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Abstract: The construct of cognitive reserve attempts to explain why some
individuals with brain impairment, and some people during normal ageing,
can solve cognitive tasks better than expected. This study aimed to estimate
cognitive reserve in a healthy sample of people aged 65 years and over, with
special attention to its influence on cognitive performance. For this pur-
pose, it used the Cognitive Reserve Scale (CRS) and a neuropsychological
battery that included tests of attention and memory. The results revealed
that women obtained higher total CRS raw scores than men. Moreover, the
CRS predicted the learning curve, short-term and long-term memory, but
not attentional and working memory performance. Thus, the CRS offers a
new proxy of cognitive reserve based on cognitively stimulating activities
performed by healthy elderly people. Following an active lifestyle through-
out life was associated with better intellectual performance and positive ef-
fects on relevant aspects of quality of life.

Key words: Activities; quality of life; lifestyle; eldetly; measurement; neuro-
psychology; cognitive reserve.

Resumen: El constructo de reserva cognitiva intenta explicar por qué al-
gunos sujetos con patologfa cerebral o durante el proceso de envejecimien-
to normal pueden ejecutar tareas cognitivas a un nivel supetior al esperado.
Los objetivos del presente estudio abarcan la estimacién de reserva cogniti-
va en sujetos sanos a partir de los 65 aflos y su repercusion a nivel cogniti-
vo. Para ello, se empled la Escala de Reserva Cognitiva (ERC) y una bateria
neuropsicoldgica que englobaba tareas mnésicas y atencionales. Los resul-
tados revelaron que las mujeres obtuvieron mayor puntuacion directa en la
ERC. Ademis, la ERC predijo la ¢jecucion en tareas de memoria (curva de
aprendizaje y recuerdos a corto plazo y a largo plazo), pero no predijo las
puntuaciones en memoria de trabajo ni en atencién. Asi, la ERC ofrecié
una estimacion de reserva cognitiva, basada en el estilo de vida, en sujetos
sanos mayores. Mantener un estilo de vida activo a lo largo de los afios fa-
vorece la ejecucion intelectual y repercute positivamente en facetas relevan-
tes para la calidad de vida.

Palabras clave: Actividades; calidad de vida; estilo de vida; mayores; medi-
cién, neuropsicologia; reserva cognitiva.

Introduction

In Spain, according to the National Institute of Statistics (Ir-
stituto Nacional de Estadistica, 2013), life expectancy for indi-
viduals older than 65 years increased during the period
1992-2011, by 2.5 years for men and 2.7 years for women.
In addition, increases of .8 years and 1.1 years, respectively,
were seen for men and women aged 85 years upwards.

Associated with this increased life expectancy, many ef-
forts are being made to maintain people’s quality of life. In
this sense, according to the World Health Organization
(2013), the lack of disease is complemented by the promo-
tion of physical, social and emotional factors. It has been
demonstrated that following an active lifestyle, which means
incorporating cognitively stimulating, physical and social ac-
tivities, contributes not only to delayed cognitive impairment
related to ageing but also to delaying the onset of dementia
(Fratiglioni, Paillard-Borg, & Winblad, 2004; Paillard-Borg,
Fratiglioni, Xu, Winbland, & Wang, 2012; Sobral & Paul,
2013; Wilson et al., 2013).

In this regard, a range of studies has focused on the
quantification of these types of activities and on analysing
their influence on brain function and structure and neuro-
psychological performance (Sanchez, Torrellas, Martin, &
Barrera, 2011; Valenzuela & Sachdev, 2007; Valenzuela,
Sachdev, Wen, Chen, & Brodaty, 2008). Vemuri et al. (2012)
studied 515 nondemented subjects and found that the intel-
lectual activity (lifetime and current) and the biomarkers
Alzheimer’s disease pathophysiology (amyloid burden, glu-
cose metabolism and hippocampal volume) may explain the
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observed variability in cognitive performance. No associa-
tions were found between these biomarkers and physical and
intellectual activities.

The construct of cognitive reserve may explain the bene-
fits, especially the cognitive ones, of spending time on brain
stimulation in leisure, social and cognitive activities. Cogni-
tive reserve could explain the findings that clinical manifes-
tations of brain damage were delayed, and that subjects
without brain lesions and with high cognitive reserve per-
form more successfully than those with low cognitive re-
serve (Stern, 2009). Thus, a wide variety of cognitive reserve
studies has focused on healthy ageing and dementia (Ewers,
Insel, Stern, & Weiner, 2013; Premi et al., 2013; Stern, 2012).

The concept of cognitive reserve is understood different-
ly in relation to the model followed: cognitive reserve or cer-
ebral reserve. According to the cognitive reserve model, in-
ter-individual differences in cognitive processes may explain
better performance in both healthy individuals and patients
with neuropathology. Regarding the cerebral reserve model,
inter-individual differences can be registered in the capacity
to accumulate brain pathology before reaching a certain
threshold above which clinical manifestations appear. The
present study follows the cognitive reserve model.

The registration of stimulating cognitive activities
throughout a person’s lifetime is one way to measure cogni-
tive reserve (Ledn, Garcia, & Roldan-Tapia, 2011; Nucci,
Mapelli, & Mondini, 2012; Ram{ et al., 2011; Valenzuela &
Sachdev, 2007; Wilson, Barnes, & Bennett, 2003). In this
perspective, a new test called the Cognitive Reserve Scale
(CRS) has been developed to estimate cognitive reserve in
the Spanish population (Ledn, Garcia-Garcfa, & Roldan-
Tapia, 2014). The CRS contains 24 items and is divided into
three periods of life: young adulthood, adulthood and late
adulthood. Consequently, it is possible to obtain a CRS total
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score and three partial scores corresponding to each period
of life.

It has been demonstrated that cognitive reserve is flexi-
ble and it may change during the lifespan (Rodriguez-
Alvarez & Sanchez-Rodriguez, 2004; Tucker & Stern, 2011).
Therefore, all the efforts made individually and by institu-
tions to potentiate education and stimulating activities, and
to promote environmental enrichment, may have positive
effects on the individual’s quality of life and for society in
general, including economic benefits.

The goals of the present study were: (1) to estimate cog-
nitive reserve using the CRS in healthy individuals older than
65 years; and (2) to study the relation between CRS scores
and cognitive performance.

Method

Subjects

Thirty healthy subjects participated in this study (22 females,
8 males). The age ranged between 65 and 88 years (Mean =
72.9, SD = 6.04). Table 1 shows the characteristics of the
participants. The education variable was measured as years
of education (quantitative), and as low (< 8 years) or high (>

Table 1. Characteristics of the participants in the study (» = 30).

8 years) educational attainment (semi-quantitative). Occupa-
tional attainment was classified in two steps: first, the pro-
fessions were categorized according to the National Classifi-
cation of Occupations of the National Institute of Statistics
(Institnto Nacional de Estadistica, 2011); and secondly, they
were split into high, medium or low occupational attainment
(1, 2, 3) in relation to the qualification required. Thus, 1 was
for managers, scientific and intellectual technicians and pro-
fessionals; 2 for clerks, accountants and related profession-
als, and professionals in the armed forces; and 3 for sales
agents and customer service employees, skilled workers in
the agriculture, forestry and fishery industry, workers in
crafts and related trades, plant and machine operators, man-
ual occupations and home-makers.The exclusion criteria in-
cluded a clinical history of psychiatric or neurological disor-
ders, drug consumption, a score of < 27 on the Mini Exa-
men Cognoscitivo (MEC) (Lobo, Esquerra, Gomez-
Burgada, Sala, & Seva, 1979), a Spanish version of the Mini-
Mental State (Folstein, Folstein, & McHugh, 1975), and un-
cotrectable hearing and/or visual impairment.

All subjects were volunteers and they signed written con-
sent forms. This study was conducted in compliance with
the Declaration of Helsinki and Spanish legislation on per-
sonal data protection.

Variable Male Female t y P
(n=8) (n=22)

Age (years) (mean = SD) 71.75 + 4.33 73.32 + 6.59 -.02 .539

Educational attainment (years) (mean * §D) 11.38 £ 5.42 91484 1.15 259

Educational attainment (low/high) (%)

< 8 years 75 45.5 2.06! 2262

> 8 years 25 54.5

Occupational attainment (%o)

High 25 227 2.4 323

Medium 37.5 13.6

Low 37.5 63.6

1Q (Vocabulary subtest) (mean = SD) 145+ 1.41 13.45 £ 2.76 1.02 318

Mini Examen Cognoscitivo (mean * SD) 3451 .76 33.41 + 1.69 2.44 .022

Barthel Index (mean &+ SD) 100 99.09 + 4.26 .6 .556

1 Chi-squared test (y?).

2Fishet’s exact test.
Instruments
Cognitive Reserve Scale

The CRS is a proxy of cognitive reserve focused on the
Spanish population. The psychometric properties of the
CRS suggest its adequacy to measure cognitive reserve (Le-
o6n et al., 2014).

The CRS registers the frequency of cognitively stimulat-
ing activities carried out across the lifetime. A total of 24
items are distributed into four aspects: activities of daily liv-
ing, training/information, hobbies and social life. In addi-
tion, the CRS is divided into three periods of life: young

adulthood (18-35 years), adulthood (36—64 years) and late
adulthood (= 65 years).

To measure the frequency of the activities included in
the CRS, a five-point Likert scale was designed, where 0 =
never and 4 = three or more times a week, whenever I have the oppor-
tunity. 'This procedure facilitated the application of the scale
and the calculation of the scores. Thus, each subject an-
swered each item several times, according to the established
age periods (young adulthood, adulthood and late adult-
hood). Total CRS score and partial scores for each age stage
were the result of summing raw scores. The median of the
total CRS score was used to classify participants into high
and low cognitive reserve (Scarmeas, Levy, Tang, Manly, &
Stern, 2001).
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The study of the psychometric properties of the CRS re-
vealed an adequate reliability (Cronbach’s alpha = .77). Va-
lidity evidence was obtained through different methods.
First, a review of cognitive reserve studies was conducted to
generate the items of the scale, and the CRS was supervised
by experts (Ledn et al.,, 2011). Secondly, the relationships be-
tween the CRS score and educational attainment, occupa-
tional attainment and IQ, three variables usually used as
proxies of cognitive reserve (Leén et al., 2014), were ana-
lysed. The results showed that educational attainment affect-
ed the CRS score (p = .004, partial n? = .07), and that neither
occupational attainment (p = .898) nor 1Q (p = .33) affected
the CRS score. Finally, validity evidence was also found by
analysing the theoretical relationships between CRS score
and cognitive performance. The total CRS score correlated
with memory, abstract reasoning, and visuoconstruction and
visuoperception tasks.

Neuropsychological assessment

The Vocabulary subtest (Wechsler, 2004) was adminis-
tered to obtain a measure of verbal premorbid intelligence
(1Q), and the MEC score (Lobo et al., 1979) was used as an
exclusion criterion if it was less than 27. The rest of the neu-
ropsychological tasks were categorized into three cognitive
domains: memory, working memory and attention. The
memory tasks were divided into verbal material: TAVEC
(trials 1-5, short-term and long-term memory, and recogni-
tion) (Benedet & Alejandre, 1998); and non-verbal material:
Rey—Osterrieth Complex Figure (ROCF; short-term and
long-term memory) (Rey, 2009); the Digit Span subtest
(backward) (Wechsler, 2004) and Corsi’s Block-Tapping test
(backward) (Tamayo et al., 2012) wete used to estimate
working memory. In relation to attention, the Digit Span
subtest (forward) (Wechsler, 2004), Corsi’s Block-Tapping
(forward) and the Stroop test (Golden, 2010) were adminis-
tered.

Procedure

Several associations and social centres in Almeria were
visited to provide information about the objectives of the
study and to recruit volunteers. The assessment session was
conducted individually by a trained psychologist and took
approximately 1.5 hours. Sociodemographic characteristics
and medical information were registered in the initial inter-
view; then, the MEC (Lobo et al,, 1979) and Vocabulary
subtest (Wechsler, 2004) were administered; and finally, the
rest of the neuropsychological tasks and the CRS. All partic-
ipants were provided with information about the session,
and confidentiality and anonymity of the collected data were
guaranteed.
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Data analysis

Analyses were carried out with the statistical package
SPSS (version 21.0). The education variable was treated as
both continuous (years of education) and dichotomous (low
and high). The median of the CRS total raw scores (154.5)
was the criterion used to divide subjects into low (< 154.5)
and high (> 154.5) cognitive reserve.

The Student’s 7 test was used to study gender differences
among quantitative variables, while the chi-squared (y?) test
and Fisher’s exact test were used to compare quasi-
quantitative variables (educational and occupational attain-
ments). Pearson’s correlation was used to analyse the rela-
tionship between 1Q and the CRS total score.

A two-way ANOVA (gender X time) with repeated
measures in the last factor was applied. The three levels of
the variable ‘time’ corresponded to young adulthood, adult-
hood and late adulthood. In this analysis, the assumption of
sphericity was analysed, the variable education (years) was
controlled and post-hoc analyses were conducted.

In addition, MANOVA was used to analyse the influ-
ence of CRS score (low/high) on cognitive petformance,
controlling for education (years).

The size effect was estimated using partial eta-squared
(partial 7%) and was interpreted as low = .01, medium = .059
or large = .138 (Cohen, 1988).

Results

The mean age of the sample was 72.9 years (SD = 6.04) and
the educational attainment ranged from no education to 21
years (Mean = 9.63, SD = 5.021). Table 1 shows the socio-
demographic characteristics of the participants. All individu-
als were independent in activities of daily living (Barthel In-
dex). In relation to educational attainment, the distribution
of females was similar between low and high (54.5% and
45.5%, respectively), while a higher percentage of males than
females had completed more than 8 years of education
(75%). Regarding occupational attainment, the distribution
of males was similar for high, medium and low (25%, 37.5%
and 37.5%, respectively). A larger percentage of females
than males had less intellectually demanding professions
(63.6%).

The analysis revealed no statistically significant differ-
ences between genders in age [/(28) = —.62, p = .539], educa-
tional attainment (years) [/(28) = 1.15, p = .259], educational
attainment (low/high) [ = 2.06, p = .226], occupational at-
tainment [y* = 2.4, p = .323], verbal I1Q [/28) = 1.02, p =
.318] or Barthel Index [A28) = .6, p = .556]. However, males
showed higher MEC scores than females [/28) = 2.44, p =
.022, 1, = .315]. The effect size was moderate (Table 1).
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Cognitive Reserve Scale

No correlation was registered between verbal 1Q and
CRS total score (r = .14, p = .455) or between verbal 1Q and
the partial CRS scores: young adulthood (r = .07, p = .72),
adulthood (r = .24, p = .207) and late adulthood (» = .08, p =
.683).

For the repeated-measures variable ‘time’, the assump-
tion of sphericity was not met (p = .048), so Greenhouse—
Geisser correction was applied. Analysis revealed no interac-
tion between time and gender [F(1.66, 44.7) = .663, p =
493]; however, significant main effects were observed for
time and gender, with large size effects (partial 72 p > .138).
In relation to gender [F(1,27) = 9.72, p = .004, partial 7> =
.265], females (mean = 159.64, SD = 27.85) showed higher
scores than males (mean = 131.88, §D = 31.63) (Figure 1).
Regarding time [F(1.66, 44.7) = 6.07, p = .007, partial 7> =
.183], post-hoc analysis and Bonferroni correction revealed
significant differences among young adulthood (mean =
41.72, §D = 2.41), adulthood (mean = 48.04, SD = 2.01)
and late adulthood (mean = 54.5, §D = 1.83) (Figure 2).

Cognitive performance and the Cognitive Reserve Scale

The CRS score predicted memory performance assessed
using verbal material. The first TAVEC trial did not achieve
statistical significance [F(1,27) = 2.74, p = .11], whereas sta-
tistical significance was observed for trials 2-5 [trial 2,
F(1,27) = 21.56, p < .000, partial 72 = .44; trial 3, F(1,27) =
10.43, p = .003, partial 77 = .28; trial 4, F(1,27) = 6.04, p =
.021, partial 72 = .18; and trial 5, F(1,27) = 8.21, p = .008,
partial 72 = .233], short-term recall [F(1,27) = 8.14, p = .008,
partial 72 = .23], long-term recall [F(1,27) = 13.98, p = .001,
partial 772 = .34] and recognition [F(1,27) = 6.13, p = .02,
partial 72 = .19]. The effect sizes were large (partial 77 >
138).
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Figure 1. Distribution of the Cognitive Reserve Scale (CRS) raw scores ac-
cording to gender.
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Figure 2. Distribution of the Cognitive Reserve Scale (CRS) raw scores in
relation to occupational attainment.
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Analysis of memory measured by non-verbal material
showed that the CRS score predicted short-term [F(1,26) =
12.23, p = .002, partial 77 = .32] and long-term memory
[F(1,26) = 11.19, p = .003, partial 72 = .3]. Large effect sizes
were observed (partial 72 > .138).

The CRS did not predict attentional performance
[F(5,23) = 1.33, p = .287] or working memory [F(2,26) =
78, p = 4.

Discussion

The results showed that females spent more time than males
performing cognitively stimulating activities. The CRS score
predicted the cognitive performance related to memory
tasks.

In the past few decades, the political and social context
has changed notably in Spain, as well as the roles played by
males and females. The age of the participants in the study
ranged between 65 and 88 years; therefore, they were born
in the 1920s, 1930s and 1940s. During these decades and
well into the twenty-first century, males spent most of their
time in professional or other occupations, whereas females
were mainly dedicated to bringing up children and doing
housework. This factor may have an effect on the CRS score
and could explain why the women took part in more social,
intellectual and leisure activities.

In this study, all subjects were healthy and had MEC
(Lobo et al., 1979) scores < 27, with males outperforming
females. Moreover, Barthel Index scores revealed that all the
individuals were independent in their activities of daily liv-
ing.

The analysis revealed statistically significant differences
in relation to years of education, which ranged from none to
21 years. Recently, it has been demonstrated that those indi-
viduals with more educational years show increased cerebral
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connectivity and more regional volume of the cerebral cor-
tex (Arenaza-Urquijo et al., 2013; Liu et al., 2012). Among
Alzheimer’s disease patients, more education has been asso-
ciated with a faster decline in certain cognitive domains,
such as abstract reasoning, but at the same time it may help
to conserve other cognitive performance (Le Carret et al.,
2005). A low educational attainment may increase the risk of
developing dementia (Caamafio-Isorna, Corral, Montes-
Martinez, & Takkouche, 2006; see meta-analysis by Meng &
D’Arcy, 2012), whereas a high educational attainment may
help to delay the clinical manifestation of brain damage
(Carnero-Pardo & del Ser, 2007; Staff, Murray, Deary, &
Whalley, 2004). However, not all studies have found educa-
tion to be a protective factor against the cognitive decline re-
lated to ageing (Van Dijk, Van Gerven, Van Boxtel, Van der
Elst, & Jolles, 2008).

In the present study, taking into consideration the politi-
cal and social context of the participants, women did less
cognitively demanding occupational activities throughout
their lifetime (63.6%), including housework, than men. Suo
et al. (2012) demonstrated that hippocampal atrophy is
smaller in those subjects who had supervisory and directive
roles in their occupational activity. Besides, individuals with
high occupational attainment have a reduced risk of devel-
oping dementia and this factor contributes to the mainte-
nance of cognitive execution during ageing (Staff et al, 2004;
Stern, 2012).

On the other hand, male and female participants showed
similar verbal IQ distributions. No relation was found be-
tween verbal IQ and total and partial CRS scores. It should
be noted that the IQQ was assessed by a cognitive task,
whereas the cognitive reserve is a different construct meas-
ured using a non-cognitive task (Nucci et al., 2012) in the
present study.

High and low cognitive reserve estimated using the me-
dian of the CRS raw scores predicted memory performance
with verbal and non-verbal material, as well as the learning
curve, in healthy individuals older than 65 years. However,
the data showed that cognitive reserve may not affect signif-
icantly attention and working memory. Previously, Roldan-
Tapia, Garcia, Canovas, and Ledn (2012) found that individ-
uals with high reserve outperformed cognitively those with
low reserve, including on attentional and working memory
tasks. Nevertheless, the proxy of cognitive reserve used was
based on a sum of 1Q), educational and occupational attain-
ment, not considering the perspective of the frequency of
stimulating activities.
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tion in different cognitive, social and leisure activities across
the lifetime. Women spent more time than men in these
brain-stimulating activities. The delay of the onset of symp-
tomatology associated with dementia is related to a better
quality of life in elderly people, and it has been demonstrated
that performing stimulating cognitive activities across the
lifespan contributes to this (Akbaraly et al., 2009). A more
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(Calero, Navarro, & Mufioz, 2007), more functional inde-
pendency and more autonomy in activities of daily living
among elderly people (Navarro, Calero, Lépez, Gémez,
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However, does the participation in stimulating activities
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There has been a remarkable level of interest in research
on cognitive reserve from diverse scientific disciplines. Polit-
ical and social concerns are also reflected in the implementa-
tion of interventional strategies to contribute to the delay of
neuropathological symptoms and achieve a better quality of
life.
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