study aged 70-79 

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

1: Born in 1901-02 (n=460) 
2: Born in 1906-07 (n=513) 
3: 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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1st 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 

-Global performance 
(MMSE) 
-Episodic memory (15 
word test) 
-Processing speed 
(DSST) 
-Inductive reasoning 
(Raven Colored 
Progresive Matrices) 

1: Born between 1920-1930 (n=705) 
2: born between 1931-1941 (n=646) 

Global performance: 
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 in disability  

 

Dementia has high consequences on health and disability, leading to high costs for patients 

and society. Several reviews have thus been conducted on health and disability trends (186-

188).  

Even if some studies evidenced mixed results (174, 189, 190), the majority are consistent 

toward an improvement of disability over time. A review confirmed the decline in any 

disability and IADL from eight US studies (191). The Danish study on nonagenarians showed 

a lower score in ADL (an 11-item self-report measure of physical disability) for the 1905 

cohort than for the 1915 one, meaning a decrease in disability (175). A study from 

Gothenburg examined participants at age 75 in 1976-1977 (n=744) and in 2005-06 (n=731) 

on ADL and IADL. They reported a significantly decreased disability in both ADL (13.9 vs 

5.6%) and IADL (33.4 vs 13.0%). Another study in Finland compared people aged 65-69 

years in 1988 (n=362), 1996 (n=320) and 2004 (n=292) on IADL abilities and showed a 

significant improvement in IADL difficulties between 1988 and 1996, and between 1988 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 to 

1998 (193). In the USA, individuals aged 55 to 70 from the original Framingham Heart Study 

(n=1760) were compared with those from the offspring cohort (n=1688). Total disability 

combining a physical activity component (Nagi activities), a gross motor component (Rosow-

Breslau activities) and ADL scale showed a significant decrease in disability; however, 

disability in ADL on its own was stable (194). Two other American papers reported a 

decreasing trend of disability. They were based on the National Long Term Care Surveys and 

showed decreases in ADL or IADL disability between 1982 and 1999 (195, 196). Another 

study on the Longitudinal Study on Aging and the National Health Interview Survey 

participants reported mixed results with a prevalence of disability lower in the more recent 

years in the NHIS, a lower incidence of disability, but an increased prevalence at some dates 

after 1984 in the LSOA sample (197). Results from the French PAQUID study, comparing 

two generations aged 75 to 84 born between 1903-1912 and between 1913-1922 also showed 

no change for ADL and a decrease in IADL disability for women only (198). A study from a 

population aged 70+ from Gloucestershire evaluated four items: outdoor mobility at least able 

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 whole meal, between 1998 and 2008. They showed 

significant reductions in disability for outdoor mobility, washing difficulty, and cooking 

(199). Finally, the Swedish study from Gothenburg investigated ADL and IADL dependency 

between 1976 and 2005 and showed a significant decrease for both (200).  

 

 

If improvement of cognitive performances has been evidenced in most of the studies, trends 

of cognitive trajectories are more conflicted. Fewer studies have investigated evolution both 

in level and decline and the cognitive domains highly varied as well as the 

neuropsychological tests used. For disability, discussion of trends is also complicated 

because disability can be defined and measured in many ways. Different criteria based on 

ADL and/or IADL have been mostly investigated and a trend toward an improvement of 

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

1st author, year Study population Disability definition  Cohorts  (n) Main results 

Manton et al, 1997 Participants from the 
National Long Term 
Care Surveys aged 65+ 

IADL and ADL scale  
Total disability score 

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, 
1997 
 

 

 

 

Participants from the 
NHIS and the LSOA 
aged 70+ 

ADL and IADL items 
for total disability: 
unable to perform at 
least one ADL or 
IADL  
 

NHIS: Assessment from 1982 to 
1993 (n= almost 9000 each year) 
LSOA: Assessment on 1984, 1986, 
1988 and 1990 (n=7527 in 84 and 
5151 after) 

NHIS: 
Years since 1982: ORdisability=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 
Framingham Heart 
Study aged 55 to 70 y.o. 

ADL scale 

Gross motor function 

1: Subjects from the original cohort 
started in 1948 (n=1760) 
2: Subjects from the offspring cohort 
started in 1971 (n=1688) 

Help in at least one ADL: 
Men: 1.3% vs 0.5%; p=0.17 
Women: 1.0% vs 1.1%; p=0.86 
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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1st author, year Study population Disability definition  Cohorts  (n) Main results 

Manton et al, 2001 Participants from the 
National Long Term 
Care Surveys aged 65+ 
 

 

 

IADL and ADL scale  
Total disability score 

1: 1982 assessment 
2: 1989 assessment 
3: 1994 assessment 
4: 1999 assessment 

Total disability: 
1989 vs 1982: 0.26%/y decline 
1994 vs 1982: 0.38%/y decline 
1999 vs 1982: 0.56%/y decline 

Pérès et al, 2005 Participants from 
PAQUID study aged 75 
to 84 

ADL and IADL 1: Born between 1903-1912 
(n=1496) 
2: Born between 1913-1922 (n=910) 

IADL:  
Women:1903 vs 1913: OR= 0.61 (0.49-0.77) 
Men: 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 
Cambridge center of 
MRC CFAS study aged 
65-69  

Modified Townsend 
activities of daily 
living scale : nine 
activities and tasks, 
including eight 
ADL/IADL  

1: Assessment in 1991-92 (n=689) 
2: Assessment in 1996-97 (n=687) 

Total disability: 
1996 vs 1991: OR=1.34 (0.98-1.83) 
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1st 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 
mobility at least able to 
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 

1: Survey in 1998 (n=4482) 
2: Survey in 2008 (n=5290) 

Unable to walk beyond 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, 2010 Participants from 
National Health and 
Nutrition Examination 
Surveys aged 60+ 

4 ADL item: difficulty 
walking from room to 
room, getting in and 
out of bed, eating, and 
dressing.  

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

1: NHANES 1988-1994 (n=4688) 
2: NHANES 1999-2004 (n=4239) 

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, 
2011 

Participants part of the 
Evergreen project from 
Finland, aged 65-69 

IADL scale 1: Born in 1919-23 (n=451) 
2: Born in 1927-31 (n=403) 
3: Born in 1935-39 (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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1st author, year Study population Disability definition  Cohorts  (n) Main results 

Christensen et al, 
2013 

Participants from 
Danemark aged 90+ 

Basic activities of daily 
living: 11-item self-
report measure such as 
walking around the 
house, walking up and 
down one flight of 
stairs, running 100 m, 
carrying 5 kg 

(The lower the worse) 

1: Born in 1905 (n=2262) 
     Assessed at 93 y.o. 
2: Born in 1915 (n=1584) 
     Assessed at 95 y.o. 

Total (mean): 
1905 vs 1915: 1.8 (0.7) vs 2.0 (0.8); p<.0001 
Men: 
1905 vs 1915: 2.1 (0.8) vs 2.3 (0.9); p<.0001 
Women: 
1905 vs 1915: 1.7 (0.7) vs 1.9 (0.8); p<.0001 
 

Feng et al, 2013
  

Participants from the 
Shanghai Longitudinal 
Survey of Elderly Life 
and Opinion aged 60+ 

ADL and IADL scales 1: Assessment in 1998 (n=2763) 
2: Assessment in 2003 (n=3222) 
3: Assessment in 2005 (n=1680) 
4: Assessment in 2008 (n=2195) 

ADL:  
2003 vs 1998: OR=1.00; p>.05 
2005 vs 1998: OR=0.78; p<.05 
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 from 
Gothenburg 

ADL and IADL 

 

 

1: Assessment in 1976-77 (n=744) 
2: Assessment in 2005-06 (n=731) 

ADL:  
1976 vs 2005: 13.9% vs 5.6%; p<.0001 
IADL:  
1976 vs 2005: 33.4% vs 13.0%; p<.0001 
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1.3. Methodological considerations 

 

Investigating secular trends of dementia expose estimations to a few methodological issues 

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  

 

Establishing accurate comparisons between the participants of different populations or cohorts 

requires similarity and consistency to evidence real association. The selection of different 

populations, either by initial different response rate or different follow-up, can produce 

estimates variations more linked to methodology than a real effect. However, response rates 

are frequently heterogeneous between studies used to establish secular trends, with even an 

increase of nonparticipation in more recent studies (201). Low response rates often lead to a 

selection of the participants included in these studies, with a trend toward the selection of 

healthier subjects. Indeed, consent/refusal to participate in a study is sometimes related to 

exposure status and/or health status. It is common that subjects that are already declining, 

with a high number of co-morbidities or with low educational level are more prone to refuse 

to be included (202). The major issue of low response rate is thus the introduction of a 

nonresponse/nonparticipation bias. It refers to the systematic errors introduced in the study 

when reasons for study participation are associated with the epidemiologic area of interest. 

When comparing two studies with different response rates, an under/over estimation of the 

investigated associations is possible.  

The other selection bias is related to drop-out of subjects during the follow-up of longitudinal 

studies. Three different mechanisms of drop-out have been proposed, defining missing data as 

(203):   

- Completely at random (MCAR data) when the probability to drop-out is not related to 

the marker trajectory (in this case, dementia or cognitive decline) or to covariates. This 

is the only scenario where the sample is still representative of the entire population. 
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- At random (MAR data) when the probability to drop-out depends on covariates as well 

as on past observed values of the marker. It is the case if subjects’ decision to drop-out 

is related to their last observed cognitive scores. Participants with incomplete data 

shall not be excluded from analyses to assure unbiased parameters. 

- Not at random (MNAR data) when the probability to drop-out depends also on 

unobserved characteristics of the cognitive marker trajectory, such as the current 

cognitive status. It is the case if subjects who deteriorated since their last visit tend to 

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

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

data are not the principal cause for missing data. Indeed, it has been shown that individuals 

who dropped out for reasons other than death tended to be older and were more cognitively 

impaired (204). This selection based 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 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 judgement. In a lot of countries, growing 

interest has been shown about dementia and several countries have established Alzheimer 

programme to enhance research and awareness. With this evolution 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. During the last few years, 

other factors could have influence diagnosis with for example, negative results of 

pharmaceutical trials or better knowledge in biomarkers’ research. Clinical 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 I 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 
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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 (ADLs). She had 

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), Mr 

J had recently taken over paying bills. Finally, even with a compartmentalized pill-box, she 

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 having a typical case of Mild Cognitive Impairment 

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

of the French Memory Consults during a meeting in early 2015. They all considered this 

person had mild dementia and not MCI. This case would have been diagnosed with no 

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

 

This greatly complicates comparisons over time, with clinical diagnosis probably not being 

the most adapted way to analyse time trends. Indeed, if diagnosis is made earlier in more 

recent population, prevalence and incidence will appear to rise, unrelated to a real increase of 

dementia risk. Meta-analysis of incidence or prevalence decrease is thus difficult because 

dementia can be defined in different ways across time and 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 problematic because 

death is known to be linked to cognitive decline, among other factors (206). Beside, several 
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risk factors of dementia are common risk factors of death such as age or vascular diseases. We 

consider death as a semi-competing risk because dementia cannot occur after death while 

subjects living with dementia can die. With 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 underestimation 

of dementia incidence. Indeed, it may either prevent dementia from occurring or prevent 

demented subjects from being diagnosed if they die before the visit following their dementia 

onset. Moreover, due to the high improvement of survival, this bias may be differential 

between periods. The differential death rate between people with and without dementia may 

itself be changing. Statistical methods such as multi states models should be applied to 

account for semi-competing 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 understand as accurately as possible 

the evolution of dementia over time in France. 

For this purpose, several objectives 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 evaluate the 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. 

- To investigate the evolution of several “components” of dementia: cognition and 

disability.   

- To confirm the evolution of clinical diagnosis over time and the reproducibility of our 

dementia algorithm 

- To assess the evolution of mortality of demented and non-demented 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 Three-City (3C) study are two 

population based cohorts of randomly chosen participants aged 65 years and over. Eligible 

subjects were contacted by letter or phone, or even directly at home. In general, the aim of 

these cohorts is to regularly follow and evaluate participants, with repeated cognitive 

evaluations and a screening and active research of dementia cases. For both cohorts, a 

standardized questionnaire assessing socio-demographic, medical, cognitive, and functional 

data was administered at home by trained neuropsychologists during face-to-face interviews, 

at baseline and at each follow-up. Participants were followed-up at home every 2/3 years, 

even if they moved to a care home. At each follow-up, vital status was systematically 

recorded for all the participants. An ethical review committee has approved both studies. To 

limit attrition during cohort duration, lost to follow-up were regularly researched after the 

contact informant. Participants who dropped out during follow-up were contacted again at 

next visit and were included again in case of approval. The questionnaires assessed among 

other things educational level, treatment intakes, height and weight, stroke history, living 

condition, Instrumental Activities of Daily Living (IADL), Basic Activities of Daily Living 

(bADL), and depression. A battery of psychometric tests assessed the MMSE test, the Benton 

test, the Isaacs Set Test (IST), and the Wechsler code. In the 3C study, the Grober and 

Buschke test was also recorded. The two cohorts, PAQUID and the Bordeaux part of the 3C 

study, were managed by the same team. 

 

3.1.1.1. The PAQUID study 

The PAQUID study consists of a representative sample of 3,777 participants in the 

departments of Gironde and Dordogne (Southwest France), randomly chosen from the 

electoral rolls in 1988–1989 (57). Among the 5,554 persons selected initially, 3,777 (68 

percent) agreed to participate in the study. Three criteria had to be met for inclusion: to be at 
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CFAS I (146). In CFAS II, the one stage interview integrated screening and assessment 

phases of CFAS I.  

CFAS I and CFAS II had identical sampling approaches, methods and diagnostic approach 

apart from the simplification of design from two stages to one stage at baseline and incidence 

phase through combination of screening and assessment interviews. In both studies, the 

population for invitation to interview was randomly sampled from primary care registration of 

the same geographical areas. An introductory letter from the general practitioner was followed 

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

interviews. The response rate of CFAS I was 80% compared to 56% in CFAS II. 
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Figure 8: Design and follow-up of the CFAS I study. 
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3.2. Cognitive and functional evaluation in the French cohorts 

 

3.2.1. Psychometric tests 

Cognition was evaluated based on a battery of psychometric tests assessing several cognitive 

domains: the Mini-Mental State Examination (MMSE), the Isaacs Set Test (IST), the Benton 

Visual Retention Test (BVRT), and the Digit Symbol Substitution Test (DSST; in PAQUID 

only). These tests were assessed and collected at every follow-up, except for the DSST, 

missing at the 3 year follow-up of PAQUID.  

The MMSE assesses global cognitive functioning through several domains: time and space 

orientation, recall, attention and concentration, praxis, constructional capacity and language 

(annexe 1) (209, 210). It is composed of 30 items and scores ranged from 0 (much altered 

performance) to 30 (good performance).  

The IST assesses semantic verbal fluency (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 and colours. The higher the score 

is, the better are the performances.  

The BVRT defines visual working memory, necessary to realize complex cognitive activities 

(212). This test consists in recognizing the previously seen figure among four proposed 

figures (Figure 9). Fifteen figures are successively presented. The BVRT score ranged from 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 information, 

make sense of it and begin to respond. This test requires the patient to copy, into spaces below 

rows of numbers, the symbols that are matched to each number according to a key located on 

the top of the page (Figure 10). The test is timed and the score is the number of success 

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

 

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, the most frequently used in 

the literature assessing IADL is the Lawton and Brody scale (213). The Lawton scale includes 

8 complex activities involving motor functions and cognitive function (table 8). Cognitive 

abilities such as memory, attention, language, executive functioning, and visuospatial function 

are necessary to process information necessary to realize specific tasks. It covers 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. A subject is considered 

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

In the following works, we considered only the four activities which have been shown to be 

the most correlated with cognitive function in previous work (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 
2. Launders small items, rinses socks, stockings, etc 
3. All laundry must be done by others 

1 
0 
0 

1. Operates telephone on own initiative ; looks up 
and dials numbers 
2. Dials a few well-known numbers 
3. Answers telephone, but does no dial 
4. Does not use telephone at all 

 
1 
1 
1 
0 

    
     Shopping        Responsibility for own medications  
1. Takes care of all shopping needs independently 
2. Shops independently for small purchases 
3. Needs to be accompanied on any shopping trip 
4. Completely unable to shop 

1 
0 
0 
0 

1. Is responsible for taking medication in correct 
dosages at correct time 
2. Takes responsibility if medication is prepared in 
advance in separate dosages 
3. Is not capable of dispensing own medication 

 
1 
 
0 
0 

    
      Food Preparation        Ability to handle finances  
1. Plans, prepares, and serves adequate meals 
independently 
2. Prepares adequate meals if supplied with 
ingredients 
3. Heats and serves prepared meals or prepares meals 
but does not maintain adequate diet 
4. Needs to have meals prepared and served 

 
1 
 
0 
 
0 
0 

1. Manages financial matters independently (budgets, 
writes checks, pays rent and bills, goes to bank); 
collects and keeps track of income 
2. Manages day to day purchases, but needs help with 
banking, major purchases, etc 
3. Incapable of handling money 

 
 
1 
 
1 
0 

 
 

   

     Housekeeping        Mode of transportation  
1. Maintains house alone with occasion assistance 
(heavy work) 
2. Performs light daily tasks such as dishwashing, 
bed making 
3. Performs light daily tasks but cannot maintain 
acceptable level of cleanliness 
4. Needs help with all home maintenance tasks 
5. Does bit participate in any housekeeping tasks 

 
1 
 
1 
 
1 
1 
0 

1. Travels independently on public transportation or 
drives own car 
2. Arranges own travel via taxi, but does not 
otherwise use public transportation 
3. Travels on public transportation when assisted or 
accompanied by another 
4. Travel limited to taxi or automobile with 
assistance of another 
5. Does not travel at all 
 

 
1 
 
1 
 
1 
 
0 
0 

1: Ability to perform the activity; 0: Disability for the activity 
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3.3. Dementia Diagnosis 

 

3.3.1. Clinical diagnosis in the French cohorts 

 

The clinical diagnosis was made following a 3-step procedure for both PAQUID and 3C-

Bordeaux studies. The first step was the cognitive evaluation made by the neuropsychologist 

through a series of psychometric tests and the functional evaluation. Participants, who were 

suspected of dementia based on their neuropsychological performances, decline relative to a 

previous examination and clinical impression of neuropsychologist, were then examined by a 

senior neurologist. The diagnosis of dementia was based on the DSM-III -R and 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, geriatrician and directed by JFD to 

definitely classify the case. Information on cognitive decline was included based on follow-up 

data. 

 

3.3.2. Algorithmic diagnosis 

 

To prevent the instability of the clinical diagnosis we defined an algorithmic diagnosis, based 

on cognitive and functional assessments using the Mini Mental State Examination (MMSE) 

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 (215). These four IADL were selected because 

they have been shown to be the most cognitive activities and the most associated to dementia 

in a previously published paper (214). The algorithmic diagnosis of dementia was then 

defined by a MMSE score <24 (or a missing MMSE score for "cognitive reason") AND a 4 

IADL score ≥2. However, these four IADL are not always recorded in international cohorts 
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and the algorithm thus needs to be adapted according to functional items available. For 

example with the CFAS data, disability was assessed by some IADL and ADL. Although 

cognitive decline is part of dementia definition, the algorithm use the global cognitive 

performance as it is more convenient and more reproducible, available not only in incidence 

studies but also in prevalence studies.  

3.3.3. AGECAT 

The Automated Geriatric Examination for Computer Assisted Taxonomy (AGECAT) 

algorithm used in the English studies is 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 CFAS II as for CFAS 

I, which was a review of all available information by diagnostician (Carol Brayne), 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) (217).  

 

3.4. Statistical methods 

3.4.1. Multi -state modelling: Illness-death model 

 

In the following work, incidence analyses were performed using a multi-state model, the 

Illness-Death model (218). In this model, individuals start out as healthy (state 0), they may 

become demented (move to state 1) and afterwards they may die (state 2) (figure x). 

Individuals may also die without first becoming demented (transition from state 0 to state 2). 

Transition intensities can be interpreted as instantaneous risks of the onset of a given event at 

time t. Transition intensity 01 represents the age-specific incidence of dementia.  
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3.4.2. Linear Mixed Effects model 

For cognitive and functional evolutions, analyses were performed using the linear mixed 

models theory (219). This model enables analysis of individual trajectories among a 

population. It studies the linear relation between a variable of interest and explanatory 

variables, taking individual variability into account.  

The general formulation of a linear mixed model is defined as follow for subject i, i = 1, …, N 

at time tij , j = 1, …, ni : 

 Y ij  = XT
ij β + ZT

ij γ i + εij  with γ i ~ N(0, B) and εi ~ N(0, Ri) 

With Yij  being the observed values of the marker for individual i at time j. The vectors Xij  

and Zij  include covariates with fixed and random effects respectively. γ i are the subject-

specific random effects, with B the variance matrix. Random effects represent long term 

individual trend. The random intercept is defined as the difference between the mean intercept 

of the total population and the intercept of subject i. The random slope takes into account the 

inter-individual difference so that all individuals can have different slopes. ε ij  represents the 

residual error or measurement error. β represents the fixed-effect parameters to estimate. This 

model uses the whole information available and measurement numbers and time can differ 

between individuals. The variances of estimated parameters account for inter- and intra- 

subjects’ correlation of repeated data thanks to random effects.    

 

Due to the nature of some psychometric tests, ceiling and floor effects, as well as 

curvilinearity (unequal interval scaling) can intervene and biased the results. These 

characteristics thus need to account for with models including spline transformations to 

normalize the different scores (220). The scores are transformed and normalized to fit linear 

assumptions of linear mixed models. In the following work, each score used was transformed 

and analysed with linear mixed models assuming a linear mean trajectory with time and 

including individual correlated random effects on intercept and slope. The simple effect of a 

variable quantified the “baseline” scores according to this variable while the interaction with 

time quantified the effect of variable on the score change over the follow-up period. 
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4. Results 

 

4.1.  Secular trends of dementia incidence and related factors 

 

4.1.1.  Introduction 

Dementia being a syndrome known for its high consequences not only for patients and family 

but also at an economic level, projection of number of cases expected in the next decades has 

been frequently estimated worldwide. These projections are based on the prevalence of the 

disease and assume that the incidence has been stable over the last decades and that it will 

remain stable. However, this work was initiated following the report of a trend toward a 

decrease in dementia prevalence or incidence in a few studies. Moreover, an improvement in 

care of health-related risk factors of dementia has been evidenced; with for example a 

decrease in the stroke prevalence, higher proportions of people treated again hypertension or 

hypercholesterolemia. Moreover, access to education also improved over time. Nevertheless, 

other factors such as obesity or diabetes became more frequent in the population. The 

hypothesis leading to secular trends’ work was that the modification of risk factors could have 

influenced the risk of developing dementia. A decrease of dementia incidence could lead to an 

overestimation 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, several studies reported a decline in the prevalence or incidence of dementia (45, 

145-147, 150, 155-157). However, only a few tried to identify factors involved in this decline 

(150, 155) and few analyses investigated the stability of dementia diagnosis or the impact of 

low response rate (45, 146).  

 

4.1.2. Methods 

To investigate the possible evolution of dementia prevalence and incidence, we analysed data 

from participants 10 years apart from the same geographic areas of the PAQUID (the 1990’s 

population) and the 3C studies (the 2000’s population). As PAQUID was performed on a 

larger geographic area (departments of Gironde and Dordogne) than 3C, we included only a 

subsample of the PAQUID participants, those living in the same geographic areas as the 3C 
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participants. To evaluate factors involved in the evolution, models were adjusted on several 

risk factors differing between the two studies. To take into account the potential evolution of 

clinical diagnosis of dementia, two different definitions of dementia were used: first, the 

clinical diagnosis established by neurologists and consensus group and second, an algorithmic 

diagnosis which definition was a MMSE score <24 (or a missing MMSE score for "cognitive 

reason") AND a 4 IADL score ≥2. The illness-death model was applied to account for death, 

interval censoring and left truncation.  Several sensitivity analyses were also performed to 

validate our results. First, we defined other algorithms to diagnose dementia to test the MMSE 

threshold chosen : 1) a MMSE score <23 (or a missing MMSE score for "cognitive reason") 

AND a 4 IADL 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 high education level 

AND a 4 IADL 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 dementia risk, to account 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 (n5 1469)

and 1999–2000 (n5 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] 5 0.62; confidence interval (CI) 5 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 5 0.73; CI 5 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.
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Keywords: Dementia; Incidence; Time trends; Diagnosis; Risk factors

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

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.
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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 Ag�ees

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 5 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).

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 Ag�ees 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 theDiagnostic 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.-F.D. to definitely classify the case.

The algorithmic diagnosis was based on cognitive and

functional assessments, using themini 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 0 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 dementiawas 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

height2), 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 0 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

Fig. 2. The illness-death model. Transition intensity 01 (a01(t)) represents

age-specific incidence of dementia. Transition intensities 02 (a02(t)) and

12 (a12(t)) represent age-specific mortality rates for healthy or demented

subjects, respectively.
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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

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 themaximumof participantswithoutmissing

data for each analysis.

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

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 5 3573

n (%) or mean (SD)

1990s (n 5 1469) 2000s (n 5 2104)

P valueOverall Men Women Overall Men Women

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)z 271 (21.0)z

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)z 189 (14.7)z

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)y 0.01

Smoking habits* ,.0001

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

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 (5.7)z 210 (17.0)z

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)y 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)z 406 (31.5)z ,.0001

Antidepressants drugs 46 (3.1) 11 (2.0) 35 (3.9) 198 (9.4) 43 (5.3)y 155 (12.0)z ,.0001

Depressive symptomatology* 201 (14.0) 77 (14.0) 124 (13.9) 160 (7.7) 49 (6.1)z 111 (8.7)z ,.0001

Depressive status* 234 (16.2) 86 (15.6) 148 (16.6) 312 (15.0) 85 (10.6)y 227 (17.8) NS

4 IADL* ,.0001

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

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) 27.2 (2.4) 27.3 (2.3)z 27.11 (2.5)z

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: yP , .05, zP , .001.

*Missing data: Education (n5 5); stroke (n5 12); BMI (n5 116); smoking habits (n5 6); depressive symptomatology (n5 66); depressive status (n5 59);

four IADL (n 5 8); and MMSE (n 5 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 5 141). 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]5 0.92 [0.73–1.15]) and whatever

the sex (HR 5 1.21 [0.76–1.93] for men and HR 5 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 5 1.06 [0.82–1.36], HR 5 1.54 [0.94–

2.55] for men and HR 5 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 5 139), analyzes were, thus, per-

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 5 0.65 [0.53–0.81] for 2000s population compared

with 1990s) and for women (HR 5 0.62 [0.48–0.80]) on

age-adjusted analyses, whereas the risk did not differ for

men (HR 5 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 5 0.77 [0.61–0.97] and women’s HR5 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 5 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

Diagnosis of Dementia

Overall* Men Women

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Clinical diagnosis (n 5 3324) (n 5 1299) (n 5 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 1 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 1 vascular factorsy 0.96 (0.76–1.21) .73 1.28 (0.78–2.11) .32 0.98 (0.72–1.33) .89

Adjusted on age 1 depressive status 0.93 (0.73–1.18) .55 1.24 (0.78–1.97) .37 0.90 (0.69–1.17) .43

Fully adjustedz 1.06 (0.82–1.36) .66 1.54 (0.94–2.55) .09 1.10 (0.83–1.42) .50

Algorithmic diagnosis (n 5 3305) (n 5 1301) (n 5 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 1 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 1 vascular factorsy 0.69 (0.56–0.86) .0009 1.27 (0.79–2.05) .32 0.66 (0.52–0.85) .001

Adjusted on age 1 depressive status 0.64 (0.51–0.79) ,.0001 1.13 (0.70–1.82) .61 0.59 (0.46–0.76) ,.0001

Fully adjustedz 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.
yAdjusted for BMI, stroke, antihypertensive, antidiabetic, and lipid-lowering drugs intake.
zAdjusted for age, education level, BMI, stroke, antihypertensive, antidiabetic and lipid-lowering drugs intake, and depressive status.
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(HR 5 0.73 [0.59–0.92]) but became nonsignificant after

further adjustment on education (HR 5 0.83 [0.67–

1.04]). Sensitivity analysis excluding participants

�85 years showed the same result as the main analysis

(fully adjusted HR 5 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 5 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.

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.
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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 IADL 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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Supplementary table 1: Sensitivity analyses for incidence evolution between the 1990’s and the 2000’s 
population, for both sexes. 

  Hommes  Women 

  HR (95% CI) p value  HR (95% CI) 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) 0.30  0.62 (0.50 – 0.78) <.0001 

Adjusted on age + education  1.23 (0.80 – 1.90) 0.34  0.68 (0.54 – 0.85) 0.0008 

Adjusted on age + vascular factors*  1.32 (0.87 – 2.01) 0.20  0.65 (0.51 – 0.81) 0.0002 

Adjusted on age + depressive status  1.26 (0.83 – 1.92) 0.27  0.60 (0.48 – 0.75) <.0001 

Fully adjusted†  1.37 (0.89 – 2.10) 0.15  0.69 (0.54 – 0.87) 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 + education  0.86 (0.49 – 1.51) 0.60  0.64 (0.49 – 0.83) 0.0009 

Adjusted on age + vascular factors*  1.36 (0.82 – 2.27) 0.23  0.61 (0.46 – 0.79) 0.0003 

Adjusted on age + depressive status  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 + education  0.97 (0.62 – 1.51) 0.89  0.67 (0.53 – 0.84) 0.0006 

Adjusted on age + vascular factors*  1.20 (0.79 – 1.82) 0.40  0.61 (0.48 – 0.77) <.0001 

Adjusted on age + depressive status  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 + education  1.04 (0.63 – 1.72) 0.87  0.69 (0.53 – 0.89) 0.004 

Adjusted on age + vascular factors*  1.32 (0.82 – 2.13) 0.25  0.67 (0.52 – 0.88) 0.003 

Adjusted on age + depressive status  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  
(n=1,333) 

1.08 (0.68 – 1.71) 
0.74  

(n=2,111) 
0.66 (0.52 – 0.83) 

0.0005 

Adjusted on age + education  
(n=1,332) 

1.00 (0.77 – 1.29) 
0.97  

(n=2,109) 
0.73 (0.58 – 0.93) 

0.01 

Adjusted on age + vascular factors*  
(n=1,313) 

1.28 (0.81 – 2.03) 
0.28  

(n=2,027) 
0.66 (0.51 – 0.85) 

0.001 

Adjusted on age + depressive status  
(n=1,319) 

1.17 (0.73 – 1.88) 
0.52  

(n=2,087) 
0.63 (0.50 – 0.80) 

0.0001 

HR: Hazard Ratio ; IC: Confidence Interval 
*  Adjusted for BMI, stroke, antihypertensive, antidiabetic and lipid-lowering drugs intake 
† Adjusted for age, education level, BMI, stroke, antihypertensive, antidiabetic and lipid-lowering drugs intake and 
depressive status 
Algorithm 1: Algorithm depending on education: without diploma: MMSE <24 and 4IADL≥2; with diploma: 



 

MMSE <26 and 4IADL≥2 
Algorithm 2: MMSE<23 and 4IADL≥2 
Algorithm 3: MMSE<25 and 4IADL≥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  Non-respondent over risk=1.25  Non-respondent over risk=1.5  Non-respondent over risk=2.0 

  HR (95% CI) p value  HR (95% CI) p value  HR (95% CI) p value  HR (95% CI) p value 

Algorithmic diagnosis  (n=2,004)  (n=2,648)  (n=2,648)  (n=2,648) 

2000’s vs 1990’s             

Adjusted on age  0.62 (0.48 – 0.80) 0.0002  0.70 (0.56 – 0.87) 0.001  0.73 (0.59 – 0.92) 0.006  0.83 (0.67 – 1.03) 0.09 

Adjusted on age + education  0.70 (0.54 – 0.89) 0.004  0.78 (0.63 – 0.98) 0.03  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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4.1.4. Supplementary results 

Beside the incidence trend analysis, prevalence estimates at baseline for the two populations 

and both diagnosis were performed. Prevalence rates of the 3C population were standardized 

according to age and sex distribution of the PAQUID population. Prevalence rates are shown 

in table 9. 

 

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

 Total  
N=3573 

Men 
N=1378 

Women 
N=2195 

Clinical diagnosis    

1990’s  2.1 (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) 2.5 (1.4 – 3.5) 2.0 (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. These results are 

in line with the clinical diagnosis in 3C made earlier than in the PAQUID study. We can also 

remark that prevalence was really different according to gender in the 1990’s population, 

whereas it became more similar in the 2000’s population. The diagnostic drift seemed more 

important in women than in men. 

In addition to this incidence study, I 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 2008. (Pérès K, Brayne C, Matharan F, 

Grasset L, Helmer C, Letenneur L, et al. Trends in the prevalence of dementia in French 

farmers from two epidemiological cohorts. J Am Geriatr Soc. 2017;65(2):415-20). Prevalence 

was also defined according to the two diagnostic procedures: the clinical and the algorithmic 

ones. The prevalence of clinical dementia has increased from 5.7% to 11.3% between the 
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1988 and the 2008 populations. However, the prevalence using algorithmically-defined 

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 cognitively and 

functionally impaired states. Older farmers are different from the general population in many 

ways, such as occupational exposures, lifestyle, educational level, and access to care, but 

nevertheless provide insight into change over time.    

 

4.1.5. Discussion 

This work brings further 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 explain the decrease observed in women.  

The decrease evidenced may be explained by a global improvement of health status between 

generations. However, a selection bias in the 3C-Bordeaux population cannot be totally 

excluded, even if sensitivity analyses reported consistency of results. The issue of 

participation 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 Indianapolis-Ibadan Dementia Project for example (146, 147, 156). As developed in 

introduction, a low response rate can lead to a selection of the population toward the inclusion 

of healthier participants than the global population. With lower participation rate in the later 

populations, the selection could lead to over estimation of the reduction evidenced. Even if in 

our study and in others (146), authors tried to take into account this by sensitivity analyses, 

such analyses could not replace similar response rates. 

Even if most of the studies support the declining trend of dementia incidence, gender results 

are more mixed. In our study, the decrease in incidence is driven by a decreased incidence in 

women. Similar results were shown in the Framingham Heart Study with significant decline 

in women between all the period, and a non-significant decline in men between 2004-2008 

and 1977-1983 only. In the Rotterdam study, the non-significant decline was similar between 

men and women. However, in the CFAS study, the decline in incidence was significant for 

men only. In the article, it is shown that men had higher incidence rates than women in CFAS 

I and that this difference was less strong in CFAS II. Unlike CFAS, women had higher 

incidence rates than men in PAQUID and 3C studies, even if the difference was smaller in the 
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3C study. In the prevalence studies, the Zaragoza study also showed a decreased prevalence in 

men only.  

In the literature, three additional studies investigated the effect of several risk factors on the 

decrease of incidence. First, analyses from the FHS were adjusted for educational level, 

midlife blood pressure, BMI and diabetes, stroke history, cardiovascular disease and atrial 

fibrillation. These factors only slightly explained the decrease of incidence by less than 10% 

each. They have also found that the decrease was observed among individuals with at least a 

high school diploma only. Then in the HRS study, prevalence analyses were adjusted on 

education, cardiovascular risks of stroke, diabetes, hypertension, and heart disease, and BMI. 

In line with other results, these factors partially explained the decrease in prevalence; 

however, the decrease was still significant. In the Rotterdam study, intracranial volume, total 

brain volume, and volume of white matter lesions were compared and showed an increased 

total brain volume and less cerebral small vessel disease (nonsignificant in men). This is in 

line with an increase of cerebral reserve and an improvement of cerebrovascular health. 

Population Attributable Risk (PAR) were also calculated in another paper for the two cohorts 

and showed a reduced PAR by smoking and cholesterol level, a stable PAR by education and 

cardiovascular disease and an increased PAR by diabetes and hypertension (138).  

The decreasing trends in dementia incidence and prevalence are promising and highlight the 

potential for prevention of modifiable risk factors. However, the increasing trends of diabetes 

and obesity could reverse this trend in the future. It is therefore critical to 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 favour of a decrease of dementia incidence and prevalence, it 

is therefore important to seek for a better understanding of this evolution. Due to its 

definition, dementia is closely related to and directly affects cognitive and functional 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 onset (221). It is thus of interest to investigate 

evolution of cognition and function between generations. Cohort effect could be seen in term 

of level or trajectory over time.  

When referring to cognition, reserve is an important concept. As defined in introduction, the 

concept of reserve refers to the ability of a physiologic system to maintain function despite 

damage from injury or disease. In the context of dementia, reserve refers to the ability to 

maintain cognitive function despite the accumulation of the various pathologies that 

contribute to cognitive impairment. We can distinguish the neural reserve and the cognitive 

reserve. Neural reserve is more quantitative, like for example, more neurons or bigger brain 

volumes. The brain can tolerate more pathology before it reaches a critical threshold for 

clinical symptoms to appear (222). In cognitive reserve, the brain actively attempts to cope 

with brain damage by using pre-existing cognitive processing approaches or by enlisting 

compensatory approaches (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 with better cognitive reserve maintain better cognitive 

performances through lesion processes, and cope better with these lesions up to a certain level 

of pathology. For vascular risk factors, the hypothesis relies on a better health of the brain. 

Decrease in vascular 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 abilities in level and 

decline of two generations 10 years apart, 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 between two 

generations of the PAQUID study only. This limits the participation rates difference between 

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 available for 

comparison. One difficulty when studying cognitive tests evolution over time is first-passing 

effect. This effect conducts to an increase of the performance at the second assessment. The 

issue with our population was that this learning effect was present only in the first generation. 

To avoid biased comparison, we have chosen to investigate scores evolution from the three-

year follow-up for the first generation up to the 15-year follow-up and from the 13-year 

follow-up to the 25-year follow-up for the second generation.   

Four cognitive domains were assessed: 1) global cognitive functioning with the MMSE; 2) 

semantic verbal fluency with the Isaacs Set Test (IST); 3) visual working memory with the 

BVRT; and 4) processing speed with the DSST. For function, we decided to investigate the 

evolution on the four IADL highly related to cognition, with a 15-point scale summing the 

score at each of the 4 activities. Linear mixed models were used to look at the evolution of 

cognitive and functional scores over time. Scores have been transformed to be normalised 

using splines transformations.  

 

4.2.3. Article 
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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, trends, cohort studies  
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1. Introduction 

Because of important health and economic consequences of population aging [1], up-to-date 

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 of a representative sample of 3,777 participants in the 

departments of Gironde and Dordogne (Southwest France), randomly chosen from the 

electoral rolls in 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 study. 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. Among the 5,554 persons selected, 3,777 (68 percent) agreed to 

participate in the study. Full details of the study have been given elsewhere [13]. A 

standardized questionnaire assessing socio-demographic, medical, cognitive, and functional 

data was administered at home by trained neuropsychologists during face-to-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 
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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 to as “baseline” for G1 and G2. For each 

generation, participants with a prevalent dementia at “baseline” 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 one.  

 

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, as well as a visual 

inspection of the medical prescriptions and the participant’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 0 to 30, assessing global cognitive functioning; 2) the 15-second version 

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

Retention Test (BVRT) [17], from 0 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 2003-04 for the G1 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 at “baseline”, and on intake of the three 

specific drug categories (anti-hypertensive, anti-diabetic and lipid-lowering treatments) using 

Chi-square and Student t tests. 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 transformations to normalize the different scores [20]. 

Each score was transformed and analyzed in separated one-step models assuming a linear 

mean trajectory with time and including individual correlated random effects on intercept and 

slope. Time was the number of years of follow-up (time since “baseline”). 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 included an interaction 

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

difference in the “baseline” 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 drugs) (Model 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 (table 1). G2 was slightly younger, 

had a higher educational level and took more antihypertensive and lipid-lowering drugs than 

G1. “Baseline” 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 

“baseline” 4IADL significantly lower (better function). The 12-year mortality was also lower 

in G2 (66.9% vs 80.6%) (Cf. figure1).  

 

3.2 Cognitive and functional evolution between generations 

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 
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multivariate Wald test), indicating that scores declined over time. However, this decline 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 associated with “baseline” 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=0.0001): G2 had higher scores than G1 at “baseline”. 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-up. This increase in disability tended to be slower for G2 than for G1, 

although non-significantly (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 hypothesis, anti-hypertensive, 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 probably intervenes early in life span. Indeed, educational level was 

highly associated with the mean score at baseline, but was not associated with the decline 

over time (data not shown). It is 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 found in previous 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. showed a smaller 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 depends on education, 

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 

a similar cognitive decline rate, may reach the clinical threshold later than the more recent 

generations and experience a delayed occurrence 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, 
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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 [25]. These 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 activities with 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]. The 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 time, as the 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 determinants. On the contrary, cognition may be 

more related to 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 
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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 score is not sensitive enough to changes. Finally, for 

slope estimation, differential attrition between the two populations could have led to 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 first visit in the 

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 needs to be investigated. 
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Research in context 

Systematic review: We searched Pubmed for articles on secular trends of cognitive and 
functional abilities published in any language up to 31st Dec 2016 using the search terms: 
“cognition” 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. 

 

*Research in Context



Table 1: “Baseline”* characteristics for the two generations 

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

 First generation 
(G1) 

N=612 

Second generation 
(G2) 

N=628 

P value 
Chi² for % 

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 level 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”* 4IADL 5.2 (1.9) 4.9 (1.6) 0.006 
    
*Baseline time corresponds to the three-year follow-up for the first generation and the 13-year follow-up 
for the second one. For DSST, as it was not available at the three-year follow-up, we compare here DSST 
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 
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Table 2: Parameter estimates of score changes in their normalized scales and generation effect from the linear mixed models 
 MMSE IST 15 BVRT DSST 4 IADL 
 β P value β P value β P value β P value β P value 

 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 0.005 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 0.005 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 0.005 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, antidiabetic and lipid-lowering drugs intake 
Due to score transformation, parameters cannot be interpreted according to scores’ natural scale. 
MMSE and IADL: each model adjusted for interaction between time and age and time and sex 
IST15, BVRT: each model adjusted for interaction between time and age 
Time variable: values are for age and sex variable in 0 (men of 75 y.o.) in the interactions with time. 
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Figure 1: Repartition of subjects in the two generations with percentage of subjects seen (FU) and death (cumulated) at each follow-up time. 

 

78 – 88 y (Born between 1903 and 1912) 

T15 T0 T3 T5 T10 T17 T25 T13 T8 T20 T22 

78 – 88 y (Born between 1913 and 1922) 

73.7% FU 
13.0% death 

50.0% FU 
32.1% death 

14.6% FU 
80.6% death 

43.4% FU 
44.6% death 

24.8% FU 
65.6% death 

38.6% FU 
54.0% death 

50.8% FU 
42.1% death 

66.7% FU 
24.5% death 

78.2% FU 
13.3% death 

24.4% FU 
66.9% death 

Figure 1



 

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

 

Figure 2
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4.2.4. Complementary results 

As part of the revision process for this article, the problem of differential attrition between the 

two generations needed further investigation. Indeed, the second generation had lower 

mortality rate and lower drop-out. The lower attrition in the second generation could have led 

to a lower number of missing values for this generation. Thus, the second generations could 

have a more important decline than the observed decline, as attrition is often not at random 

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

jointly model the trajectory of the longitudinal markers with the attrition risk. The R package 

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

With this package, two sub-models (a longitudinal mixed model and a survival model) are 

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

sex, age at baseline and educational level. The three models presented in table 10 had the 

same adjustment as 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 IADL 

 β P value β P value β P value β P value β P value 

 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 0.04 0.001 0.95 -0.04 0.02 

           

Model 2           

Generation (G2 vs. 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 0.04 0.02 0.04 0.003 0.90 -0.04 0.02 

           

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 0.04 0.003 0.90 -0.04 0.01 

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, antidiabetic and lipid-lowering drugs intake 
Due to score transformation, parameters cannot be interpreted according to scores’ natural scale. 
MMSE and IADL: each model adjusted for interaction between time and age and time and sex 
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.o.) in the interactions with time. 
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For the MMSE and the DSST, taking attrition into account did not significantly change the 

results: the score at baseline has improved between the generation and the rate of cognitive 

decline remained similar with time. However, changes in significance appeared for the Isaacs 

Set Test, the BVRT and the 4 IADL score. For IST and BVRT, the performance at baseline 

remained significantly better for the second generation than for the first one, but the decline 

with time became significantly slower for the second generation than for the first one (IST: 

β=0.03, p=0.04 ; BVRT: β=0.02, p=0.04), whereas it was non-significant with the simple 

linear mixed model. However, beta estimates are similar. For the 4 IADL score, the disability 

level at baseline remained similar between the two generations, but the trend toward a less 

important disability rates for the second generation became significant (β=-0.04; p=0.02).  

 

4.2.5. Discussion 

This work evidences an improvement of the overall cognitive performances between the two 

generations. For some cognitive domains, this improvement can be explained by the 

improvement of educational level between generations, but not for all of them. With attrition 

accounted for, cognitive decline improved between generation for the IST 15 and the BVRT. 

For functional abilities, an improvement of functional decline over the follow-up has been 

shown between generations when taking attrition into account; however, the improvement for 

functional performances at a time was non-significant.  

The improvement of cognitive performances has been quite documented. It is coherent with 

the Flynn effect, which refers to the observed rise over time in standardized intelligence test 

scores, documented in a study on intelligence quotient (IQ) score gains (226). However, 

previous results on cognitive decline are more conflicted. Some studies found an 

improvement in cognitive decline between generations (179-181), whereas others showed that 

later-born generation had more important decline (184, 185). Finally, others have shown 

similar decline rates between generations (182, 183). Different reasons can be proposed to 

explain these different results: 1) no difference in decline may be that the cohort differences in 

levels of cognitive performances last similarly across the life span, resulting in parallel rates 

of cognitive decline between cohorts; 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 aging-related 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 longer able at 

some point to cope with brain damage. Regarding our findings, our results are in line with a 

similar evolution of cognition with age and even a slower decline when taking attrition into 

account, with more recent generations performing at a higher level than older generations. 

These results suggest that individuals from younger generations would achieve the clinical 

threshold of dementia later than the older generations. When looking at the age at dementia 

diagnosis, the second generation is diagnosed 1.62 year later than the first generation 

(p<.0001). 

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 disability has 

been used in the published literature. Moreover, these tasks could have become more complex 

with availability of internet, smartphone, or public transportation. Even with cognitive 

improvement between generations, these activities could now require more cognitive abilities.  

These results are in favour of better cognitive health for younger generations lasting through 

aging. However, due to mixed results from the literature, further investigation of secular 

trends of cognitive trajectories as well as disability trajectories should be realised. 
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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 better understanding of risk 

factors impact and life course risk. These analyses request population-based studies with 

different time period. However, studying changes in dementia incidence and prevalence over 

time is challenging, mainly because varying methodological approaches can bias prevalence 

and incidence estimates. Evolution of dementia diagnosis is thus a critical topic to deal with. 

Indeed, differences in diagnostic approaches between time and geographical location can 

affect prevalence or incidence estimates and lead to misestimated trends. First, diagnostic 

criteria have changed across the last decades with several revision of the consensus criteria 

from the DSM. Then, dementia diagnosis is mostly influenced by clinical judgement, even 

with the support of cognitive and functional information. Finally, increasing awareness of 

dementia from the public but also from professionals has been associated with changes in 

diagnostic boundaries. However, recent failures of therapeutic trials to find efficient 

treatments could have also led to questioning early diagnosis usefulness for patient. All these 

factors could have influenced diagnosis timing (227). Thus, we need to keep in mind that a 

stable diagnosis is critical to assess time trends in the incidence or prevalence of dementia.  

Trying to solve the issue of diagnostic drift, we have thus decided to use an algorithmic 

approach. Cohort studies in the UK are also using an algorithmic diagnosis, the AGECAT 

algorithm, to diagnose dementia cases. This algorithm has been validated against DSM III 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 diagnosis of dementia in 

the French cohorts and to compare cases diagnosed by the clinical diagnosis and the 

algorithmic one on several characteristics. The second part of this work aimed at applying our 

MMSE-IADL  (Comparative Dementia Algorithm CDA) algorithm on the CFAS studies, to 

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

For the first objective, clinical diagnosis over the 27 years of follow-up from PAQUID and 

the 14 years of follow-up from 3C-Bordeaux was compared based on the MMSE. For every 

incident case of dementia diagnosed in the two cohorts, we compared the MMSE score at 

time of diagnosis. Linear splines regression model was used for this purpose. With this model, 

we could identify changes in the pattern of cognitive performance at diagnosis over time and 

studies, adjusting for essential factors. 

For the second objective, we applied the MMSE-IADL  algorithm to the CFAS I and II 

participants and established prevalence and incidence estimates of dementia for both studies. 

Incidence analyses were performed using Poisson regression models and every analysis was 

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 approaches over 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 Three-City-Bordeaux study (n=2104, since 1999), 
and CFAS I (n=7635, since 1990) and II (n=7762, since 2008). To examine possible  change 
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 I and II 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 evidenced before 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 I 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=28.0 – 34.8) for CFAS I (AGECAT 
algorithm: 20.0; 95% CI 16.9 – 23.8) and 15.0/1000 (95%CI=13.5 – 16.7) for CFAS II 
(AGECAT algorithm: 17.7; 95%CI 15.2 – 20.9). 

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 provide a robust 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 (1, 2). 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 and time is required. 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 Disorders (DSM) (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 have resulted in inter- 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 (16-18). 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 I and 

CFAS II (20, 21); and a “Comparative Dementia Algorithm (CDA)” developed from French 

cohorts (17). Clinical diagnoses in French cohorts showed no change in dementia incidence 

over two decades whereas the algorithmic diagnosis 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 diagnosis of incident 

dementia. A comparison of these with the cases diagnosed by a CDA method on French data 

was also conducted to establish the nature of change, if any; 2) as a 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) and UK (CFAS I and II) have been used in this study (Cf 

Supplementary Figure).  

The Personnes Agées Quid (PAQUID) cohort was formed in 1988–1989 with a representative 

sample of 3,777 participants living at home in the departments of Gironde and Dordogne. The 

selection was stratified by sex, age and size of urban unit. Respondents 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 face-to-face 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 I 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 CFAS—Cambridgeshire, Newcastle, and Nottingham (22), where 

interviews were carried out between Dec, 1990, and July, 1993— were 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 II estimates on 7762 subjects, which could be directly 

compared with CFAS I. CFAS I and CFAS II 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 studies, a Comparative Dementia 

Algorithm (CDA) was applied. 

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 through a 



 

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-III -

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, geriatrician and 

directed by JFD to provide a final diagnosis. 

In CFAS I and II, the AGECAT algorithm used was based on the Geriatric Mental State 

examination (GMS) that provides relevant information to determine dementia syndrome in 

older population (20, 25). Missing data within an interview could prevent the algorithmic 

diagnosis and for individuals with missing data, the same approach was taken for CFAS II 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 (4IADL) 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 reason” such as major aphasia, mutism, comprehension problem) AND a 4 IADL 

score >1 (disability, even mild, for more than one activity out of the 4). For the English data, 

information on disability was not recorded in the same way as in France, so the algorithm has 

been adapted for comparative purposes. It was 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 cases was analysed 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 I and II 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 II, 

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 I and CFAS II are provided. 

 
Results 

1) Population characteristics  

Global characteristics of the four cohort populations are presented in Table 1 (including the 

CFAS I sub-population). The mean age at inclusion was around 75 years old with more 

women than men. PAQUID and CFAS I participants reported less years of education and had 

a lower MMSE at baseline than 3C and CFAS II. 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 (β=0.30/y, p<.0001) and then a significant decrease of the MMSE score 

after 2001 (β=-0.34/ y, p<.0001), adjusted on age at diagnosis, sex, study and educational 

level. Subjects from 3C had significantly higher levels of MMSE score at diagnosis (β=1.16, 

p=0.006), as well as subjects with higher educational level compared to those without 

diploma (β=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, 4,801 (81.6%) 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 estimates: the cognition-disability algorithm 
approach. Comparison with AGECAT estimations. 
 

 Prevalence 

In CFAS I 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 percentage= 8.8%). Previously published results 

on CFAS based on the AGECAT algorithm revealed a prevalence of 8.3%. Of the CFAS II 

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 II based on the AGECAT algorithm 

reported a prevalence of 6.5%.  

Based on the CDA, dementia prevalence has declined by 35% between 1990-93 and 2008-11.  

 



 

 Incidence 

For CFAS I, 4,648 out of the 6,135 respondents without prevalent dementia (CDA defined) 

were seen at the two-year follow-up. Of these, 247 (5.3%) individuals had developed 

dementia (based on the CDA definition) during the two years. For CFAS II, 4964 out of 6574 

without prevalent dementia defined by CDA were re-interviewed 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=28.0 – 34.8) for CFAS I and 15.0/1000 (95%CI=13.5 – 16.7) 

for CFAS II. Previously published results on CFAS based on the AGECAT algorithm have 

found an incidence of 20.0/1000 (95%CI=16.9 – 23.8) for CFAS I and 17.7/1000 (95% 

CI=15.2 – 20.9) for CFAS II. Incidence rates and confidence intervals per age and sex based 

on the CDA definition have been provided for both CFAS I and II in Table 3. CFAS II 

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 II 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 were a little higher using the CDA approach compared with the AGECAT 

algorithm on CFAS I 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 in a large number 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 attributable to co-morbidities unrelated to dementia. For 

example, disabilities due to comorbidities such as blindness, Parkinson’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 at 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 more severely cognitively 

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 explained 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 known – it may be that over-diagnosis is occurring.   

The instability of the clinical diagnosis led to the emergence of the algorithmic approach to 

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 have 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); however, the 

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 DSM-V, 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 III-R criteria and prevalence 

and incidence estimates and time trends have already been published for CFAS I and II (16, 

18). One difficulty in CFAS I 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 prevalence is slightly higher 

for CFAS I, and for CFAS II 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 I, 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 I and II 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 is 

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 I 3C CFAS II 

Inclusion date 1988-1989 1990-1993 1999-2000 2008-2011 

Number of participants 
 -total population 
 -subpopulation1 

 
3777 

- 

 
7635 
1459 

 
2104 

- 

 
7762 

- 
Age at baseline: mean (SD) 
 -total population 
 -subpopulation1 

 
75.5 (6.9) 

- 

 
75.8 (7.1) 
77.4 (7.9) 

 
74.6 (5.1) 

- 

 
75.7 (7.3) 

- 
Gender (Women): n (%) 
 -total population 
 -subpopulation1 

 
2200 (58.3) 

- 

 
4594 (60.1) 
(921 (63.6) 

 
1288 (61.2) 

- 

 
4228 (54.5) 

- 
Low educational level: n (%) 
 -total population 
 -subpopulation1 

 
2980 (78.9) 

- 

 
5532 (74.1) 
1065 (79.3) 

 
872 (41.5) 

- 

 
2045 (26.8) 

- 
MMSE score at baseline: 
mean (SD) 
 -total population 
 -subpopulation1 

 
 

25.6 (3.7) 
- 

 
 

24.8 (6.1) 
20.9 (7.4) 

 
 

27.2 (2.4) 
- 

 
 

26.8 (3.5) 
- 

1: subjects with assessment by AGECAT algorithm diagnosis 
Low educational level: less than 10 years of study 

 

 

 

  



 

 

 

 

Figure 1: MMSE (mean) at time of study clinical diagnosis (incident) across time in 3C-
Bordeaux and PAQUID. 
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Table 2: Characteristics of participants according to clinical or algorithmic diagnostic method 
in the first 10 years of follow-up in PAQUID and 3C-Bordeaux, n=545. 

Diagnostic type 
Clinical = 1 

Algorithm = 0 
N=156 

Clinical = 0 
Algorithm = 1 

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 % (n) 90.2 (138) 98.2 (376) 

Diagnosis Katz disability % (n) 13.1 (20) 29.7 (114) 

Diagnosis age mean (s.d.) 83.4 (5.5) 83.5 (6.2) 

Diagnosis MMSE mean (s.d.) 23.5 (3.0) 19.9 (4.0) 

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

 
 
 

 
Table 3: Incidence rates in CFAS I and CFAS II by age and gender, defined using 
CDA and weighted for non-response and population selection. 
/1000 PY CFAS I CFAS II 
 Rate 95% CI Rate 95% CI 
Men     
65-69 8.5 6.6 – 11.0 4.1 3.2 – 5.3 
70-74 11.4 9.0 – 14.4 5.5 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 4.8 – 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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4.3.4. Discussion 

This work provides another evidence of the evolution of clinical dementia diagnosis over time 

and studies. Indeed, incident cases from the 3C-Bordeaux study were diagnosed at higher 

level of MMSE than the incidence cases from the PAQUID study. It seems that diagnosis can 

be impacted by some subjects’ characteristics and by information available to make a 

decision. For instance, participants having a high educational level are being diagnosed at 

higher MMSE score than participants without diploma. Educational level was higher in 3C 

than in PAQUID, because of the improvement of education that has occurred over the last 

century. Furthermore, some cognitive tests such as the Free and Cued Selective Reminding 

Test (FCSRT) evidenced 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 studies with less 

cognitive test available. Thus, this, combined to the higher education level, could explain the 

difference between PAQUID and 3C in this work. This diagnosis instability needs to be 

accounted for when studying secular trends, which often requires comparison of different 

studies at different times.  

When applying the CDA algorithm to the CFAS I and II data, we were also able to evidence a 

decrease in prevalence and incidence of dementia. This decrease was even larger with the 

CDA than with the AGECAT, corroborating the decrease. However, estimates were not the 

same than the ones published based on the AGECAT algorithm. Prevalence estimates were 

higher with the CDA algorithm in CFAS I and lower in CFAS II. Incidence rates were much 

higher with the CDA approach for CFAS I and a bit lower with the CDA for CFAS II. 

Women and individuals of older ages from CFAS I had higher incidence rates with the CDA 

approach than with the AGECAT algorithm. The AGECAT algorithm does not take disability 

into account unlike the CDA, and contains items about clinical opinion from the interviewers. 

Exempt of clinical 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 elderly. It is also of 

interest to investigate the evolution of mortality and whether it differs between individuals 

with and without dementia. Another relevant indicator for public health is the life expectancy 

without dementia, combining directly mortality and health data. Indeed, dementia is a costly 

disease, and life expectancy free of dementia or with dementia could help estimate dementia 

management needs and costs. From a more individual perspective, duration of life with 

dementia is also interesting. It is therefore important to look at the evolution of these 

indicators over time and whether different trajectories are observed through different 

populations (gender, educational level …). Increasing life expectancy does not in itself mean 

a healthier population. An increase in total life expectancy may be accompanied by increase 

in life expectancy without dementia but also with dementia. The most optimistic scenario is a 

compression of morbidity where the increase in life expectancy is only composed of extra 

years free of dementia. This means that we would live longer, but longer in a healthy state and 

shorter in a diseased state. However, the increase in life expectancy can also be associated 

with extra years with dementia, named the expansion of morbidity, where we would live 

longer but also longer in a diseased state. To nuance these scenarios, a dynamic equilibrium 

theory has been build where 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, an alternative scenario 

has emerged: unhealthy years may increase but the proportion of life spent healthily is 

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

Health expectancies were developed to bring a quality-of-life dimension to life expectancy. In 

the literature, a high number of studies are focused on disability-free life expectancy. 

However, only few studies have investigated secular trends of dementia-free life expectancy. 

This work thus aimed at evaluating the evolution of mortality, life expectancy and duration 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 paper investigating 

trends in dementia incidence. We thus analysed data from participants 10 years apart from the 

same areas of the PAQUID (the 1990’s population, n=1,342) and the 3C studies (the 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 "cognitive reason") AND a 

4 IADL score ≥2.  

The same illness-death model was applied to provide mortality, life expectancies and duration 

of life with dementia estimates. Results were thus presented globally and by gender and 

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

 

4.4.3. Article 



 

Secular trends of mortality and Dementia-Free Life Expectancy over a 10-year 
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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 status in two 
French populations ten years apart. 

Methods: Two different populations of subjects aged 65 years or older included in 1988–1989 
(n=1342) and 1999–2000 (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 duration of life 
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 has increased 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 dementia (+ 0.6 years 
at age 75). The proportion of life spent healthy has slightly increased; yet, not for all ages, 
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 18.5 for men in 2012, 

whereas it was 19.7 and 16.6 years for women and men respectively in 1990 (2). Life 

expectancy is expected to keep increasing in several countries up to 2030 (3). The major 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 

estimated at 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 expectancy is known, 

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 severity, which 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 (10, 16, 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 was formed in 1988–1989 with a representative 

sample of 3,777 participants living at home in the departments of Gironde and Dordogne. The 

selection was stratified by sex, age and size of urban unit. For this paper, only 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 face-to-face 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 elsewhere (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 comprised 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 reason") AND a 4 IADL score ≥2.  

3) Baseline Characteristics 

Several risk factors were used for adjustment in statistical 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 Illness-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 (DemFLE) 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 populations (1342 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; however, the 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 (totalLE), the Dementia Free LE (DemFLE) and the 

percentage of life spent dementia free (%DemFLE) 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 the 1990’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 ages. 

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 (except at age 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: 0.8 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 have increased 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 generations. It has 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 our 1990’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 study based on the 

CFAS I and II 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). However, if trends in life expectancy with and without disability have been well 

documented (25-28), only few studies have investigated changes in life expectancy according 

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 higher life 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) 

 1990’s population 
N=1342 

2000’s population 
N=1996 

P value 

Gender (Women) 815 (60.7) 1211 (60.7) 0.97 

Mean age at baseline 74.3 (6.5) 74.4 (5.0) 0.69 

Age at baseline   <.0001 

65 – 69 y.o. 449 (33.5) 461 (23.1)  

70 – 74 y.o. 314 (23.4) 672 (33.7)  

75 – 79  y.o. 324 (24.1) 580 (29.1)  

80 – 84 y.o.  158 (11.8) 234 (11.7)  

85 – + y.o.  97 (7.2) 49 (2.4)  

Educational level    <.0001 

No diploma 312 (23.2) 230 (11.5)  

Intermediate school level 825 (61.5) 1091 (54.7)  

High school level 205 (15.3) 675 (33.8)  

Stroke history  67 (5.0) 65 (3.3) 0.012 

Anti-hypertensive ttt 701 (52.2) 1137 (57.0) 0.007 

Anti-diabetic ttt 97 (7.2) 147 (7.4) 0.88 

Lipid lowering ttt 161 (12.0) 636 (31.9) <.0001 

Mean MMSE score at 
baseline* (59 manquants) 

26.61 (2.7) 27.39 (2.03) <.0001 

4 IADL at baseline* (6 
manquants) 

  <.0001 

0 1059 (79.0) 1724 (86.6)  

1 209 (15.6) 214 (10.7)  

2 47 (3.5) 33 (1.7)  

3 15 (1.1) 13 (0.6)  

4 11 (0.8) 7 (0.4)  

Abbreviations: MMSE, Mini Mental State Examination; 4 IADL, Instrumental Activities of Daily 
Living  
* Missing data: MMSE (n=59); 4 IADL (n=6)  



 

Table 2: Mortality evolution between the 1990s and the 2000s population, by sex  

  Men 
N=1312 

Women 
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 + education  0.72 (0.56-0.92) 0.01 0.67 (0.48-0.92) 0.01 

Adjusted on age + vascular factors*  0.57 (0.43-0.74) <.0001 0.61 (0.45-0.81) 0.0009 

Fully adjusted†  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 + education  0.83 (0.49-1.42) 0.51 0.53 (0.35-0.78) 0.002 

Adjusted on age + vascular factors*  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. 
† 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 of life spent without dementia (%DemFLE) for selected 
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 generation, 
sex and education.  
 Duration of life with dementia 

 1990’s population 2000’s population 

Overall   

70  8.2 (5.1-10.7) 7.5 (4.8-10.6) 

75 6.2 (4.6-7.9) 6.8 (5.2-8.6) 

80 4.9 (4.0-6.0) 6.2 (5.1-7.6) 

85 4.0 (3.3-4.9) 5.7 (4.7-7.0) 

90 3.3 (2.6-4.3) 4.9 (3.9-5.9) 

Men without diploma   

70  7.5 (4.5-11.3) 7.9 (4.8-12.5) 

75 5.8 (3.7-9.2) 6.4 (4.3-10.1) 

80 4.5 (3.0-8.0) 5.3 (3.6-8.7) 

85 3.6 (2.4-6.8) 4.6 (3.1-7.4) 

90 3.0 (1.9-5.6) 3.8 (2.6-6.0) 

Men with diploma   

70  5.2 (2.5-8.6) 4.9 (2.8-8.1) 

75 3.9 (2.5-6.2) 3.8 (2.7-5.5) 

80 3.0 (2.2-4.8) 3.1 (2.4-4.5) 

85 2.4 (1.7-3.9) 2.7 (1.9-4.0) 

90 1.9 (1.4-3.3) 2.3 (1.5-3.6) 

Women without diploma   

70  10.6 (6.4-13.9) 15.2 (9.8-20.5) 

75 8.5 (6.1-11.4) 12.7 (8.9-17.4) 

80 6.9 (5.2-9.7) 10.6 (7.7-14.5) 

85 5.6 (4.3-8.2) 8.6 (6.6-11.3) 

90 4.6 (3.5-6.6) 6.4 (5.3-7.9) 

Women with diploma   

70  7.6 (3.3-11.5) 10.4 (6.6-14.2) 

75 5.9 (3.8-8.4) 8.6 (6.1-11.4) 

80 4.7 (3.3-6.3) 7.2 (5.6-9.4) 

85 3.7 (2.9-5.1) 6.1 (4.8-7.7) 

90 3.0 (2.3-4.2) 4.9 (3.8-6.0) 

  



 

 

 

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 spent without dementia 
(%DemFLE) for selected ages according to population and educational level, in men 
   

 1990’s population 2000’s population 

Men without diploma Total LE DemFLE % DemFLE Total LE DemFLE % DemFLE 

70  13.3 (11.4-14.4) 11.5 (9.1-12.7) 86.5 17.8 (16.0-19.5) 15.4 (13.7-17.0) 86.5 

75 10.4 (9.0-11.6) 8.5 (7.3-9.6) 81.7 13.8 (12.2-15.4) 11.5 (10.0-12.9) 83.3 

80 7.9 (6.8-9.1) 6.1 (5.2-7.0) 77.2 10.4 (9.1-11.9) 8.1 (7.0-9.2) 77.9 

85 5.7 (4.9-6.8) 4.2 (3.4-5.1) 73.7 7.9 (6.9-9.0) 5.8 (4.9-6.7) 73.4 

90 4.1 (3.4-5.0) 2.9 (2.3-3.6) 70.7 5.8 (5.1-6.5) 4.2 (3.5-4.8) 72.4 

Men with diploma       

70  14.0 (12.8-14.7) 13.3 (11.6-14.1) 95.0 16.3 (15.6-17.1) 15.5 (14.7-16.2) 95.1 

75 11.0 (10.1-11.8) 10.3 (9.3-11.1) 93.6 12.5 (11.8-13.2) 11.7 (10.9-12.4) 93.6 

80 8.4 (7.6-9.1) 7.6 (6.8-8.4) 90.5 9.3 (8.7-9.9) 8.5 (7.8-9.1) 91.4 

85 6.0 (5.3-6.8) 5.1 (4.7-6.1) 90.0 6.9 (6.3-7.6) 6.2 (5.5-6.8) 89.8 

90 4.2 (3.4-5.0) 3.7 (3.0-4.5) 88.1 5.1 (4.5-5.7) 4.5 (3.9-5.0) 88.2 

  

 

 

 



 

 

Supplementary table 2: Total life expectancy (LE), dementia-free life expectancy (DemFLE) and proportion of life spent without dementia 
(%DemFLE) for selected ages according to population and educational level, in women 
   

 1990’s population 2000’s population 

Women without diploma Total LE DemFLE % DemFLE Total LE DemFLE % DemFLE 

70  16.9 (14.5-18.1) 12.4 (8.8-13.1) 73.4 22.3 (20.6-23.7) 16.3 (14.9-17.4) 73.1 

75 13.3 (12.0-14.7) 8.8 (7.5-9.5) 66.2 18.0 (16.5-19.2) 12.2 (11.2-13.2) 67.8 

80 10.3 (9.2-11.8) 6.0 (5.2-6.7) 58.2 14.0 (12.7-15.1) 8.6 (7.7-9.5) 61.4 

85 7.9 (6.9-9.2) 4.2 (3.5-4.8) 53.2 10.6 (9.6-11.5) 6.1 (5.3-7.0) 57.5 

90 6.0 (5.1-7.0) 3.0 (2.3-3.6) 50.0 7.5 (6.9-7.9) 4.4 (3.7-5.0) 58.7 

Women with diploma       

70  17.6 (15.7-18.4) 15.5 (12.6-16.2) 88.1 20.8 (20.0-21.5) 17.9 (17.1-18.6) 86.1 

75 13.9 (12.9-14.7) 11.8 (10.6-12.5) 84.9 16.6 (15.8-17.2) 13.8 (13.1-14.5) 83.1 

80 10.7 (10.0-11.5) 8.7 (7.8-9.5) 81.3 12.8 (12.1-13.5) 10.2 (9.5-10.8) 79.7 

85 8.1 (7.3-8.8) 6.3 (5.5-6.9) 77.8 9.7 (3.1-10.3) 7.4 (6.7-8.0) 76.3 

90 6.0 (5.2-6.8) 4.6 (3.8-5.3) 76.7 6.9 (6.4-7.3) 5.3 (4.7-5.8) 76.8 
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4.4.4. Complementary results 

 

In addition to mortality and life expectancy, the SmoothHazard package provides different 

probabilities. In the following, we have investigated the probability of being alive without 

dementia, the probability of dying and the probability of being alive with dementia. Table 11 

shows the three different probabilities for the two populations according to age. Tables 12 and 

13 and figure 12 show these probabilities for both men and women respectively and according 

to educational level for both populations. Globally, for people healthy at age 66, the 

probabilities of being alive without dementia (p00) has increased and the probabilities to die 

(p02) have decreased between the 1990’s and the 2000’s population. Moreover, the 

probabilities of being alive with dementia (p01) for individuals without dementia at age 66 

have also increased. For the probability of being alive with dementia, it increases until 85 y.o. 

and then decreases for the 90’s population whereas it tends to decrease after 90 y.o. only for 

the 2000’s population (except for women without diploma). This probability tends to be lower 

or similar for the 2000’s generation compared to the 90’s one, except after 80 y.o. for men 

and 85 y.o. for women, where the 2000’s population has higher probability to remain alive 

without dementia than the 90’s population. The probability to remain alive with dementia is 

higher for individuals with low educational level. 

Overall, probabilities to be alive without dementia have increased and probabilities to die 

have decrease. For women without diploma mostly, the probability to be alive with dementia 

was higher in the second population after 85 y.o. This is due to a decrease in mortality more 

important than the decrease of dementia incidence, leading to individuals staying longer at 

risk of developing dementia before dying. It could also be due to a delayed onset of dementia 

at older ages. 
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Table 11: Probability (in %) to be in a given state (alive without dementia, alive with dementia and death) at different ages according to the 
population, for individuals healthy (without dementia) at 66 years old.   

 1990’s population 2000’s population 

Probabilities p00 p01 p02 p00 p01 p02 

70  89.9 (85.6-92.6) 2.2 (0.7-4.0) 7.9 (5.7-12.1) 95.6 (80.0-96.9) 2.4 (0.9-4.9) 2.0 (1.5-18.0) 

75 78.8 (73.9-82.0) 3.5 (1.9-5.2) 17.8 (15.0-22.5) 89.1 (73.7-90.7) 3.1 (1.8-5.4) 7.8 (6.6-23.3) 

80 61.9 (57.0-65.2) 7.1 (5.4-9.1) 31.0 (28.0-35.9) 77.7 (63.8-79.2) 4.9 (3.7-6.8) 17.4 (16.0-31.5) 

85 39.7 (35.3-42.7) 11.2 (9.1-13.4) 49.1 (46.0-53.6) 56.7 (46.3-58.3) 9.7 (7.7-11.3) 33.6 (31.9-45.3) 

90 18.8 (15.7-21.3) 10.0 (7.9-12.0) 71.2 (68.5-75.0) 32.5 (26.1-34.6) 13.1 (10.2-14.9) 54.4 (52.2-62.8) 

p00: Probability of being alive without dementia; p01: Probability of being 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 dementia and death) at different ages according to the 
population and educational level in men healthy (without dementia) at 66 years old.   

 1990’s population 2000’s population 

Men with low education p00 p01 p02 p00 p01 p02 

70  85.3 (77.7-90.5) 2.9 (1.2-7.4) 11.8 (7.4-18.1) 94.6 (88.2-96.9) 3.3 (1.0-6.2) 2.1 (1.3-7.8) 

75 69.6 (58.1-75.5) 4.3 (2.4-11.9) 26.0 (18.8-35.8) 86.7 (79.8-90.1) 4.7 (2.6-8.3) 8.6 (5.8-15.5) 

80 49.4 (37.6-56.5) 7.6 (4.2-13.6) 43.1 (35.5-54.1) 72.6 (63.3-77.9) 7.1 (4.5-10.6) 20.2 (15.5-29.0) 

85 26.4 (17.6-34.4) 9.9 (5.7-14.0) 63.7 (56.2-74.1) 48.3 (36.9-57.3) 12.0 (7.8-17.0) 39.7 (31.8-50.9) 

90 9.2 (4.7-14.7) 7.0 (3.5-12.3) 83.7 (77.1-90.0) 23.6 (14.9-31.9) 13.3 (8.0-20.2) 63.1 (53.2-73.2) 

Men with high education       

70  87.4 (82.7-91.2) 1.2 (0.5-3.2) 11.3 (7.6-16.1) 95.6 (87.3-97.1) 1.6 (0.5-3.3) 2.7 (1.8-10.6) 

75 73.6 (66.6-78.1) 1.6 (0.9-5.4) 24.7 (20.1-30.5) 84.4 (79.9-89.7) 1.9 (0.9-3.5) 10.7 (8.5-17.9) 

80 56.5 (48.8-61.3) 2.9 (1.8-5.4) 40.6 (35.0-48.2) 73.2 (66.4-76.0) 2.7 (1.8-3.9) 24.2 (21.3-31.2) 

85 36.2 (29.8-41.1) 3.8 (2.5-5.7) 59.9 (54.9-66.0) 50.0 (43.7-53.6) 4.3 (3.2-5.7) 45.6 (41.8-52.0) 

90 17.3 (13.1-21.8) 2.8 (1.7-4.6) 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 being alive with dementia; p02: Probability of dying 
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Table 13: Probability (in %) to be in a given state (alive without dementia, alive with dementia and death) at different ages according 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 p01 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 being alive with dementia; p02: Probability of dying 
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Figure 12: Probabilities of being in a given state (alive without dementia, dead, alive and demented) according 
to population and age, for both sex and with and without diploma. (Blue: 2000’s population; red: 1990’s 
population; continued line: alive and demented; dashed 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 future medical and care 

requirements. Indeed, improvement of population health means more than simply delaying 

death or increasing life expectancy. We have evidenced that increase of total life expectancy 

was associated with an increase of years free of dementia but also, in a smaller extent, with an 

increase of years with dementia in France. Thus, the proportion of life spent healthy without 

dementia has tended to improve, but not clearly and not for everyone. Indeed, mortality with 

dementia has decreased for women and their duration of life with dementia has increased. 

Health expectancies have been frequently investigated but the assessment of health has been 

wide and trends may be highly influenced by the level of severity considered. Results in 

regard with expansion, compression or equilibrium of different indicators are thus mixed 

(229-235). However, dementia as a health indicator has been rarely investigated for trends. 

The decrease in dementia mortality may be linked to global improvement and advances in 

medicine and public health, living standards, and educational attainment. It is in itself good 

news even if it leads to longer survival of demented people. The major issue with dementia is 

that it leads to important functional impairment. However, the entire time with dementia is not 

spent with heavy disability. The most concerning years are the one when basic activities are 

impaired and an external help is needed. Indeed, these years with disability are the one 

bringing the highest burden for families 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 would indeed 

conduct to a compression of life expectancy with high disability impairment but maybe also 

in self-perceived 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 and the rising 

number of people at risk of developing the disease, and on the other hand because of 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, as well as the evolution of its 

consequences and the determinants associated seems therefore critical.  

Dementia is a disease with high under-diagnosis, with only half of cases being properly 

diagnosed in primary care settings (14, 236). In patients with milder dementia, it is even less, 

with only a third of cases diagnosed (237, 238). Even with more advanced dementia, cases are 

still missed. Because of this under diagnosis in primary care settings, longitudinal cohort 

studies with active and systematic screening of dementia are critical to accurately established 

incidence or prevalence estimates. Some studies are still based on analysis of medical records 

or on healthcare administrative database. The advantage is the availability of the health 

outcome for everyone. They include larger populations but focus on short-term trends. The 

major limit is due to ascertainment bias, because of the inclusion of patients who approached 

medical services. Thus, differences in diagnostic practice between clinical settings cannot be 

fully addressed in these analyses, making interpretation of the findings challenging. 

Moreover, only diagnosed cases are identified and under-diagnosis could have evolved with 

time. Using administrative database could thus lead to wrong estimations of dementia trends. 

A better ascertainment and recoding of dementia in routine health records would be needed. 

Results based on these data are mixed with some studies reporting decreased or stable 

dementia prevalence or incidence (152, 153, 159, 160, 239) and others reporting increased in 

dementia incidence (161, 240). This emphasizes the fact that time trends should rely on 

population-based studies with careful assessment of dementia cases. 

Our work has contributed to the growing body of evidence toward a decline of dementia risk 

and an improvement of global cognitive capacity for younger generations. However, because 

of methodological difficulties, we need to be cautious when interpreting trends results. In our 

work, we applied new methodologies compared to other published papers in this field to take 

into account some of these methodological difficulties. However, the issue regarding the 
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representativeness of populations compared remains unresolved. Indeed, comparison across 

time and studies requires comparable and unbiased sample to be generalised to the general 

population. Unfortunately, participation rates of the studies compared to evidence the 

decrease in prevalence and incidence of dementia has often differed (201). Multiple factors 

can influence the decision to participate or not and the characteristics of the final sample can 

impact estimates. A major concern is related to the nonresponse bias when reasons for study 

participation are associated with the factor of interest. In population-based studies, 

nonresponders could be individuals with more risk factors, leading thus to overestimated 

dementia decline (202). Drop-out during follow-up is also problematic when seeking for 

unbiased samples (204). Representativeness is thus a key factor to provide accurate trends and 

should be kept in mind when designing population-based studies.  

Dementia is often associated to multiple co-morbidities due to older ages; these co-

morbidities may be risk factors for the dementia pathology and/or may intervene in its 

diagnosis. In this context, I have also contributed to the study of the frequency of these co-

morbidities associated to dementia from the 10-year follow-up of the 3C study (Tabue-Teguo 

M, Grasset L, Avila-Funes JA, Genuer R, Proust-Lima C, Peres K, et al. Prevalence and Co-

Occurrence of Geriatric Syndromes in People Aged 75 Years and Older in France: Results 

From the Bordeaux Three-city Study. J Gerontol A Biol Sci Med Sci. 2017 (Epub Ehead of 

Print). Establishing a diagnosis is thus complex and more prone to clinical subjectivity than 

other diseases. It is sometimes difficult for general practitioners to distinguish a real 

degenerative pathology from the cognitive impact of sensory deficits or general illness. One 

of the challenges with dementia diagnosis is the lack of operational criteria to establish the 

diagnosis. Even if it relies on efficient test battery in more recent epidemiological studies, the 

degree of cognitive impairment, decline and their repercussion on the ability to perform 

complex tasks is left to the clinician appreciation. Ideally, additional works should be done to 

provide thresholds for psychometric tests above which dementia should be detected. When 

evaluating abilities to perform everyday life activities, the different scales available rely on 

patient or caregiver’ statement. This subjectivity and the potential deny of symptoms by the 

patient and/or his caregiver can lead to an over-estimation of the patient's performances. A 

way to overcome this could be to use ecological activities of daily living evaluation, 

observing patients doing a given activity (241, 242). Such evaluations are used in some 

research studies or memory centres. Its implementation in primary setting is however 

probably more complex. Beyond clinical evaluation, the availability of biomarkers of the 
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pathology may modify the diagnosis. However, even if morphological imaging is 

recommended for the diagnosis of dementia in clinical practice, such examination is not 

available in every population-based cohort. Moreover, other examinations, such as 

cerebrospinal fluid biomarkers or imaging biomarkers are done only in specialised memory 

consults or in the research context. An important research focus has been made lately on early 

stage of dementia with better characterization of the prodromal phase. Performance to the 

neuropsychometric tests are not affected at the same stage in the course of the disease: some 

are declining early whereas others are affected in the late stages. 

Indeed, in this work, we have confirmed that the clinical diagnosis has evolved over time in 

France and it is likely that the evolution also occurred in other countries. With substantial 

societal and clinical shifts in dementia awareness worldwide and among the scientific 

community, dementia now tends to be diagnosed earlier. The DSM criteria have changed 

across different updated versions. The availability of more subtle cognitive tests can also lead 

to earlier diagnosis. We thus evidenced that a more stable diagnostic approach is needed to 

provide accurate incidence and prevalence trends. Additionally, prevalence estimates have 

been shown to vary widely depending on diagnostic classification system used (243). As 

evidenced in introduction, the trends in dementia are varying across countries. In several 

Asian studies, an increase of dementia incidence or prevalence has often been reported, unlike 

American and European results. It 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. However, it has been hypothesized that methodological changes, such 

as diagnosis drift, could be an explanation for this increase. Indeed, there is major 

heterogeneity between studies and diagnostic criteria often differ (244). Training of clinicians, 

knowledge and attitudes to dementia in professionals has also changed over decades and 

affect diagnostic standards and measurement methods. Evolution of stigma of mental illness 

and dementia can also have impacted dementia trends. A systematic review adjusting for 

diagnostic criteria and age structure showed no significant variations in prevalence in China 

(245). Such analyses applying stable criteria such as algorithmic approach should be realized 

to confirm if the increase is real or linked to methodology in these populations.  

The decrease in dementia incidence brings questions about healthy aging. Individuals are 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 considered as high burden for individuals and society. The 
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main goal with life expectancy relies on the compression of morbidity, with a decrease of the 

time with a disease or with disability. Delaying dementia onset should lead to a decrease in 

time spent with dementia and thus reduce its burden. Delaying dementia symptoms and 

particularly the ones leading to high dependency is also an alternative. Prevention approach 

are thus of high interest, not only for dementia, but also for other disabling health conditions. 

Moreover, it appears that important inequalities in health expectancy are present among 

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 bring a better 

understanding of the disease. In published studies, the decrease of dementia syndrome, and 

not specifically of the different aetiologies of dementia, has been investigated. However, 

when comparing the distribution of prevalent dementia cases at the 10-year follow-up of 3C, 

it is equivalent to the distribution of dementia causes from the 10-year follow-up of PAQUID 

(10 years apart), with a decrease of prevalence around 25% (unpublished results). This is in 

line with a similar decline in the different causes of dementia (AD, mixed dementia, vascular 

dementia or other dementias). We could hypothesise that the factors involved in this decrease, 

whatever they are – education, vascular, social, healthy lifestyle, improvement of care, ... – do 

not have an impact on the specific Alzheimer's disease pathology but a more global impact on 

brain, allowing to prevent the different aetiologies of dementia. Thus, these factors could 

together prevent an early stage of the demented process, the cerebral aging, varying from an 

individual to another of the same age. This cerebral aging could be considered as an at-risk 

stage for future development of brain pathologies, Alzheimer's disease or others. Considering 

this stage of cerebral aging and the impact of risk factors on it could help better understanding 

the development of the pathologies and the factors involved in the different stages, all along 

the processes. 

 

5.2.  Public health perspectives 
 

Unfortunately, despite important research effort, no real progress has been made in the 

curative treatment of dementia for approximately twenty years. Indeed, several promising new 

agents have recently failed in Phase III clinical trials (248-251). Currently available 

medications for dementia and AD have relatively small effect sizes and do not clearly alter 

disease progression. Hopefully, the decrease in incidence and prevalence of dementia is in 



171 

 

favour of possible successful prevention strategies. Dementia being generally considered as a 

fatality in older ages, it gives promising perspective. It is therefore important to better 

understand the determinants explaining this decrease, in order to extend and reinforce 

preventive strategies. Observational studies have identified a wide range of potentially 

modifiable risk factors for AD and dementia, including cardiovascular risk factors, 

psychosocial factors and health behaviours. Some could be already involved in the decrease; 

others could be easy target for future prevention.  

To date, only few studies have investigated the determinants of the decrease in dementia 

incidence or prevalence (138, 150, 155). The ones studied were mostly education and vascular 

factors. Despite inconclusive results in these studies as well as in ours, strong hypotheses can 

be assumed to explain this trend. Indeed, 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 generations born in the early 1900. 

Worldwide, the proportion of the population without diploma also decreased 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 reaches 100% in advanced countries. Leading to an increase in cognitive reserve, 

this is a major factor supporting the decrease in dementia incidence and in favour of a 

continuing decrease. Another improvement is the decrease in high blood pressure. Age-

standardised prevalence of raised blood pressure has decreased globally from 1975 to 2015, 

from 29.5% (95% CI 24.2–35.0) to 24.1% (21.4–27.1) in men and from 26.1% (21.7–31.1) to 

20.1% (17.8–22.5) in women (253). Related to hypertension, a decrease in stroke incidence 

has also been evidenced (254, 255). There has been strong improvement in care and 

management of cardiovascular risk factors, mostly with availability of treatments against 

hypertension (256, 257). Dementia being highly related to vascular health, it could have 

played a role in incidence decrease. Although these factors are not really explaining the 

declining trend, others could have played a role in the decrease (258). First, cognitive 

stimulations such as social activities or games have been evidenced as a protective factor of 

dementia and cognitive decline by enhancing cognitive reserve (224, 259, 260). A positive 

result showed that starting leisure and social activities lower the risk of dementia and 

individuals becoming inactive had a higher risk of dementia than individuals who remained 

active (261). An increase of cognitive activities over time could explain the observed 
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decrease. Healthy diet is also associated with dementia and healthy lifestyles such as diet have 

improved, potentially playing a role in the decrease of incidence. Then, even if sedentary 

habits may have increased, physical activities can be an interesting factor for future 

prevention. Finally, other less studied factors could have also been involved. Some studies 

have shown a link between infections and dementia (262). Indeed, reactivation of Herpes 

infection has been shown to increase the risk of dementia (115). 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 diseases could be 

related to the improvement of global health behaviours across the 19th century with major 

progress in comfort, hygiene, healthcare, well-being or even mobility. These factors 

conducted to an improvement of global aging by promoting a safe environment (263). In 

addition, global health of the populations has become a major public health goal in most 

countries. A lot of programs aiming at reducing diseases prevalence and improving quality of 

life have been conducted by governments. Healthy aging has thus been a priority of the last 

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 lifestyle 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 refrigerator has led to a decrease in risk of stomach cancer.   

 

However, the increase of some other conditions is worrying and could reverse the trend of 

declining incidence of dementia. Even if hypertension has decreased, its prevalence remains 

high and work is still needed to control the problem (265). Indeed, studies have shown that 

only half of adults with hypertension have their blood pressure controlled (266). Diabetes and 

obesity have also worsened. First, a pooled study evidenced that global age-standardised 

diabetes prevalence has increased from 4.3% (2.4–7.0) in 1980 to 9.0% (7.2–11.1) in 2014 in 

men, and from 5.0% (2.9–7.9) to 7.9% (6.4–9.7) in women worldwide (267). Another pooled 

study reported that the global prevalence of diabetes mellitus in the year 2010 was 6.4% (285 

million adults), and this was projected to increase to 7.7% (439 million adults) by 2030 (268). 

Then, mean BMI has also increased from 21.7 kg/m² (21.3-22.1) in 1975 to 24.2 (24.0-24.4) 

in 2014 in men and from 22.1 (21.7-22.5) to 24.4 (24.2-24.6) in women (269). This latter 

study also reported that prevalence of obesity increased from 3.2% (2.4-4.1) in 1975 to 10.8% 

(9.7-12.0) in 2014 in men and from 6.4% (5.1-7.8) to 14.9% (13.6-16.1) in women. The 
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global targets were established to halt the rise in the prevalence of diabetes and obesity by 

2025. However, this objective seems unlikely to be attained and if post-2000 trends continue, 

severe obesity will surpass underweight in women (267, 269). Furthermore, wide differences 

are evidenced between countries. Indeed, the rise for diabetes and adiposity for instance is 

larger in low or middle-income countries (LMIC)  than in high-income countries (HIC). These 

populations have lower access to care with worse primary care system and the management of 

diseases is not optimal. Non-communicable diseases became a high contributor to the burden 

of disease in these populations (270, 271), and as shown in introduction, they are expected to 

face a high increase of the older individuals. With a growing importance in some risk factors, 

individuals from LMIC could become at higher risk of developing dementia in the future 

decades, with a high number of cases. These countries are indeed also less prone to establish 

prevention strategies and the lack of resources prevents from supporting lifestyle changes or 

improving access to and adherence to medication. Mental and neurological disorders are often 

a low priority compared to infectious diseases in these countries. Strengthening health 

systems seems a priority to tackle non-communicable diseases in LMIC because health 

infrastructures and resources are often lacking (271). Moreover, research in low and middle-

income countries should be developed to better understand the different social and 

environmental contexts. Health and social inequalities are thus a major concern, for low- and 

middle-income countries (272, 273), but also for populations in precarious situations within 

high income countries. Indeed, it has been shown that individuals with low socioeconomic 

status have poorer health and present more diseases (274-280). Furthermore, an association 

between precariousness and increased risk of dementia or greater cognitive decline has been 

evidenced (281). However, socio-economic inequalities in health have increased (282, 283) 

and substantial inequalities in healthy life years exist within EU countries (246). Moreover, 

health inequalities persist among the elderly (284). With widening inequalities in socio-

economic status, more individuals in precarious condition are exposed to increased risk of 

disease and non-optimal health management. Even though important progress for health has 

been made, efforts should be maintained to reduce prevalence of diabetes and obesity and 

health inequalities (285).  

Up to now however, even with results found from observational studies, evidence for a 

significant positive impact of interventions targeting dementia risk factors has been mixed 

(22, 286-290). The first trial of antihypertensive treatment for elderly people with isolated 

systolic hypertension (Syst-Eur trial) showed that the treatment was associated with lower 
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dementia incidence (291). However, a meta-analysis examining effect of hypertension 

treatment found no significant difference between treatment versus placebo groups, even if 

cognitive decline of the MMSE was lower (292, 293). Results from the Hypertension in the 

Very Elderly Trial (HYVET) also failed to show an improvement in dementia incidence 

(292). A systematic review of randomised control trial have reported that physical activity is 

beneficial for cognitive function in healthy older adults (294), whereas a more recent one 

could not evidence this improvement (295). For cognitive training, several randomised control 

trials have evidenced an improvement in cognitive function for cognitive intervention groups 

(296-299).  

Dementia being a multi-factorial disease, targeting only one risk factor could not be enough to 

improve dementia risk or cognitive decline. Recently, some multidomain intervention trials 

have been conducted such as The Finnish Geriatric Intervention Study to Prevent Cognitive 

Impairment and Disability (FINGER) study or the Multidomain Alzheimer Preventive Trial 

(MAPT) study. The Finger trial was a 2 year population-based multidomain randomised 

controlled trial done in six centres in Finland with at-risk participants aged 60 to 77 (300). 

The intervention consisted in nutritional counselling, physical exercise training, cognitive 

training, and vascular and metabolic risk factor management. They reported a significant 

improvement in a neuropsychological test battery, in executive functioning and processing 

speed but not in memory over 24 months. The MAPT trial was a 3-year randomised, placebo-

controlled superiority trial with four parallel groups at 13 memory centres in France and 

Monaco of frail participants aged 70 years or older (301). The intervention consisted in 

nutritional counselling, physical exercise and cognitive training, associated or not with 

omega-3 supplementation. However, no differences between the placebo and the intervention 

groups were significant on cognitive decline. In a post-hoc analysis in which all participants 

who received multidomain intervention were pooled, cognitive decline was significantly 

improved compared to groups without the intervention.  

Designing such trials bring several questions. According to a report of the National 

Academies of Sciences, Engineering, and Medicine on prevention of cognitive decline and 

dementia, the prevention research should identify individuals who are at higher risk of 

cognitive decline and dementia; increase participation of under-represented populations; begin 

more interventions at younger ages and have longer follow-up periods; use consistent 

cognitive outcome measures across trials to enable pooling; integrate robust cognitive 

outcome measures into trials with other primary purposes; include biomarkers as intermediate 
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outcomes; and conduct large trials designed to test the effectiveness of an intervention in 

broad, routine clinical practices or community settings (302). An important point is that the 

outcome should be chosen carefully. Investigating the risk of dementia requires longer follow-

up, thus intermediate endpoint are often selected. Some cognitive tests are more prone to 

changes than others and; according to the test, performances are not decreasing at the same 

stage of the disease process. Then, the time window for action is crucial and population 

receiving interventions need to be selected carefully. Given that neurodegeneration may 

precede the onset of dementia by several decades, impact of risk factors reduction must be 

evaluated early enough to have impacted neurodegeneration or cerebrovascular processes. 

Moreover, for many factors, midlife status is associated with dementia in later life. Thus, 

different risk factors probably act at different times through the lifespan and at different stages 

and processes of the disease, the result being the development of cognitive decline and 

dementia status. Thus, efficient intervention needs to target the population before onset of 

clinical symptoms. A better understanding of the accurate time window for risk factors impact 

needs further researches. However, following individuals for 10 or 20 years is costly and 

difficultly doable. All these difficulties could prevent intervention to evidence a real benefit of 

the prevention of the risk factors. A growing amount of argument has yet been issued from 

observational studies. All these arguments, both from observational studies regarding risk 

factors and from current decreasing trends of dementia frequency seem 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 targeted is also related to 

death, its prevention will lead to a decrease in mortality and thus only little changes will 

appear in the number of dementia cases (303). To really lower dementia prevalence, 

intervention should target a risk factor that is not associated with death in demented subjects, 

or more strongly associated with dementia than with death or when the intervention reduced 

only the risk of dementia.  
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6. Conclusion  

 

The high global prevalence, the economic impact of dementia on families, caregivers and 

communities, and the associated stigma and social exclusion present a significant public 

health challenge. Globally, when measured in terms of morbidity and mortality, our findings 

support an improvement of health of older people during the last two decades. This work also 

highlights the need for appropriate methodology when studying an aging-related disease. 

Even if several studies have reported a decrease in prevalence and incidence, secular trends of 

dementia need further investigation. Indeed, important differences across countries have been 

reported and whether this decline will last is unsure. In addition, previous findings on 

temporal trends failed at identifying the factors explaining this decrease. Understanding the 

evolution and the modifiable, protective risk factors associated is 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. Whereas dementia was 

once considered a fatality, it suggests that this disease is not an inevitable consequence of 

ageing and can be manageable. As long as efficient therapeutic treatment is lacking, research 

focusing on risk factors and interventions in order to prevent or even delay the onset of the 

disease should be a priority. Even if some studies failed to evidence a real efficacy of 

intervention trials targeting identified risk factors, the idea of prevention should not be 

withdrawn. Indeed, the hypotheses behind vascular and lifestyle factors are consistent and 

observational studies also provide strong evidences. Moreover, promoting healthy heart and 

brain lifestyles could not harm individuals, and healthy behaviours toward the entire lifespan 

can only help healthy aging. Thus, the benefit/risk balance appears in favour of the 

development of prevention. However, the implementation of preventive strategies implies to 

evaluate the efficacy of these strategies, requiring population-based cohorts with long follow-

up and active diagnosis of dementia cases to document the trends in dementia frequency. 

Conducting such cohorts involving human participants is extremely complex and expensive. 

Funding for these studies is clearly lacking in France and in Europe. Yet it is crucial to 

progress in dementia research. 

In summary, this thesis work has evidenced promising perspectives for the future elderly 

people. Further efforts will be needed to confirm and lengthen these positive trends. 
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Multidisciplinary research should be encouraged to apprehend the complexity of dementia in 

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 0 

 
1) Quel jour de la semaine sommes-nous ? /__/ 

2) Quelle est la date aujourd’hui ? /__/ 

3) En quel mois sommes-nous ? /__/ 

4) En quelle saison sommes-nous ? /__/ 

5) En quelle année sommes-nous ? /__/ 

6) Où sommes-nous ici ? (Quel hôpital, quelle maison de retraite, rue, lieu-dit ...) /__/ 

7) A quel étage sommes-nous ? /__/ 

8) Dans quelle ville sommes-nous ? /__/ 

9) Dans quel département sommes-nous ? /__/ 

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’à 5 fois 

Répétez les mots suivants : citron, clé, ballon 

11) 1er mot cité /__/ 

12) 2nd mot cité /__/ 

13) 3ème mot cité /__/ 

Soustraire 7 de 100 ainsi de suite. 

14) 93 /__/ 

15) 86 /__/ 

16) 79 /__/ 

17) 72 /__/ 

18) 65 /__/ 
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Vous souvenez-vous des trois mots que vous avez répétés tout à l’heure ? 

19) 1er mot cité /__/ 

20) 2nd mot cité /__/ 

21) 3ème mot cité /__/ 

22) Qu’est-ce-que c’est que cela (montrer un crayon) /__/ 

23) Qu’est-ce-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) posez-la par terre. /__/ 

28) Lisez ce qui est écrit et faites l’action : fermez 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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