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Introduccion y objetivos

El envejecimiento de la poblacion es un fendmeno mundial, y es
mas notable en los paises desarrollados. Los aumentos en la esperanza
de vida junto a las menores ratios de natalidad son responsables de este

cambio demografico (Tavares, 2022; Weber & Loichinger, 2020).

Los cambios en la estructura poblacional implican cambios
econodmicos, dado que el consumo relacionado con el gasto publico en
atencion sanitaria aumenta con la edad (Mason & Lee, 2022), pero la
fuerza de trabajo disminuye. Adicionalmente, las mejoras en los
tratamientos de enfermedades infecciosas, responsables en muchos casos
de una mayor esperanza de vida, han introducido a las enfermedades
cronicas entre las principales causas de muerte en gran parte de los paises

desarrollados (McCraken & Phillips, 2017).

De entre las 10 causas de muerte globales, la Organizacion
Mundial de la Salud establece que la demencia ocupa la séptima posicion
mundial, y la segunda posicion en aquellos paises con altos ingresos
(WHO, 2022). Aparte de las implicaciones econdmicas de la demencia,

el deterioro cognitivo en general supone una barrera para la calidad de
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vida de las personas que lo sufren (Barrios et al., 2013; Hoe et al., 2009;

Lawson et al., 2016; Lawson et al., 2014; Maki et al., 2014).

Las intervenciones en estilos de vida pueden resultar una
estrategia efectiva para posponer el inicio de la demencia. Vivir una
mayor cantidad de afios sin esta enfermedad, implicaria un aumento en
la esperanza de vida saludable de la poblacion. Dado que la demencia es
el ultimo estadio del deterioro cognitivo (Hugo & Ganguli, 2014) y que
¢éste es normativo del proceso de envejecimiento (Steinerman et al.,
2010), una alternativa es el estudio del envejecimiento cognitivo en
general. El retraso del envejecimiento normativo a nivel cognitivo podria
resultar ampliamente beneficioso para todo el proceso en cadena del

deterioro cognitivo.

Dentro del estudio de la cognicion, numerosas teorias e hipotesis
ponen de manifiesto el papel explicativo de distintos factores sobre el
funcionamiento cognitivo de las personas mayores. En esta linea, la
teoria de la reserva cognitiva (Stern, 2002), establece que la educacion,
junto con otros factores, proporcionan una reserva para afrontar el
deterioro asociado a la edad, de forma que este deterioro no afecta al
desempefio cognitivo en el mismo grado que lo haria de no disponer de
dicha reserva (Harrison et al., 2015; Stern, 2012). Numerosos estudios
han puesto a prueba el efecto de la educacion, o del nivel educativo, sobre
la funcién cognitiva de los adultos mayores. La evidencia apunta hacia
el papel protector de este determinante de la cognicion (Bertola et al.,

2019; Ding et al., 2019; Weber et al., 2014).

Otra hipotesis que proporciona base teorica a los efectos hallados
entre diversos factores fisicos y el funcionamiento cognitivo es la de la

inflamaciéon (Chung et al., 2001). Seglin esta hipotesis, con la edad
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avanzada los procesos inflamatorios se cronifican y dan lugar al deterioro
de los sistemas bioldgicos (Franceschi et al., 2000). Dichos procesos
conllevan alteraciones en las células y tejidos (Chung, 2019) que se han
relacionado con enfermedades cardiovasculares, asi como con otras
enfermedades cronicas (Ferrucci & Fabbri, 2018). En esta linea,
numerosos estudios sefialan una asociacion positiva entre la actividad
fisica y el funcionamiento cognitivo (Beydoun et al., 2014; Blondell et
al., 2014; Buchman et al., 2012; Frederiksen et al., 2015; Ku et al., 2012;
Middleton, 2011; Tolppanen et al., 2015).

Por su parte, la hipodtesis de depresion vascular (Alexopoulos et
al., 1997) propone que las enfermedades neurovasculares asociadas a la
edad podrian activar, acelerar o ser responsables de los sindromes
depresivos en la edad avanzada. De la misma manera, algunos autores
sugieren que la depresion puede considerarse una manifestacion
temprana de demencia futura (Ismail et al., 2018; Steffens, 2012; Stella
et al., 2014). Numerosos estudios han reportado una asociacion entre la
depresion o la sintomatologia depresiva y un mayor deterioro cognitivo
(T. Y. Chen & Chang, 2016; Downer et al., 2017; L. Han et al., 2016;
Howrey et al., 2015; Min, 2018; Yu et al., 2015).

Por ultimo, algunos factores sociales también se han estudiado en
relacion al funcionamiento cognitivo. Partiendo de la hipotesis de
enriquecimiento cognitivo (Scarmeas & Stern, 2003), la participacion de
los adultos mayores en distintas actividades conlleva situaciones
demandantes a nivel cognitivo, que pueden contribuir al mantenimiento
de la reserva cognitiva (Bourassa et al., 2017; Hertzog et al., 2008). De
entre estas actividades, se ha estudiado especialmente el vinculo entre la

participacion en actividades sociales y la funcidon cognitiva (Choi, 2020;
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Fuetal., 2018; Glei et al., 2005; Hwang et al., 2018; Krueger et al., 2009;
Litwin & Stoeckel, 2015; McFall et al., 2019; Miceli et al. 2018; Seeman
etal., 2011; Teipel et al., 2018), aunque algunos estudios parecen indicar
que la participaciéon en actividades intelectuales podria ser también

beneficiosa (Hultsch et al., 1999; Yu et al., 2015).

El principal propdsito de esta tesis doctoral es establecer un
marco de referencia holistico que contemple los principales factores bio-
psico-sociales involucrados en el mantenimiento de la funcidon cognitiva
en la edad avanzada, y estudiar la relacion entre la funcion cognitiva y el

envejecimiento con éxito.

Para ello, se empleara el modelo Comprehensivo Preventivo y
Correctivo Proactivo (PCP) propuesto por Kahana et al. (2014). Segun
este modelo, el envejecimiento con €xito no es inicamente un resultado,
sino también un proceso. Este modelo considera que el envejecimiento
exitoso se puede determinar por la consecucion de una buena calidad de
vida, pero también por el wuso eficiente de adaptaciones
comportamentales proactivas, dados los recursos internos y externos
disponibles, para afrontar tanto los estresores relacionados con la edad
como los acumulativos a lo largo del ciclo vital. En este contexto, se
propone que el deterioro cognitivo puede considerarse un estresor
relacionado con la edad que puede tener un impacto sobre los resultados

del envejecimiento exitoso.

Vi
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Esta tesis doctoral presenta cinco objetivos generales (OG):

OG1. Evaluar la adecuacion psicométrica de los instrumentos de
medidas cognitivas empleados en la encuesta Survey of Health,
Aging and Retirement in Europe (SHARE).

OG2. Establecer un modelo comprehensivo para predecir el
funcionamiento cognitivo desde una perspectiva bio-psico-social.
OG3. Establecer los posibles efectos explicativos de los factores mas
relevantes documentados en la literatura de funcionamiento

cognitivo.

OG4. Examinar la relacion entre la funcidon cognitiva y los resultados
de calidad de vida.

OGS. Estudiar el funcionamiento cognitivo en las personas mayores

desde una perspectiva de género.

Para cada uno de estos objetivos generales, se han derivado varios

objetivos especificos (OE). Al respecto del objetivo general 1:

OEIl. Examinar la estructura factorial, la fiabilidad y la validez
convergente del 10-Word Recall Test (I0WRT), prestando especial
atencion a los efectos de posicion serial y su papel en la relacion entre
la memoria reciente/retardada y la educacion.

OE2. Evaluar la estructura factorial, la fiabilidad, la validez referida al
criterio y la validez diagnostica de la adaptacion de SHARE del
Informant Questionnaire on Cognitive Decline in the Elderly

(IQCODE).
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Los objetivos especificos al respecto del OG2 son:

OE3. Poner a prueba las relaciones diferenciales entre los predictores
de la funcidn cognitiva y cuatro dimensiones cognitivas (orientacion
temporal, memoria, calculo aritmético y fluidez verbal).

OE4. Poner a prueba el impacto relativo de los afios de educacion, las
enfermedades cronicas, los factores psicologicos (soledad vy
depresion) y la participacion en actividades sociales e intelectuales

sobre las dimensiones cognitivas, controlando la edad.
Los objetivos especificos relativos al OG3 son:

OES. Establecer la forma de las trayectorias latentes de la memoria,
diferenciando entre memoria reciente y retardada, y fluidez verbal.

OE6. Poner a prueba el poder explicativo del nivel educativo, la
inactividad fisica, la depresion y la implicacion social sobre la

memoria y la fluidez verbal, controlando la edad.
Los objetivos especificos al respecto del OG4 son:

OE7. Estudiar las asociaciones longitudinales entre la memoria
reciente y la calidad de vida, controlando por diversas covariables.

OES8. Estudiar las asociaciones longitudinales entre la memoria
retardada y la calidad de vida, controlando por diversas covariables.

OE9. Estudiar las asociaciones longitudinales entre la fluidez verbal y

la calidad de vida, controlando por diversas covariables.
Los objetivos especificos relativos al OGS son:

OE10. Poner a prueba el impacto relativo del género en la orientacion

temporal, la memoria, el calculo aritmético y la fluidez verbal.
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OEIl1. Estudiar el papel explicativo del género en las trayectorias
latentes de la memoria reciente y retardada, y de la fluidez verbal.
OE12. Determinar el efecto del género en la trayectoria latente de la

calidad de vida.

Sobre cada uno de estos objetivos especificos, se han propuesto

adicionalmente una o mas hipotesis, que se detallan a continuacion:
Hipdtesis relativas al OE1:

la. La memoria reciente mostrara una estructura de un factor con efectos
de recencia, pero no de primacia.

Ib. La memoria retardada mostrard una estructura de un factor con
efectos de primacia, pero no de recencia.

lIc. La escala 10-WRT presentara estimaciones de fiabilidad adecuadas,
tanto para la memoria reciente como para la retardada.

1d. La existencia de efectos de posicion serial distorsionara las

relaciones entre memoria reciente/retardada y educacion.
Hipotesis relativas al OE2:

2a. La escala IQCODE mostrara una estructura de un factor de deterioro
cognitivo.

2b. La escala IQCODE presentara estimaciones de fiabilidad adecuadas.

2c. Las percepciones de los informantes sobre el deterioro cognitivo de
los encuestados, medidas por la escala IQCODE, seran mayores para
los encuestados con un diagnostico autodeclarado de demencia.

2d. Habra un punto de corte para el IQCODE que represente un

equilibrio adecuado entre sensibilidad y especificidad.
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Hipotesis relativas al OE3:

3. Los predictores mostraran efectos diferenciales en las dimensiones

cognitivas consideradas.
Hipdtesis sobre el OE4:

4a. Los afios de educacion, la participacion en actividades sociales, y la
participacion en actividades intelectuales presentaran efectos
positivos y estadisticamente significativos sobre las diferentes
dimensiones cognitivas consideradas.

4b. Las enfermedades cronicas, la soledad y la depresion presentaran
efectos negativos y estadisticamente significativos sobre las

diferentes dimensiones cognitivas consideradas.
Hipotesis relativas al OES:

S5a. La memoria reciente mostrara una trayectoria latente de deterioro
lineal o cuadrético.

5b. La memoria retardada mostrara una trayectoria latente de deterioro
lineal o cuadrético.

5c. La fluidez verbal mostrara una trayectoria latente de deterioro lineal

o cuadratico.
Hipdtesis al respecto del OE6:

6a. El nivel educativo y la implicacidn social tendran efectos positivos y
estadisticamente significativos en las trayectorias latentes de la
memoria reciente, la memoria retardada y la fluidez verbal.

6b. La inactividad fisica y la depresion tendran efectos negativos y
estadisticamente significativos en las trayectorias latentes de la

memoria reciente, la memoria retardada y la fluidez verbal.
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Hipotesis relativas al OE7:

7. Los cambios en la memoria reciente explicaran los cambios en la

calidad de vida.
Hipdtesis sobre el OES:

8. Los cambios en la memoria retardada explicaran los cambios en la

calidad de vida.
Hipotesis sobre el OE9:

9. Los cambios en la fluidez verbal explicaran los cambios en la calidad

de vida.
Hipdtesis sobre el OE10:

10. Las mujeres presentaran niveles estadisticamente mayores de

memoria en general y de fluidez verbal que los hombres.
Hipotesis sobre el OE11:

11a. Las mujeres presentaran niveles estadisticamente mas bajos de
deterioro de la memoria reciente y de la fluidez verbal que los
hombres a lo largo del tiempo.

11b. Las mujeres presentaran niveles estadisticamente mas altos de

deterioro de la memoria retardada a lo largo del tiempo.
Hipotesis sobre el OE12:

12. Las mujeres presentaran niveles estadisticamente mas altos de

deterioro de la calidad de vida que los hombres.
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Metodologia

Para satisfacer cada uno de los objetivos generales propuestos, y
mas concretamente cada uno de los objetivos especificos, se emplearon
diversas técnicas estadisticas con datos procedentes de la encuesta
Survey of Health, Aging and Retirement in Europe (SHARE; Borsch-
Supan et al.,, 2013). SHARE constituye una infraestructura de
investigacion Unica que contiene informacion longitudinal sobre salud,
datos socioecondémicos, entorno y redes sociales de ciudadanos tanto

europeos como israelies con edades igual o superior a 50 anos.

Para el estudio de las propiedades psicométricas de la escala 10-
WRT, se empled una muestra de 37143 individuos que participaron en

la ola 2 (Borsch-Supan, 2022a).

Para el estudio de las propiedades psicométricas de la escala
IQCODE, se empled una muestra de 1059 familiares de los participantes
objeto de estudio de SHARE, procedente de la ola 8 (Borsch-Supan,
2022b).

Para el estudio de los predictores de las distintas dimensiones
cognitivas, se empled una muestra de 45475 personas participantes en la
8" ola de SHARE (Borch-Supan, 2022b), que fueron capaces de

responder a todas las pruebas cognitivas.

Por ultimo, para el estudio longitudinal del funcionamiento
cognitivo, sus determinantes y sus consecuentes asociados, se emplearon
datos procedentes de las olas 4 (Borsch-Supan, 2022¢), 5 (Borsch-Supan,
2022d), 6 (Borsch-Supan, 2022¢), 7 (Borsch-Supan, 2022f) y 8 (Borsch-
Supan, 2022b) de la encuesta SHARE. Se incluyeron a todos los
participantes de la ola 4 de SHARE independientemente de su
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participacion posterior en el estudio, lo que dio lugar a una muestra de

56616 individuos.

Respecto a los instrumentos, se emplearon medidas de
funcionamiento cognitivo, concretamente de memoria reciente y
retardada, orientacion temporal, fluidez verbal, célculo aritmético y la

percepcidn externa de deterioro cognitivo.

La memoria reciente y retardada se evalué mediante el 10-Word
Test Recall (10-WTR). En este test, se leen 10 palabras a los
participantes, y se les pide que digan todas las que recuerden
inmediatamente (memoria reciente) y tras 10 minutos de habérselas leido
(memoria retardada). El numero total de palabras recordadas
inmediatamente y tras el lapso de 10 minutos constituyen la puntuacion
del participante en memoria reciente y memoria retardada,

respectivamente.

La orientacion temporal se midid con cuatro indicadores que
reflejaban la orientacion del encuestado al respecto del mes, afio, dia de
la semana y fecha. Cada indicador se registr6 como correcto (1) o
incorrecto (0). Mayores puntuaciones indicaron mejor orientacion

temporal.

La fluidez verbal se emple6 como una medida de funciéon
ejecutiva (Dewey & Prince, 2005). En esta prueba, los participantes
deben nombrar tantos animales distintos como sea posible durante 60
segundos. El nimero total de indicadores se registra como indicador de

la fluidez verbal de cada participante.

El célculo aritmético también se empled como medida de la

funcion ejecutiva (Cragg & Gilmore, 2014; Dewey & Prince, 2005) y fue
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medido mediante una secuencia de cinco preguntas recursivas en las que
el participante debia restar 7 unidades, empezando en 100. Las preguntas

se codificaban como correctas (1) o incorrectas (0).

La percepcion externa de deterioro cognitivo se evalué mediante
la version adaptada de la escala 16-Item Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE; Jorm, 1994), de la cual se
emplearon siete items. Esta escala va dirigida a los familiares de las
personas mayores y evalia el deterioro cognitivo percibido por los
mismos. Adicionalmente a la reduccién de items, el marco temporal
empleado para el cambio en la habilidad cognitiva se redujo a dos afos
en lugar de los 10 afios de la version original, y la escala de respuesta
empleada presentd tres anclajes de respuesta en lugar de los cinco

originales.

Adicionalmente, se contemplaron diversos antecedentes de la
funcién cognitiva como son la edad, el género, el nivel educativo, el
numero de enfermedades cronicas, la inactividad fisica, la participacion
en actividades sociales y en actividades intelectuales, la depresion, la
soledad y la implicacion social. Estas variables se introdujeron bien
como predictores en el modelo correlacional, bien como covariables

determinantes en los modelos longitudinales.

Asimismo, la calidad de vida de los adultos mayores fue
empleada como indicador de envejecimiento exitoso, tal y como propone

el modelo Comprehensivo PCP de Kahana et al. (2014).

Respecto a los andlisis, la estructura factorial de las escalas 10-
WRT y IQCODE se examind mediante Analisis Factorial Confirmatorio
(AFC). Las estimaciones de fiabilidad se calcularon empleando el

coeficiente omega (McDonald, 1999). Las relaciones entre memoria
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reciente/retardada y el nivel educativo en presencia y ausencia de efectos
de posicion serial se estudido mediante correlaciones, estimadas dentro de
los modelos de AFC. La validez referida al criterio de la escala IQCODE
se examinod mediante la comparacion de las puntuaciones medias en la
escala entre las personas cuyo familiar dijo tener un diagnodstico de
Alzheimer o demencia general, y las personas cuyo familiar dijo no
tenerlo. Por ultimo, se emplearon areas bajo la curva (Receiver Operating
Curve; ROC) para determinar el punto de corte que optimizaba los

valores de sensibilidad y especificidad.

Para establecer un modelo holistico de predicciéon se puso a
prueba un Modelo de Ecuaciones Estructurales (MEE) con las variables
dependientes de funcionamiento cognitivo comentadas anteriormente
(orientacion temporal, memoria, fluidez verbal y céalculo aritmético) y
con los siguientes predictores de la funcion cognitiva: nivel educativo,
numero de enfermedades cronicas, inactividad fisica, depresion, soledad,
participacion en actividades sociales y participacion en actividades
intelectuales. Los efectos de estos predictores sobre las distintas
dimensiones de funcidn cognitiva fueron adicionalmente controlados por

la edad y el género.

Para el estudio de las trayectorias longitudinales de memoria
reciente, memoria retardada y fluidez verbal se pusieron a prueba
Modelos de Crecimiento Latente (MCL). Primero se examiné la forma
de las trayectorias de cada uno de los dominios cognitivos considerados.
Una vez se retuvo el modelo de mejor ajuste, se probé un modelo
adicional con los efectos de las covariables género, edad, nivel

educativo, inactividad fisica, depresion e implicacion social, sobre las
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interceptas y las pendientes del modelo retenido para cada una de las

dimensiones cognitivas.

Finalmente, para el estudio de los efectos longitudinales de la
memoria reciente, la memoria retardada y la fluidez verbal sobre la
calidad de vida, se establecieron Modelos de Procesos Paralelos de
Crecimiento Latente. En estos modelos se contemplaron también los

efectos de las covariables introducidas en los MCLs.

En caso de variables categoricas, como son los items de las
escalas 10-WRT y IQCODE, se empled6 el método de estimacion
Minimos Cuadrados Ponderados con Medias y Varianzas corregidas
(WLSMV, por sus siglas en inglés). En el caso de variables cuantitativas,
se empled el método de estimacion de Maxima Verosimilitud Robusto

(MLR, por sus siglas en inglés).

El ajuste de los modelos de evalué mediante los indices de ajuste
recomendados en la literatura (Kline, 2016; Tanaka, 1993): estadistico
chi-cuadrado (y?), Comparative Fit Index (CFI), Root Mean Squared
Error of Approximation (RMSEA), y Standardized Root Mean Square
Residual (SRMR). Generalmente, se asume un buen ajuste de los
modelos con valores de CFI iguales o superiores a .90, y valores de
RMSEA/SRMR de .08 o inferiores. En el caso de la escala 10-WRT, se
calcularon las diferencias de chi-cuadrado (Ay?) y las diferencias de CFI
(ACFI) entre los modelos anidados para determinar el de mejor ajuste.
Para los modelos competitivos longitudinales, adicionalmente se
tuvieron en cuenta el Criterio de Informacion de Akaike (AIC, por sus
siglas en inglés) y el Criterio de Informacion Bayesiano (BIC, por sus

siglas en inglés).
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En todos los modelos, el tratamiento de datos faltantes se llevo a
cabo empleando Full Information Maximum Likelihood (FIML), una
técnica adecuada ante mecanismos de datos faltantes aleatorios o
completamente aleatorios (MCAR y MAR). Esta técnica no elimina o
imputa observaciones faltantes, sino que crea subconjuntos de datos que
comparten el mismo patrén de datos faltantes, de la que extrae la
informacion para calcular las estimaciones de los parametros de los
modelos (Enders, 2010; Kline, 2016). Los andlisis se llevaron a cabo
empleando R (R Core Team, 2022) y Mplus 8.7 (L. K. Muthén &
Muthén, 1998-2017).

Discusion y conclusiones

Los resultados derivados del trabajo se interpretaron en el
contexto del objetivo general que satisfacian en cada caso. La Unica
excepcion fue el objetivo general 5, estudiar el funcionamiento cognitivo
en las personas mayores desde una perspectiva de género. Este objetivo
es transversal a cualquier otro del trabajo, ya que la consecucion de una
perspectiva de género se logra mediante la consideracion de las
relaciones especificas del género con cualquier otro fendmeno, cosa que

se ha realizado a lo largo de todo el trabajo.

Respecto a los resultados de este trabajo, se ha encontrado
evidencia sobre la aparicion de efectos de posicion serial en una escala
para evaluar la memoria. Aunque estudios previos parecen indicar que la
influencia de dichos efectos no es muy relevante para la medicion de
variables latentes (Cernat et al., 2022), en este trabajo se examind la
relacion de la variable latente con un criterio externo y se encontraron

diferencias estadisticamente significativas entre las estimaciones de la
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correlacion considerando y sin considerar este efecto de método, aunque

dicha diferencia fue pequefia.

Por otro lado, el estudio psicométrico de la escala IQCODE
adaptada en el contexto SHARE mostré evidencias de adecuadas
propiedades psicométricas en términos de validez factorial, fiabilidad,
valides referida al criterio y validez diagnostica. Estos resultados
proporcionan evidencia sobre la adecuacion de esta version adaptada de
la escala como una aproximacion a la medicion del deterioro cognitivo

cuando no es posible evaluar a la persona directamente.

Respecto al objetivo general 2, los resultados de este trabajo
muestran un modelo con un acercamiento holistico al estudio de la
cognicién desde una perspectiva bio-psico-social y considerando la
heterogeneidad de los efectos sobre diferentes dominios cognitivos. En
dicho modelo tuvieron un impacto especialmente relevante la depresion,
la participacion en actividades sociales y la participacion en actividades

intelectuales.

En cuanto a las trayectorias longitudinales de memoria reciente,
memoria retardada y fluidez verbal, todas ellas mostraron una forma
cuadratica y negativa. Es decir, en los tres dominios cognitivos se
observo un deterioro inicial seguido de un deterioro posterior mas
acusado. Las covariables explicaron en cierto grado la varianza de las
interceptas y en mucho menor grado la varianza de las pendientes

lineales y cuadraticas en los tres casos.

Finalmente, el estudio longitudinal de la memoria reciente, la
memoria retardada y la fluidez verbal junto con la calidad de vida,
entendida como un indicador de resultados de envejecimiento exitoso,

mostraron evidencias sobre el poder explicativo de los niveles iniciales
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de la memoria reciente y la memoria retardada sobre el grado de
disminuciéon de la calidad de vida. Concretamente, mayores niveles
iniciales explicaban una menor disminucion de la calidad de vida de los
adultos mayores. A raiz de estos resultados, y dado que no se hallaron
efectos estadisticamente significativos de los niveles iniciales de calidad
de vida sobre la memoria reciente ni sobre la memoria retardada, se
infirid que estos resultados pudieran ser evidencia de la relacion causal
entre la memoria y la calidad de vida. Esto no fue asi para la fluidez
verbal, para la que no se encontraron estos efectos. En el caso de la
fluidez verbal, se encontrd evidencia de una relacion positiva entre los
niveles iniciales de ésta y los niveles iniciales de calidad de vida, asi
como también de una relacion positiva entre el grado de deterioro de la
fluidez verbal y el grado de la disminucién de calidad de vida. Estos
resultados se interpretan como evidencia sobre el caracter dindmico de

la relacion entre fluidez verbal y calidad de vida.

El proposito principal de esta tesis doctoral ha sido establecer un
marco holistico para el estudio de la cognicion en la edad avanzada y sus

implicaciones para el envejecimiento exitoso de los adultos mayores.

A lo largo de todo este trabajo se ha utilizado el marco tedrico
ofrecido por el modelo de Comprehensivo PCP (Kahana et al., 2014). En
general, los resultados de este trabajo apoyan las evidencias previas
sobre la importancia de factores clave para el mantenimiento de la
capacidad cognitiva, diferenciando entre memoria reciente, memoria
retardada y fluidez verbal. Ademas, los resultados también proporcionan
evidencia para el modelo Comprehensivo PCP y el efecto de la
cognicion, como un factor estresante relacionado con la edad, en los

resultados de envejecimiento exitoso de los adultos mayores.
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A continuacion, se destacan las principales conclusiones de este trabajo:

— Se puede considerar que las escalas cognitivas empleadas en SHARE
presentan propiedades psicométricas adecuadas. No obstante, la
memoria reciente, medida mediante la escala 10-Word Recall Test,
presenta efectos de primacia y recencia que podrian estar causando
una subestimacion de las relaciones entre la memoria reciente y otras
variables.

— La participacion en actividades sociales e intelectuales estan
significativamente asociada a diferentes componentes de la
cognicion. Sin embargo, se necesitan mas estudios longitudinales
para dilucidar la direccionalidad de estos efectos.

— La capacidad cognitiva deberia estudiarse a nivel de dominio. Los
predictores de la cognicion muestran heterogeneidad en la magnitud,
e incluso en la aparicion, de los efectos sobre diferentes dominios
cognitivos.

— El declive cognitivo no es exclusivo de la vejez. Los adultos ya
empiezan a experimentar declive en distintos dominios cognitivos.
Podrian desarrollarse intervenciones para fomentar la cognicion en
la edad adulta, con el fin de prevenir el declive cognitivo posterior.

— El deterioro de la memoria, tanto reciente como retardada, pueden
considerarse factores estresores relacionados con la edad que afectan
a la calidad de vida de las personas mayores.

— El estudio de la cognicion y sus resultados asociados difiere entre
hombres y mujeres. Por tanto, la investigacion y la intervencion

deben incorporar una perspectiva de género.
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1.1. Contextualization

Ageing of the population is a worldwide phenomenon, and it is
the most notorious in developed countries. Higher life expectancies
combined with lower birth rates are responsible for this demographic
change (Tavares, 2022; Weber & Loichinger, 2020). In Europe, birth
rates have decreased from 10.4 births per thousand persons in 2010 to
9.31n 2019, while life expectancy at age 65 has increased from 19.4 years
in 2010 to 20.2 years in 2019 for both males and females (Eurostat,
2022). However, since the past century, a clear tendency for women to
live longer than men has been observed (Oksuzyan et al., 2010;
Thorslund et al., 2013). Segregated by gender, life expectancy at age 65
has augmented from 17.4 years in 2010 to 18.3 years in 2019 in the case
of males, and from 21.0 years in 2010 to 21.8 years in 2019 in the case
of females (Eurostat, 2022).

Although in 2020 life expectancies decreased, this was probably
due to the outbreak of the COVID-19 pandemic, whose fatal
consequences were most tangible for older adults (Biswas et al., 2021; J.

T. Wu et al., 2020). This was a rather unusual event, as life expectancy
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projections indicate a positive trend towards higher life expectancy (Cao
et al., 2020; Janssen et al., 2021). For example, the study by Janssen et
al. (2021) projected life expectancy across Europe to increase to 90.5
years for men and 92.8 years for women in 2065. This demographic
transition towards more enduring societies can be explained by acquired
knowledge about risk and protective health factors. In fact, Janssen et al.
(2021) argue that the tightening of the gap between men’s and women’s
life expectancy is partially due to the acquaintance of healthier life habits

by men (e.g. diminution of smoking and alcohol consumption).

Changes in the age structure of the population entail global
economic changes. Mason and Lee (2022) show that “consumption tends
to rise with age, primarily as a result of public spending on health care
and long-term care” (p. 54) in high-income countries, but low labour
income is also observed at older age in these countries. Economic growth
will come to a standstill as a result of demographic change, as the global
working-age population decreases (Liu & McKibbin, 2022). Moreover,
with improvements in treatment of communicable diseases,
noncommunicable —or chronic— diseases (NCDs) have become the main
cause of death in most developed countries (McCracken & Phillips,
2017). NCDs include, but are not limited to, cardiovascular diseases,

dementia, chronic respiratory diseases and cancer.

Among the top 10 causes of death globally, the World Health
Organization (WHO, 2022) reported ischaemic heart disease as the
leading cause of death in 2019, followed by stroke and chronic
obstructive pulmonary disease. Dementia occupied the seventh position
in the ranking. According to the income group, for high-income

countries, nine out of the 10 leading causes of death were NCDs
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(dementia ranking in second position), whereas only three out of ten were
degenerative diseases for countries classified as low income. Finally,
after the outbreak of the pandemic, COVID-19 became one of the top 10
causes of death globally (World Health Statistics, 2022), which is linked
to the aforementioned reduction in life expectancy. With the
development and implementation of vaccination policies, reduction in
COVID-19-related deceases has already been observed (Huang & Kuan,
2022) and therefore, these are not considered as constituting a general

tendency.

Chronic diseases have a global impact on macro-economic
productivity (Chaker et al., 2015) and nations’ healthcare expenditure
(Muka et al., 2015), but also on impoverishment of households (Jaspers
et al.,, 2015). Regarding healthcare systems, cardiovascular diseases
stand for the highest healthcare expenditure (Muka et al., 2015).
Estimates show that the cost of dementia is also considerable (El-Hayek
et al., 2019), being comparable to that of cancer or heart diseases (Hurd
et al., 2013). In this line, a study by Doblhammer et al. (2022) estimated
that dementia will become the most prevalent cause of death for German
women and the second one for German men. Overall, dementia presents
substantial economic hardship (Cantarero-Prieto et al., 2020; Sontheimer

et al., 2021).

Besides the economic consequences of dementia, cognitive
impairment, in general, poses a burden on the quality of life (QoL) of
individuals who suffer from it (Barrios et al., 2013; Hoe et al., 2009;
Lawson et al., 2016; Lawson et al., 2014; Maki et al., 2014). Mechanisms
underlying the association between cognitive impairment and reduced

quality of life are complex, probably due to the broad definition of QoL.
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There is no general consensus on the definition of QoL, and it is likely
that the term’s meaning will evolve along time (Noll, 2021). In addition,
the use of the concept “health-related quality of life” (HRQoL) has
interfered with the understanding of QoL, without offering a clear
differentiation from the latter. Authors recommend not using the term
HRQoL, as it is essentially equivalent to self-perceived health (Karimi
& Brazier, 2016). The WHO offers a definition of QoL as “individuals'
perception of their position in life in the context of the culture and value
systems in which they live and in relation to their goals, expectations,
standards and concerns” (WHOQOL Group, 1995, p. 1405). Generally,
QoL is understood as a subjective measure of one’s well-being
comprising the physical, psychological, social and spiritual dimensions.
Given that quality of life is considered a key element for successful
ageing (Cheng, 2014; Rowe & Kahn, 2015; Wahl et al., 2016), even a
marker of this “success” (Kahana et al., 2014), the preservation of

cognitive ability is of paramount importance for the ageing process.

Moreover, increases in life expectancy do not necessarily entail
that those extra years are lived in good health. The term “healthy life
expectancy” is used to refer to the amount of years a person can expect
to live in good health. The difference between both is understood as a
period of time spent in an unhealthy or disabled state due to disease. A
study by Cao et al. (2020) examined life expectancy, healthy life
expectancy, and the difference between both, referred to as GAP, during
the period 1995-2017. Their results showed increases in life expectancy,
healthy life expectancy and GAP, meaning that the increase in healthy
life expectancy is not proportional to the increase in life expectancy.
Moreover, they observed different scenarios for males and females.

Females presented higher initial estimates of life expectancy and healthy
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life expectancy than males, but the observed growth rate was slower for
females than for males. This indicates that the gender gap is tightening,
which was further supported by the results in Janssen et al. (2021).
Moreover, females presented a higher GAP, which implies that they
spent more time in a disabled state. The GAP growth rate was, however,
slower in the case of females than in the case of males. Cao et al. (2020)
also provided life expectancy, healthy life expectancy and GAP
projections for the period 2017-2025, which indicated that, globally,
most regions would continue experiencing increases in all of them.
Increases in GAP imply that people will spend more years with disability
and diminished quality of life, as life expectancy increases at a faster rate

than healthy life expectancy.

There are a few studies, however, that report that factors such as
socioeconomic status and healthy lifestyle influence life expectancy
(Janssen et al., 2021; Y. Li et al., 2018; Pan et al., 2020; Y. B. Zhang et
al., 2022). More specifically, smoking, inactivity, unhealthy diets, BMI,
alcohol intake and socioeconomic status have been associated with
higher levels of mortality and less life expectancy. A recent study by
Dhana et al., (2022) focused on the effects of lifestyle factors on the life
expectancy of people with dementia. Results suggested that adherence to
healthy lifestyles was associated with higher life expectancy as well as
to less risk of developing dementia. Another study by K. L. Harrison et
al. (2022) also showed that functional and clinical characteristics, such
as physical limitations or depression, to be associated with diminished

life expectancy among people with dementia.

Therefore, there is emerging evidence pointing towards lifestyle

interventions as an effective strategy for the postponement of the onset
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of dementia. Living more years free of dementia would imply an increase
in healthy life expectancy. Considering that dementia is the ultimate
form of cognitive impairment (Hugo & Ganguli, 2014) and that some
degree of cognitive impairment is normative of the ageing process
(Steinerman et al., 2010), an additional alternative is to tackle cognitive
ageing in general. The delay of normative ageing at the cognitive level
could be most beneficious for the whole chain process of cognitive

deterioration.
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1.2. Cognition across time

To approach the study of cognition, it is essential to examine it
across time. Normative cognitive ageing is the expected decline in
cognition due to usual deterioration of biological systems that starts to
manifest in the behaviour of older individuals, which can be considered
a normal phenomenon in ageing (Harada et al., 2013; Steinerman et al.,
2010). Yet some older adults experience more severe, non-normative,
declines in cognition that do not affect their functional abilities, known
as Mild Cognitive Impairment (MCI; Bermejo-Pareja et al., 2021). If
MCI continues to progress until a point in which it affects individuals’

functional abilities, a diagnosis of dementia is raised (Murman, 2015).

There are several studies analysing cognitive trajectories along
time. However, different approximations to the longitudinal study of
cognition have been used, both in terms of the analytic strategy, and the
operationalisation of cognition. Across the reviewed literature
examining cognitive trajectories, the most prevailing conceptualisation
and analysis of cognitive ability is considering a global component (T.

Y. Chen & Chang, 2016; Downer et al., 2017; Espeland et al., 2018; L.
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Han et al., 2016; Hayden et al., 2011; Howrey et al., 2015; Lee & Jean
Yeung, 2019; Min, 2018; Park et al., 2017; Teipel et al., 2018; Terrera et
al., 2010; Tu et al., 2020; Z. Wu et al., 2021; Yu et al., 2015; W. Zhang
et al., 2022). Two of these studies, however, did also consider specific
components of cognition: semantic memory (Teipel et al., 2018) and
executive function, episodic memory and psychomotor speed (Z. Wu et
al., 2021). Some other authors have conceptualised cognition by
focusing on one or more components of interest, the most common being
memory (Bertola et al., 2019; Ding et al., 2019; Johnson et al., 2012;
Liampas et al., 2022; Lin et al., 2017; McFall et al., 2019; Williams et
al., 2022; Yam et al., 2014), but also executive function (Johnson et al.,
2012; Lin et al., 2017; Williams et al., 2022), processing speed (Johnson
et al., 2012; Yam et al., 2014), language and attention (Johnson et al.,
2012). All in all, studies do not share a common approximation to the

construct, and this may be influencing the results.

Regarding the analytic strategy, most studies employed a person-
centred approach, which assumes that population heterogeneity can be
clustered into different sub-populations based on their responses (J.
Wang & Wang, 2012). Among studies employing person-centred
techniques that used a global score of cognition, seven studies reported
three distinct trajectories (T. Y. Chen & Chang, 2016; Downer et al.,
2017; Hayden et al., 2011; Howrey et al., 2015; Teipel et al., 2018;
Terrera et al., 2010; Tu et al., 2020). Sample characteristics and specific
labelling and size of trajectories is available in Table 1. In general, a
group of good performers was found in all studies, followed by a
trajectory of slow decline that identifies the normative cognitive agers,
and by a group with acute cognitive decline that could be representing

non-normative decline. This latter trajectory was the smallest one in five

10



Approaching the comprehension of cognition in the old age

out of seven studies. Different characteristics of the samples used in
studies could be accounting for different sample sizes of trajectories. For
example, participants in the study by Terrera et al. (2010) were aged 75
and over, while the rest of the studies employed samples aged 65 years
old or older. Therefore, the big proportion of acute decliners found by
Terrera et al. (2010) could be due to the higher-aged sample. Finally,
three of these studies were carried out in the USA, two in Asia (Taiwan

and China), one in the United Kingdom, and one in France.

Three additional studies that operationalised cognition as a global
component reported four trajectories (Lee & Jean Yeung, 2019; Z. Wu
et al., 2021; Yu et al., 2015) and another three studies reported five
trajectories (Espeland et al., 2018; L. Han et al., 2016; Park et al., 2017).
These trajectories are described for each study in Table 2. Among these
studies, in general, groups of high performers, relatively stable
performers and decliners are found. High performers’ cognition is
maintained during time, while performers that remain relatively stable
over time are characterised by some cognitive decline during the study
period. This decline could be considered normative of the ageing
process. Decliners are individuals whose cognitive abilities decreased
considerably over the years or individuals whose baseline cognition was
already impaired. Some trajectories were identified that do not comply
with the expected developmental trends. Namely, Yu et al. (2015) found
a trajectory of heterogeneous decliners that accounted for 7.9% of the
sample that presented large within-subject variability whilst following a
general decline trend. Moreover, Espeland et al. (2018) found a group of
relative improvers that represented almost a quarter of the sample. These
individuals were characterised by presenting less decline than other

decliners. Most of these studies employed samples from the USA, with
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one study also including an Australian sample (Z. Wu et al., 2021) and

the study by Lee and Jean Yeung (2019) that employed a Korean sample.

Table 1

Characteristics of studies reporting three trajectories of global

cognition.
Study Sample features Trajectories
T.Y. Chen (T);?Vev;idﬂlétsgflrt‘ﬁ;zf High-stable (17.4%)
& Chang Study on Aging Start high and decline (51.8%)
(2016) (Taiwan) Start low and decline (30.8%)
Older adults from the
Downer et Hispani.c Established Persi§tent high (31.3%)
al. (2017) Populatl‘on fqr the Decline but high (52.9%)
Epidemiologic Study  Decline to low (15.8%)
of the Elderly (USA)
Hayden et Old.er. adults from the  Slow decline (§4.6%)
al. (2011) Religious Orders Moderate decline (27.1%)
Study (USA) Fast decline (8.3%)
Older adults from the
Howrey et Hispanifz Established  Stable (27.. 1%)
al. (2015) Populat%on fqr the Slow decline (55.6%)
Epidemiologic Study  Rapid decline (17.3%)
of the Elderly (USA)
Cognitively healthy . o
Teipel et older adults from the I\H/Ilegcllln(lfrf(ég)zl% )
al. (2018)  INSIGHT-preAD Low-decli . 1.9%
study (France) ow-declining (1.9%)
Older adults from the High-linear decline (41%)
Terreraet ~ Cambridge City over  Medium-linear decline (5%)
al. (2010) 75 Cohort Study Medium-quadratic decline
(United Kingdom) (54%)
Older adults fr.om.the Stable function (81.5%)
Tu et al. Chinese Longitudinal .
. Slow decline (14.0%)
(2020) Healthy Longevity Ranid decline (4.5%
Survey (China) apid decline (4.5%)

Finally, only the study by Min (2018) reported two different

trajectories of global cognition among Korean older adults. One
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trajectory of stable cognitive function, that the majority of the sample
followed (93.3%), and another trajectory of sharp cognitive decline
(6.7% of the sample).

Some research employing person-centred techniques focused on
the cognitive domain of memory (Ding et al., 2019; Lin et al., 2017;
McFall et al., 2019; Teipel et al., 2018; Williams et al., 2022; Z. Wu et
al., 2021). The study of Ding et al. (2019) differentiated among
cognitively-healthy subjects and MCI subjects from the Alzheimer’s
Disease Neuroimaging Initiative in the USA. Among cognitively-
healthy individuals, six trajectories were reported: High-stable, medium-
stable, starting medium with linear decline, starting low with linear
decline, slow curvilinear decline and mild curvilinear decline. For MCI
subjects, four trajectories of linear decline with different baseline level
of memory and one quadratic trajectory of decline that further

represented a floor effect were identified.

Moreover, Lin et al. (2017) analysed the joint trajectories of
episodic memory and executive function in a sample of cognitively-
healthy older adults from the Alzheimer’s Disease Neuroimaging
Initiative in the USA. They distinguished three different groups of
individuals. One group presented high levels of both cognitive domains
that declined over time (21.2% of the sample), another group also
displayed high initial levels of episodic memory and executive function
with maintenance of the former and increase of the latter (40.7%), and a
final group was depicted by stable episodic memory and lower initial
levels of executive function that further declined over time (38.1% of the

sample).
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Regarding the other studies employing memory to portray
different trajectories, each reported a different number of trajectories.
McFall et al. (2019) employed a sample of older adults from the Victoria
Longitudinal Study (Canada) and defined three trajectories of episodic
memory: Stable memory ageing (31.3%), normal memory ageing
(47.1%) and declining memory ageing (21.6%), which resemble the
developmental stages documented in the cognitive research arena. Teipel
et al. (2018) used a measure of semantic memory and reported four
quadratic trajectories of decline among cognitively-healthy older adults
from the INSIGHT-preAD study (France): high (18.1%), high to
medium (39.5%), medium (36.0%) and low (6.4%). These trajectories
imply an initial decline that is followed by steeper future decline. The
study by Williams et al. (2022) examined trajectories of episodic
memory among older adults participating in the English Longitudinal
Study of Aging and described two trajectories, similarly to Min (2018)
employing a global measure of cognition: Gradual decline (91.5%) and
rapid decline (8.5%). Finally, the aforementioned mentioned research by
Z. Wu et al. (2021) did also consider additional cognitive domains other
than global cognition, one of them being episodic memory. For this
domain, Z. Wu et al. (2021) identified seven distinct trajectories,
according to initial level and trend: Very high/stable (8.5%),
high/increase (23.0%), high-medium/increase (28.8%), medium/stable
(23.6%), medium-low/minor decline (11.8%), low/major decline (3.1%)

and high-medium/major decline (1.2%).
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Table 2

Characteristics of studies reporting four and five trajectories of global

cognition.
Study Sample features Trajectories
Four trajectories
Lee & 1 Individuals aged 55 to High-maintaining (20.3%)
Yze 0 €l ¢4 from the Korean Moderate-stable (44.2%)
u . .
(2019% Longitudinal Study of ~Low-decreasing (23.0%)

Aging (Korea) Moderate/severe (12.5%)

Older adults from the ~ High/stable (65.6%)
Z.Wuet  Aspirinin Reducing ~ Medium/stable (26.3%)
al. (2021)  Events in the Elderly  Low/minor decline (6.8%)

(Australia & USA) Low/major decline (1.2%)
Deceased participants Nondecliners (44.4%)
Yu et al from the Religious Moderate decliners (34.7%)
u et al.
(2015) Orders Study and the  Severe decliners (13.0%)
Rush Memory and Heterogeneous decliners
Aging Project (USA) (7.9%)
Five trajectories
Consistently high (20.3%)
Espeland Older women from Relative improvement (24.8%)
the Women’s . .
et al. e Decline to median (19.1%)
(2018) Initiative Memory Decli | 18,39
Study (USA) ecline to low (18.3%)
Consistently low (17.5%)
No decline (32.5%)
.Hane . . o
al. (2016) Yale Precipitating Moderate decline (16.6%)

Events Project (USA)  progressive decline (8.4%)
Rapid decline (2.8%)
Stable high (15.4%)

High to moderate (20.1%)
Moderate to low (8.3%)
Stable moderate (52.6%)
Stable low (3.6%)

Older adults from the
Park et al. Health and
(2017) Retirement Study
(USA)
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Lastly, among studies that employed person-centred techniques,
and aside from the study by Lin et al. (2017), some other research that
has been already mentioned also contemplated the cognitive domain of
executive function in its own. More concretely, the study by Williams et
al. (2022) distinguishes between a gradual decline trajectory (90.0% of
the sample) and a rapid decline trajectory (10.0% of the sample). These
results were similar to those found for the episodic memory domain in
the same study (Williams et al., 2022), and to those found by Min (2018)
using a measure of global cognition. In its part, Z. Wu et al. (2021)
identify five trajectories of executive functioning over time:
high/increase (1.6%), high medium/increase (10.3%), medium/increase

(29.9%), medium-low/increase (40.3%) and low/stable (17.9%).

All these studies share the person-oriented analytical approach to
study cognition across time. These person-centred techniques assume
that the sample arises from a heterogeneous population that can be
distinguished into a finite number of homogeneous subpopulations of
individuals (Collins & Lanza, 2009). Two related but different person-
oriented approaches were used among the studies. Some studies (Hayden
et al.,, 2011; Lee & Jean Yeung, 2019; Lin et al., 2017; Min, 2018;
Terrera et al., 2010; Williams et al., 2022; Yu et al., 2015) employed
Growth Mixture Modelling (GMM). These models capture variability in
latent growth trajectories that correspond to different groups or classes,
representing the subpopulations (van der Nest et al., 2020). Within each

trajectory, however, variability is also modelled.

A fair amount of studies (T. Y. Chen & Chang, 2016; Ding et al.,
2019; Downer et al., 2017; Espeland et al., 2018; L. Han et al., 2016;
Howrey et al., 2015; McFall et al., 2019; Park et al., 2017; Teipel et al.,
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2018; Tu et al., 2020; Z. Wu et al., 2021) applied either Latent Class
Growth Analysis (LCGA) or Group-Based Trajectory Modelling
(GBTM). LCGA is a special case of GMM, in which within-trajectory
variability is assumed to be zero but within class error variance is
acknowledged and allowed to vary across classes (van der Nest et al.,
2020). That is, in each trajectory, every individual classified in that
trajectory is assumed to share the same growth trajectory (J. Wang &
Wang, 2012). In the case of GBTM, growth parameters are also held
constant within the class but error variance is further assumed to be
constant across classes and over time (Nagin & Tremblay, 2001).
Constraining growth parameters to be equal for all individuals within a
given class implies that deviations from the estimated parameter are

treated as error (van der Nest et al., 2020).

Moreover, deciding on the number of classes to retain is
sometimes problematic (Nagin, 1999) and may result in model
misspecification. Assuming all individuals within a class share the same
average trajectory may provoke deviant individuals to be modelled as
belonging to another subpopulation (i.e. class), which in turn may
generate multiple classes that do not represent substantially different
trajectories but slight variations from a general trend (B. O. Muthén,
2004). In the wider GMM context, authors also warn about the perils of
assuming substantive meaning of latent trajectory classes (Bauer &
Curran, 2003). Throughout the reviewed literature using person-centred
approaches, reported results generally represent different variations of a
general trend. For example, in studies that reported a three-class
trajectory solution as best representing the data, they typically describe
high, medium and low trajectories of cognitive function decline (see, for

example: Hayden et al., 2011; Howrey et al., 2015; Teipel et al., 2018;
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McFall et al., 2019). The same happens in the other studies reporting
different number of classes. These studies mainly capture slight
variations in cognition, rather than substantive trajectories. For instance,
Z. Wu et al. (2021) employed GBTM to examine trajectory classes of
global cognition, vocabulary/executive function, episodic memory and
attention/psychomotor speed. For episodic memory, they reported up to
seven different trajectories (very high/stable, high/increase, high-
medium/increase,  medium/stable, = medium-low/minor  decline,
low/major decline and high-medium/major decline), that represented
slight, minor variations in intercept and/or slope rather than different
developmental trends. As another example, among the trajectories
reported by Yu et al. (2015) using GMM, there was a trajectory of
moderate decliners and another one of heterogeneous decliners. The
latter trajectory was different from the former in that individuals within
this class presented large error variance, although both presented the
same declining trend. This illustrates the problem of growth parameter

constriction, as well as over extraction of classes.

Lastly, B. O. Muthén (2004) insists on the importance of
including model covariates when specifying the GMM or
LCGA/GBTM, as they influence class proportions, the number of classes
and class membership. Therefore, the unconditional model may entail
model misspecification. Moreover, covariates ought not only affect the
latent class but also the growth factors (B. O. Muthén, 2004). Across the
reviewed literature, the mainstream approach is to estimate the
unconditional model employing either technique and later test the effect
of covariates on class membership only (see, for example: Hayden et al.,
2011; Lee & Jean Yeung, 2019; McFall et al., 2019; Park et al., 2017,
Teipel et al., 2018). As Bauer and Curran (2003) state “growth mixture
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models are more typically used in an exploratory mode, with post hoc

interpretations of the class trajectories” (p. 359).

Given the above-mentioned reasons, the person-centred approach
does not appear to be the most appropriate approximation to modelling
of longitudinal cognitive data. An alternative set of techniques are the
variable-centred ones, in which the focus is in the relationship among the
variables (Howard & Hoffman, 2017). Some authors argue that these
techniques fail to acknowledge population heterogeneity (Laursen &
Hoff, 2006). However, variable-centred techniques such as Linear Mixed
Modelling (LMM) or Latent Growth Modelling (LGM) do contemplate
inter- and within-individual variation. Moreover, these same authors
(Laursen & Hoff, 2006) state that this approach suits longitudinal
research of developmental trajectories, if these are thought to be

similarly experienced by individuals.

As mentioned before, studies that employed these alternative,
variable-centred, techniques also presented diversity in their
conceptualisation of cognition. One study (W. Zhang et al., 2022)
employed a measure of global cognition, while two other (Bertola et al.,
2019; Liampas et al., 2022) focused on the memory domain. Besides
these, some authors examined more than one component of cognition.
Yam et al. (2014) contemplated four different components (inductive
reasoning, processing speed, memory and vocabulary), and Johnson et
al. (2012) considered up to five different dimensions (memory, executive
functioning/processing speed, visuospatial ability, language and
attention). Furthermore, the specific technique employed also varies
across studies. Some did multi-group LGM (Bertola et al., 2019), parallel
LGM (Johnson et al., 2012) or general LGM (Yam et al., 2014), while
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others employed multilevel generalised LMM (W. Zhang et al., 2022) or
Generalized Estimating Equations (GEE; Liampas et al., 2022).

Regarding their results, W. Zhang et al. (2022) report a linear
trajectory of global cognitive decline, and Bertola et al. (2019) and
Liampas et al. (2022) report a trajectory of linear memory decline over
time. In its part, Johnson et al. (2012) tested parallel trajectories of
memory with the other specific cognitive domains and further examined
differences between individuals with MCI and healthy controls. They
found that both groups displayed linear trajectories of memory decline
in all cases, although the impaired group displayed more acute decline.
Only cognitively impaired individuals additionally showed linear
trajectories of decline in the other cognitive domains. Finally, Yam et al.
(2014) examined latent trajectories of inductive reasoning, processing
speed, episodic memory and vocabulary separately, and found that in all
cases a quadratic trajectory of decline best represented the data. With the
exception of Johnson et al. (2012), using data from the Alzheimer’s
Disease Neuroimaging Initiative in the USA, the rest of studies
employed samples of healthy older adults. Two of the samples were also
from the USA (Bertola et al., 2019; Yam et al., 2014), one was from
Greece (Liampas et al., 2022) and the other one was from China (W.
Zhang et al., 2022).

In general, a lot of heterogeneity is observed in the longitudinal
cognitive literature, both regarding the approximation to cognition and
the methods used to approach its study. Regarding the measurement of
cognition, Steinerman (2010) argues that using a measure of global
cognition to characterise patterns of cognitive performance across the

lifespan may fail to capture subtle age-related changes. In fact, some
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authors report lack of sensitivity in such general scores (Floden et al.,
2015) and additional evidence shows that cognitive domains are more
adequate in predicting functional decline and mortality than a general
measure of cognition (Johnson et al., 2007). Indeed, across the reviewed
studies, some of those that contemplated more than one cognitive domain
found different class solutions for each domain (Teipel et al., 2018; Z.
Wu et al., 2021). Moreover, as will be discussed in the next section, the
conceptualisation of cognition as constituted by different domains shows

differential effects of predictors onto the different cognitive domains.

Cognitive domain differentiation also presents difficulties on its
own. As Harvey (2019) claimed, the conceptualisation of cognitive
ability domains can be done in several ways, either using process or brain
functional regions as criteria. In this work, based on the reviewed
literature, a domain-based approach to the study of cognition will be
adopted. The proposed differentiation of cognitive ability into domains
will be that of the Diagnostic and Statistical Manual of Mental Disorders
(DMS-5-TR; American Psychiatric Association, 2022).

The DSM-5-TR establishes six main neurocognitive domains
that make up cognition: complex attention, executive function, learning
and memory, language, perceptual motor skills and social cognition.
Complex attention includes sustained attention, divided attention,
selective attention and processing speed (American Psychiatric
Association, 2022). It is considered to be a required precedent for
executive function and memory (Ruthruff & Lein, 2017). Attention
implies the ability to focus cognitive activity in determined stimuli or

task intentionally and for a variant length of time (Staub et al., 2013).
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Executive function includes planning, decision-making, working
memory, responding to feedback/error correction, overriding
habits/inhibition and mental flexibility (American Psychiatric
Association, 2022). These functions allow the person to adapt to
changing environmental demands (Unger & Karbach, 2017) and are
considered especially relevant in ambiguous, unknown or complex

situations (Jurado & Rosselli, 2007).

Learning and memory include immediate memory, recent
memory and very-long-term memory (American Psychiatric
Association, 2022). They are difficult to distinguish, but memory is
considered a subsystem of learning (Lu et al., 2018; Rast, 2017; Walsh
& Lovett, 2016), given that memory is the process by which a certain
experience is registered and retrieved and learning is a process of

behavioural change produced by such experience.

Language includes expressive language and receptive language
(American Psychiatric Association, 2022), with several specific neural
networks interacting in both language production and language

comprehension (Shafto & Tyler, 2014).

Perceptual and motor functions include visual perception,
visuoconstructional, perceptual-motor coordination, praxis and gnosis
(American Psychiatric Association, 2022). All these processes allow the

individual to interact with the world (L. Wang et al., 2015).

Finally, social cognition includes recognition of emotions and
theory of mind (American Psychiatric Association, 2022). According to
Natelson-Love et al. (2015), social cognition is also a way to interact

with the world and thus depends on the perceptual-motor domain, given
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that social signals need to be perceived and processed in a determined

context.
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1.3. Correlates of cognition

In this section, relationships between cognition and other
variables will be extensively reviewed, both at the cross-sectional and at
the longitudinal level. First, relationships between sociodemographic
variables and cognition will be discussed. Then, literature on the
association between physical dimensions of the individual, such as
physical activities, chronic disorders or smoking, and cognition will be
examined. After that, this section will cover correlates of cognition
related to the psychological sphere, as for example depression, frailty or
loneliness. Finally, social factors potentially related to cognitive

functioning will be reviewed.

1.3.1. Sociodemographic variables

As mentioned earlier, the study of cognition in old age is of
relevance because in this specific developmental stage individuals’
cognitive abilities start to decline, following normative cognitive ageing,

whose severity could progress to a point where MCI, or ultimately
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dementia, are considered. Deterioration of humans’ biological systems
is well known across the life cycle and its manifestation are especially
evident in the old age (Harada et al., 2013). In this regard, the impact of
age on the different cognitive abilities has received great empirical

support.

Be that as it may, other sociodemographic characteristics of
individuals are thought to also have an effect on cognition as they age.
One of these is education, which is seen as a protective factor against
cognitive decline. According to the cognitive reserve theory (Stern,
2002), former education received by an individual, among other
phenomena, is thought to provide a cognitive reserve to cope with age-
related decline, so that this decline does not affect cognitive performance

to the same degree (Harrison et al., 2015; Stern, 2012).

There is a considerable amount of research that provides evidence
about the relationship between this sociodemographic factor and
cognition. For example, Weber et al. (2014) found education to be
positively related to cognition. Results from the correlational study by
Lourenco et al. (2018) showed that higher age and lower educational
level were associated with a lower level of cognitive abilities, namely
executive function and perceived memory. Bertola et al (2019), in its
part, considered educational level as a moderator variable and reported
that initial levels of cognition as well as race had an effect on memory

on high-educated individuals but not among lower-educated ones.

Among studies employing person-centred techniques, Ding et al.
(2019) showed that higher education significantly increased the odds of
being classified in the class of less memory decline in both cognitively-

healthy and MCI subjects. In turn, Espeland et al. (2018) reported that
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participants classified in the less favourable cognitive trajectory
presented lower levels of education. This association of higher
educational attainment to trajectories of less cognitive decline over time
has been repeatedly observed in studies using the aforementioned
approach (L. Han et al. 2016; Howrey et al., 2015; McFall et al., 2019;
Min, 2018; Park et al., 2017; Teipel et al., 2018; Terrera et al., 2010; Tu
et al., 2020; Williams et al., 2022; Z. Wu et al., 2021)

Another frequently studied factor is socioeconomic status,
comprised by the social and economic assets of the individual.
According to the cognitive enrichment hypothesis (Scarmeas & Stern,
2003), exposure to enriched, demanding contexts offer the opportunity
to make use of cognitive abilities that, in turn, aid maintenance of the
cognitive reserve. In this context, the amount of social and economic
resources an individual has is seen as a marker of the cognitive

enrichment potential their environment has (Migeot et al., 2022).

In this line, one study examining the longitudinal association of
socioeconomic status, measured as family assets and years of education,
with executive function and memory showed a positive relationship
between the socioeconomic status and these cognitive domains, both at
the same time and after a four-year delay (Miceli et al., 2019). Work by
Cadar et al. (2017) also focused on the longitudinal effects of education
and family income, among others, on memory in a sample of older adults
from 10 European countries. Higher levels of both family income and
education exerted a positive effect on recent and delayed memory,
although family income only displayed a positive relationship to initial

memory and not to its rate of change.
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In turn, Bourassa et al. (2017) employed LGM to study the effect
of age and family income, among other factors, on memory and
executive function. Results reported in this study show that higher age
had an effect on lower initial levels of these cognitive abilities as well as
worse performance over time. On the other side, family income only

explained higher initial levels of ability but had no effect over time.

Furthermore, person-centred approaches also contemplated age,
gender and socioeconomic status in their analysis of latent cognitive
trajectory classes. In general, older age is associated with a higher
probability of belonging to the group with worse cognitive performance
over time (Ding et al., 2019; Downer et al., 2017; Howrey et al., 2015;
Min, 2018; Park et al., 2017; Teipel et al., 2018; Tu et al., 2020; Z. Wu
et al., 2021). Seemingly, Park et al. (2017) provide some evidence of the
association between lower socioeconomic status at childhood and at

adulthood and a less favourable cognitive trajectory.

Regarding the effect of gender on cognition, evidence is
somewhat mixed. A study by Lundervold et al. (2014) reported lower
levels of memory decline among women. Female gender has further been
associated with more favourable trajectories of recent memory (Ding et
al., 2019; Lin et al., 2017; McFall et al., 2019; Z. Wu et al., 2021),
executive function (Lin et al., 2017; Z. Wu et al., 2021) and global
cognition (Howrey et al., 2015; Min, 2018; Z. Wu et al., 2021) in studies
employing a person-centred approach. However, some other studies
have found female gender to be associated with higher odds of belonging
to less favourable groups, in terms of delayed memory (Liampas et al.,

2022) and global cognition (Terrera et al., 2010; Tu et al., 2020).
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Therefore, it seems that gender may have a differential effect depending

on the cognitive component that is considered.

Finally, Lavrencic et al. (2018) studied the effect of the years of
education received by an individual to their attention, executive function,
memory, social cognition and perceptual motor skills. In line with the
cognitive reserve theory, they found education to present an effect in
attention, memory and executive function but not in the other domains.
This study provides evidence on the differential behaviour of cognitive
reserve on different cognitive domains, as also did previous findings

(Ritchie et al., 2015; Roldan-Tapia et al., 2012).

1.3.2. Physical variables

Evidence shows that, in old age, chronic inflammatory processes
account for the observed deterioration of biological systems, a condition
known as inflammaging (Franceschi et al., 2000) or inflammation
hypothesis (Chung et al., 2001). These processes entail alterations in
cells and tissues (Chung, 2019) and have been related to cardiovascular
disorders as well as to other chronic disorders such as cancer,
osteoporosis, depression and dementia (Ferrucci & Fabbri, 2018).
Additionally, some physical factors such as exercise or diet restriction
have anti-inflammatory effects that are beneficial for older individuals
(Weyh et al., 2020). From this theoretical perspective, the difference
between normative ageing and pathological ageing relies on chronic
inflammation. Therefore, inflammaging can be considered a marker of

accelerated physiological ageing.
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Among physical variables, literature has often focused in
physical activity. Several studies report a positive relationship between
physical activity and cognition (for example: Beydoun et al., 2014;
Blondell et al., 2014; Buchman et al., 2012; Frederiksen et al., 2015; Ku
et al., 2012; Middleton, 2011; Tolppanen et al., 2015). In the same
fashion, physical inactivity or sedentariness have been considered risk
factors for the development of cognitive impairment (Hessel et al., 2018;
Lourenco et al., 2018). Indeed, some studies that examined trajectories
of global cognition observed that individuals who engaged in fewer
physical activities present a higher probability of being in the trajectory
with sharper cognitive decline (Min, 2018; Yu et al., 2015).

Regarding specific cognitive domains, research reports the
effects of physical (in)activity on executive function (Baker et al., 2010;
Daietal., 2013; Lourenco et al., 2018; Nagamatsu et al., 2013;), memory
(Hessel et al., 2018; Miller et al., 2012; Suzuki et al., 2013) and attention
(Baker et al., 2010; Lam et al., 2011; Nagamatsu et al., 2013; Yagiiez et
al., 2011), as well as on global cognition (Lam et al.,, 2011;
Lautenschlager et al., 2008; Suzuki et al., 2013; Vreugdenhil et al.,
2012).

All in all, the amount of physical activity individuals perform in
their daily routines is one of the predictive factors of cognition the
literature has most frequently examined, and its explanatory effect on
cognition has also been established across time (Blondell et al., 2014; Ku

etal., 2012; Lam et al., 2011; Miller et al., 2012; Suzuki et al., 2013).

Other factors related to the physical dimension of the individual
that have received attention are cardiovascular risk factors, such as

obesity, hypertension, diabetes, smoking, stroke and heart attack. As
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previously mentioned in section 1.1, noncommunicable diseases are the
main cause of death for developed countries (McCracken & Phillips,
2017) and most of these are derived from the aforementioned factors.
However, some authors have further studied the relationship between

these factors and cognition.

Obesity and diabetes have been associated with cognitive
impairment (Crane et al., 2013; Hessel et al., 2018). Regarding the
evidence about the association of diabetes and cognition, one study
reported diabetes to be associated with lower odds of being classified in
a cognitive trajectory of high cognitive maintenance over time (T. Y.
Chen & Chang, 2016), while other study reported higher presence of
Type 1I diabetes among less favourable cognitive trajectories (Espeland
et al., 2018). The relationship between weight and cognition appears to
be less clear, as longitudinal research reports a higher Body Mass Index
(BMI) to be associated with better cognitive progression (McFall et al.,
2019; Tu et al., 2020). One possibility is that, when inflammation takes
place, both the digestive system and the nervous system start to
deteriorate and, consequently, weight loss and cognitive impairment take
place simultaneously. Recent work by Norman et al. (2021) argues that
initial sedentariness and obesity lead to ectopic fat accumulation, which
in turn eases the occurrence of inflammaging, that contributes to

malnutrition, one of whose outcomes is diminished BMI.

Other studies considered stroke and argued that it is one of the
most important cardiovascular risk factors in relation to cognitive decline
(Lourenco et al., 2018), and a relationship between stroke and
Alzheimer’s Disease was established in a meta-analytic study by Zhou

et al. (2014). On the other hand, the study by Lourenco et al. (2018) also
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showed that smoking was associated with higher odds of impairment in
the cognitive domains of memory and executive function. A similar
study by T. Y. Chen and Chang (2016) using a measure of global
cognition also reported smoking to be associated with a lower probability
of being in the high-stable cognitive group. In this line, some authors
claim that neurotoxins associated with tobacco can have a detrimental
effect on functioning of some cognitive domains (Gorelick et al., 2011;

Sabia, 2008).

Finally, chronic disorders in general have been also related to
worse cognitive functioning. In fact, the number of chronic disorders is
considered a marker of exposure to vascular risk factors for the
development of cognitive impairment (Gorelick et al., 2011; Lim et al.,
2016; Lourenco et al., 2018). Research on cognitive trajectories also
supports the negative impact of chronic disorders on cognition. Namely,
Park et al. (2017) and Tu et al. (2020) report a higher initial number of
chronic conditions to be positively associated with higher probabilities

of belonging to the impaired cognitive group.

1.3.3. Psychological variables

Among the psychological dimension of the individual,
depression among older adults is an important phenomenon, as evidence
shows that it presents negative associated outcomes for the lives of older
individuals and is often underdiagnosed (T. Hu et al., 2022; Zenebe et
al., 2021). This, together with the increasing trend of the prevalence of
depression (Moreno-Agostino et al., 2021), make it a frequently studied
phenomenon in geriatric research. Depression can be defined as a mood

disorder that produces alterations in sleep, appetite, energy levels and it
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is often accompanied by feelings of sadness and negative thoughts
(Potter & Steffens, 2007). Moreover, depressive symptomatology has
been related to changes in cognition (McDermott & Ebmeier, 2009).

Evidence shows that the risk of dementia duplicates among older
individuals with a diagnosis of depression, and some have argued that
this mood disorder can be considered a risk factor for the development
of Alzheimer’s Disease (Green et al., 2003; Ownby et al., 2006).
Additionally, Major Depression Disorder has been labelled an important

risk factor for the development of future dementia (R. Chen et al., 2008).

In fact, depressive symptomatology includes problems in
concentration (American Psychiatric Association, 2022), which could
also be considered an early indicator of cognitive impairment. In this
regard, some authors suggest that depression could be considered a
prodromal manifestation of future dementia (Ismail et al., 2018; Steffens,
2012; Stella et al., 2014). According to vascular depression hypothesis
(Alexopoulos et al., 1997), age-related neurovascular disease may
activate, accelerate or be responsible for depressive syndromes in old
age, or so-called late-life depression. Moreover, evidence shows (Taylor
et al., 2013) that neurovascular deterioration usually affects prefrontal
and frontal regions of the brain, which has also been observed in
cognitive impairment (Steffens, 2012). Finally, neurovascular disease
entails inflammation which has further been observed in relation to

cognitive decline (Ferrucci & Fabbri, 2018).

In this regard, several studies have analysed the effect of
depression or depressive symptomatology in individuals’ cognitive
trends along time. For example, T. Y. Chen and Chang (2016),

employing a person-centred approach, reported that depression was
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associated with a lower likelihood of being classified in a high stable
group of global cognition. Other studies employing seminal analytical
approaches also conceptualised cognition as a global element (Downer
et al., 2017; L. Han et al., 2016; Howrey et al., 2015; Min, 2018; Yu et
al., 2015) and findings from these studies also showed depressive
symptomatology to be related to less favourable trajectories of cognition.
In addition, McFall et al. (2019) focused on the memory domain
specifically and reported similar results. It is worth noting that none of
the studies focused in the executive function domain. Studying the
effects of depression on this particular domain becomes especially
relevant, as it involves frontal lobe activation (Otero & Barker, 2014;
Stuss, 2011) and this is the brain region often affected by neurovascular

deterioration (Taylor et al., 2013).

Another factor that has been examined in relation to cognition is
loneliness (Boss et al., 2015; Cacioppo & Hawkley, 2009; McDermott
& Ebmeier, 2009), which is also associated with depression (Kong et al.,
2018). Loneliness is understood as a subjective experience of lack of
fulfilling human relationships (Tilvis et al., 2012) and is considered a
risk factor for the behavioural and psychological symptoms of dementia

(Sun et al., 2021).

There are three tentative explanations for the association between
cognitive impairment and loneliness. One of them argues that loneliness
could lead to bad life habits (Baumgart et al., 2015; Berkman et al., 2000;
Golden et al., 2009). Another one suggests that biological correlates of
loneliness could impact on cognitive functions (Berkman et al., 2000;
Boss et al., 2015). Lastly, the third hypothesis suggests that loneliness

implies a state of social deprivation in which individuals may lack the
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benefits that social relationships have for cognition, which in turn rises
the risk for cognitive impairment (Berkman et al., 2000; Fratiglioni et
al., 2004). Work by Kong et al. (2018) reports an association between
loneliness and cognitive impairment, but the association dissipated when
considering depression. Authors from this work suggest that loneliness
and depression affect cognition simultaneously. However, another
possibility is that the relationship between loneliness and cognition is

often confounded by depression.

Lastly, frailty has also been studied in relationship to older adults’
cognition (Brigola et al., 2015; Godin et al., 2017; Godin et al., 2018).
Considered a geriatric syndrome, there is no consensus about the exact
definition of frailty. The most common way to understand this syndrome
is, however, the one proposed by Fried et al. (2001). These authors argue
that frailty is made up by five criteria: feelings of fatigue, involuntary

weight loss, reduced grip strength, slowness and physical inactivity.

In general, correlational studies examining the association
between frailty and cognition agree that higher levels of frailty are often
accompanied by higher levels of cognitive impairment (Avila-Funes et
al., 2011; E. S. Han et al., 2014; Kulmala et al., 2014; Macuco et al.,
2012; Moreira & Lourengo, 2013; Yassuda et al., 2012). Longitudinal
studies also bolster this relationship over time (Alencar et al., 2013;
Auyeung et al., 2011; Boyle et al., 2010; Godin et al., 2017; Gray et al.,
2013).

Among the aforementioned studies, not all of them employed
Fried et al.’s (2001) approach to the conceptualisation of frailty. Some
research considered other alternative operationalisations of frailty as a

physical and psychological syndrome (Godin et al., 2017). Additional
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studies conceptualised frailty as a physical syndrome using alternative
criteria (Auyeung et al., 2011; Boyle et al., 2010; Kulmana et al., 2014;
Macuco et al., 2012; Yassuda et al., 2012). All in all, the definition of
frailty is not universal. Additional conceptualisations have also referred
to cognitive frailty as a state of physical frailty accompanied by MCI
(Kelaiditi et al. 2013), but some authors (Facal et al., 2019) argue that
this term lacks specificity both in terms of its concept and of its
operationalisation. In this line, and building on previous evidence on the
longitudinal association of frailty and cognition, cognitive frailty status
may be understood as the result of two differentiated events: enduring

frailty along time and developing cognitive impairment.

1.3.4. Social variables

Although not new, some research that has received increased
attention in recent years is that of social participation in relation to
cognitive impairment. Social participation can be understood as
individuals’ involvement in social activities such as religious groups,
volunteering, sports or social clubs or community-related organizations
(Bourassa et al., 2017; Miceli et al., 2019). Evidence shows that social
activity is related to cognition along the life cycle, but that this
relationship becomes more evident in the old age (James et al., 2011;

Seeman et al., 2011).

In the context of the cognitive enrichment hypothesis (Scarmeas
& Stern, 2003), older adults’ engagement in different activities may offer
cognitive-demanding scenarios that contribute to the maintenance of
cognitive reserve (Bourassa et al., 2017; Hertzog et al., 2008). Research

has mainly focused in social activities specifically and both correlational
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(Choi, 2020; Fu et al., 2018; Krueger et al., 2009; Litwin & Stoeckel,
2015) and longitudinal evidence (Glei et al., 2005; Hwang et al., 2018;
McFall et al., 2019; Miceli et al. 2018; Seeman et al., 2011; Teipel et al.,
2018) suggests that greater engagement in social activities implies higher
levels of cognitive functioning. Some other studies have focused in
intellectual activity participation and also report a positive longitudinal
association between higher engagement in this kind of activities and less

cognitive impairment over time (Hultsch et al., 1999; Yu et al., 2015).

Among studies that contemplated both types of activities
simultaneously, Fernandez et al. (2023) found social and intellectual
activity participation to be positively related to different cognitive
domains, namely verbal fluency, memory, numeracy and temporal
orientation. These authors reported, however, that both activities did not
equally influence these domains, and intellectual activity participation
generally presented larger effect sizes. Moreover, while engagement in
intellectual activities presented meaningful effects for all
aforementioned domains, engagement in social activities was relevant
for memory and verbal fluency in particular. Other study that
differentiated among social and intellectual activity participation
reported higher levels of engagement in both types of activities to be
associated with the most cognitively-healthy trend over time (H. Li et al.,
2020). Nevertheless, these authors employed a measure of global
cognition, so information regarding specific effects of participation in
different activities on different cognitive domains is not available

longitudinally.

Finally, Litwin and Stoeckel (2016) report a positive association

of social participation with memory, as well as with social network.
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When this latter association was contemplated, the relationship between
social participation and memory decreased. In light of these results, the
authors argue that social activity participation may serve as a form of
social contact, that is positively associated with memory. In this regard,
some research examined the relation of social network and cognition.
Social network is understood as the system of individuals surrounding
the individual and it is operationalised in terms of size, kind of
relationship and contact frequency (Kelly et al., 2017). Generally, results
point to a positive effect of social network on cognitive maintenance (for

example: Barnes et al., 2004; Béland et al., 2005; Kimura et al., 2017).

Finally, research has also examined the effects of social support
in relation to cognition, with unalike results. On the one hand, Yeh and
Liu (2003) found a positive relationship between social support and
cognitive function. Some other authors (Rashid et al., 2016) reported
older adults with low social support to present threefold chances of
developing cognitive impairment. On the other hand, findings from the
study by Sims et al. (2014) showed a negative association between social
support and cognition, which implies higher levels of social support to
be associated with a higher number of cognitive problems, in terms of
memory and inhibition. Additional evidence reported different findings
as a function of gender and the type of social support considered (Liao
& Scholes, 2017; Murata et al., 2019). A possible explanation for these
results could rely in the way social support was measured across these
studies. For example, the study by Sims et al. (2014) conceptualised
social support as perceived availability of social support in activities
from different areas of the individual, as also did the study by Murata et
al. (2019). Other authors, in turn, employed more subjective indicators,

such as understanding one’s feelings or perceiving there is someone to
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rely on when problems arise (Liao and Scholes, 2017; Rashid et al.,
2016; Yeh & Liu, 2003). Other authors (Haber et al., 2007) also point to
a difference between specific perceived supportive behaviours and
general availability of support, and argue that it is the latter that presents

implications for health.
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1.4. A holistic approach

Robert J. Havighurst is considered the forefather of successful
ageing (SA) research. In his seminal work, Havighurst (1961)
established the first approximation to the operationalisation of SA
theories. He defined a theory of SA as “a statement of the conditions of
individual and social life under which the individual person gets a
maximum of satisfaction and happiness” (p. 8). In this work, Havighurst
summarized previous procedures for SA measurement and concluded
that the most appropriate one relied in the measurement of what he called
“individual’s life satisfaction”. He went on to propose a five-dimensional
model of satisfaction with life. These dimensions and their meaning are

available in Table 3.

Another seminal work within the gerontological research arena
was the one by Rowe and Kahn (1987). These authors suggested that
lifestyle factors could account for age-related declines, and therefore
proposed an additional differentiation within non-pathological ageing
into successful and usual ageing. This differentiation was also intended

to serve as an explanation of the heterogeneity observed within the
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normative agers. According to these authors, factors such as diet,
exercise or nutrition moderated the ageing process. Regarding cognition
in particular, Rowe and Kahn (1987) stated that “much of the cognitive
loss in late middle life that has been considered intrinsic to ageing is

caused in part by extrinsic factors and may therefore be preventable” (p.

145).

Table 3

Satisfaction with life dimensions proposed by Havighurst (1961)

Dimension High Low
Apathy as well as
Involvement in meaningless,

Zest vs. Apathy

Resolution and
fortitude

Goodness of fit
between desired
and achieved
goals

Positive self-
concept

Mood tone

meaningful activities

Accepting personal
responsibility for his
life

Self-realization with
one’s goals

Good concept of self
with regard to physical
and psychological
attributes

Feelings of pleasure for
life, optimism and
affection

unenjoyed, hyper-
activity

Feelings of
resignation,
intropunitive and
extrapunitive attitudes

Feelings of regret
about past missed
opportunities

Negative feelings and
perceptions towards
self

Displaying sad mood,
irritability,
helplessness or
feelings of loneliness
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A few years later after the establishment of the distinction
between usual and successful ageing, Rowe and Kahn (1997) proposed
a conceptual framework for SA. This theoretical framework comprises
three hierarchical components: absence or low risk of disease and
disability, high physical and cognitive functioning and active
engagement with life. The two first components are subordinated to the
third one, as these authors claim that absence of disease and disability
imply high levels of functioning at the physical and cognitive level, and
both allow for engagement with interpersonal relationships and
productive activity — paid or not. Figure 1 displays the theoretical model
of SA according to Rowe and Kahn (1997). Therefore, according to this
theoretical paradigm, these are the three conditions that the individual

ought to fulfil in order to age successfully.

It should be noted that Rowe and Kahn’s model of SA emerged
at a time in which the World Health Organization had just made a shift
from the notion of health as absence of disease towards the positive,
dynamic and empowering concept of health promotion (WHO, 1984). In
this sense, these authors merit the credit for being pioneers in considering
individuals’ extrinsic factors as enhancers of health in the old age. All in
all, the Rowe-Kahn paradigm has been greatly acknowledged in the
gerontological literature and numerous scholars reflected on this
theoretical framework to advance knowledge in ageing research (Rowe

& Kahn, 2015).

Although a very progressive theory, some criticisms have been
raised around Rowe and Kahn’s (1997) model of SA. In 2015, The

Gerontologist released a special issue in which the most prominent
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scholars in the SA arena contributed with different topics around the

reformulation and possible upgrades and expansions of the model.

Figure 1
Rowe and Kahn'’s (1997) theoretical model of successful ageing

Absence of
disease and
disability

Successful
aging

Engagement
with life

High physical
and cognitive
functioning

One of these contributions was a systematic review of the
critiques received by the model over the years (Martinson & Berridge,
2015). In this study, the authors differentiated the critiques into four
categories that will be employed here to guide the discussion about the
model’s limitations. The first category referred to the narrowness of SA
criteria. In this sense, Cheng (2014) also signalled the excessive
biomedicalization of ageing made by Rowe and Kahn’s model. Namely,
the model of SA suggests absence of disease and disability, or low risk

of such, to be a requisite for success. As argued by Cheng (2014), some
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diseases do not limit individuals’ functional capacities at all and
therefore do not pose a burden for ageing successfully. All in all, among
the proposed criteria to be added to the definition of SA, the most
prevailing in the literature concerns social elements at the micro- and
macro-levels (Katz & Calasanti, 2015; Martinson & Berridge). Other
authors have also suggested embedding Rowe and Kahn’s model in a
life-course perspective that takes into account the historical, cultural and
social contexts of the individual, and lessens the strain of individual

agency as the only determinant of SA (Stowe & Cooney, 2015).

The second category of critiques was also related to SA criteria,
but such criticism focused on the need to include individuals’ subjective
assessments of their success (Martinson & Berridge, 2015). Overall,
prevalence estimates of SA according to Rowe and Kahn’s criteria are
systematically lower than those established according to individuals’
subjective assessments. Already by the time Havighurst (1961) discussed
the different operationalisations of SA, he noted that no operational
definition of the construct should assume there is only one desirable
condition. In Rowe and Kahn’s model of SA there is a clear standard, as
these authors suggest that avoidance of disease and high functioning are
desirable because they allow the individual to keep engaged with life,
assuming that engagement is the desirable condition. Criticism argues
that SA does not present a universally shared meaning and that disparity
in prevalence of estimates may be due to a failure to include subjectively
defined criteria that allows cultural and inter-individual variability in the

conceptualisation of SA (Cheng, 2014; Wahl et al., 2016).

Further criticisms point to the individualistic essence of the

model and the stigmatization of those who do not manage to age
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successfully and a bias towards more genetically predisposed individuals
(Martinson & Berridge, 2015). Regarding individualism, Rubinstein and
de Medeiros (2015) developed a critique on the similarities between the
model and neoliberalism, given that both focus on the individual as the
main agent of change. Moreover, work by Stowe and Cooney (2015)
suggested that taking a life course approach to SA would also permit
relaxing the strain on individual agency, as these authors argued that
Rowe and Kahn’s model relied excessively on the individual. They also
claimed that acknowledging inter-individual heterogeneity in the ageing
process as the outcome of different developmental patterns would also
help avoid stigma around those individuals that do not manage to age
successfully in terms of the model (Stowe & Cooney, 2015).
Additionally, Rubinstein and de Medeiros (2015) made several remarks
about the perils the Rowe-Kahn paradigm of SA had for unsuccessful
agers and the failure of the model to identify successful agers despite

disability, for example Stephen Hawking or Mother Theresa.

The fourth category of critiques claimed for the
reconceptualisation of successful ageing towards a more holistic
paradigm of ageing that acknowledges losses and social and spiritual
dimensions, not considered before (Martinson & Berridge, 2015).
Academics within this perspective attempted to offer alternative models

that made up for Rowe and Kahn’s model deficiencies.

Such alternative models include the Selective Optimization with
Compensation (SOC) model by Baltes and Baltes (1990), that
approaches the study of SA from a life-course perspective that is
consistent with the SA framework. Moreover, in contrast with previous

theoretical propositions, the model acknowledges inter-individual
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variability as well as social and contextual circumstances. Based on the
notions of variability and plasticity, the authors argue that ageing is an
adaptive process constituted by the three main components of selection,
optimization and compensation, that are derived from the following

seven propositions about the essence of ageing:

1. Differences exist among normal, optimal and pathological

ageing.

ii. A lot of heterogeneity is observed in the ageing process.

iii.  There is substantial unobserved reserve capacity.

iv.  There is age-related loss of reserve capacity.

v.  Reserve’s age-related declines can be moderated by knowledge
and technology.

vi.  Gains and losses achieve a balance with ageing.

vii.  Individuals remain resilient in old age.

From these propositions, Baltes and Baltes (1990) suggest a
general process of adaptation by which the individual navigates their
age-related gains and losses. Selection involves focusing on the domains
of functioning of high priority, taking into account individuals’
motivations and environmental demands. This allows for the adjustment
of expectations so they can be fulfilled giving rise to the subjective
experience of satisfaction. Optimization implies the focus of individuals’
energy on actions that can enhance their reserves and maximize the
domains of high priority. Finally, compensation makes reference to the
replacement of loss or diminished behavioural capacity by other mental
capacities or technology, that make up for the deficiency. By doing this,
the individual minimizes age-related declines and maximizes gains to
obtain a more positive balance. A graphical representation of the model,

adapted from Baltes and Baltes (1990) is available in Figure 2.
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Figure 2
Selective Optimization with Compensation model, adapted from Baltes and Baltes (1990)

Antecedent conditions

Processes Outcome
* Life development as specialized
and age-graded adaptation :
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. Reduqtion in general reserve > Optimization »| transformed but
capacit . .
pacily _ effective life
Compensation

* Losses in specific functions

48



Approaching the comprehension of cognition in the old age

Although this model was proposed as a general model of
successful development, it was deemed especially relevant for the old
age. Nonetheless, Freund and Baltes (2002) hypothesized a decline in
SOC behaviours due to age-related functional losses, following the
previous study’s findings of a decrease in SOC behaviours with
increasing age (Freund & Baltes, 1998). These authors also argued that
older individuals that continue using SOC strategies also display higher
levels of functioning (Freund & Baltes, 2002). In this line, evidence from
Carpentieri et al. (2017) showed that older individuals who engaged in
SOC behaviours displayed higher levels of well-being despite their
levels of physical function but the inverse was not true, and concluded
that SOC behaviours could mediate the relationship between physical

function and well-being.

All in all, the SOC model offers a valuable perspective on
adaptive processes that allow the maximization of individuals’ potential
throughout the life cycle. However, there are some shortcomings related
to the measurement of SOC (see Moghimi et al., 2019) and the model’s
approximation to successful ageing. As a process model, the emphasis
of the model relies in SOC behavioural strategies, and success is defined

as the employment of such strategies regardless of the outcome.

An alternative model that focuses on ageing exclusively while
maintaining a holistic and inclusive approach is the Preventive and
Corrective Proactivity (PCP) model by Kahana and Kahana (1996). This
model was developed in response to the lack of theoretical frameworks
addressing the antecedents of successful ageing not considering older
adults as passive respondents of their environments. The model

“explores ways in which older adults shape their armamentarium of
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resources and enhance their late-life well-being as they prepare to
confront and actually face normative stresses of aging” (p. 19; Kahana

& Kahana, 1996).

This model agrees with Baltes and Baltes’s (1990) contribution
in that the older individual interacts with external and internal resources
to reduce their vulnerability while also shaping their priorities. However,
Kahana and Kahana’s (1996) approximation to successful ageing is not
limited to these behavioural strategies but considers challenges specific
to the ageing process without excluding genetic and socio-structural
factors, as they are contemplated in older adults’ resources and stressors.
The PCP model implies a forward leap in complexity that better achieves

to represent the complex reality of ageing.

According to the PCP model (Kahana & Kahana, 1996),
individuals face stressors that may impact in their capacity to age
successfully, as defined by positive affect, meaning in life and
maintenance of activities and relationships. Nonetheless, individuals also
have external resources that can buffer the negative impact of stressors
onto successful ageing. Affecting these external resources and also
impacting on the stress-success relationship, there are preventive and
corrective adaptations individuals can endorse in order to age
successfully. Psychological dispositions are defined as internal resources
for successful ageing and constitute the antecedents of both adaptation
components. Finally, socio-structural influences are acknowledged as
having an effect on every element of the model (control variables), to
represent that the individual is embedded within a social context. A
graphical representation of all these components of the model is shown

in Figure 3.
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Figure 3
Preventive and Corrective Proactivity (PCP) model, adapted from Kahana and Kahana (1996)
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Figure 4

Comprehensive Preventive and Corrective Proactivity (PCP) model, adapted from Kahana et al. (2014)
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This model has received empirical support (for example: Kahana
etal., 2002; Kahana et al., 2005; Kahana et al., 2012) and offers a holistic
theoretical framework that focuses in both the process and the outcomes
of successful ageing, with tangible components that can be
operationalised. A few years later, however, Kahana et al. (2014) offered
arevised version of the PCP model, the Comprehensive PCP model. This
second model included not only late-life stressors such as health
problems, social losses and person-environment incongruence, but also
cumulative stressors like social discrimination or financial resources’

access inequality. The Comprehensive PCP model is shown in Figure 4

Moreover, regarding outcomes of successful ageing, in the
Comprehensive PCP model these are equated to quality of life (QoL)
outcomes and include life satisfaction, which was considered as a
disposition in the original model. Additionally, the revised
Comprehensive PCP model clearly excludes physical health and

functionality as outcomes of SA and contemplates them as stressors.

Regarding internal and external resources, these are considered
at the same level, and their role is not mediated by adaptations as in the
original model. Within external resources, special emphasis is given to
financial resources and available social support while internal resources,
that is, dispositions promoting adaptations, are expanded to further

include future orientation and internal locus of control.

Proactive adaptations, in their part, comprise both preventive and
corrective actions. Preventive behaviours are considered as prior to
stressors although they can also serve corrective purposes. Corrective
behaviours, instead, appear in the presence of stressors in order to lessen

the negative impact of age-related stressors onto QoL outcomes. The
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four specific preventive adaptations include health promotion, planning
ahead, offering help and taking anticipated moves. Health promotion
makes reference to engagement in healthy lifestyles that postpone or
reduce the onset of chronic disorders. Planning ahead refers to preparing
for late-life changes and accommodating new activities, social networks
or contexts. Offering help consists in providing informal assistance to
others, which is suggested to have a positive effect on the self’s well-
being. Finally, anticipatory moves include actions to potentiate social
support and resources in future late-life and this, together with the
person-environment incongruence stressor, make up for the ecological

dimensions of SA.

Corrective behaviours aimed at lessening the effects of stressors
can be grouped under four different themes. Role substitution comprises
actions directed towards finding new social roles after the individual’s
social dimension is affected by retirement or loss of a relative.
Marshalling support implies help-seeking skills to solve problematic
situations. Environmental modification includes all changes made to
overcome environmental limitations that pose a threat to the person-
environment fit. Proactive illness management concerns active health
management once disorders appear and the desire to involve oneself in

healthcare services to minimize health loss.

Finally, the model contemplates contextual influences, as it
acknowledges that the individual is embedded in socio-structural
contexts that present different stressors and resources to different
individuals within a society, depending upon their age, gender, marital
status, educational level and race. Moreover, the model also

acknowledges the spatial context of the individual regarding their living
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surroundings and their location, which may present particularities that
ultimately impact in their SA. These contextual factors are thought to

impact every component of the Comprehensive PCP model.

Regarding cognition, the Comprehensive PCP model argues that
—lack of— functionality constitutes a stressor, so cognitive decline can be
considered an aged-related stressor that impacts on QoL outcomes. This
stressor would be, at the same time, affected by the individual’s context
and by corrective and preventive adaptations, that can both protect
against cognitive decline and buffer the detrimental effects of cognitive
decline on QoL. However, the contrary would also be true. Namely,
cognitive decline would be capable of impacting on behavioural
adaptations, which concurs with the idea by Freund and Baltes (2002)
that SOC strategies diminish with age.

Overall, there have been numerous attempts to provide a
theoretical framework of SA that represents the complex reality of the
ageing process. From all these theoretical proposals, the three reviewed
in this section were chosen because they are considered especially
notorious in the SA arena. Be that as it may, conceptual and
methodological limitations have also been raised. In the case of Kahana
and Kahana’s (1996) PCP model, the own authors restated the model to
overcome these limitations, giving rise to the Comprehensive PCP model
(Kahana et al., 2014). Perhaps, the most evident criticism to this latter
model is its extraordinary complexity, given the amount of components
contemplated and the inter-connections amongst them. Nonetheless, that
could also be considered its main strength, as every sphere of the older

individual is acknowledged.
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There are three main contributions of the Comprehensive PCP
model that make it appealing for the study of human ageing. First, it
confers proactive behavioural adaptations upon the individual,
suggesting that the person is capable of shaping their own successful
ageing. Second, the model poses the ageing process as multidimensional
by incorporating both processes and outcomes of ageing. Third, the
inclusion of contextual and socio-structural factors acknowledges that
the person is embedded within a larger reality that can impede or bolster
their actions towards success. Finally, the interconnection between all
features of the model allows different processes to give rise to the same
outcomes. In conclusion, the Comprehensive PCP model offers a

holistic, flexible-enough, framework for the study of ageing.
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1.5.The Survey of Health, Aging and Retirement in Europe

The Survey of Health, Aging and Retirement in Europe (SHARE;
Borsch-Supan et al., 2013) constitutes a unique research infrastructure
accommodating longitudinal information about health, socio-economics,
environment and social networks of European and Israeli citizens (50
years old or older). In this section, SHARE’s main features will be
discussed, including a listing of the structural actors involved in the
project and their roles, a brief summary of the study’s design, and

SHARE’s specific and general questionnaires.

There are five main agents involved in each wave of SHARE.
First, the project is centralized by the SHARE Central Coordination
Team, which supervises the survey process across all participating
countries. SHARE Central has five units: European Relations and
International Management, Financial Affairs, Survey Methodology,
Operations and Database Management. At the country-level, each
participating country has its own Country Team, composed by a Country
Team Leader (CTL) and, at least, by a Country Team Operator (CTO)

that supports the CTL. Moreover, Area Coordinators are responsible for
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scientific supervision and coordination of each of the five areas of
content considered in the SHARE questionnaire: Income and Wealth,
Health, Health Care, Work and Retirement, and Social Networks.
Fourth, the software needed for the Computer Assisted Personal
Interview (CAPI) method employed in SHARE is developed and
maintained by CentERdata, who also process and archive the data.
Finally, the CAPI interviews are done by professional trained
interviewers that belong to a Survey Agency contracted by either
SHARE Central or a Country Team following a public procurement
process. SHARE presents ex-ante harmonization, which implies that all
participating countries use the same instruments, software and protocol

for data acquisition.

SHARE data follows a longitudinal panel design that employs
probabilistic-based sampling at each wave of data and includes
refreshment samples. The sampling protocol follows a four-stage
process, described in Bethmann et al. (2019). In general, first the Country
Team and the Survey Agency, in cooperation with SHARE Central,
determine a sample frame and specify the sampling procedure to be used.
Second, the sample is drawn to produce a gross sample file. Third,
SHARE Central supervises and authorises the file. Fourth, CentERdata
and SHARE Central distribute the gross sample data through a software,
onto which the Country Team later uploads the sample’s addresses.
Therefore, sample frames and sampling procedures can vary by country.
In the event that the sampling procedure is a non-equal probability
selection method (EPSEM), design weights are computed to correct any

bias associated with the sampling procedure.
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Table 4
Overview of participating countries in each wave of SHARE

Wavel Wave2 Wave3 Wave4d Wave5 Wave6 Wave7 Wave8 SCS1 SCS2

Austria X X X X X X X X X X
Belgium X X X X X X X X X X
Bulgaria X X X X
Croatia X X X X X
Cyprus X X X X
Czech Republic X X X X X X X X X
Denmark X X X X X X X X X X
Estonia X X X X X X X
Finland X X X X
France X X X X X X X X X X
Germany X X X X X X X X X X
Greece X X X X X X X X
Hungary X X X X X
Ireland X X X X X
Israel X X X X X X X X
Italy X X X X X X X X X X
Latvia X X X X
Lithuania X X X X
Luxembourg X X X X X X
Malta X X X X
Netherlands X X X X X X X X X X
Poland X X X X X X X X
Portugal X X X X X X
Romania X X X X
Slovakia X X X X
Slovenia X X X X X X X
Spain X X X X X X X X X X
Sweden X X X X X X X X X X
Switzerland X X X X X X X X X X

SCS1 = SHARE Corona Survey 1; SCS2 = SHARE Corona Survey 2.
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Regarding SHARE waves, since 2004 one wave of data has been
collected every two years, with participating countries varying across
waves. Summary information of participating countries per wave is
displayed in Table 4. The last wave of data available is SHARE Wave §,
which collects data from all countries of the European Union and Israel.
Two additional surveys, SHARE Corona Survey 1 and 2, were also

designed as a consequence of the outbreak of the COVID-19 pandemic.

It should be noted that SHARE Wave 3, also known as
SHARELIFE, constitutes a retrospective life histories study and hence
does not include the usual measures (Schroder, 2011). This was also
done in SHARE Wave 7, but only for those respondents that had not
participated in SHARELIFE. In SHARE Wave 7, the regular
questionnaire was fully administered to respondents that participated in
SHARE since Wave 3 or before, and it was partially administered for
any other respondent, which resulted in very high rates of missing data
for some of the questionnaire’s modules (Bergmann et al., 2019). Be that
as it may, SHARELIFE was initially designed to provide researchers
with information about the respondents’ life events prior to the baseline
year of the study. More specifically, the interviewer asks the respondent
to locate in a calendar children’s year of birth, partner history, and job
and retirement history. The respondent is also asked about their living
situation at the age of ten, as well as about financial assets, their health
during childhood and adulthood, and the use of healthcare. Finally,
respondents are also questioned about meaningful periods of their life,

both positive and negative (Schroder, 2011).

Furthermore, as shown in Table 4, two additional surveys

focusing on the consequences of the COVID-19 pandemic, SHARE

60



Approaching the comprehension of cognition in the old age

Corona Survey 1 and 2, also took place soon after the procurement of
Wave 8 data. In mid-March 2020, fieldwork of SHARE Wave 8 had to
be suspended due to the outbreak of the COVID-19 pandemic and its
incompatibility with face-to-face CAPI. Consequently, the SHARE
Corona Survey 1 was administered between June and September 2020
as a Computer-Assisted Telephone Interview (CATI) to gather data
about the COVID-19 impact on the living situation of adults aged 50 or
more. A second SHARE Corona Survey was administered between June
and August 2021 to study the long-term impact of the pandemic
(Scherpenzeel et al., 2020). The Corona Surveys collect data in line with
the standard SHARE questionnaire but shortened to the CATI format and
focusing on COVID-19 related aspects. Table 5 displays a summary of

the content included in the Corona questionnaires.

Table S
Summary of the content of the Corona Survey 1 and 2, adapted from
Scherpenzeel et al. (2020)

Area Measures
Health and health General health before and after the COVID-
behaviours 19 outbreak, practice of safety measures.
Anxiety, depression, sleeping problems, and
Mental health loneliness before and after the COVID-19
outbreak.

COVID-19 related symptoms, SARS-CoV-2
testing and hospitalization, forgone medical
treatment, satisfaction with treatments.

Infections and
healthcare

Unemployment, business closures, working
from home, changes in working hours and
income, financial support.

Changes in work and
economic situation

Changes in personal contacts with family and
Social networks friends, help given and received, personal
care given and received.
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The regular SHARE questionnaire is organized in modules
grouping conceptually-similar measures. Not all modules were present
at the beginning of the project and not all modules are administered in
all waves. Table 6 displays the relation of modules included in each wave
of the study, excluding Wave 3, in which only the aforementioned
SHARELIFE questionnaire was administered. The modules shown in
Table 6 are considered the regular ones, but SHARE further includes
some special questionnaire modules. All the information regarding
SHARE modules can be consulted in the latest version of the release

guide, available at the SHARE website (www.share-eric.eu).

In addition to the modules presented in Table 6, there are a set of
screening questions, usually referred to as the coverscreen module, that
are asked in every wave of the study to eligible and non-eligible members
of the household. Furthermore, small variations between waves are done
to the questionnaire modules, including or excluding certain questions.
This implies that for example, although the same module could have
been asked in all waves, the information contained in the module at each
wave is not exactly the same. Nonetheless, the general trend is not to
dismiss questions within a module but to add new questions and

measurcs.

Regarding specific measurement instruments employed in
SHARE, the Scales and Multi-Items Indicators manual (Mehrbrodt et al.,
2021) includes the description of all scales and tests used at any wave of
SHARE. Of special interest are cognitive function measures. More
specifically, four cognitive domains have been assessed as part of the
regular SHARE questionnaire protocol since the beginning of the

project: temporal orientation, numeracy, memory and verbal fluency.
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Table 6

Overview of questionnaire modules administered across waves

W1l W2 W4 W5 W6 W7 W8
Demographics X X X X X X X

Social networks
Children
Physical health
Behavioural risks

Mental health
Health care
Employment and pensions

T R B S
T T B R S R I

X
X
X
Cognitive function X
X
X
X

T I I
T T I R I
T R T

Computer use
Mini childhood
Grip strength X X X
Walking speed X
Chair stand
Blood sample
Peak flow
Social support

T T B T o T T B

ol
o
o
>~
o

Financial transfers
Housing
Household income
Consumption
Assets

Activities

T B R S R SR
o T T B A T
o T T B S
T T B I o
T T B e R T e
T B R

Expectations
Saving regrets

T I T T

Time expenditure
Interviewer observations X X X X X X

Temporal fluency is measured with four indicators that

correspond to four of the 10 items tapping temporal orientation in the
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Mini-Mental State Examination (MMSE; Folstein et al., 1975). Namely,
the respondent is asked about year, date, day of the week and month.
Likewise, numeracy is assessed employing the corresponding test from
the MMSE, in which the respondent is asked to count backward from
100 in sevens, five times. Four additional numeracy items are used to

assess respondents’ percentage calculation skills, and their content is

available in Mehrbrodt et al. (2021).

To assess respondents’ verbal fluency, participants are instructed
to name as many different animals as possible during 60 seconds. This
semantic category, animals, is considered adequate across languages and
cultures (Ardila et al., 2006; Henley, 1969). Finally, memory is measured
with a word recall test. This test contains 10 words. Respondents are
asked to remember the words immediately after having them read and
after a brief period of time. In waves 1 and 2 the same word list was
employed for every respondent. From wave 4, one of four different lists
i1s randomly assigned to each participant. Word lists across SHARE

waves are displayed in Table 7.

Employing word lists to measure memory performance raises the
question of whether serial position effects may be playing a role in
respondents’ probability of remembering some words versus others.
Serial positions effects have been documented since the end of the 19™
century (Ebbinghaus, 1913) and consist of a higher probability of
recalling the first items (primacy effect) and the latter items (recency

effect) of a word list (Murdock, 1962).

Several instruments designed for memory assessment employ
word lists. For example, the California Verbal Learning Test (CVLT;
Delis et al., 1987), a revised version of the CVLT, known as CVLT-II
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(Delis et al., 2000), the Telephone Interview for Cognitive Status (TICS;
Brandt et al., 1988), the modified TICS (TICS-m; Welsh et al., 1993) or
the Rey Auditory Verbal Learning Test (RAVLT; Rey, 1964). Moreover,
some more general neuropsychological batteries also employ word list
as part of their protocol, as is the case of the Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD; Morris et al., 1988) and the
aforementioned MMSE (Folstein et al., 1975).

Table 7
Word lists employed in the 10 Word Recall Test (10-WRT) across
SHARE waves

Waves 4,5,6,7 & 8
Word # Waves 1 & 2
List 1 List 2 List 3 List 4

1 Butter Hotel Sky Woman Water
2 Arm River  Ocean Rock  Church
3 Letter Tree Flag Blood Doctor
4 Queen Skin Dollar  Corner Palace
5 Ticket Gold Wife Shoes Fire
6 Grass Market Machine Letter Garden
7 Corner Paper  Home Girl Sea

8 Stone Child Earth House Village
9 Book King College Valley Baby
10 Stick Book  Butter Engine Table

Even though these measurement instruments are widely used in
both research and practice, there is little evidence about the potential

impact of serial position effects on the assessment of memory

65



Irene Fernandez Martinez

performance. The only documented study is that of Millis (1995), that
examined the psychometric properties of the CLVT (Delis et al., 1987).
In this study, Millis applied principal component analysis to examine the
factor structure of the test, although this practice has been criticised in
factor analysis, as it assumes the absence of measurement error
(Widaman, 1993). Be that as it may, the novelty in Millis’ findings relied
in the appearance of one component that he labelled “Serial Position”,
which represented both primacy and recency effects. Therefore, although
evidence seems to suggest that serial position effects do occur in these
memory instruments, there is a lack of studies analysing the presence of
such effects as well as their impact on relationships between memory, as
measured by word recall, and other variables from its nomological

network.

According to the Dual-Store Model (Atkinson & Shiffrin, 1968),
recent recall is affected by the recency effect, as the recall request
triggers retrieval from the short-term store (STS) that contains the most
recent information (Osth & Farrell, 2019). When the recall request is
postponed, information is no longer available in the STS and therefore
recency effects do not occur in delayed recall. Primacy effects are,
however, expected to occur in delayed recall trials, as former items of a
list are available for a longer period of time in the STS and hence they
are more likely to be encoded in the long-term store (LTS; Leicht, 1968).
In this line, some studies have found evidence of primacy effects in

delayed recall trials (Tan & Ward, 2000).

Besides the original cognitive tests included in SHARE since the
beginning of the project, from wave 8 new cognitive measures have been

integrated into the regular SHARE questionnaire (Bergmann & Borsch-
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Supan, 2021). These tests were included mainly for the purpose of
offering a higher level of harmonization with the Health and Retirement
Study (HRS), and tap cognitive domains not covered by the other
measures: self-rated change in memory, backward count, object naming
and drawing exercises. In addition, a proxy measure was included to
assess cognitive function of individuals that were not capable of
answering cognitive tests themselves. In particular, an adapted version
of the Informant Questionnaire on Cognitive Decline in the Elderly

(IQCODE; Jorm & Korten, 1988) was employed.

The IQCODE was originally developed as a 26-item informant-
based screening test of cognitive decline, and latter shortened to 16 items
by Jorm (1994). The scale measures the informant’s perception about the
ability of a target individual to perform everyday cognitive tasks. Proxy
measures are considered useful for measuring early cognitive decline
when the individual cannot be directly tested (Jorm, 2004). This scale in
particular is widely used in clinical practice as a screening tool, and the
psychometric properties of both the original and the shortened versions
have been examined extensively. Proof of this are the systematic reviews
of the scale’s adequacy for the detection of dementia carried out for
different contexts, namely for studies applying the scale in primary-care
settings (Burton et al., 2021a), in secondary-care settings (Burton et al.,
2021b) and in community-dwelling populations (Quinn et al., 2021).
Generally speaking, results point to optimal functioning for the 26- and

the 16-item versions of the IQCODE.

These studies were carried out from the clinical perspective.
Regarding the research context, the 16-item version of the IQCODE

entered the Harmonized Cognitive Assessment Protocol (HCAP), a sub-
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study within the HRS (Langa et al., 2020) in 2016, transcending clinical
practice, as from that moment it was also employed as a research
instrument. A few years later, it was also included in the 8" wave of
SHARE, as noted before, but subtle modifications were made to shorten
administration time (Bergmann & Borsch-Supan, 2021). SHARE’s
version of the IQCODE presents three modifications from the original
16-item IQCODE: a reduction in the number of items to seven, a shift in
the response scale form a 5-point Likert scale to a 3-point Likert scale,
and a change in the time frame of reference for cognitive change from
10 years to 2 years. After implementation of this SHARE-IQCODE

scale, however, no report of psychometric properties has been provided.

All in all, the SHARE project provides high-quality longitudinal
panel data on very diverse topics surrounding individuals’ wellbeing and
health in the ageing process. Using SHARE data, researchers around the
world are able to develop very different studies about human ageing.
Evidence of SHARE’s great contribution to ageing research is reflected
in the great amount of research published using its data as well as its
impact in policy-making (Openen & Coscia, 2022). In this dissertation,
SHARE data will be used for empirical hypothesis-testing. Moreover,
psychometric properties of some of cognitive instruments employed in
SHARE will be examined, namely the 10-word recall test and SHARE’s
adaptation of the IQCODE.
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1.6. Aim and objectives

The main aim of this dissertation is to establish a holistic
framework that accounts for the main bio-psycho-social factors involved
in the maintenance of cognitive function in the old age, and to study the
relationship between cognitive functions and successful ageing
outcomes. This research is rooted in a wider theoretical framework,

namely that of successful ageing.

Section 1.4 reviewed the different successful ageing theories that
emerged since Havighurst’s (1961) early work. After Havighurst’s first
approximation to the conceptualisation of successful ageing, Rowe and
Kahn’s model of successful ageing (Rowe & Kahn, 1997) was described.
Although a very pioneering model, numerous scholars highlighted the
theoretical limitations of the model in the conceptualisation of successful

ageing.

An alternative model was that of Selective Optimization with
Compensation (SOC; Baltes & Baltes, 1990), that focused on the

processes underlying successful ageing. Although this model offered
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valuable insight on the processual aspect of ageing, it presented
deficiencies related to standardized measurement of the processes
involved in ageing successfully. Moreover, this model did not provide

any theoretical ground regarding the outcomes of successful ageing.

Finally, Kahana and Kahana’s (1996) Preventive and Corrective
Proactivity (PCP) model of successful ageing was described. This model
presented an advantage over Rowe and Kahn’s model of successful
ageing in that it acknowledged the socio-structural context in which the
individual is embedded as well as it provided a non-medicalized
conceptualisation of successful ageing while still considering physical
health factors. In addition, Kahana and Kahana’s (1996) model
overcomes Baltes and Baltes’ model limitations by providing clearly
defined operationalisations of both processes and outcomes of successful
ageing. In this sense, the model achieves an optimal compromise
between the outcome- and process-focused study of successful ageing.
The later upgrade of the model into the Comprehensive PCP (Kahana et
al., 2014) further included cumulative stressors, providing a holistic

paradigm of successful ageing.

Kahana et al.’s (2014) Comprehensive PCP model will be
employed as the theoretical background of this doctoral dissertation.
Within this model, cognitive decline is identified as an age-related
stressor that can impact successful ageing outcomes. Below, general
objectives, specific objectives and the hypothesis proposed according to

previous literature are described.
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1.6.1. General objectives (GO)

GO1. To assess psychometric adequacy of measurement instruments
tapping cognition employed in the Survey of Health, Aging and
Retirement in Europe (SHARE).

GO2. To establish a comprehensive model that predicts cognitive
functioning from a bio-psycho-social perspective.

GO3. To establish the possible explicative effects of the most relevant
factors documented in the literature on cognitive functioning.

GO4. To examine the relationship between cognitive function and
successful ageing outcomes.

GOS. To study cognitive functioning in older adults from a gender

perspective.

1.6.2. Specific objectives (SO)
The specific objectives regarding GO1 are:

SO1. To examine factor structure, reliability and convergent validity of
the 10-Word Recall Test (10-WRT), paying special attention to serial
position effects and their role in the relationship between
recent/delayed recall and education.

SO2. To assess factor structure, reliability, criterion-related validity
and diagnostic validity of SHARE’s adaptation of the Informant
Questionnaire on Cognitive Decline in the Elderly (IQCODE).
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The specific objectives regarding GO2 are:

SO3. To test the differential relationships between predictors of
cognition and four cognitive dimensions (temporal orientation,
memory, numeracy and verbal fluency).

SO4. To test the relative impact of years of education, chronic
disorders, physical inactivity, psychological factors (loneliness and
depression), and social and intellectual activity participation on the

cognitive dimensions, controlling for age.
The specific objectives regarding GO3 are:

SO5. To establish the shape of the latent trajectories of memory,
differentiating between recent and delayed recall, and verbal fluency.
SO6. To test the explicative power of educational attainment, physical
inactivity, depression and social engagement on memory and verbal

fluency, controlling for age.
The specific objectives regarding GO4 are:

SO7. To study the longitudinal latent associations between recent
recall and quality of life, controlling for covariates.

SO8. To study the longitudinal latent associations between delayed
recall and quality of life, controlling for covariates.

SO9. To study the longitudinal latent associations between verbal

fluency and quality of life, controlling for covariates.
The specific objectives regarding GOS5 are:

SO10. To test the relative impact of gender on temporal orientation,

memory, numeracy and verbal fluency.
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SO11. To study the explicative role of gender in latent trajectories of
recent and delayed memory, and verbal fluency.
SO12. To determine the effect of gender in the latent trajectory of

quality of life.

1.6.3. Hypotheses
Hypotheses regarding SO1:

la. Recent recall will display a one-factor structure with recency, but not
primacy, effects.

1b. Delayed recall will display a one-factor structure with primacy, but
not recency, effects.

Ic. The 10-WRT will present adequate reliability estimates, both for
recent and delayed recall.

1d. The existence of serial position effects will distort the relationships

between recent/delayed recall and education.
Hypotheses regarding SO2:

2a. The IQCODE will display a one-factor structure of cognitive decline.

2b. The IQCODE will present adequate reliability estimates.

2c. Informants’ perceptions of respondents’ cognitive decline, as
measured by the IQCODE, will be higher for respondents with a self-
reported diagnosis of dementia.

2d. There will be a cut-off point for the IQCODE that represents an

adequate balance between sensitivity and specificity.
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Hypothesis regarding SO3:

3. The predictors will display differential effects on the cognitive

dimensions considered.
Hypotheses regarding SO4:

4a. Years of education, social activity participation and intellectual
activity participation will present positive and statistically significant
effects on the different cognitive dimensions considered.

4b. Chronic disorders, physical inactivity, loneliness and depression will
present negative and statistically significant effects on the different

cognitive dimensions considered.
Hypotheses regarding SOS:

5a. Recent recall will display either a linear or a quadratic latent
trajectory of decline.

5b. Delayed recall will display either a linear or a quadratic latent
trajectory of decline.

Sc. Verbal fluency will display either a linear or a quadratic latent

trajectory of decline.
Hypotheses regarding SO6:

6a. Educational attainment and social engagement will have positive and
statistically significant effects in the latent trajectories of recent
memory, delayed memory and verbal fluency.

6b. Physical inactivity and depression will have negative and statistically
significant effects in the latent trajectories of recent memory, delayed

memory and verbal fluency.
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Hypothesis regarding SO7:

7. Changes in recent recall will explain changes in quality of life.
Hypothesis regarding SO8:

8. Changes in delayed recall will explain changes in quality of life.
Hypothesis regarding SO9:

9. Changes in verbal fluency will explain changes in quality of life.
Hypothesis regarding SO10:

10. Females will present statistically higher levels of global memory and

verbal fluency than males.
Hypotheses regarding SO11:

11a. Females will present statistically lower levels of recent memory
and verbal fluency decline than males over time.
11b. Females will present statistically higher levels of delayed

memory decline over time.
Hypothesis regarding SO12:

12. Females will present statistically higher levels of decline in quality

of life than males.
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2. METHODOLOGY
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2.1. Psychometric properties of cognitive scales in SHARE

2.1.1. Sample and procedure
2.1.1.1. 10-Word Recall Test

For this study, data from SHARE Wave 2 was used (Borsch-
Supan, 2022a). Nowadays, SHARE holds eight waves of panel data that
have been collected bi-annually between 2004 and 2021.

Data from Wave 2 was used for two main reasons, related to the
way the instrument was administered across SHARE waves. First, waves
1 and 2 employed the same scale for all respondents. Other waves started
using four parallel scales that were randomly assigned to respondents.
The presence of four scales raised the question of word equivalence
among lists, which requires more in-depth study in its own. Second,
item-level data used in the analyses was not readily available in SHARE
data releases, as it is considered metadata. As such, an application
process had to be initiated to access raw data and, in such process, it was
observed that the way in which the storage of such metadata in the waves

using four parallel scales had been done, made it impossible to find out
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which exact words had been correctly recalled, but only the amount of

them.

The sample was formed by 37143 individuals aged between 15
and 105 years old (M = 65.2, SD = 10.4) and there were slightly more
female respondents (55.9%). Although the project’s target population are
adults aged 50 or older, partners living in the household are also eligible
regardless of age, which explains why the sample includes younger
individuals. Fifteen European countries were represented in the data:
Austria (3.2%), Germany (7.1%), Sweden (7.5%), Netherlands (7.2%),
Spain (6.5%), Italy (8.0%), France (8.0%), Denmark (7.1%), Greece
(9.2%), Switzerland (4.0%), Belgium (8.7%), Israel (6.6%), Czech
Republic (7.4%), Poland (6.6%), and Ireland (2.8%).

2.1.1.2. Informant Questionnaire on Cognitive Decline in the Elderly

Data used for this study was that from Wave 8 of SHARE
(Borsch-Supan, 2022b). A total of 1137 respondents who were not able
to answer the questions related to their cognitive state were selected.
Only in this case, the IQCODE was administered to an informant. From
these, 78 cases did not answer the IQCODE and were thus dismissed.
The final sample was composed by 1059 participants that informed about
the cognitive state of the target respondents. Regarding these target
respondents, their average age was 79.26 years old (SD= 10.53), 510
(48.2%) were female and 549 (51.8%) were male.

2.1.2. Instruments

The 10-Word Recall Test (10-WRT) measures memory

performance. Respondents were asked to remember a list of 10 words
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immediately (recent recall) and 10 minutes (delayed recall) after having
them read. They were instructed to say, in any order, as many words as
they could recall. The ordered words presented to respondents were: 1)
butter, 2) arm, 3) letter, 4) queen, 5) ticket, 6) grass, 7) corner, 8) stone,
9) book and 10) stick. Words were dichotomously classified as recalled

(1) or not recalled (0) for each individual.

The adapted version of the 16-item Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE; Jorm, 1994) used seven
items from the original 16-item version. Moreover, the time frame
referred to for change in cognitive ability was changed to 2 years instead
of 10, and a 3-point response scale was used instead of a 5-point one.
Responses were coded as 1 (Improved), 2 (Not much changed) and 3
(Gotten worse). Item content of the original 16-item version of the
IQCODE are displayed in Table 8, and items employed in SHARE’s
adaptation of the instrument are 1, 2, 3, 5, 10, 13 and 14.

Additionally, the self-reported diagnosis of Alzheimer’s disease
or senility was employed as a dichotomous variable (0 = No, 1 = Yes)
for criterion-related validity and sensitivity/specificity analyses of the

IQCODE.

Educational level according to International Standard
Classification of Education-1997 (ISCED; Schneider, 2008) was
employed as the operationalisation of cognitive reserve to study the
potential impact of serial position effects on relationships between the
10-WRT and cognitive reserve. Associated labels to each of the ISCED
levels were: level 0 “Pre-primary education”, level 1 “Primary education
or first stage of basic education”, level 2 “Lower secondary education or

second stage of basic education”, level 3 “Upper secondary education”,
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level 4 “Post-secondary non-tertiary education”, level 5 “First stage of

tertiary education”, and level 6 “Second level of tertiary education”.

Table 8
Item content of the 16-item [QCODE

Compared with 10 years ago how is this person at...

~N N R W

O o0

10
11
12
13
14

15

16

Remembering things about family and friends e.g. occupations,
birthdays, addresses.

Remembering things that have happened recently.
Recalling conversations a few days later.
Remembering his/her address and telephone number.
Remembering what day and month it is.
Remembering where things are usually kept.

Remembering where to find things which have been put in a
different place from usual.

Knowing how to work familiar machines around the house.
Learning to use a new gadget or machine around the house.
Learning new things in general.

Following a story in a book or on TV.

Making decisions on everyday matters.

Handling money for shopping.

Handling financial matters e.g. the pension, dealing with the bank.

Handling other everyday arithmetic problems e.g. knowing how
much food to buy, knowing how long between visits from family
or friends.

Using his/her intelligence to understand what's going on and to
reason things through.

2.1.3. Statistical analyses

Factor structure of the scales was tested by means of

Confirmatory Factor Analysis (CFA). In the case of the 10-WRT, a set

of four nested CFAs were tested for both recent and delayed recall. First,

a one-factor model was specified. This model served as the baseline
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model onto which additional models were compared. Then, three more
models were specified. One model that acknowledged primacy effects
by correlating the three former words; one that acknowledged recency
effects by correlating the three latter words; and one that considered both
recency and primacy effects by including all the aforementioned
correlations. For the IQCODE, a one-factor model of cognitive decline
was tested to examine whether this structure fitted the data, as was the
case with other versions of the IQCODE. The models were estimated
using Weighted Least Squares Mean and Variance corrected (WLSMYV),
given that the data were not multivariate normal and some of the

indicators or variables were ordinal (Finney & DiStefano, 2006).

In both cases, model fit was assessed using the fit indexes
recommended in the literature (Kline, 2016; Tanaka, 1993): the chi-
square statistic (?), the Comparative Fit Index (CFI), the Root Mean
Squared Error of Approximation (RMSEA), and the Standardized Root
Mean Square Residual (SRMR). Models are generally assumed to fit the
data when CFI is of at least .90 and RMSEA/SRMR are under .08 (L. T.
Hu & Bentler, 1999; Marsh et al., 2004). For the 10WRT, relative fit
among the models was further assessed using chi-square difference (Ay?)
tests and CFI differences (ACFI), as the former have been documented
to display too much power with big sample sizes (Cheung & Resvold,
2002). As a criterion for relative fit among the models, a cut-off point of

CFI deterioration no bigger than .01 was taken.

In case serial position effects were detected, the impact of these
effects on the relationships between recall and cognitive reserve,
operationalised by means of education, was examined. To do this,

education was included in the model with and without serial position
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effects and the correlation between education and recent and/or delayed
recall was estimated. Then, to determine whether there were statistically
significant variations in the size of the correlations, 95% confidence
intervals were computed. Criterion-related validity was tested comparing
the mean score of the IQCODE between individuals who reported an
Alzheimer’s diagnosis and those who did not, and Receiver Operating
Characteristic (ROC) curves were used to assess the diagnostic validity

of the tool and the most optimal cut-off point.

Finally, estimates of internal consistency were computed from
the best-fitting model for recent and delayed recall, as well as for the
IQCODE, using coefficient omega (McDonald, 1999), as it has been
proved to overcome the problems encountered when using coefficient
alpha (Deng & Chang, 2017). Analyses were done in Mplus 8.7 (L. K.
Muthén & Muthén, 1998-2017) and R (R Core Team, 2022).
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2.2. A holistic model of cognition

2.2.1. Sample and procedure

Data from the 8th wave of SHARE (Borsch-Supan, 2022b) also
was employed. However, in this case, all individuals capable of
answering cognitive function tests were considered, which resulted in a
total of 45475 respondents, aged between 32 and 103 years old, and their

sociodemographic characteristics are presented in Table 9.

2.2.2. Instruments

Cognitive function was operationalised by means of temporal
orientation, memory, numeracy and verbal fluency. Temporal
orientation was measured with four indicators reflecting the respondent’s
orientation to month, year, day of week and date. Each indicator was
dichotomously measured as correct (1) or incorrect (0). Higher scores

indicate better temporal orientation.

Memory was measured by the 10-Word Recall Test. However, in

this case, four parallel tests were randomly assigned to participants, each
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containing a different set of wordlists, which can be consulted in Table

7 from section 1.5. Answers were coded on a scale from 0 to 10,

representing the number of correctly evoked words on each occasion.

Table 9

Descriptive characteristics of the sample

Characteristics

Mean = SD or n (%)

Age (years)
Gender (women)

Marital status

Married and living with spouse

Widow/widower
Divorced

Other

Missing

Years of education
Activity participation

Volunteerism

Educational/training course

Sport/social/other clubs

Political/community organizations

Read books/magazines/newspapers

Number games

Play cards/chess/similar

70.04 + 9.32
26264 (57.8%)

26108 (57.4%)
6945 (15.3%)
3320 (7.3%)
2907 (6.4%)
6195 (13.6%)
1130+ 4.13

7301 (16.1%)
4625 (10.2%)
12095 (26.6%)
2736 (6.0%)
32648 (71.8%)
19605 (43.1%)
12621 (27.8%)

Verbal fluency was employed as a measure of executive function

(Dewey & Prince, 2005). In this test, respondents are instructed to name

as many different animals as they can think of in 60 seconds. This

instruction is repeated if no response is elicited in 15 seconds.
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Participants that stopped before time were encouraged to find more
words. The total amount of animals elicited by the participant was

recorded.

Numeracy was also used as another measure of executive
function (Cragg & Gilmore, 2014; Dewey & Prince, 2005) and was
measured with a sequence of five questions in which the participant was
asked to subtract 7, starting at 100. The starting question was: “Now let’s
try some subtraction of numbers. One hundred minus 7 equals what?”.
After the respondent’s answer, he or she was asked “And 7 from that?”

four consecutive times. Answers were coded as correct (1) or incorrect

(0).

Activity participation considered participation during the 12
months prior to the interview. Activities were differentiated according to
its nature in intellectual activity participation (books/magazines/
newspapers, word or number games and cards/chess/similar) and social
(voluntary/charity work, educational/training courses, sport/social/other
clubs, and political/community-related organization) activity
participation. For each type of activity, the number of activities in which
the individual participated was used as an indicator of that kind of

activity participation in the model.

Physical health was operationalised by the respondents’ number
of chronic diseases and by a measure of physical inactivity. Chronic
diseases considered were heart attack, high blood pressure, high blood
cholesterol, stroke, diabetes, chronic lung disease, cancer,
stomach/duodenal ulcer, Parkinson’s disease, cataracts, hip/femoral

fracture, other fractures, Alzheimer’s discase/dementia, other
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affective/emotional disorders, rheumatoid arthritis, osteoarthritis or

other rheumatism, and chronic kidney disease.

Physical inactivity was measured as an indicator of individual’s
performance of activities requiring a moderate level of energy such as
gardening, cleaning the car, or doing a walk. Responses were recorded
using a 4-point Likert scale being 1 “More than once a week”, 2 “Once

a week”, 3 “One to three times a month”, and 4 “Hardly ever, or never”.

Depressive symptomatology was measured with the EURO-D
scale (Prince et al., 1999), that records the total number of depressive
symptoms experienced by the respondent from a list of 12, containing:
depressed mood, pessimism, suicidality, guilt, sleep, lack of interest,
irritability, loss of appetite, fatigue, lack of concentration, lack of
enjoyment and tearfulness. Hence, responses could vary between 0 and
12. The study by Tomas et al. (2022) provided evidence on the
psychometric properties of this scale using SHARE data.

Loneliness was assessed using the Three-Item Loneliness scale
(Hughes et al., 2004), a short version of the R-UCLA Loneliness Scale
(Russell et al., 1978; Russell et al.,, 1980) that covers lack of
companionship, feeling left out and feelings of isolation. Responses are
coded in a 3-point Likert scale. The total score was computed as the sum

of the three indicators, with higher scores indicating higher loneliness.

Additional measures on sociodemographic features included in
the model were age, gender (0 = female, 1 = male) and years of

education.
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2.2.3. Statistical analyses

A Structural Equation Model (SEM) to predict cognitive
functioning was tested. Outcome measures of the model consisted in four
different cognitive dimensions, namely temporal orientation, memory,
numeracy and verbal fluency. The predictors considered in the model
were education, physical inactivity, chronic diseases, social activity
participation and intellectual activity participation. The effects of the
predictors onto the outcome variables was controlled by gender and age.

The initially proposed model is displayed in Figure 5.

The model was estimated using Weighted Least Squares Mean
and Variance corrected (WLSMV), given that the data were not
multivariate normal and some of the indicators or variables were ordinal
(Finney & DiStefano, 2006). Model fit was assessed with the
aforementioned fit indexes: the chi-square statistic (x?), the Comparative
Fit Index (CFI), the Root Mean Error of Approximation (RMSEA), and
the Standardized Root Mean Residual (SRMR). Again, good fit of the
model to the data was considered when the CFI is higher than .90, and
the RMSEA and the SRMR are lower to 0.08, while excellent fit is
considered with CFI over .95 and RMSEA/SRMR lower than .05 (L. T.
Hu & Bentler, 1999; Marsh et al., 2004). Analyses were performed using
Mplus 8.7 (L. K. Muthén & Muthén, 1998-2017).
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Figure 5

Theoretical a priori holistic model of cognition. Correlations among exogenous variables not shown for clarity
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2.3. Longitudinal study of cognition and its associated outcomes

2.3.1. Sample and procedure

For the longitudinal study of cognition, waves 4 (Borsch-Supan,
2022¢), 5 (Borsch-Supan, 2022d), 6 (Borsch-Supan, 2022¢), 7 (Borsch-
Supan, 2022f) and 8 (Borsch-Supan, 2022b) of the SHARE study were
used. Since the beginning of the project in 2004, SHARE has collected
eight waves of data. However, wave 3 of SHARE consisted of a
retrospective study and hence did not include the usual measures
(Schroder, 2011). Since wave 4, the same panel study, albeit with
rotating in and out of certain variables and questionnaire modules, as
well as the inclusion of additional countries, has taken place every two

years.

Individuals that had participated in wave 4 of SHARE and that
were aged 50 years or older at that moment were included in this study.
The resulting baseline sample was composed of 56616 individuals,
44.0% of which were male and 56.0% were female. Age at wave 4

ranged between 50 and 103 years (M = 65.93, SD = 10.01). Regarding
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marital status, most respondents were married (66.8%) at the time of the
wave 4 interview, followed by widowed (14.8%) and divorced (8.6%).
In total, 16 European countries were represented in the study: Austria
(8.8%), Germany (2.8%), Sweden (3.5%), Netherlands (4.9%), Spain
(6.4%), Italy (6.2%), France (10.0%), Denmark (3.9%), Switzerland
(6.5%), Belgium (9.1%), Czech Republic (9.5%), Poland (3.0%),
Hungary (5.3%), Portugal (3.4%), Slovenia (4.8%) and Estonia (11.9%).

Participation rates across the waves is displayed in Table 10.

Table 10

Participation rates across waves considered in the study

# of wave n (%)
Participation Dropout
4 56616 (100.0) 0(0.0)
5 38066 (67.2) 18550 (32.8)
6 34017 (60.1) 22599 (39.9)
7 31439 (55.5) 25177 (44.5)
8 19571 (34.6) 37045 (65.4)

2.3.2. Instruments

Memory was measured using the 10-Word Recall Test, already
described in section 2.1.2. Recent and delayed recall were considered
separately, and the number of correctly evoked words in each case was

used as the measure of recent and delayed memory.

Semantic verbal fluency was measured at each time point using
the enumeration of semantic category of animals, given its clarity across

languages and cultures (Ardila et al., 2006; Henley, 1969). The total
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number of correctly-stated animals was employed as the measure of

individuals’ verbal fluency.

Additional covariates included in the models were socio-
demographical variables (age, gender and level of education), and
several bio-psycho-social variables (physical inactivity, depressive
symptomatology and social engagement). All employed covariates were

measured at the time of the SHARE wave 4 interview.

Level of education was measured across countries using the
International Standard Classification of Education (ISCED) coding 1997
version (Schneider, 2008).

Physical inactivity, as described in section 2.1.2., was recoded as
a binary indicator that recorded whether the individual performed
moderate physical exercise, such as gardening or doing a walk, at least

weekly (0) or not (1).

Depressive symptomatology was measured with the EURO-D
scale (Prince et al., 1999), as described in section 2.1.2. The total number
of depressive symptoms was employed as an indicator of respondents’

level of depressive symptomatology.

Finally, social engagement considered the number of social
network contacts with at least weekly interaction, and could range
between 0 and 7. This measure of social engagement was employed
because it was considered to represent an adequate compromise between

social network and social network contact.

Quality of life (QoL) was measured with the CASP-12, a
modified version of the original CASP-19 (Hyde et al., 2003). This scale

considers four dimensions of QoL (control, autonomy, self-realization
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and pleasure) and contains 12 items, three tapping each dimension. Items
are answered following a 4-point Likert scale from 1 “never” to 4
“often”. The modified scale’s psychometric properties were examined in
the study by Oliver et al. (2021) and the authors concluded that it could
be used as a global score of QoL or as a four-dimensional measure. In
this study, the global score, computed as the sum of the 12 items, will be

used.

2.3.3. Statistical analyses

Firstly, sample statistics for the variables in the study were
calculated to provide a general overview of the data. Then, using Latent
Growth Modelling (LGM), change over time in recent memory, delayed
memory and verbal fluency was examined separately. Both linear and
quadratic latent trajectories were tested for each cognitive dimension.
When quadratic terms were included, time scores were centred at mean
time to deal with collinearity issues. Latent growth models assume that
individuals are drawn from a single population but acknowledge
population heterogeneity by modelling the variance of the intercept and
slope (J. Wang & Wang, 2012). Once the best growth trajectory was
found, a second model was specified testing the effects of covariates onto
the latent intercept and latent slope(s) in each case. The covariates
considered in the models were age, gender, educational level, physical
inactivity, depression and social engagement. All models were estimated

using Robust Maximum Likelihood (MLR).

To study the relationship between cognition and successful
ageing, operationalised by means of QoL, LGM was also employed.

Namely, three Parallel Process Latent Growth Models (PP-LGM) with

94



Approaching the comprehension of cognition in the old age

linear trends were specified, one for each cognitive measure (recent
memory, delayed memory and verbal fluency), along with the global
score of QoL. The model included the aforementioned covariates,

measured at the first time considered in the analysis (SHARE wave 4).

Model fit was also assessed with fit indexes mentioned in section
2.1.3: the chi-square statistic (%), the Comparative Fit Index (CFI), the
Root Mean Squared Error of Approximation (RMSEA), and the
Standardized Root Mean Square Residual (SRMR). Furthermore, model
comparisons were done by examining relative fit of the linear and
quadratic models. For this, Akaike’s Information Criterion (AIC) and
Bayesian Information Criterion (BIC) were used. Lower values of BIC
and AIC indicate better fit. Missing data were handled using Full
Information Maximum Likelihood (FIML), which performs well for
both Missing at Random (MAR) and Missing Completely at Random
(MCAR) missing processes. This technique does not eliminate nor
impute missing observations. Instead, it creates subsets of raw data with
a common pattern of missing observations from which information is
extracted to compute parameter estimates of the model (Enders, 2010;
Kline, 2016). LGMs were computed in Mplus 8.7 (L. K. Muthén &
Muthén, 1998-2017).
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3. RESULTS
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3.1. Psychometric properties of cognition scales in SHARE

3.1.1. 10-Word Recall Test
3.1.1.1. Recent recall

Findings from the series of confirmatory factor models of recent
recall are presented in Table 11. Only when both primacy and recency
effects were taken into account could the model fit be regarded as
adequate. As a result, this model was chosen, since it best captures the
factor structure of recent recall. Coefficient omega was used to estimate
reliability, and the resulting estimate, ® = .98, indicated excellent

reliability.

Figure 6a shows the standardized factor loadings and correlations
among the items that represent the primacy and recency effects. In
general, factor loadings are statistically significant and low.
Additionally, the first and second words as well as the ninth and tenth
words present the largest correlations. Therefore, serial position effects

seem to fade. In this line, the correlation between the first and third words
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(r = .021, p = .139) was not statistically significant, and correlation

between the eighth and tenth words (» =-.051, p <.001) was very small.

Table 11

Series of competitive models of recent recall

Primacy Recency Primacy and

No effects effect effect recency effects
> 1351.65 1180.88 1033.76 882.21
df 35 32 32 29
p <.001 <.001 <.001 <.001
Ay? 464.18 286.89 153.64 -
df 6 3 3 -
p <.001 <.001 <.001 -
CFI .854 873 .889 905
ACFI 051 .032 016 -
RMSEA 032 .031 .029 028
19{?\(?82114 .031-.034 .030-.033 .028-.031 .027 -.030
SRMR .038 .036 .034 031

As the presence of serial position effects was identified,
correlations between recent recall and cognitive reserve, measured as the
respondents’ level of educational, were examined in the model with no
effects and in the retained model with both primacy and recency effects.
In the model with no serial position effects, a correlation of »=.611 (.597
- .624) was estimated between recent recall and education. In the model
with serial position effects, education and recent recall were estimated to
correlate » =.647 (.631 - .662). Given that there is no overlap of the
confidence intervals of both estimates, the models are considered to have

statistically different correlations. The strength of the correlations
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suggests that the association between recent recall and cognitive reserve
is attenuated when primacy and recency effects are not modelled. A
graphical representation of both correlations and their confidence

intervals is displayed in Figure 7.

Figure 6

(a) Recent recall: standardized factor loadings, and primacy and

recency effects. (b) Delayed recall: standardized factor loadings
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Figure 7
Correlations between education and recent recall when serial position

effects are not (a) or are (b) acknowledged
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3.1.1.2. Delayed recall

The same model sequence as in section 3.1.1.1 was tested for
delayed recall. Table 12 shows the results, which differ from those found
for recent recall. In this case, acknowledging serial position effects did
not significantly improve model fit. As a result, the best fitting model
was the one-factor model of delayed recall with no primacy or recency
effects. Internal consistency was estimated to be ® =.99 using coefficient
omega, indicating excellent reliability. Figure 6b shows the standardized

factor loadings of the retained model.

102



Approaching the comprehension of cognition in the old age

Table 12

Series of competitive models of delayed recall

Primacy Recency Primacy and

No effects effect effect recency effects
> 906.41 839.72 877.29 814.05
df 35 32 32 29
p <.001 <.001 <.001 <.001
Ay 96.46 30.34 64.19 -
df 6 3 3 -
)4 <.001 <.001 <.001 -
CFI 957 960 959 962
ACFI .005 .002 .003
RMSEA 026 .026 .027 027
;%SSIA .025-.028 .025-.028 .025-.028 .026 - .029
SRMR 031 .030 .030 .029

3.1.2. Informant Questionnaire on Cognitive Decline in the Elderly
3.1.2.1. Factor structure

A one-factor CFA model was established according to the
theoretical structure of the scale. The model fitted the data adequately:
x2(14) = 218.92, p < .001, CFI = .99, RMSEA = .118 [.104 - .132],
SRMR = .028. The RMSEA fails to meet the criteria, but this is typical
of models with few degrees of freedom (Kenny et al., 2015). Figure 8
shows the item loadings, which were all statistically significant and

extremely high.
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Figure 8
Standardized factor loadings for the on-factor model of the IQCODE
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3.1.2.2.Internal consistency

The omega coefficient for the unidimensional model of
informants' perceptions of cognitive decline was ® = .94, indicating that

the scale has excellent internal consistency.
3.1.2.3.Criterion-related validity

To investigate criterion-related validity, a t-test was used to
compare informants’ perceptions of cognitive loss between those who
had been diagnosed with Alzheimer’s disease or another form of
dementia and those who had not. The t-test results were as follows:
#(1009.04) = 20.61, p < .001, d = 1.16. The mean of informants of
respondents with dementia’s score was 2.89 (SD = 0.23), while the
average score of informants of respondents who had not been diagnosed
with dementia was 2.46 (SD = 0.44). Therefore, the results showed that
there was a significantly higher score of informants’ perception of
cognitive impairment among those individuals whose respondent had a

dementia diagnosis, with a large effect size.
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3.1.2.4. Diagnostic validity

To assess diagnostic validity, a ROC curve was generated using
the mean IQCODE score, and with the respondents’ reported dementia
diagnosis as the criterion. Figure 9 illustrates the curve. The area under
the curve was 77.33%, indicating adequate discrimination (Hosmer et
al., 2013). Youden's Index (Youden, 1950) was used to determine the
best cut-off point. The optimal IQCODE cut-off score for this index was
2.80 points. This corresponded to a .838 sensitivity and a .641 specificity.

Figure 9
ROC curve for establishing the optimal IQCODE cut-off point
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3.2. A holistic model of cognition

The proposed theoretical model in Figure 5 was estimated and
tested. The overall fit was excellent: > (52) = 1969.01, p < .001, CFI =
987, RMSEA = .022 90% CI [.027 -.030], SRMR =.027. Table 13
reports the correlations between exogenous variables, and Table 14
displays standardized coefficients, standard errors, and associated p-

values. Correlations among dependent variables are shown in Table 15.

Regarding temporal orientation, all predictors were statistically
significant, except gender and loneliness. Age, physical inactivity and
depression were negatively related to temporal orientation, while
education, number of chronic disorders, social activity and intellectual
activity were positively related. Considering the size of the effects, the
most relevant factor was age (f = -.337), followed by depression ( = -
.167) and intellectual activity (B = .148). The strength of the effects of
education’s (f = .083) and social activity’s (B = .071) were similar for
explaining temporal orientation’s variance. Physical health factors
contemplated in the model presented medium to small effects (f =-.088

for physical inactivity and B = .020 for number of chronic diseases).
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Table 13
Correlation coefficients and standard errors among exogenous variables. All correlations are statistically significant (p <

.001). Note: gender coded 0 = female, 1 = male

(0] 2 (€)) (C)) (©)) (6) (7 ®

(1) Age 1
Coefficient .030

(2) Gender 1
Standard error .005

. Coefficient -.209 .068

(3) Years of education 1

Standard error .005 .005
L o Coefficient 209 -.038 -.139

(4) Physical inactivity 1
Standard error .004 .005 .005

(5) Number of chronic Coefficient 275 -046 -.126 .189 1

diseases Standard error  .004  .005  .005  .004
) .. Coefficient 115  .018 248  -225  -118

(6) Social activity 1

Standard error .005 .005 .004 .006 .005
.. Coefficient -.053 -.073 267  -248 -.042 303

(7) Intellectual activity 1
Standard error .005 .005 .005 .005 .005 .004

(8) Depression Coefficient 133 -169  -.138  .263 319 -144 -.159 1

P Standard error .004 .005 .005 .004 .004 .005 .005

Coefficient JA35  -084 -.134 228 183 -167  -.190 444

(9) Loneliness Standard error  .004  .005  .005  .004 004 006  .005 .03
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Table 14
Standardised results of the tested model. Note: gender coded 0= female,
1= male; Coef. = Standardised coefficient; SE= Standard Error

Coef. SE p-value

Age -337  .008 <.001
Gender -.017 .010 .085
Years of education 083 .010 <.001
Temporal Physical inactivity . -.088 .008 <.001
orientation Number of chronic diseases 020 .010 .044
Social activity 071 .010 <.001
Intellectual activity 148 .009  <.001
Depression -167 .009 <.001
Loneliness -.016  .009 077
Age -.086 .005 <.001
Gender 049 005 <.001
Years of education 128 005 <.001
Physical inactivity -018 .005 <.001
Numeracy Number of chronic diseases  -.007  .005 .149
Social activity 036 .005 <.001
Intellectual activity 127 0 .005 <.001
Depression -104  .005 <.001
Loneliness -017 .005 <.001
Age -208 .003 <.001
Gender 002 .004 056
Years of education 168 .003  <.001
Verbal Physical inactivity . -.091 .003 <.001
fluency Number of chronic diseases  <.001 .004 999
Social activity 126 .004 <.001
Intellectual activity 234 003 <.001
Depression -.050 .004 <.001
Loneliness -.062 .004 <.001
Age -319  .004 <.001
Gender -105  .004 <.001
Years of education 185 .004  <.001
Physical inactivity -.053 .004 <.001
Memory Number of chronic diseases ~ -.032  .004 <.001
Social activity 127 .005 <.001
Intellectual activity 194 005 <.001
Depression -102  .005 <.001
Loneliness -.046 .005 <.001
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Every predictor contemplated in the model had a statistically
significant effect in memory, with age, being male, physical inactivity,
number of chronic diseases, loneliness and depression, being negatively
related to memory, and the rest being positively related. In reference to
the relative impact of the predictors, age (B =-.319), intellectual activity
(B = .148) and education (f = .185) had the largest significant effects,
while smaller effects were found for chronic diseases (B = -.032),

physical inactivity ( = -.053) and loneliness ( = -.046).

Table 15
Correlation coefficients and standard errors among dependent

variables. All correlations are statistically significant (p < .001)

@ 2) (&)

(1) Temporal orientation 1

Coefficient 241 1
(2) Numeracy

Standard error .010

Coefficient 433 .149 1
(3) Verbal fluency

Standard error .007 .004

Coefficient 521 .240 406

(4) Memory
Standard error ~ .007  .005  .003

All predictors, except for chronic diseases, demonstrated a
statistically significant association to numeracy. Age, physical inactivity,
loneliness and depression all had a negative impact, while being male,
years of education and social and intellectual activity participation had a
positive impact. Years of education (B = .128), intellectual activity (B =
.127) and depression (B = -.104) were the main predictors of numeracy.

The remaining predictors had negligible effects.
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Finally, all predictors had statistically significant effects on
verbal fluency except gender and chronic diseases. Age, physical
inactivity, depression and loneliness were all associated with lower
verbal fluency, whereas years of education and participation in social and
intellectual activities were all associated with higher verbal fluency. Age
(B =-.208), years of education (B =.168), intellectual activity (B =.234),
and social activity (B =.126) had the largest estimated effects explaining

the variance in verbal fluency.

Overall, the model adequately fitted the data and significantly
predicted the various components of older adults’ cognitive function,
with verbal fluency and memory being the components that were better
explained by the predictors considered in the model (29.2% of verbal
fluency’s variance and 37.4% of memory’s variance), followed by
temporal orientation (28.2% of explained variance) and numeracy (9.7%

of explained variance).
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3.3. Longitudinal study of cognition

3.3.1. Recent memory
3.3.1.1. Recent memory across time

First, means and standard deviations of recent recall across all
study waves employed in the analysis were computed, and are displayed
in Table 16. Next, both linear and quadratic trajectories of change in
recent memory were tested. A total of 820 cases had missing data in all
time points and were excluded from the analyses. Both models present
adequate fit to the data. The linear model yields the following results: x>
(10)=416.41, p<.001, CFI=.990, RMSEA =.027 [.025 - .029], SRMR
= .016, AIC = 655298.07, BIC = 655387.36. However, adding a
quadratic term slightly improves fit, both in terms of AIC and BIC: y?
(6)=135.87, p<.001, CF1=.997, RMSEA =.020 [.017 —.023], SRMR
=.013, AIC = 654991.23, BIC = 655116.24. The quadratic model was
retained as the best-fitting model. A graphical representation of the

model, with unstandardized estimates, is shown in Figure 10.
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Figure 10

Covariances from the quadratic latent growth model of recent memory. Note: * p < .05; ** p <.001
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Table 16
Sample statistics of recent recall through all waves considered in the

analysis

Recentrecall M £SD  n (%) of missing data

Wave 4 514+ 1.86 1512 (2.7)
Wave 5 531 +1.85 19643 (34.7)
Wave 6 526+ 1.83 24199 (42.7)
Wave 7 514+ 1.89 26430 (46.7)
Wave 8 527+ 1.81 37564 (66.3)

M= Mean; SD= Standard Deviation

The retained model has an estimated mean intercept of 5.11 (p <
.05) and the estimated variance of the intercept is 2.20 (p <.05). Model’s
average linear slope is estimated at -0.072 (p < .05) and its estimated
variance is 0.057 (p < .05). Regarding the quadratic slope, the average
estimate is -0.029 (p <.05) with an estimated variance of 0.011 (p <.05).

In general, the model displays a quadratic trajectory of decline in
recent memory, with an initial linear decline followed by a steeper,
quadratic, decline (inverted u-shape). That is, individuals’ recent
memory experiences decline, on average, becomes sharper over time. As
previously shown in Figure 10, covariance estimates between the latent
intercept, latent linear slope, and latent quadratic slope were all
statistically significant. The intercept and the linear slope present a
positive covariance of 0.099. As time scores were centred at mean time,
this positive covariance indicates that respondents with higher levels of
recent memory at wave 6 also present a steeper initial decline. The
covariance estimate between the intercept and the quadratic slope is -

0.030, which indicates that individuals with higher levels of recent
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memory at wave 6 present less quadratic decline. Finally, the covariance
estimate between the linear and the quadratic slope is -0.006, which
informs that respondents experiencing steeper linear decline present less
acute quadratic decline, and vice-versa. Additionally, the correlation
between the latent intercept and the latent linear slope is .278 (p < .05),
the correlation between the latent intercept and the latent quadratic slope
is -.189 (p <.05), and the correlation between the latent linear slope and

the latent quadratic slope is -.250 (p <.05).
3.3.1.2. Explaining recent memory

Age, gender, educational attainment, physical inactivity,
depressive symptomatology and social engagement, measured at wave
4, were introduced as covariates in the retained model from section
3.3.1.1 to explain the longitudinal trajectory for recent memory
performance. Table 17 displays the sample statistics of the

aforementioned covariates.

The model presents an adequate fit to the data: 2 (18) = 133.12,
p <.001, CFI=.998, RMSEA = .011 [.009 —.013], SRMR = .008, AIC
= 570349.02, BIC = 570631.74. The model is represented in Figure 11,
and standardized effects of the covariates are available in Table 18. All
covariates have a statistically significant effect on the latent intercept.
For the linear slope, all covariates except physical inactivity and social
engagement present statistically significant effects, while the only
statistically significant effects on the quadratic latent slope are those of
age and educational attainment. Figure 12 offers the estimated latent
quadratic trajectory of recent memory for the whole sample (a) and for

50 random respondents (b).
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Regarding the correlations among latent variables, they are
statistically significant, being the latent intercept positively correlated (»
=.248, p <.001) with the linear latent slope, and negatively correlated
with the quadratic latent slope (» = -.281, p < .001). The linear and the
quadratic latent slopes also present a negative statistically significant
correlation (r = -.239, p < .05). That is, individuals with higher average
recent memory present higher linear decline but lower quadratic decline.
Overall, the model explains 51.4% of the variance of the latent intercept,
11.8% of the variance of the linear latent slope, and 0.8% of the variance

of the quadratic latent slope.

Table 17
Sample statistics of the covariates included in the model to explain

individuals’ recent memory trajectories over time

M £SDorn (%) n (%) of missing data

Age 65.93 +£10.01 0 (0)
Gender (Male) 24893 (44.0) 0(0)
Educational level 1252 (2.1)

ISCED Level 0 1675 (3.0)

ISCED Level 1 10913 (19.3)

ISCED Level 2 10724 (18.9)

ISCED Level 3 18561 (32.8)

ISCED Level 4 2583 (4.6)

ISCED Level 5 10457 (18.5)

ISCED Level 6 451 (0.8)
Physical inactivity (Yes) 11156 (19.7) 684 (1.2)
Depression 2.60 £2.30 1848 (3.3)
Social engagement 2.22+£1.35 3308 (5.8)

M= Mean; SD= Standard Deviation
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Figure 11
Representation of the quadratic latent growth model of recent memory with covariates. Note: Covariances among latent

variables not shown for simplicity. I= Intercept; S= Linear slope; S2= Quadratic slope
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Table 18
Standardized model results for the quadratic latent growth model of

recent memory with covariates

Coefficient B Standard error p-value

Intercept

Age -.444 .005 <.001
Gender (Male) -.137 .005 <.001
Educational attainment 374 .005 <.001
Physical inactivity -.101 .006 <.001
Depression -.130 .005 <.001
Social engagement .047 .005 <.001
Linear slope

Age -.336 015 <.001
Gender (Male) -.042 012 <.001
Educational attainment 027 012 <.05
Physical inactivity .004 013 767

Depression .059 012 <.001
Social engagement -.007 011 500

Quadratic slope

Age -.071 .023 <.05
Gender (Male) -.015 .020 469

Educational attainment -.052 021 <.05
Physical inactivity -.011 .022 616

Depression -.025 .022 245

Social engagement 028 .020 165
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Figure 12
Estimated recent memory latent quadratic trajectory for the general
sample (a) and for 50 random respondents (b), after controlling for the

effects of covariates
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3.3.2. Delayed memory
3.3.2.1. Delayed memory across time

First, means and standard deviations of delayed recall across all
study waves employed in the analysis were computed, and are displayed
in Table 19. Next, both linear and quadratic trajectories of change in
delayed memory were tested. A total of 833 cases had missing data in all
time points and were therefore excluded from the analyses. Both models
present adequate fit to the data. The linear model yields the following
results: %> (10) = 738.86, p < .001, CFI = .985, RMSEA = .036 [.034 —
.038], SRMR = .018, AIC = 711403.92, BIC = 711493.21. However,
adding a quadratic term slightly improves fit, both in terms of AIC and
BIC: %% (6) =268.18, p <.001, CF1=.994, RMSEA = .028 [.025 —.031],
SRMR =.011, AIC=710903.80, BIC =711028.81. The quadratic model
was retained as the best-fitting model. A graphical representation of the

model, with unstandardized estimates, is shown in Figure 13.

Table 19
Sample statistics of delayed recall through all waves considered in the

analysis. Note: M = Mean,; SD = Standard Deviation

Delayedrecall M =SD  n (%) of missing data

Wave 4 3.75+2.19 1517 (2.7)

Wave 5 3.98 +2.25 19728 (34.8)
Wave 6 3.92+2.24 24193 (42.7)
Wave 7 3.73+2.22 26247 (46.4)
Wave 8 3.91+2.21 37601 (66.4)

The retained model has an estimated mean intercept of 3.75 (p <

.05) and the estimated variance of the intercept is 3.18 (p <.05). Model’s
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linear slope mean is estimated at -0.082 (p < .05) and its estimated
variance is 0.077 (p < .05). Regarding the quadratic slope, the mean
estimate is -0.041 (p <.05) with an estimated variance of 0.014 (p <.05).

In general, the model displays a quadratic trajectory of decline in
delayed memory. That is, individuals’ delayed memory experiences, on
average, decline that becomes sharper over time. As shown in Figure 13,
covariance estimates between the latent intercept, latent linear slope, and
latent quadratic slope were all statistically significant. The intercept and
the linear slope present a positive covariance of 0.118. As time scores
were centred at mean time, this positive covariance indicates that
respondents with higher levels of delayed memory at wave 6 also present
a steeper initial decline. The covariance estimate between the intercept
and the quadratic slope is -0.064, which indicates that individuals with
higher levels of delayed memory at wave 6 present less quadratic decline.
Finally, the covariance estimate between the linear and the quadratic
slope is -0.009, which informs that respondents experiencing steeper
linear decline present less acute quadratic decline, and vice-versa.
Additionally, the correlation between the latent intercept and the latent
linear slope is .238 (p < .05), the correlation between the latent intercept
and the latent quadratic slope is -.300 (p < .05), and the correlation
between the latent linear slope and the latent quadratic slope is -.274 (p

<.05).
3.3.2.2.Explaining delayed memory

Age, gender, educational attainment, physical inactivity,
depressive symptomatology and social engagement, measured at wave
4, were introduced as covariates in the retained latent growth model of

delayed memory to explain its latent intercept and slopes. The sample
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statistics of the covariates included in the model correspond to the ones

displayed in Table 17.

The resulting model presents an adequate fit to the data: > (18)
=288.51, p <.001, CFI=.996, RMSEA =.017 [.015 —.019], SRMR =
.007, AIC = 627516.39, BIC = 627799.10. The model is represented in
Figure 14, and standardized effects of the covariates are available in
Table 20. All covariates have a statistically significant effect on the latent
intercept. For the linear slope, only age and depression present
statistically significant effects, while the only statistically significant
effects on the quadratic latent slope are those of age and educational
attainment. Figure 15 offers the estimated latent quadratic trajectory of

delayed memory for the whole sample (a) and for 50 random respondents

(b).

The correlations among latent variables are all statistically
significant. The latent intercept is positively correlated (» = .231, p <
.001) with the linear latent slope, and negatively correlated with the
quadratic latent slope (r = -.368, p <.001). The linear and the quadratic
latent slopes also present a negative statistically significant correlation (r
= -.288, p < .05). That is, individuals with higher average delayed
memory present higher linear decline but lower quadratic decline.
Overall, the model explains 46.3% of the variance of the latent intercept,
10.3% of the variance of the linear latent slope, and 0.9% of the variance

of the quadratic latent slope.
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Figure 13
Covariances from the quadratic latent growth model of delayed memory. Note: * p < .05, ** p < .001, I= Intercept; S=

Linear slope; S2= Quadratic slope
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Table 20
Standardized model results for the quadratic latent growth model of

delayed memory with covariates

Coefficient B Standard error p-value

Intercept

Age -423 .005 <.001
Gender (Male) -.145 .005 <.001
Educational attainment 355 .005 <.001
Physical inactivity -.083 .005 <.001
Depression -.121 .005 <.001
Social engagement 056 .005 <.001
Linear slope

Age -313 015 <.05
Gender (Male) -.021 012 .084
Educational attainment .008 012 S15
Physical inactivity -.011 013 423
Depression .085 .013 <.001
Social engagement .003 012 780
Quadratic slope

Age -.063 .024 <.05
Gender (Male) .023 021 281
Educational attainment -.061 .022 <.05
Physical inactivity .037 .024 114
Depression -.025 .023 279
Social engagement -.026 021 212
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Figure 14
Representation of the quadratic latent growth model of delayed memory with covariates. Note: Covariances among latent

variables not shown for simplicity. I= Intercept; S= Linear slope; S2= Quadratic slope
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Figure 15
Estimated delayed memory latent quadratic trajectory for the general
sample (a) and for 50 random respondents (b), after controlling for the

effects of covariates
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3.3.3. Semantic verbal fluency
3.3.3.1. Semantic verbal fluency across time

Means and standard deviations of semantic verbal fluency across
all study waves employed in the analysis were computed, and are
displayed in Table 21. Linear and quadratic latent growth trajectories of
semantic verbal fluency were tested. From the baseline sample, 1056
cases were discarded due to complete missing data in all of the dependent
variables. The linear LGM fitted the data adequately: x> (10) = 169.86,
p <.001, CFI =.983, RMSEA = .017 [.015 - .019], SRMR = .020, AIC
= 1010840.17, BIC = 1010929.43. The quadratic LGM also fitted the
data very well: 2 (6) = 15.92, p =.014, CFI=.999, RMSEA = .005 [.002
- .009], SRMR = .011, AIC = 1010543.41, BIC = 1010668.36. The
quadratic model displayed a better fit to the data, with lower values of
both AIC and BIC, as well as a very low value of the chi-square statistic.
Therefore, we retained this model as best representing the data. A
graphical representation of the model, with unstandardized estimates, is

shown in Figure 16.

Table 21
Sample statistics of semantic verbal fluency through all waves

considered in the analysis. Note: M = Mean,; SD = Standard Deviation

Verbal fluency M £SD  n (%) of missing data

Wave 4 19.66 + 7.72 1778 (3.1)
Wave 5 20.62 +7.73 19704 (34.8)
Wave 6 20.45 + 7.81 24154 (42.7)
Wave 7 19.84 + 8.28 45991 (81.2)
Wave 8 20.88 +7.71 37603 (66.4)

128



Approaching the comprehension of cognition in the old age

Figure 16
Covariances from the quadratic latent growth model of semantic verbal fluency. Note: ** p < .001; ns= not significant (p

> .05). I= Intercept;, S= Linear slope; S2= Quadratic slope
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This model presented a mean intercept of 19.87 (p < .001), a
mean linear slope of -0.066 (p < .001) and a mean quadratic slope of -
0.087 (p <.001). The statistically significant and negative values of the
slopes imply that semantic verbal fluency follows a quadratic latent
trajectory of decline along time, which means that decline in semantic
verbal fluency becomes more acute with time (inverted u-shape). The
variances of the latent factors were 42.32 (p < .001) for the intercept,
0.917 (p < .001) for the linear slope term and 0.182 (p < .001) for the
quadratic slope term, which indicate that there is between-subject
variability in the average level of semantic verbal fluency as well as in

the rate of decline.

Finally, as shown in Figure 16, there are statistically significant
covariances between the intercept and both slopes. The covariance
between the latent intercept and the latent linear slope is positive, with
an estimated value of 1.001, meaning that individuals with higher
intercepts also display steeper linear decline. The covariance between the
latent intercept and the latent quadratic slope, in its part, is negative
(estimated value of -0.855), implying that individuals with higher
intercepts display less acute quadratic decline. The covariance between
the latent linear and quadratic slopes is not statistically significant.
Referring to correlations, the correlation between the latent intercept and
the latent linear slope is .161 (p <.05), the correlation between the latent
intercept and the latent quadratic slope is -.308 (p < .05), and the
correlation between the latent linear slope and the latent quadratic slope

is-.113 (p > .05).
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3.3.3.2. Explaining semantic verbal fluency

Age, gender, educational attainment, physical inactivity,
depressive symptomatology and social engagement, measured at wave
4, were introduced as covariates in the retained latent growth model of
semantic verbal fluency to explain its latent intercept and slopes. The
sample statistics of the covariates included in the model correspond to

the ones displayed in Table 17.

The resulting model presents an excellent fit to the data: ¢ (18)
=32.50, p = .019, CFI = 1.00, RMSEA= .004 [.002 — .006], SRMR =
.005, AIC =905942.04, BIC = 906224.73. The model is represented in
Figure 17, and standardized effects of the covariates are available in
Table 22. All covariates have a statistically significant effect on the latent
intercept. For the linear slope, only age and physical inactivity present
statistically significant effects, while the only statistically significant
effects on the quadratic latent slope are those of educational attainment
and physical inactivity. Figure 18 offers the estimated latent quadratic
trajectory of semantic verbal fluency for the whole sample (a) and for 50

random respondents (b).

Regarding the correlations among the latent variables, the latent
intercept is positively correlated (= .137, p <.001) with the linear latent
slope, and negatively correlated with the quadratic latent slope (r =-.347,
p < .001). The linear and the quadratic latent slopes do not present a
statistically significant correlation (r = -.038, p = .798). That is,
individuals with higher average verbal fluency present higher linear
decline but lower quadratic decline. Overall, the model explains 39.6%
of the variance of the latent intercept, 11.6% of the variance of the linear

latent slope, and 0.6% of the variance of the quadratic latent slope.
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Figure 17
Representation of the quadratic latent growth model of semantic verbal fluency with covariates. Note: Covariances among

latent variables not shown for simplicity. I= Intercept; S= Linear slope; S2= Quadratic slope
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Table 22
Standardized model results for the quadratic latent growth model of

semantic verbal fluency with covariates

Coefficient B Standard error p-value

Intercept

Age -.337 .005 <.001
Gender (Male) -.038 .005 <.001
Educational attainment 371 .005 <.001
Physical inactivity -.109 .005 <.001
Depression -.125 .005 <.001
Social engagement .043 .005 <.001
Linear slope

Age -.351 021 <.001
Gender (Male) 014 012 245
Educational attainment -.021 011 .065
Physical inactivity .043 013 <.05
Depression 018 012 142
Social engagement .003 011 .801
Quadratic slope

Age -.017 .020 .389
Gender (Male) -.011 .019 542
Educational attainment -.049 .019 <.05
Physical inactivity -.065 021 <.05
Depression 015 .019 443
Social engagement .003 .017 .853
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Figure 18
Estimated semantic verbal fluency latent quadratic trajectory for the
general sample (a) and for 50 random respondents (b), after controlling

for the effects of covariates
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3.4. Cognition and successful ageing

Quality of life was used as a marker or indicator of successful
ageing, following the Comprehensive PCP model by Kahana et al.
(2014). The sample statistics of quality of life across study waves

employed in the analyses are displayed in Table 23.

Table 23
Sample statistics of quality of life through all waves considered in the
analysis. Note: M = Mean,; SD = Standard Deviation

Quality of life M +=SD  n (%) of missing data

Wave 4 37.03 = 6.46 3479 (6.1)
Wave 5 37.78 + 6.34 20763 (36.7)
Wave 6 37.28 + 6.29 24866 (43.9)
Wave 7 37.20 + 6.39 27190 (48.0)
Wave 8 38.09 + 6.04 38301 (67.7)
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3.4.1. Recent memory and successful ageing

A Parallel Process Latent Growth Model (PP- LGM) with linear
trajectories of recent memory and quality of life with covariates was
tested. Quadratic growth terms were omitted in favour of parsimony.
From the general sample, 5702 respondents were excluded in the
analysis due to missing data. Therefore, the sample size employed in the
analysis was 50914. The model presents an adequate fit to the data: >
(77) = 1808.36, p < .001, CFI = .989, RMSEA = .021 [.020 — .022],
SRMR= .020, AIC = 1489700.98, BIC = 1490125.19. The resulting
model is depicted in Figure 19.

The mean of the intercept of recent memory is 5.26 (p <.05), with
a variance of 1.82 (p < .05). Its average latent slope is -0.082 (p < .05)
with a variance of 0.051 (p < .05). That is, recent memory follows a
negative linear trend, with inter-individual variability both at the initial
time and at the rate of change. Moreover, the covariance between recent
memory’s latent intercept and slope has an estimated value of 0.015 (p <
.05). This indicates that individuals with higher initial levels of recent

memory will display steeper decline over time.

Quality of life’s average latent intercept is 37.18 (p <.05) with a
variance of 28.65 (p < .05), and its latent slope has a mean estimate of -
0.090 (p < .05) and an estimated variance of 0.922 (p < .05). Similar to
recent memory, individuals’ quality of life displays a negative trend over
time, with inter-individual variability at both initial level and rate of
change. However, in this case the covariance between the latent intercept
and the latent slope has an estimated negative value of -1.09 (p < .05),
which implies that individuals with higher initial levels of quality of life

will experience less decline than their counterparts.
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Figure 19
Representation of the PP-LGM of recent memory and quality of life with covariates. Note: IRM= Intercept of recent
memory, SRM= Slope of recent memory, IQoL= Intercept of quality of life; SQoL= Slope of quality of life

RMW4 RMW5 RMW6 RMW?7 RMWS

Age

Gender

Education

Physical
inactivity

Depression

ANV 4

Social
engagement

QoLW4 QoLW5 QoLW6 QoLW7 QoLW8

137



Irene Fernandez Martinez

Turning to the standardised effects of the latent intercepts on
latent slopes, the effect of recent memory onto quality of life was
statistically significant ( = .063, p < .05). This was not the case for the
effect of quality of life’s initial level onto recent memory’s trend (B = -
.008, p =.679). Therefore, the results suggest that initial recent memory
explains quality of life over time but initial quality of life has no
explicative capacity over recent memory’s trend. A potential causal
relationship can be inferred from these results, with higher levels of

recent memory causing less decline in quality of life over time.

Finally, the intercept of recent memory and the intercept of
quality of life have a statistically significant estimated correlation of .213
(p < .05), indicating that individuals with higher initial levels of recent
memory also present higher initial levels of quality of life. In turn, recent
memory’s slope and quality of life’s slope present an estimated
correlation of .350 (p <.05), that suggests a positive association between

the decline of recent memory and the decline of quality of life over time.

Regarding the effects of the covariates shown in Table 24, all
present statistically significant effects on the latent intercepts of recent
memory and quality of life in the expected direction. The effect of
depression on quality of life’s intercept is especially relevant for its size,
compared to the rest of the covariates. Further, age, gender, educational
attainment and depression present statistically significant effects on
recent memory’s slope. For the slope of quality of life, education does
not have a statistically significant effect, but age, gender and depression
do. Depression, for both latent slopes, has a positive effect, which can be
interpreted as less decline for those individuals who present higher levels

of depressive symptomatology at the beginning.
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Table 24

Standardised effects of age, gender, educational attainment, physical
inactivity, depressive symptomatology and social engagement in the
latent intercepts and slopes of recent memory and quality of life. Note: [

= Standardized structural coefficient; SE= Standard error; p= p-value

Recent memory Quality of life

B SE p B SE p
Intercept
Age -381 .005 <.001 -.043 .004 <.001
Gender (Male) -.138 .005 <.001 -.044 .004 <.001
Educational attainment .386 .005 <.001 .167 .004 <.001
Physical inactivity -116 .005 <.001 -.166 .005 <.001
Depression -.169 .005 <.001 -.570 .004 <.001
Social engagement 060 .005 <.001 .064 .004 <.001
Linear slope
Age -339 015 <.001 -301 .013 <.001
Gender (Male) -.041 012 <.05 .048 .010 <.001
Educational attainment .032 .012 <.05 .008 .012 .485
Physical inactivity .007 .014 590 .019 .011 .089
Depression 065 .017 <.001 .323 .011 <.001
Social engagement -013 .011 270 -.006 .009 .485

Although it may seem counterintuitive, as depression also
presents negative effects on the initial levels of recent recall and quality
of life, these positive effects can be understood as a floor effect. That is,

individuals with high depressive symptomatology already display
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diminished initial levels of recent memory and quality of life, and may

have less room for variation over time.

Overall, the model was able to explain 47.9% of the variance of
initial quality of life and 18.2% of the variance of quality of life’s slope.
For recent memory, 49.2% of the variance of the intercept and 12% of

the variance of the slope was explained by the model.

3.4.2. Delayed memory and successful ageing

Next, a PP- LGM with linear trajectories of delayed memory and
quality of life with covariates was tested. Like section 3.4.1, 5703
respondents from the general sample were excluded from the analysis
due to missing data. Therefore, the sample size employed in the analysis
was 50913. The model presents an adequate fit to the data: > (77) =
2068.94, p < .001, CFI = .987, RMSEA = .023 [.022 — .023], SRMR=
.020, AIC = 1547207.98, BIC = 1547632.19. The resulting model is
depicted in Figure 20.

The mean of the intercept of delayed memory is 3.88 (p < .05),
with a variance of 2.72 (p < .05). Its mean latent slope is -0.092 (p <.05)
with a variance 0f 0.070 (p <.05). As in the previous section with recent
memory, delayed memory follows a negative linear trend, with inter-
individual variability both at the initial time and at the rate of change.
Moreover, the covariance between delayed memory’s latent intercept
and slope has an estimated value of 0.010 (p = .255). This indicates that
there is no association between individuals’ higher initial levels of

delayed memory and their trend over time.
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Figure 20
Representation of the PP-LGM of delayed memory and quality of life with covariates. Note: IDM= Intercept of delayed
memory, SDM= Slope of delayed memory,; IQoL= Intercept of quality of life; SQoL= Slope of quality of life
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Quality of life’s average latent intercept is 37.16 (p <.05) with a
variance of 28.65 (p < .05), and its latent slope has a mean estimate of -
0.085 (p < .05) and an estimated variance of 0.913 (p < .05). The
interpretation follows that of delayed memory, individuals’ quality of
life displays a negative trend over time, with inter-individual variability
at both initial level and rate of change. Additionally, the covariance
between the latent intercept and the latent slope has an estimated
negative value of -1.12 (p < .05), which implies that individuals with
higher initial levels of quality of life will experience less decline that

their counterparts.

Turning to the standardised effects of the latent intercepts on
latent slopes, the effect of delayed memory onto quality of life was
statistically significant ( = .053, p < .05). This was not the case for the

effect of quality of life’s initial level onto delayed memory’s trend ( =
-.021, p = .308). Therefore, the results suggest that initial delayed
memory explains quality of life over time but initial quality of life has
no explicative capacity over delayed memory’s trend. As with recent
memory, a potential causal relationship can be inferred from these
results, with higher levels of delayed memory causing less decline in

quality of life over time.

Finally, the intercept of delayed memory and the intercept of
quality of life have a statistically significant estimated correlation of .213
(p <.05), indicating that individuals with higher initial levels of delayed
memory also present higher initial levels of quality of life. In turn,
delayed memory’s slope and quality of life’s slope present an estimated

correlation of .289 (p <.05), that suggests a positive association between
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the degree of delayed memory decline and the degree of quality of life

decline over time.
Table 25

Standardised effects of age, gender, educational attainment, physical
inactivity, depressive symptomatology and social engagement in the
latent intercepts and slopes of delayed memory and quality of life. Note:

P = Standardized structural coefficient; SE= Standard error; p= p-value

Delayed memory Quality of life
B SE )4 B SE P

Intercept

Age -371 .005 <.001 -.043 .004 <.001
Gender (Male) -.148 .005 <.001 -.044 .004 <.001
Educational attainment .373 .005 <.001 .167 .004 <.001
Physical inactivity -.082 .005 <.001 -.166 .005 <.001
Depression -.166 .005 <.001 -.570 .004 <.001
Social engagement 054 .005 <.001 .064 .004 <.001
Linear slope

Age -307 .014 <.001 -300 .012 <.001
Gender (Male) -.023 .012 .052 .048 .010 <.00l
Educational attainment .013 .012 .282 .010 .011 .343

Physical inactivity -018 .013 .168 .018 .011 .100

Depression 083 .017 <.001 .325 .011 <.001
Social engagement 007 .012 .528 -.006 .009 475
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The effects of the covariates are shown in Table 25. All have
statistically significant effects on the latent intercepts of delayed memory
and quality of life in the expected direction. The effect of depression on
quality of life’s intercept is especially relevant for its size, compared to
the rest of the covariates. Further, age and depression present statistically
significant effects on delayed memory’s slope. For the slope of quality

of life, age, gender and depression present statistically significant effects.

In this case, depressive symptomatology presents statistically
significant negative effects on the intercepts of both delayed memory and
quality of life. Again, the effect of depression on the intercept of quality
of life stands out. Moreover, depression has positive statistically
significant effects on both latent slopes, which can be interpreted as less
decline for those individuals who present higher levels of depressive
symptomatology at the beginning. The interpretation of the effects of

depression on the latent intercepts and slopes is that of section 3.4.1.

Overall, the model was able to explain 47.9% of the variance of
initial quality of life and 18.1% of the variance of quality of life’s slope.
For delayed memory, 44.8% of the variance of the intercept and 10.1%

of the variance of the slope was explained by the model.

3.4.3. Verbal fluency and successful ageing

Finally, a PP- LGM with linear trajectories of verbal fluency and
quality of life with covariates was tested. Due to missing data, 5717
respondents from the general sample were excluded from the analysis.
The sample size considered in the analysis was 50899. The model

presents an adequate fit to the data: x> (77) = 1729.17, p < .001, CFI =
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985, RMSEA =.021 [.020 — .021], SRMR = .020, AIC = 1825634.89,
BIC=1826059.09. The resulting model is depicted in Figure 21.

The mean of the intercept of verbal fluency is 20.00 (p < .05),
with a variance of 37.80 (p < .05). Its average latent slope is -0.112 (p <
.05) with a variance of 0.885 (p < .05). As in the previous section with
recent and delayed memory, verbal fluency displays a negative linear
trend, with inter-individual variability both at the initial time and at the
rate of change. Moreover, the covariance between verbal fluency’s latent
intercept and slope has an estimated value of -0.240 (p = .069). This
indicates that there is no association between individuals’ higher initial

levels of verbal fluency and their trend over time.

Quality of life’s mean intercept is 37.16 (p <.05) with a variance
of 28.64 (p < .05), and its slope is, on average, -0.081 (p < .05) with an
estimated variance of 0.914 (p < .05). The interpretation follows that of
verbal fluency, individuals’ quality of life displays a negative trend over
time, with inter-individual variability at both initial level and rate of
change. Additionally, the covariance between the latent intercept and the
latent slope has an estimated negative value of -1.12 (p < .05), which
implies that individuals with higher initial levels of quality of life will

experience less decline that their counterparts.

Turning to the standardised effects of the latent intercepts on
latent slopes, the estimated effect of verbal fluency onto quality of life is
B =-.02 (p=.119) and the estimated effect of quality of life’s initial level
onto verbal fluency’s trend is B =.014 (p = .475). Therefore, the results
suggest that initial levels of verbal fluency do not influence quality of

life’s trend over time and vice-versa.
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Figure 21
Representation of the PP-LGM of verbal fluency and quality of life with covariates. Note: IVF= Intercept of verbal fluency;
SVF= Slope of verbal fluency; IQoL= Intercept of quality of life; SQoL= Slope of quality of life
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Finally, the intercept of verbal fluency and the intercept of quality
of life have a statistically significant estimated correlation of .198 (p <
.05), indicating that individuals with higher initial levels of verbal
fluency also present higher initial levels of quality of life. In turn, verbal
fluency’s slope and quality of life’s slope present an estimated
correlation of .365 (p <.05), that suggests a positive association between
the degree of verbal fluency decline and the degree of quality of life

decline over time.

The effects of the covariates are shown in Table 26. All have
statistically significant effects on the latent intercepts of verbal fluency
and quality of life in the expected direction. The effect of depression on
quality of life’s intercept is especially relevant for its size, compared to
the rest of the covariates. Further, age and physical inactivity present
statistically significant effects on verbal fluency’s slope. For the slope of
quality of life, age, gender, educational attainment and depression

present statistically significant effects.

Present results show a positive effect of being physically inactive
in verbal fluency decline over time. This can be interpreted in a similar
way to the positive effect of depressive symptomatology on the trend of
quality of life. That is, individuals who are physically inactive at the
beginning already experience diminished verbal fluency skills. Starting
at a lower level, their verbal fluency skills do not decline as much as their

physically active counterparts.

Overall, the model was able to explain 47.9% of the variance of
initial quality of life and 17.9% of the variance of quality of life’s slope.
For verbal fluency, 37.2% of the variance of the intercept and 12.5% of

the variance of the slope was explained by the model.
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Table 26

Standardised effects of age, gender, educational attainment, physical
inactivity, depressive symptomatology and social engagement in the
latent intercepts and slopes of verbal fluency and quality of life. Note: [

= Standardized structural coefficient; SE= Standard error; p= p-value

Verbal fluency Quality of life
B SE P B SE P

Intercept

Age -250 .005 <.001 -.043 .004 <.001
Gender (Male) -.049 .005 <.001 -.044 .004 <.001
Educational attainment .392 .005 <.001 .167 .004 <.001
Physical inactivity -.146 .005 <.001 -.166 .005 <.001
Depression -.137 .005 <.001 -.570 .004 <.001
Social engagement 046 .005 <.001 .064 .004 <.001
Linear slope

Age -365 018 <.001 -325 .011 <.001
Gender (Male) -.023 .012 .147 .038 .009 <.001l
Educational attainment -.024 .012 .054 .039 .011 <.001
Physical inactivity 060 .014 <.001 .010 .011 .347
Depression 028 .017 .100 .313 .010 <.001
Social engagement 001 .012 .960 -.003 .009 .744
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4. DISCUSSION
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This doctoral dissertation aims to establish a holistic framework
accounting for the main bio-psycho-social factors involved in the
maintenance of cognitive function in the old age. Moreover, it also

attempts at examining the role of cognition for ageing successfully.

In this final section, the results will be interpreted and discussed
in light of previous evidence. This will be done for each general objective
separately, as they represent different frameworks that contribute to
understanding of cognition in the older population and its role in
successful ageing. Under each general objectives, the hypotheses will be
discussed in light of present findings. An exception is the General
Objective 5, GOS, to study cognitive functioning in older adults from a
gender perspective. GO5 was cross-sectional to any other objective of
this work, as a gender perspective is accomplished by considering
gender-specific relationships and this has been done through all this

work.
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4.1.Psychometric properties of cognition-related instruments in

SHARE

The first general objective, GO1, was to assess psychometric
adequacy of measurement instruments tapping cognition employed in
the Survey of Health, Aging and Retirement in Europe (SHARE). This
was done for two measurement instruments, one tapping memory and
another recently adapted instrument for which no evidence of

psychometric adequacy was available.

Evidence of adequate psychometric properties of instruments
tapping latent traits is a prerequisite for making inferences from the
results obtained from such instruments (Crocker & Algina, 2008).
Consequently, and although not an explicit objective of this doctoral
dissertation, it was also essential to assess the psychometric properties of
the other measures employed in the analysis of this doctoral dissertation,
as well as measures more widely used in SHARE. This was done in
studies that have been published simultaneously to the development of
the present work, most of which were cited in the methodology section.

The psychometric properties of the EURO-D scale (Prince et al., 1999)
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were examined in the study by Tomas et al. (2022). The psychometric
properties of CASP-12 (Hyde et al., 2003) were assessed in the work by
Oliver et al. (2021). Social and intellectual activity participation were
assessed as differentiated activities in the work by Ferndndez et al.
(2023). Last, the psychometric properties of the BFI-10 (Rammstedt &
John, 2007), a measure of the five big factors of personality
(extraversion, neuroticism, conscientiousness, agreeableness and
openness to experience) were studied in the work by Fernandez et al.

(2022).

4.1.1. 10-Word Recall Test

Specific objective 1, SO1, was to examine factor structure,
reliability and convergent validity of the 10-Word Recall Test (1I0WRT),
paying special attention to serial position effects and their role in the
relationship between recent/delayed recall and education. In this line, the

following hypotheses, based on previous literature, were proposed:

la. Recent recall will display a one-factor structure with recency, but not
primacy, effects.

1b. Delayed recall will display a one-factor structure with primacy, but
not recency, effects.

lc. The 10-WRT will present adequate reliability estimates, both for
recent and delayed recall.

1d. The existence of serial position effects will distort the relationships

between recent/delayed recall and education.

Regarding hypothesis 1a, findings suggest that recent recall is

best represented by a one-factor model with both recency and primacy
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effects. Oral and visual information do not produce the same cognitive
stimulus. According to Leeuw (2005), oral information demands more
memory capacity, which can produce recency effects (i.e. tendency to
recall the latter words of a list) in long lists. This is also argued by Osth
and Farrell (2019) in the context of the Dual-Store Model (Atkinson &
Shiffrin, 1968). Because the recall is immediate, it triggers retrieval from
the Short-Term Store (STS) containing the most recent information (i.e.

the latter words of the list).

The primacy effect in recent recall was rather unexpected.
However, some authors (Ward & Tan, 2019) have shown that serial
position effects vary according to the way information is presented and
requested. In the study by Ward and Tan (2019), they observed that
primacy effects (i.e. tendency to recall the first words of a list) appeared
when subjects were instructed to recall every item of a list. This result is
also consistent with Serial Position Curves (SPC) in which the items
most often recalled are those at the beginning and at the end of the list

(Murdock, 1962).

For hypothesis 1b, primacy effects were expected in delayed
recall. According to Leicht (1968), the first items of a list remain longer
in the STS, which makes them more likely to be stored in the Long-Term
Store (LTS). This would give rise to the appearance of primacy effects
in delayed recall trials. However, results showed that the data was best
represented by a one-factor model of delayed recall with no serial
position effects. One possibility is that this was due to the nature of the
sample. A study by Griffin et al (2017) provided evidence that older
adults showed different delayed retention than younger adults. In this

line, Innocenti et al. (2013) also found absence of recency effects in

155



Irene Fernandez Martinez

individuals with alterations in the STS. Therefore, one possibility is that
as individuals age and their LTS capacity diminishes, the primacy effect

is also attenuated.

Hypothesis 1c argued that both recent and delayed memory
would present adequate reliability estimates. Results provide evidence of

this hypothesis, as estimates were adequate in both cases.

Finally, hypothesis 1d evaluated the effects of serial position
effects on the relationships with other variables. In this case, cognitive
reserve, operationalised as educational attainment, was employed for its
documented relationship to memory (Harrison et al., 2015; Lavrencic et

al., 2018; Ritchie et al., 2015; Roldan-Tapia et al., 2012; Stern, 2012).

Results provided evidence for this hypothesis. More concretely,
when the correlation between educational level and recent memory was
estimated with and without acknowledging serial position effects, the
results yielded different estimates. Not acknowledging serial position
effects attenuated the association between recent recall and cognitive

Ieserve.

There is a lack of studies paying attention to the psychometric
properties of measures affected by serial position effects, which can be
considered a specific type of method effect. A counterexample is the
study by Cernat et al. (2022), that examined measurement quality across
three survey designs, in one the information was presented aurally and
in the other two the information was presented visually. These authors
reported higher probabilities of recency effects in the oral mode,
although the relationship was weak. Moreover, they tested measurement
invariance of 21 item batteries across the three survey designs and

concluded that, in general, measurement of latent variables was
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comparable. However, these researchers did not examine the
relationships between measures affected by serial position effects and

their criteria.

Although present results also show a slight diminution of the
correlation coefficient estimate, this ought to be further explored in other
scales with a different number of items/words. It could be possible that
shorter or longer word lists magnify the effects and this has an impact on

the distortion of the correlation coefficient.

4.1.2. Informant Questionnaire on Cognitive Decline in the Elderly

Specific objective 2, SO2, was to assess factor structure,
reliability, criterion-related validity and diagnostic validity of SHARE’s
adaptation of the Informant Questionnaire on Cognitive Decline in the
Elderly (IQCODE). In this line, the following hypotheses, based on

previous literature, were proposed:

2a. The IQCODE will display a one-factor structure of cognitive decline.

2b. The IQCODE will present adequate reliability estimates.

2c. Informants’ perceptions of respondents’ cognitive decline, as
measured by the IQCODE, will be higher for respondents with a self-
reported diagnosis of dementia.

2d. There will be a cut-off point for the IQCODE that represents an

adequate balance between sensitivity and specificity.

To test hypothesis 2a, a one-factor CFA of informant’s
perception of a respondent’s cognitive decline was estimated. The results
yielded an elevated value of the RMSEA. However, high values of the

RMSEA index in the context of simple models with few variables and a

157



Irene Fernandez Martinez

reduced number of degrees of freedom have been previously
documented (Kenny et al., 2015). Authors argue that CFI and SRMR
may be better suited to assess goodness-of-fit in this context (Shi et al.,
2020). These two fit indexes indicated that the model presented an
excellent fit to the data. More evidence of this came from the large,
statistically significant, factor loadings of all items of the SHARE-
IQCODE scale. Consequently, a one-factor structure of informant’s
perception of cognitive decline was regarded as adequate to represent the
factor structure of SHARE-IQCODE. Just as its 16-item version
(Reichenheim et al., 2015; Truong et al., 2021), this new adaptation also

displays a unidimensional structure.

Hypothesis 2b argues that the scale’s reliability would be
adequate in terms of internal consistency. Evidence for this was found in
the results, as reliability estimated showed an excellent internal
consistency of the scale. This was also evidenced by the similarity and
large magnitude of the factor loadings, indicating that individuals
provided congruent answers across items. Previous studies on the
psychometric propertied of the 16-item version (Foroughan et al., 2019;
Othman et al., 2015; Truong et al., 2021) had also found very high

estimates, between .90 and .95, in line with the results presented here.

Hypotheses 2¢ and 2d made reference to other evidences of
validity in addition to factor validity. Hypothesis 2c¢ stated that
informants’ perceptions of respondents’ cognitive decline would be
higher for respondents with a self-reported diagnosis of dementia,
therefore implying criterion-validity of SHARE-IQCODE scores.
Results provided evidence for this, as the scale’s scores significantly

differed between those with a report of dementia and those without it.
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Specifically, informants of individuals diagnosed with dementia
provided significant higher scores of cognitive decline than informants

whose relative was not diagnosed with dementia.

In its part, hypothesis 2d made reference to diagnostic validity,
as it stated that a cut-off point could be found that represented an
adequate balance between sensitivity and specificity. For this, a ROC
curve was tested, using dementia’s diagnosis as the criterion. Results
showed that the SHARE-IQCODE displayed acceptable discrimination
of cognitively-impaired individuals (Hosmer et al., 2013). That is,
respondents’ judgement of individuals’ cognitive worsening was in line
with individuals’ diagnosis. This result concurs with previous evidence
of diagnostic validity of the 16-item version that found similar values of
area under the curve of around 80% (Jorm, 2004; dos Santos Sanchez &

Lourengo, 2013).

Once the degree of discrimination was assessed, the resulting cut-
off score was examined. The results yielded a value of 2.80 as the cut-
off point of the scale that maximized specificity and sensitivity. This
score, then, can be used to discern between cognitively impaired and
non-affected individuals in SHARE that did not answer the cognitive
tests. Nonetheless, as discrimination was not excellent, the scale’s use is
only advised as a first approximation to the detection of dementia within

the two-stage process suggested by Burton et al. (2021Db).

Overall, SHARE’s adaptation of the IQCODE seems to work just
as fine as the former 16-item version by Jorm (1994). Originally
developed for clinical practice, the IQCODE has also become a research

tool with its inclusion in large-scale surveys such as HCAP (Langa et al.,

2020) or SHARE.
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Together with its limited use as a screening tool, there are some
remarks that ought to be done about the SHARE-IQCODE and the
results derived from this work. The first one is related to the criterion
variable employed in classification. Although this has been previously
acknowledged, it should be kept in mind that the variable employed to
establish the cut-off point was not an official medical record but a self-
reported diagnostic status. One possible source of error would come from
individuals not reporting their diagnostic status truthfully because of
self-stigma (Gajardo et al., 2021; Nguyen & Li, 2020). Another
consideration is in reference of the nature of the sample employed. The
SHARE-IQCODE was only administered to informants of individuals
who were not able to answer cognitive tests, and therefore this may bias

the results due to an over-coverage of cognitive impairment.

Be that as it may, this work constitutes a novel contribution to the
IQCODE literature, as it provides evidence on the psychometric
properties of a new adaptation of the scale. This work is also especially
relevant in the context of SHARE research, as it gives SHARE
researchers evidence about the adequacy of this scale as an
approximation to cognitive impairment when direct data are not

available.
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4.2. A holistic model of cognition

The second general objective, GO2, was to establish a
comprehensive model that predicts cognitive functioning from a bio-
psycho-social perspective. A predictive model of older adults’ cognitive

function was established to fulfil this general objective.

Two different specific objectives (SO) were proposed. SO3 was
to test the differential relationships between predictors of cognition and
four cognitive dimensions (temporal orientation, memory, numeracy and
verbal fluency). Consequently, temporal orientation, memory, numeracy
and verbal fluency were modelled as four different outcomes of
cognition, and relationships from predictors onto each dimension were
analysed separately. Based on previous literature, it was hypothesised
that the predictors would display differential effects on the cognitive

dimensions considered (hypothesis 3).

S04 was to test the relative impact of years of education, chronic
disorders, physical inactivity, psychological factors (loneliness and

depression), and social and intellectual activity participation on the
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cognitive dimensions, controlling for age. From this specific objective,

two hypotheses were drawn:

4a. Years of education, social activity participation and intellectual
activity participation will present positive statistically significant effects

on the different cognitive dimensions considered.

4b.  Chronic disorders, physical inactivity, loneliness and depression
will present negative statistically significant effects on the different

cognitive dimensions considered.

The resulting model presents two main contributions to the study
of cognition. First, the integration of bio-psycho-social factors
contributes at generating a global, holistic, picture of agents involved in
optimal cognitive status among older adults. Additionally, the partition
of cognition into differentiated domains allows the study of effect
heterogeneity of each predictor onto the distinct cognitive components
considered, in line with that argued by previous research (Bourassa et al.,

2017; Litwin & Stoeckel, 2016).

Indeed, regarding hypothesis 3, evidence for predictors’
differential effects was found. For example, physical health, measured
by individuals’ number of chronic disorders, had no predictive capacity
over temporal orientation, numeracy and verbal fluency. Only a small
negative effect of chronic disorders onto memory was found. Physical
inactivity displayed very small predictive effects in all domains, being

the most noticeable those onto temporal orientation and verbal fluency.

Regarding psychological variables, loneliness had a small effect
in general, being statistically non-significant in the case of temporal

orientation and that were bigger in the case of verbal fluency and
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memory. Depression, in turn, had bigger negative effects in all cognitive
dimensions, being the one of verbal fluency notably smaller and the one
of temporal orientation higher. The differential effects of depression
could be interpreted in light of the vascular depression hypothesis
(Alexopoulos et al., 1997), by which neurovascular deterioration is
responsible for depressive symptomatology in the old age, and this
usually affects prefrontal and frontal regions of the brain (Taylor et al.,
2013) which have been also seen to play a role in executive functions

(Otero & Barker, 2014; Stuss, 2011).

Participation in social and intellectual activities had a significant
impact every cognitive domain considered, but their effects were biggest
for memory and verbal fluency. When it comes to numeracy and verbal
fluency, intellectual activity had the greatest predictive effect. Previous
studies (Van Aken et al., 2016) have associated executive function to
fluid intelligence, which involves adapting and being flexible in
cognitively demanding contexts (Cattell, 1963). According to the
cognitive enrichment hypothesis (Scarmeas & Stern, 2003), participation
in intellectual activities could serve as training for such fluid abilities. In
the same line, diminished effects of social activity participation onto
temporal orientation and numeracy could be explained by the situations
in which social activities take place. It is possible that these activities
create cognitive-demanding contexts in line with cognitive enrichment
hypothesis, but cognitive function in these situations relies on other
cognitive domains such as verbal fluency and memory, and not on

temporal orientation and numeracy.

Turning to hypotheses 4a and 4b, education, social activity

participation and intellectual activity participation were expected to exert
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positive effects onto the cognitive dimensions, while chronic disorders,
loneliness and depression were expected to present negative effects. In
general, evidence was found that supported both hypotheses, although
effects were not statistically significant in some cases, as it was just

reported.

The effects of the bio-psycho-social factors considered in the
model were generally consistent with the literature. Nonetheless, chronic
diseases and physical inactivity showed somewhat surprising results, as
their effects were diminished in comparison to the ones previously
reported (for example: Buchman et al., 2012; Gorelick et al., 2011; Lim
et al., 2016; Lourenco et al., 2018). It is possible that when bio-psycho-
social effects onto cognition are simultaneously examined, the relative
impact of these predictors is diminished in comparison to that of other
predictors like participation in social and intellectual activities or

depression.

Similarly, previous research had established a positive
association between social activity participation and cognitive
performance (Choi, 2020; Fu et al., 2018; Glei et al., 2005; Hwang et al.,
2018; Krueger et al., 2009; Litwin & Stoeckel, 2015; Miceli et al. 2019;
Seeman et al., 2011). In this line, present results showed a moderate
effect of social activity participation onto memory and verbal fluency.
However, the effects were much smaller for temporal orientation and
numeracy. Therefore, findings of this work, in general, showed
diminished effects of social participation. It should be noted that
previous studies failed to differentiate among cognitive domains and
used either a measure of global cognition (Choi, 2020; Fu et al., 2018;
Hwang et al., 2018; Krueger et al., 2009; Miceli et al., 2019) or a measure
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of memory (Litwin & Stoeckel, 2016). The only study that considered
more than one cognitive domain was that by Seeman et al. (2011), which
employed measures of executive function and measures of memory. In
this study, the same diminished effect of social activity onto executive
function, in comparison to that of memory, was also found. Although the
different instruments employed across studies do not allow for the
comparison of specific effects, this work found evidence in line with that

of Seeman et al. (2011).

In the case of intellectual activity participation, all effects were
statistically significant and relevant, in relation to the rest of predictors.
This result replicates that of Hultsch et al. (1999) and reinforces the idea
of intellectual training interventions targeted at maintaining cognitive
abilities in the old age. Nonetheless, as previously noted in Hultsch et al.
(1999), it could be that only individuals with good levels of cognition are
interested in participating in intellectual activities. Other studies
analysing the effects of intellectual activity participation are available
from Krueger et al. (2009). These authors included intellectual activities
as a covariate and did not inform about its specific effects onto cognition.
They, however, stated that the effects of social activities diminished
when considering intellectual activities, which goes in line with present

findings.

For the psychological variables, loneliness and depression,
effects were as expected according to previous research (Boss et al.,
2015; Cacioppo & Hawkley, 2009; T. Y. Chen & Chang, 2016; Downer
et al., 2017; L. Han et al., 2016; Howrey et al., 2015; McDermott &
Ebmeier, 2009; Min, 2018; Yu et al., 2015). Namely, both variables

displayed statistically significant and negative effects to every
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component of cognition, the only exception being the effect of loneliness
onto temporal orientation. Furthermore, in line with other authors (Kong
et al., 2018), there was a positive, statistically significant, and high
correlation between both variables. Another interesting finding was the
diminished effects of loneliness in comparison to those of depression. It
seems that the effects of loneliness may appear magnified when

depression is not acknowledged (Kong et al., 2018).

The aforementioned general objective 5, GOS, to study cognitive
functioning in older adults from a gender perspective, cross-sectional to
the rest of general objectives, contained a specific objective, SO10,
which consisted in testing the relative impact of gender on temporal
orientation, memory, numeracy and verbal fluency. Based on previous
literature, the derived hypothesis from SO10 was that females would
present statistically higher levels of global memory and verbal fluency

than males (hypothesis 10).

Results from this work provide evidence partially supporting the
hypothesis in that females presented statistically higher levels of
memory. This finding is in line with previous results (Ding et al., 2019;
Lin et al., 2017; McFall et al., 2019; Z. Wu et al., 2021). However, no
statistically significant differences between males and females were
found in verbal fluency. This latter incongruence could be due to the
measures of cognitive function employed in other studies reporting better

executive ability among females (Lin et al., 2017; Z. Wu et al., 2021).

In sum, this model presents a holistic approach to the study of
cognition, as it offers a bio-psycho-perspective on the study of different
cognitive domains. As suggested by previous research (Bourassa et al.,

2017; Litwin & Stoeckel, 2016), heterogeneity in the magnitude of
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predictors onto different cognitive components was found. Moreover,
the probabilistic sampling strategy employed in SHARE maximizes the
likelihood that results will be generalizable to the population of
individuals aged 50 years or older from European countries and Israel.
Nonetheless, there are some limitations to this work that ought to be

acknowledged.

First, data employed in the analyses comes from a large-scale
survey covering different topics of older adults’ life, which employs a
Computer-Assisted Personal Interview (CAPI) during which individuals
are surveyed in all these topics in a short period of time. Therefore, the
measurement instruments need to be brief, and therefore provide coarse
measures of the topics under study. As an example in the context of this
work, social and intellectual activity participation was registered in terms
of occurrence during the previous year and not as a function of
individuals’ satisfaction with their involvement in these activities.
Moreover, model complexity did not allow for longitudinal analysis of
the relationships and therefore causal attributions cannot be inferred
from the results. Although the directionality of the effects was
theoretically established, it is possible that reverse causality occurs and
therefore additional longitudinal analyses need to be done to advance on

the study of the determinants of cognition.
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4.3. Explaining latent trajectories of cognitive dimensions

The third general objective (GO3) of this work was to establish
the possible explicative effects of the most relevant factors documented
in the literature on cognitive functioning. This general objective entailed
two specific objectives (SO) and several hypotheses were derived from

each of these.

The first specific objective, SOS5, was to establish the shape of the
latent trajectories of memory, differentiating between recent and delayed
recall, and verbal fluency, and accordingly three hypotheses were

derived based on previous findings:

Sa. Recent recall will display either a linear or a quadratic latent
trajectory of decline.

5b. Delayed recall will display either a linear or a quadratic latent
trajectory of decline.

5c. Verbal fluency will display either a linear or a quadratic latent

trajectory of decline.
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The second specific objective, SO6, was to test the explicative
power of educational attainment, physical inactivity, depression and
social engagement on memory and verbal fluency, controlling for age.
Based on previous literature, the expected results were written in the

form of two additional hypotheses:

6a. Educational attainment and social engagement will have positive and
statistically significant effects in the latent trajectories of recent
memory, delayed memory and verbal fluency.

6b. Physical inactivity and depression will have negative and statistically
significant effects in the latent trajectories of recent memory, delayed

memory and verbal fluency.

In general, results showed recent memory, delayed memory and
verbal fluency to display quadratic latent trajectories of decline, which
imply a first stage of decline that is followed by a second stage of steeper

decline. Therefore, evidence was found for hypotheses 5a, 5b and 5c.

Previous research had most frequently reported either linear or
quadratic trends of cognitive decline (Bertola et al., 2019; Ding et al.,
2019; Liampas et al., 2022; Terrera et al., 2010; Yam et al., 2014; W.
Zhang et al., 2022) in studies with different temporal lengths and
employing diverse cognitive measures, either global or domain-specific.
In the case of verbal fluency, no previous research had focused on the
shape of this latent trajectory specifically. In fact, the general tendency
is to employ a measure of global cognition (for example: Cheng et al.,
2016; Downer et al., 2017; Howrey et al., 2015; Min, 2018; Terrera et
al., 2010; Yu et al., 2015). Nonetheless, this tendency may fail to detect
subtler changes that occur at specific domains of cognition (Steinerman

et al., 2010). Additionally, as stated by Murman (2015), early worsened
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performance occurs in cognitive tasks that require handling and
transforming information, as is the case of working memory -recent and
delayed- and verbal fluency, and not in cognitive tasks based on
cumulative knowledge. Mixing cognitive tasks to compute a global score
of cognition, or directly employing a cognitive measure that assesses
general cognitive ability, could hide this subtler, non-pathological,
deterioration, that is considered as normative cognitive ageing (Harada
et al., 2013) and that later progresses to pathological deterioration
affecting individuals’ functional abilities (Bermejo-Pareja et al., 2021;

Murman, 2015).

Moreover, as seen in the findings from this work, model
deterioration of the linear Latent Growth Model (LGM) against the
quadratic LGM was very subtle. Although the quadratic model better
fitted the data, the linear model also fitted the data adequately and was
more parsimonious. Therefore, other studies might have guided their
decisions by parsimony instead of model fit and hence linear trajectories
had been reported. It should be noted, however, that studies with longer
study periods ought not ignore the quadratic latent slope, as it may

become more relevant in longer trajectories.

The second specific objective involved testing the effects of
physical, psychological and social covariates, together with gender and
cognitive reserve (measured as the level of education) onto the latent
terms of the LGMs of recent memory, delayed memory and verbal
fluency, controlling for respondents’ age. Hypotheses 6a and 6b were
stated about the directionality of these effects. Findings derived from this

work only partially support these hypotheses.
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Higher age, more depression, being male, and physical inactivity
all predicted a lower average level of recent memory, as denoted by the
negative statistically significant effects of these covariates onto the latent
intercept, whereas more social engagement and higher educational
attainment had a positive effect. Age and educational attainment
presented the largest effects, followed by being male and depression. For
physical inactivity and social engagement, effects were statistically

significant but smaller in magnitude, especially in the case of the latter.

In terms of the linear slope of recent memory, effects of
covariates were similar to those of the latent intercept except that
physical inactivity and social engagement did not significantly
contributed to explaining recent memory’s linear slope. Moreover, effect
size was in general diminished, and the effect of depression turned
positive. That is, higher initial levels of depression had a small protective

effect onto the linear slope of recent memory.

Lastly, the quadratic slope of recent memory was only explained
by age and educational attainment. Age had a negative statistically
significant effect, by which older individuals would present a higher
level of quadratic decline. In the case of educational attainment, this
covariate also explained quadratic worsening of recent memory over
time. This latter effect of education also deemed counterintuitive, as
cognitive reserve theory (Stern, 2002) had repeatedly established a
positive effect of education onto older adults’ cognition (Espeland et al.,
2018; Weber et al., 2014), especially evident in the cognitive domain of
memory (Bertola et al., 2019; Ding et al., 2019; Lourenco et al., 2018).

This was indeed the case for the latent intercept and latent linear slope.
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All in all, all effects of covariates onto recent memory’s latent
intercept and latent slopes, linear and quadratic, were in the expected
direction according to previous literature examining memory trajectories
over time (Ding et al., 2019; Liampas et al., 2022; McFall et al., 2019;
Z. Wu et al., 2021). The only exceptions were the aforementioned
positive effect of depression onto the latent linear slope and the negative

effect of education onto the latent quadratic slope.

Previous research employing a person-centred approach analysed
the effect of initial levels of depression onto the probability of belonging
to a latent class of a certain cognitive trajectory. These studies did found
a consistent higher likelihood of depressed individuals to belong to less
favourable cognitive trajectory classes (Chang et al. 2016; Downer et al.,
2017; Howrey et al., 2015; Min, 2018; Yu et al., 2015). However, given
the analytical approach used, this higher likelihood could be only
reflecting the differences among the latent intercepts of the reported
trajectories. In this work, a small but positive effect of depression was
found onto the latent linear slope, implying that individuals with higher
initial depressive symptomatology display less linear decline than their

non-depressed counterparts.

This counterintuitive result was already seen and commented in
section 3.4. As already proposed, a plausible explanation of this positive
effect accompanied by the negative effect of depression onto the latent
intercept is that individuals who present high depressive
symptomatology at the beginning also present diminished recent
memory and may not have as much room for variation over time as less

depressed individuals. Therefore, this would not be a beneficial effect of
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depression onto the latent trajectory of recent memory but the

manifestation of a floor effect.

Regarding the positive effect of education onto the latent
quadratic slope of recent memory, a plausible interpretation comes from
the neural compensation reserve hypothesis (Barulli & Stern, 2013) and
previous similar results were reported in Williams et al., (2021). This
hypothesis proposes that compensatory neural networks come into play
when deterioration starts affecting primary networks. In the
aforementioned study by Williams et al. (2021), no protective effect of
education was found for individuals classified in the rapid decline
memory trajectory class. These authors suggested that education could
play a role in protecting against initial memory decline but, as decline
become more severe and that primary network deteriorated, education
would not be able to compensate for cognitive loss as alternative
compensatory neural networks started to be used. According to this,
educational attainment would protect against initial deterioration but, as
deterioration progresses and this network is no longer active, more rapid
decline would occur as the consequence of education no longer being an

efficient protector, as pointed by the results from this work.

Turning to delayed memory, being older, having higher initial
depressive symptomatology, being male and not being physically active
explained lower levels of the latent intercept, while higher level of
educational attainment and being more socially engaged was predictive
of higher scores of delayed memory’s latent intercept. These results were
similar to those of recent memory in that age and education displayed the

biggest effects, followed by the effects of gender and depression. Again,
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physical inactivity and social engagement displayed the smallest effects

onto the latent intercept of delayed memory.

Regarding the latent slopes of delayed memory, older age
explained higher delayed memory decline in both terms, although the
effect was considerably larger for the linear term. Depressive
symptomatology additionally explained lower levels of the latent linear
slope, while the only additional covariate that exerted a negative effect

onto the latent quadratic slope was educational attainment.

The unexpected effect of depression could also be the
manifestation of a floor effect, in line with the interpretation of the
previously positive effect of depression onto recent memory’s latent
linear slope. In the same fashion, the negative effect of education onto
the latent quadratic slope of delayed memory resembles that of recent
memory and could be interpreted as the consequence of the primary

network abolishment.

Again, the effects of the covariates onto the latent terms of the
delayed recall trajectory are in line with those found in previous research
examining memory trajectories over time (Ding et al., 2019; Liampas et
al., 2022; McFall et al., 2019; Z. Wu et al., 2021). Be that as it may, this
work contributes to pre-existing literature by differentiating between
recent and delayed recall. Either previous studies employed a measure of
delayed recall alone (Ding et al., 2019; Z. Wu et al., 2021) or a composite
measure of global memory (Liampas et al., 2022; McFall et al., 2019).
Only the study by McCarrey et al. (2016) established the effects of age
and gender onto recent and delayed memory separately and found
differential effects of these variables onto both measures of memory.

This work expands McCarrey et al.’s (2016) results by including
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additional covariates whose effects onto cognition has been repeatedly

established.

Finally, regarding semantic verbal fluency, it was hypothesised
that older age, male gender, physical inactivity, and depressive
symptomatology would have a negative impact on semantic verbal
fluency, implying that decline would become more severe, whereas
having higher levels of education and social engagement would have the
opposite effect. Given the lack of studies analysing trajectories of verbal
fluency specifically, it was expected that this trajectory would behave
similarly to documented trajectories of general cognition, memory and
other executive functions (Cheng et al., 2016; Ding et al., 2019; Downer
et al., 2017; Howrey et al., 2015; Liampas et al., 2022; McFall et al.,
2019; Min, 2018; Terrera et al., 2009; Z. Wu et al., 2021; Yuetaal., 2015).

Findings from this work only partially supported this hypothesis.
While all covariates presented statistically significant effects onto the
latent intercept of verbal fluency, only age and physical inactivity
significantly explained the latent linear slope of verbal fluency. In turn,
the latent quadratic slope of verbal fluency was explained by physical

inactivity and education.

In general, the effects of covariates onto the latent intercept were
as expected based on previous research (for example: Cheng et al., 2016;
Howrey et al., 2015; McFall et al.,, 2019). In any case, while age
displayed a negative and large effect onto the latent linear intercept, the
estimated effect of physical inactivity was smaller but positive. This
positive effect indicates that physical inactivity at the beginning explains
trajectories with less linear decline over time. This result ought to be

complemented by the negative effect of physical inactivity onto the latent
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quadratic slope. That is, physical inactivity at initial time explains
trajectories with less degree of linear decline but acute quadratic decline.
This result is especially interesting when comparing it against the effects
of the covariates onto recent and delayed memory, for which no effects
of physical inactivity was found onto any of the latent slopes. Therefore,
it seems that predictors display differential effects onto different
cognitive domains, a result that was also seen at the correlational level

in section 4.2.

Regarding the negative effect of education onto the latent
quadratic slope of semantic verbal fluency, and following that stated by
neural compensation hypothesis (Barulli & Stern, 2013), cognitive
reserve seems to serve a protective role against cognitive decline up to a
point in which the network is deactivated, and accelerated latter

deterioration takes place.

Furthermore, this work employed a variable-centred analytical
approach to the study of cognitive trajectories. It should be noted that
most previous research examining the effects of covariates did so from a
person-centred perspective and focused in either memory (Ding et al.,
2019; Liampas et al., 2022; McFall et al., 2019; Z. Wu et al., 2021) or
global cognition (Cheng et al., 2016; Cohen et al., 2022; Downer et al.,
2017; Howrey et al., 2015; Min, 2018; Terrera et al., 2010; Tu et al.,
2020; Z. Wu et al., 2021; Yu et al., 2015). Consequently, the diminished
effects of covariates found in this work may be due to the fact that more
fine-grained dimensions of cognition were considered. Similarly, the
analytical approach employed could also be responsible for the disparity
of results, as previously reported effects in person-centred studies could

have only been a reflection of differences among intercepts and not
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among slopes. In this way, this works provides a more realistic picture
of the role these covariates play in explaining cognitive ability over time

by using an alternative analytical approach.

This work presents both strengths and limitations. On the one
hand, the use of a probabilistic sampling strategy from the population of
adults aged 50 years old or older in several European countries provides
evidence of cognitive decline before the old age. That is, adults already
start experiencing decline in different cognitive domains, which has
direct implications for intervention development. Namely, interventions
focused on cognitive training are usually targeted at older individuals.
Evidence from this work, however, highlights the need to foster
cognition already in adulthood to prevent later cognitive decline.
Moreover, the effect of covariates on latent slopes gives clues for
developing these interventions. For example, physical inactivity should
be addressed to prevent verbal fluency deterioration, while depression
seems to play a key role in the deterioration of recent and delayed

memory.

Another important result, with respect to the study of cognition
from a gender perspective stated in GOS5, and more specifically noted in
specific objective 11, SO11, “to study the explicative role of gender in
latent trajectories of recent and delayed memory, and verbal fluency” is
that males display lower levels of the latent intercepts of the three
considered cognitive domains and that male gender explained worsened
decline at the latent linear slope level in the case of recent memory. These

results partially support hypotheses 11a and 11b, derived from SO11:

11a. Females will present statistically lower levels of recent memory

and verbal fluency decline than males over time.
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11b. Females will present statistically higher levels of delayed

memory decline over time.

Moreover, these results are in line with findings reported in
previous studies studying the effect of gender onto the latent trajectories
of memory (Ding et al., 2019; Lin et al., 2017; Lundervold et al., 2014;
McFall et al., 2019; Z. Wu et al., 2021) and executive function (Lin et
al., 2017; Z. Wu et al., 2021). In its part, previous results by Liampas et
al. (2022) reported a greater likelihood of females to belong to the less
favourable latent class of delayed memory. However, present results
indicated females to display higher average levels of delayed memory’s

latent intercept in comparison to males.

All in all, gender differences in latent trajectories of recent
memory, delayed memory and verbal fluency suggest that policy-makers
should consider designing gender-specific interventions in these
cognitive domains, as men’s and women’s cognition does not seem to

age equivalently.

On the other hand, the main limitation of this work is that already
commented in section 4.2, namely the types of measures employed in the
SHARE study. As a large-scale panel study, time and resource
constraints limit the type of indicators used. In addition to this known
comeback, longitudinal analysis of the data comes with high proportions
of missing data due to panel attrition. Although missing data was
handled, results could still be biased because participants displaying

worse health conditions are more likely to stop participating in the study.
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4.4.The role of cognitive function for successful ageing

The fourth general objective (GO4) of this work was to examine
the relationship between cognitive function and successful ageing
outcomes. Quality of life was chosen as an indicator of successful
ageing, in line with the Comprehensive Preventive and Corrective
Proactivity (PCP) model proposed by Kahana et al. (2014). This general

objective entailed three specific objectives (SO), which are stated next:

SO7. To study the longitudinal latent associations between recent
recall and quality of life, controlling for covariates.

SO8. To study the longitudinal latent associations between delayed
recall and quality of life, controlling for covariates.

SO9. To study the longitudinal latent associations between verbal

fluency and quality of life, controlling for covariates.

Within each specific objective, it was hypothesised that changes
in recent recall (hypothesis 7), delayed recall (hypothesis 8) and verbal
fluency (hypothesis 9) would explain changes in quality of life. The
findings supported hypotheses 7 and 8, but not hypothesis 9.
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Regarding hypothesis 7, a statistically significant and positive
effect of the latent intercept of recent memory onto the latent slope of
quality of life was found, indicating that higher initial levels of recent
memory explain less decline of quality of life over time. The initial level
of quality of life did not present, however, a statistically significant effect

on the rate of change of recent memory.

Results supporting hypothesis 8 came from the statistically
significant and positive effect of delayed memory’s latent intercept onto
the latent slope of quality of life. Again, the initial level of quality of life
did not exert an effect onto delayed memory change over time, but higher
initial levels of delayed memory explained less quality of life decline
over time. Causal relationships can be potentially inferred from these
findings, as the relationship of recent memory and delayed memory with
quality of life was unidirectional. This result is in line with the theoretical
Comprehensive PCP model (Kahana et al., 2014) of successful ageing,
that states that age-related stressors, such as cognitive impairment, affect

successful ageing, conceptualised as quality of life outcomes.

In turn, no evidence was found for hypothesis 9, as verbal fluency
did not affect quality of life. In this case, initial levels of verbal fluency
were associated with initial levels of quality of life and a higher degree
of decline in verbal fluency was associated with higher quality of life
decline over time. Therefore, the relationship between verbal fluency and
quality of life was dynamic, and no clear directionality of the effects can

be inferred.

Next, the effects of the covariates introduced in the Parallel
Process Latent Growth Models (PP-LGM) will be discussed in relation

to quality of life in the context of the Comprehensive PCP model. The

182



Approaching the comprehension of cognition in the old age

effects of covariates onto the cognitive dimensions were in line with

those previously examined and discussed in section 4.3.

The Comprehensive PCP model further contemplates contextual
factors such as demographics, temporality and the space in which the
individual develops. In this work, age and gender were introduced as
covariates in the PP-LGM to acknowledge the contextual factors that
affect the individual’s ageing process. In the case of age, results
displayed a statistically significant effect of this covariate onto the initial
quality of life, denoted by the latent intercept, and onto the rate of change
of quality of life, denoted by the slope. According to these results, older
individuals present lower initial levels of quality of life and their decline
is more severe over time than that of younger individuals. Previous
studies examining latent quality of life trajectories had also reported
negative effects of age on both terms (Roberts & Adams, 2018; Ward et
al., 2019; Zaninotto et al., 2009).

Moreover, gender displayed statistically significant effects onto
the latent intercept and slope of quality of life, with women displaying
higher initial levels of quality of life and steeper decline. Within GOS5,
“to study cognitive functioning in older adults from a gender
perspective”, specific objective 12, SO12, was to determine the effect of
gender in the latent trajectory of quality of life. More specifically, it was
hypothesised that females would present statistically higher levels of
decline in quality of life than males (hypothesis 12). Findings from this
work provide evidence supporting this hypothesis, which was based on
the results by Cao et al. (2020) suggesting that women’s gains in healthy
life expectancy were not proportional to men’s. Additionally, no

hypothesis was proposed about gender differences in the initial level of
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quality of life, but results showed a statistically significant difference,

with women displaying higher initial levels of quality of life than men.

Nonetheless, the male advantage on quality of life over time
could also be a manifestation of a floor effect. As men’s initial quality of
life is diminished, a possible explanation is that their quality of life
cannot decline much over time and therefore, in comparison to women,
their quality of life deteriorates less severely. Previous studies have also
reported this female advantage in initial levels of quality of life (Roberts
& Adams, 2018; Ward et al., 2019; Zaninotto et al., 2009), but none of
them found evidence of gender having an effect on the latent slope of

quality of life.

Educational attainment and social engagement could be
considered as individual’s resources to face the ageing process
successfully, according to the Comprehensive PCP model (Kahana et al.,
2014). Both of these covariates had statistically significant and positive
effects on the latent intercept of quality of life but did not display
statistically significant effects on quality of life’s latent slope. That is,
individuals’ level of education and social engagement was associated
with higher initial levels of quality of life, but these variables did not
have any effect in explaining quality of life over time. Although social
engagement has been regarded as an important determinant of successful
ageing (Rowe & Kahn, 1997), previous results reported by Roberts and
Adams (2018) showed social engagement to affect only initial levels of

quality of life and not its change over time, in line with present results.

In the case of educational attainment, findings from this work
provided evidence about the role of education in the maintenance of

recent memory, and the role of recent memory in the maintenance of
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quality of life. It is possible that, although this covariate did not explain
quality of life’s trajectory over time, educational attainment to be an
important determinant of factors affecting quality of life trajectories,
such as recent memory. In fact, previous studies analysing quality of life
trajectories reported non-significant effects of education onto both the
slope and the intercept (Roberts & Adams, 2018; Ward et al., 2019),
except for the study by Zaninotto et al. (2009) that reported a positive
effect of educational attainment onto the initial level of quality of life but

not on its latent slope.

Within the Comprehensive PCP model, proactive behavioural
adaptations constitute preventive and corrective actions aimed at
reducing or buffering the negative impact of stressors onto successful
ageing (Kahana et al., 2014). These adaptations, therefore, act as
moderators of the relationship of stressors and successful ageing. Among
adaptations, health promotion refers to engagement in healthy lifestyles
that reduce or postpone the onset of disease. Physical activity could be
considered a form of health promotion, as evidence points towards its
beneficial effect in the old age (Weyh et al., 2020). In this work, we
considered physical inactivity as a covariate explaining latent quality of
life trajectories, and not as a moderator of the relationship between
stressors and successful ageing. Previous findings had reported a direct
effect of physical health onto quality of life (Ward et al., 2019). Results
from this work show a negative and statistically significant effect of
physical inactivity on baseline levels of quality of life but not in change

over time, similar to that documented in Ward et al. (2019).

Finally, the Comprehensive PCP model argues that cumulative

stressors negatively impact successful ageing. Depression can be
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understood as a cumulative stressor that presents negative associated
outcomes for the lives of older individuals (T. Hu et al., 2022; Zenebe et
al., 2021). Depressive symptomatology was introduced in the model as
a covariate and statistically significant effects onto both the latent
intercept and the latent slope of quality of life were found. Namely,
depression had a negative and large effect onto the latent intercept and a
positive and also large effect onto the latent slope. Throughout section
3.4, it was already mentioned that the positive effect of depression onto
the latent slope of recent memory, delayed memory, verbal fluency and,
most notably, quality of life, could simply be the manifestation of a floor
effect, indicating that individuals displaying high depressive
symptomatology already display lower initial levels of both recent

memory and quality of life and have less room for decline over time.

All in all, this work found evidence supporting the effects of
memory, both recent and delayed, on successful ageing, operationalised
following the Comprehensive PCP model (Kahana et al., 2014) as quality
of life. Data employed from this work came from waves 4 to 8 of the
Survey of Health, Ageing and Retirement in Europe (SHARE). Some of
the previously examined research used data form the English
Longitudinal Study of Ageing (ELSA; Zaninotto et al., 2009) and The
Irish Longitudinal Study of Ageing (TILDA; Ward et al., 2019). These
constitute the three main panel studies targeted at older adults in Europe.
Previous studies, however, only focused on quality of life trajectories
and did not test parallel latent trajectories of other important phenomena

for successful ageing, such as cognitive ability.

Moreover, most previous studies examining the relationship of

cognition and quality of life had employed measures of health-related
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quality of life (for example: Ezzati et al., 2019; C. L. Li et al., 2020; H.
W. Li et al., 2021; Xue et al., 2022). Health-related quality of life is a
frequently used term within geriatric research. This term is defined as the
individual’s evaluation of their health and is usually operationalised in
terms of perceived health (Karimi & Brazier, 2016). Moreover, within
Economics the term quality of life has been used in relation to happiness
or evaluative well-being. However, measures employed to capture these
constructs are usually operationalisations of life satisfaction, as seen in
previous studies (for example: Frijters & Beatton, 2012; Graham &
Pozuelo, 2017; Gwozdz & Souso-Poza, 2010; Kieny et al., 2022). The
lack of a common definition of quality of life has posed additional

difficulties in the study of this marker of successful ageing.

The main shortfall in this work concerns the selection of
covariates as well as the lack of fine-grained information that is
characteristic of the large-scale panel surveys such as SHARE. On the
one hand, the complexity of data modelling employing Mixture
Modelling methods complicated the inclusion of an elevated number of
covariates. Apart from demographics and education, which are time-
invariant covariates whose effects are well-documented, physical
inactivity, depressive symptomatology and social engagement were
selected as indicators of the individuals’ bio-psycho-social status.
Although these covariates are clearly time-variant, they were introduced
onto the models as time-invariant. This was done because introducing
the covariates as time-variant would have yielded an estimation of the
latent trajectories of cognitive dimensions and quality of life corrected
by the effect of the covariates. However, the aim of this work was to
estimate the effect these covariates have on future performance in

cognitive domains and successful ageing.
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On the other hand, a good compromise between quality of life
predictors and cognitive predictors had to be determined. In this sense,
previous studies examining quality of life trajectories employed
measures of functional limitations instead of physical inactivity, which

was introduced here for its strong association to cognitive ability.
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S. CONCLUSIONS
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The main aim of this doctoral dissertation was to establish a
holistic framework for the study of cognition in the old age and its

implications for older adults’ successful ageing.

Throughout all this work, the theoretical framework offered by
the Preventive and Corrective Proactivity (PCP) model (Kahana et al.,
2014) has been used. This model was considered because it views
successful ageing both as an outcome and as a process. That is, the model
does not only consider successful ageing as the achievement of good
quality of life in the old age, but also as the efficient use of proactive
behavioural adaptations, given the available internal and external
resources, to cope with age-related and cumulative stressors. Moreover,
the Comprehensive PCP model argues that successful ageing is to be
interpreted in the context in which the person is ageing, considering
spatial and temporal contexts as well as any additional stressor linked to

individuals’ demographics, as age, gender or marital status.

Overall, findings from this work provide support to previous
evidence about the importance of key factors for the maintenance of
cognitive ability, differentiating among recent memory, delayed memory

and verbal fluency. Additionally, results also provide evidence for the
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Comprehensive PCP model and the effect of cognition, as an age-related

stressor, onto older adults’ successful ageing outcomes.
Next, the main conclusions from this work are highlighted:

— Cognitive scales employed in SHARE can be considered to display
adequate psychometric properties. Nonetheless, recent memory,
measured by the 10-Word Recall Test, presents primacy and recency
effects that could be causing underestimation of the relationships
between recent memory and other variables.

— Social and intellectual participation in activities are significantly
associated with different components of cognition. Further
longitudinal studies are needed, however, to elucidate the
directionality of these effects.

— Cognitive ability ought to be studied at the domain level. Predictors
of cognition display heterogeneity of the magnitude, and even of the
occurrence, of the effects onto different cognitive domains.

— Cognitive decline is not exclusive of the old age. Adults already start
experiencing decline in different cognitive domains. Interventions
could be developed to foster cognition in adulthood, as to prevent
later cognitive decline.

— Memory impairment can be considered an age-related stressor
affecting the quality of life of older individuals.

— The study of cognition and its associated outcomes differs across
men and women. Hence, research and intervention should

incorporate a gender perspective.
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