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ARTICLE INFO ABSTRACT

Keywords: Objective: Openness to experience has been consistently associated with better cognitive functioning in older
PerSOflfllity people, but its association with cognitive decline is less clear. Cognitive reserve has been proposed as a mech-
C°8"}t}"e reserve anism underlying this relationship, but previous studies have reported mixed findings, possibly due to the
S\Z;gr?;tlon different ways of conceptualizing cognitive reserve. We aimed to analyze the potential mediating role of

cognitive reserve in the association between openness and cognitive functioning and decline in healthy older
people.

Method: In Wave 1 and at the four-year follow-up (Wave 2), 87 healthy older people (49.4% women; M age =
65.08, SD = 4.54) completed a neuropsychological battery to assess cognitive functioning and a questionnaire to
assess cognitive reserve. Openness was measured with the NEO- Five-Factor Inventory. Mediation models were
proposed to investigate the relationship between openness and cognitive function or decline through cognitive
reserve or its change.

Results: Cognitive reserve mediated the openness-cognitive functioning association. Thus, individuals with higher
openness showed greater cognitive reserve, and this greater cognitive reserve was associated with better
cognitive functioning. Moreover, greater cognitive reserve at baseline also mediated the association between
higher openness and slower cognitive decline. However, change in cognitive reserve did not mediate the asso-
ciation between openness and change in cognitive functioning.

Conclusions: Cognitive reserve is a mechanism underlying the association between openness and cognitive
functioning and decline. These findings support the differential preservation hypothesis, suggesting that healthy
older adults who engage in more cognitively stimulating activities would show less age-related cognitive decline.

1. Introduction

With global populations aging rapidly, the prevalence of cognitive
decline and dementia has become a public health priority (World Health
Organization [WHO], 2019). However, there is great heterogeneity in
the trajectories of cognitive change in older people (Qiu et al., 2020),
and so it is important to identify factors that might explain these indi-
vidual differences. In recent years, a growing number of studies have
analyzed personality traits as possible predictors of this variability in
cognitive aging (see review: Curtis et al., 2015).

The big five personality traits (neuroticism, extraversion, openness
to experience, agreeableness, and conscientiousness) measure

individual differences in relatively enduring patterns of thoughts, feel-
ings, and behaviors, with little meaningful change after the age of 30
(Costa and McCrae, 1992, 1997; Costa et al., 2000). Of these five per-
sonality traits, openness to experience (hereinafter, openness) (i.e.,
tendency to be creative, curious, sensitive to aesthetics, and open to new
ideas and experiences) (Costa and McCrae, 1992; McCrae and John,
1992) has consistently been related to cognitive performance (see re-
view: Curtis et al., 2015). Most cross-sectional studies have observed an
association between higher levels of openness and better cognitive
performance (Aiken-Morgan et al., 2012; Austin et al., 2002; Graham
and Lachman, 2012; Sharp et al., 2010; Simon et al., 2020; Sutin et al.,
2011). However, whereas some longitudinal studies have reported an
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association between higher openness and slower rates of cognitive
decline (Luchetti et al., 2016; Nishita et al., 2019; Williams et al., 2013),
others have failed to observe this relationship (Chapman et al., 2012;
Hultsch et al., 1999; Sharp et al, 2010). Therefore, the
openness-cognition association remains unclear, and analyzing the
mechanisms underlying these associations could help to heighten our
understanding of this question. Because individuals who are higher in
openness tend to engage in cognitively stimulating activities (McCrae,
1994), cognitive reserve has been proposed as one of the mechanisms
that might explain the openness-cognition relationship (Curtis et al.,
2015).

Cognitive reserve is a construct that is usually measured indirectly
through socio-behavioral proxy indexes (see review: Kartschmit et al.,
2019), with education level, occupational status, and engaging in
cognitively stimulating activities being the most common (see
meta-analysis: Opdebeeck et al., 2016). The construct of cognitive
reserve proposes that greater lifetime engagement in cognitively stim-
ulating activities may provide a buffer against the effects of brain
damage or pathology and help to cope with age-related changes in the
brain (Stern, 2009). Some authors have argued that the influence of
activity engagement on cognitive ability could follow two patterns:
differential preservation (suggesting that individuals who engage in
more cognitively stimulating activities would show less age-related
cognitive decline) versus preserved differentiation (suggesting that in-
dividuals who engage in more cognitively stimulating activities would
show higher levels of cognitive functioning throughout life, but without
affecting the rate of cognitive change) (Salthouse, 2006). In their recent
review, Pettigrew and Soldan (2019) reported that, although higher
cognitive reserve is associated with better cognitive performance, its
impact on longitudinal cognitive trajectories is unclear and needs more
research.

Only a few cross-sectional studies have assessed the mediation role of
cognitive reserve in the openness-cognitive function link in samples with
both young and older (Soubelet and Salthouse, 2010) or only older (Ihle
et al., 2016; Jackson et al., 2020) adults. These studies reported mixed
findings, possibly due to different ways of conceptualizing and
measuring cognitive reserve. Two studies assessed cognitive reserve
with a list of activities, and they observed that time spent on activity
engagement did not mediate the openness-cognition association (Jack-
son et al., 2020; Soubelet and Salthouse, 2010). However, Jackson et al.
(2020) reported that the positive association between openness and
cognition was mediated by activity diversity. In addition, Ihle et al.
(2016) observed that cognitive reserve measured with three different
indexes (educational attainment, cognitive level of job, and engaging in
different leisure activities) mediated the positive association between
openness and both verbal activity and executive functioning.

Furthermore, IThle et al. (2019) carried out the only longitudinal
study, and they reported that the relationship between higher openness
and a smaller decline in executive functioning (measured with the
Trail-Making Test [TMT]) was mediated by a higher frequency of leisure
activities in Wave 1. However, the mediating role of cognitive reserve in
the association between openness and cognitive decline, including a
broader range of cognitive domains, has not been analyzed. Moreover,
because cognitive reserve is a dynamic construct, a recent study high-
lighted that changes in cognitive reserve may have important implica-
tions for individual differences in cognitive aging trajectories (Bettcher
et al., 2019).

Furthermore, it is worth noting that most of the aforementioned
studies measured cognitive reserve by using activity engagement as a
single proxy indicator (Ihle et al., 2019; Jackson et al., 2020; Soubelet
and Salthouse, 2010). Only one study included three proxy indicators
separately (educational attainment, cognitive level of job, and leisure
activities) (Ihle et al., 2016). However, none of them assessed cognitive
reserve with a standardized questionnaire combining multiple proxy
indexes, which would better reflect the concept of cognitive reserve
(Kartschmit et al., 2019), in order to more comprehensively investigate
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its relationship with cognitive functioning (Opdebeeck et al., 2016).

Therefore, the main purpose of this study was to analyze the medi-
ating role of cognitive reserve, measured with a standardized ques-
tionnaire containing multiple proxy indexes, in the association between
openness and global cognitive functioning, considering declarative and
working memory and executive functions in healthy older people. To do
so, we studied this mediation with both cross-sectional and longitudinal
approaches. First, using a cross-sectional approach, we analyzed these
relationships in each of two temporal points (Waves 1 and 2) separated
by four years. Second, using a longitudinal approach, we also aimed to
find out whether the association between openness and cognitive
change was mediated by baseline levels or changes in cognitive reserve.
We hypothesized that, in cross-sectional models, higher cognitive
reserve would mediate the association between higher openness and
better cognitive functioning. Regarding the follow-up, we hypothesized
that higher cognitive reserve at baseline or an increase in cognitive
reserve would mediate the association between higher openness and less
cognitive decline.

2. Methods
2.1. Participants

The sample consisted of healthy older individuals recruited from a
study program at the University of Valencia for people over 55 years of
age. All participants were native Spanish speakers and residents of the
province where the study was carried out. None of the participants
scored less than 27 on the Spanish version of the Mini-Mental State
Examination (MMSE) (Lobo et al., 1999) in Wave 1 or 2, indicating the
absence of cognitive impairment. At baseline (Wave 1, 2011-2012), 128
participants from 55 to 77 years old (M = 65.08, SD = 4.54) participated
in the study. The data for the present study are part of a larger research
project where we collected saliva samples to assess cortisol levels.
Therefore, we considered both physical (Duclos and Tabarin, 2016) and
cognitive (Saez de Asteasu et al., 2017) activity variables that could
influence hypothalamic-pituitary-adrenal axis functioning. Hence, the
exclusion criteria at baseline were: smoking more than 10 cigarettes a
day, alcohol or other drug abuse, visual or hearing problems, diabetes,
neurological or psychiatric disease, using any medication directly
related to emotional or cognitive functioning or able to influence hor-
monal levels, such as glucocorticoids, psychotropic substances, or sleep
medications, having been under general anesthesia once or more than
once in the past year, and the presence of a stressful life event (e.g. death
of a relative, divorce or separation, having been fired, serious personal
illness, serious personal accident or injury, serious illness in the family)
in the past year and, more specifically, its duration and intensity and
how long ago it happened. Four years later (Wave 2, 2015-2016), par-
ticipants were contacted by telephone and invited to take part in a
follow-up study, and 87 individuals agreed to participate (44 men and
43 women). In Wave 2, they were asked if they had diabetes or a
neurological or psychiatric disease, or if they were taking any medica-
tion directly related to emotional or cognitive functioning or able to
influence hormonal levels, such as glucocorticoids, psychotropic sub-
stances, or sleep medications. In the Wave 2 sample, eight participants
had been diagnosed with type II diabetes and were being medically
treated, 15 were taking medication directly related to the central ner-
vous system (i.e., sleep medication), and four participants were taking
beta-blockers. Thus, medication/disease was included as covariate in
the analyses to control it.

Forty-one participants (16 men and 25 women) from 56 to 78 years
old (M = 65.16, SD = 4.96) were eliminated from Wave 1 because they
did not agree to participate in Wave 2. They declined our invitation to
participate in Wave 2 for several reasons: two were caring for a sick
relative, two were caring for grandchildren, three had health problems,
five were very busy, one had restricted calls, and the rest, 28, simply did
not feel like participating, without providing any reason. Therefore, the
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final sample was composed of 87 participants (44 men and 43 women)
from 55 to 77 years old (M = 65.08, SD = 4.54) in Wave 1, and from 59
to 81 years old (M = 69.20, SD = 4.50) in Wave 2. Of this sample, 53%
had an educational level above secondary school, whereas the per-
centage in the group that declined to participate was 43.2%.

2.2. Procedure

At baseline (Wave 1) and the four-year follow-up (Wave 2), partici-
pants were asked to attend a neuropsychological session that took place
at 10:00 or 12:00 h in our laboratory. Before the session, participants
were interviewed by phone to obtain information about their general
habits (e.g., alcohol consumption, smoking), including information
about their medication, among other things, in order to find out whether
they met the inclusion criteria (see Participants section). Moreover, to
avoid altering their cognitive performance during the session, partici-
pants were asked to maintain their general habits, that is, sleep as much
as usual, refrain from heavy physical activity the day before the session,
and not consume alcohol from the night before the session. They were
also instructed to drink only water, and not eat, smoke, or take any
stimulants (such as coffee, cola, caffeine, tea, or chocolate) at least 1 h
prior to the session. In addition, participants were also asked to fill out
the Cognitive Reserve Questionnaire (CRQ) (Rami et al., 2011) in Waves
1 and 2, and the NEO-Five Factor Inventory to assess the openness trait
(Costa and McCrae, 1992) in Wave 2.

All the participants provided their written informed consent to
participate in the study, which was conducted in accordance with the
Declaration of Helsinki. The protocol was approved by the Research
Ethics Committee of the University of Valencia.

2.2.1. Openness

The Spanish version (Costa and McCrae, 1999) of the NEO-Five
Factor Inventory (NEO-FFI) (Costa and McCrae, 1992) was adminis-
tered. The NEO-FFI consists of 60 items that measure the Big Five per-
sonality traits (neuroticism, conscientiousness, extraversion, openness,
and agreeableness), with 12 items for each trait. The items are answered
on 5-point scales, and higher scores indicate a higher degree of the trait.
In the present study, the mean score was 29.80 (SD = 5.53), and the
Cronbach’s alpha was .70, which indicates acceptable internal consis-
tency. In this study, only the Openness subscale has been employed.

2.2.2. Cognitive reserve

Cognitive reserve was assessed with the CRQ (Rami et al., 2011) in
Wave 1 (CR1) and in Wave 2 (CR2). The CRQ consists of eight items that
assess different aspects of intellectual activity: educational level, par-
ents’ educational level, attending training courses, occupational status,
musical training, languages, reading activity, and intellectual games
(chess, puzzles, crosswords). Furthermore, it also considers the
approximate frequency with which cognitively stimulating activities
have been carried out, such as reading and playing intellectual games.
Scores range from 0 to 25, and higher scores indicate greater cognitive
reserve. In the present study, the mean score was 16.19 (SD = 3.88) and
16.23 (SD = 4.01) for Wave 1 and Wave 2, respectively. The internal
reliability (Cronbach’s alpha) for the cognitive reserve questionnaire in
the present study was acceptable, with a value of 0.71.

2.2.3. Cognitive functioning

In Waves 1 and 2, each participant completed a neuropsychological
battery consisting of six standard neuropsychological tests that assess
different cognitive domains. These tests have previously been described
in detail (Montoliu et al., 2018). Declarative memory was assessed with
the Spanish version of the Rey Auditory Verbal Learning Test (RAVLT)
(Miranda and Valencia, 1997), and three indexes were obtained: (i) total
learning: total number of words recalled on the first five trials, (ii) im-
mediate recall: percentage of total number of words recalled after the
interference trial compared to the number of words recalled on trial V
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(trial VI/trial V x 100), and (iii) delayed recall: percentage of total
number of words recalled after the 20-min delay compared to the
number of words recalled on the immediate recall trial (trial VII/trial VI
x 100). Working memory was assessed with the Digit Span (DS) (iv)
forward and (v) backward and the (vi) Letter-number sequencing (LNS)
tests from the Spanish version of the Wechsler Memory Scale III
(Wechsler, 1997). Finally, executive functioning was assessed with the
Trail-Making Test (TMT) (Reitan, 1992), (vii) A and (viii) B, and the (ix)
Stroop Color-Word Interference Test (Golden, 1978). TMT-A and -B raw
scores were reversed before converting them to z-scores, given that
higher scores indicated worse performance (longer times performing the
test).

For the mediational analyses, raw scores on the nine cognitive in-
dexes were converted to z-scores and averaged to create a composite
cognitive functioning index for both Wave 1 (CF1) and Wave 2 (CF2), as in
similar studies (Aggarwal et al., 2014; Lee et al., 2008; Turner et al.,
2017). We used the composite variable to reduce the number of vari-
ables because, due to the size of the sample, performing all the analyses
independently would have reduced the statistical power. In the final
sample, CF1 ranged from —1.35 to 1.19 (M = 0.002, SD = 0.541), and
CF2 ranged from —1.25 to 1.10 (M = —0.002, SD = 0.501), with higher
scores indicating better performance.

2.3. Statistical analyses

Pearson’s correlation analyses were performed to analyze the asso-
ciations between all the variables (see Supplementary material).

Repeated-measures ANOVAs were performed to assess change in
cognitive reserve, and multiple repeated-measures ANOVAs were per-
formed on all the cognitive tests to assess change in cognitive func-
tioning between Wave 1 and Wave 2.

First, in the mediation models, we investigated whether cognitive
reserve mediated the relationship between openness and cognitive
functioning in the cross-sectional study (Waves 1 and 2) using the
PROCESS macro in SPSS (v3.4) (Model 4) with 5000 bootstrapped
samples. The bootstrap technique draws random samples of a fixed
sample size with replacements from the dataset, which increases the
statistical power. This type of statistical approach takes the real sample
size into consideration and controls for this factor in the analyses
(Hayes, 2017). Therefore, the use of bootstrap-corrected confidence
intervals solves the issues related to a relatively small sample size. We
conducted separate mediation models, including the composite cogni-
tive functioning index (CF1 or CF2) as the dependent variable, openness
as the independent variable, and cognitive reserve (CR1 or CR2) as the
mediator variable, and controlling for the covariates (age, gender, and
medication/disease). Following Hayes (2017) and Zhao et al. (2010),
only one requirement had to be met to establish mediation; that is, the
indirect effect (ab) had to be significant. Thus, the relationship between
the independent and dependent variables is explained by a mediator,
and a significant direct effect is not needed. The sign of the indirect
effect (path ab) is the product of path a x path b, which is the relationship
(path a) between the independent variable and the mediator, controlling
for the direct effect of the independent variable on the dependent var-
iable, and the relationship (path b) between the mediator and the
dependent variable, controlling for the independent variable. The direct
effect (path c’) is the relationship between independent and dependent
variables, controlling for the mediator. The total effect (path c) repre-
sents the sum of the indirect and direct effects (Hayes, 2017). Analyses
controlling for age, gender, and medication/disease were performed
because several studies have related these variables to cognitive func-
tion (Campbell et al., 2009; Silver et al., 2012; Tervo et al., 2004; Tilvis
et al., 2004) and cognitive reserve (Clare et al., 2017). Additionally,
most of the studies on openness-cognitive function through cognitive
reserve have included age and gender (Ihle et al., 2019) or age (Soubelet
and Salthouse, 2010) as covariates.

Second, to investigate cognitive

functioning or reserve
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longitudinally, we included the CF1 or CR1 as covariates and CF2 or CR2
as dependent variables. Thus, to assess whether cognitive reserve at
baseline mediated the association between openness and change in
cognitive functioning longitudinally (change), we conducted another
mediation model that included CF2 as the dependent variable, openness
as the independent variable, and CR1 as the mediator variable, con-
trolling for the covariates and CF1. Finally, to assess whether change in
cognitive reserve mediated the association between openness and
change in cognitive functioning, we again conducted a mediation model
that included CF2 as the dependent variable, openness as the indepen-
dent variable, and CR2 as the mediator variable, controlling for the
covariates and CF1 and CR1. Regarding changes in cognitive functioning
and cognitive reserve, when Wave 2 is compared to Wave 1, positive
values reflect increased performance (i.e., less cognitive decline or
increased cognitive reserve), whereas negative values suggest decreased
performance (i.e., a greater decline or decreased cognitive reserve). All
the mediation analyses were performed using z-values, and all the Betas
reported represent standardized values.

All the participants completed the neuropsychological assessment
and the CRQ in Wave 2, but there were ten missing values for the CRQ in
Wave 1 (CR1: N = 77) and one missing value for the NEO-FFI openness
subscale (N = 86). Before performing the statistical analyses, partici-
pants who scored +3 SD from the mean were identified, and z scores
were winsorized by replacing extreme values that differed by more than
three standard deviations (SD) from the mean with values £3SD (Liao
et al., 2016).

To perform these statistical analyses, version 26.0 of SPSS was used.
All p values were two-tailed, and the level of significance was taken as p
=.05.

3. Results

3.1. Differences in cognitive reserve and the cognitive indexes between
waves 1 and 2

There was no significant change in cognitive reserve between Wave 1
(CR1; M=16.19, SD = 3.88) and Wave 2 (CR2: M = 16.23, SD = 4.01), F
(76) = 0.15, p = .903).

Overall, when analyzing the nine cognitive indexes separately, there
was no significant change in cognitive functioning between Waves 1 and

Table 1
Means (M), standard deviations (SD), and repeated-measures ANOVAs for
cognitive tests in Wave 1 and Wave 2.

Wave 1 Wave 2 Fdf df p n
M (SD) M (SD) (error)
RAVLT total 51.15 50.05 2.73 1 76 .103 .035
learning (8.04) (9.10)
RAVLT 87.90 81.85 9.28 1 76 .003  .109
immediate (16.35) (18.54)
recall (%)
RAVLT delayed 98.66 103.50 3.65 1 76 .060 .046
recall (%) (10.59) (18.68)
DS-Forward 8.91 8.62 2.39 1 76 126 .030
(2.27) (1.98)
DS-Backward 6.02 6.19 0.28 1 76 .595  .004
(1.98) (2.00)
LNS 9.97 10.15 0.43 1 76 .516  .006
(2.27) (2.34)
TMT-A 39.23 40.27 0.12 1 76 726 .002
(12.46) (15.13)
TMT-B 98.78 91.81 1.84 1 76 178 .024
(43.33) (37.52)
Stroop -1.89 -2.02 0.40 1 76 .904  .000
(7.33) (7.42)

Note: M = mean; SD = standard deviation; RAVLT = Rey Auditory Verbal
Learning Test; DS = Digit Span; LNS = Letter-number sequencing; TMT = Trail-
Making Test.
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2 (F (9, 68) = 1.88, p = .069). A statistically significant decline was
observed only on RAVLT immediate recall (F (1, 76) = 9.28, p = .003)
(Table 1).

3.2. Mediating effect of cognitive reserve on the association between
openness and cognitive functioning

Results showed that openness was positively associated with CR1
and CR2 (path a: B = 0.27, SE = 0.11, CI 95%: 0.052, 0.479, and B =
0.33,SE =0.10, CI 95%: 0.129, 0.534, respectively). Moreover, CR1 and
CR2 were positively related to CF1 and CF2, respectively (path b: B =
0.41, SE = 0.11, CI 95%: 0.195, 0.618, and B = 0.36, SE = 0.10, CI 95%:
0.129, 0.534, respectively). Furthermore, openness was positively
associated with CF1 and CF2 via CR1 and CR2, respectively (path ab: B =
0.11, SE = 0.07, CI 95%: 0.012, 0.264, and B = 0.12, SE = 0.05, CI 95%:
0.025, 0.227, respectively). Finally, a direct effect of openness on CF1 or
CF2 was not found (path ¢’: B=-0.15, SE = 0.10, CI 95%: —0.345,0.054,
and B = —0.08, SE = 0.10, CI 95%: —0.277,0.115, respectively) (Fig. 1)
(Table 2).

3.3. Mediating effect of cognitive reserve at baseline on the association
between openness and cognitive change

Again, results showed that openness was positively associated with
CR1 (path a: B=0.30, SE = 0.10, CI 95%: 0.106, 0.497). Moreover, CR1
was positively related to CF2, controlling for CF1 (path b: B = 0.36, SE =
0.10, CI 95%: 0.163, 0.565); that is, greater cognitive reserve was
related to better cognitive functioning change (i.e., less decline).
Furthermore, openness was positively associated with CF2, controlling
for CF1, via cognitive reserve in Wave 1 (path ab: B =0.12, SE = 0.05, CI
95%: 0.025, 0.227). However, a direct effect of openness on CF2, con-
trolling for CF1, was not found (path ¢’: B = -0.02, SE = 0.06, CI 95%:
—0.146,0.105) (Fig. 2 left) (Table 3).

3.4. Mediating effect of change in cognitive reserve on the association
between openness and cognitive change

Openness was positively associated with CR2, controlling for CR1
(path a: B = 0.17, SE = 0.08, CI 95%: 0.19, 0.325). However, CR2,
controlling for CR1, was not related to CF2, controlling for CF1 (path b:
B = -0.06, SE = 0.10, CI 95%: —0.216, 0.133). Moreover, a direct or
indirect effect of openness on cognitive change was not found (paths c’
and ab: B =-0.01, SE = 0.07, CI 95%: —0.140, 0.121, and B = —0.01, SE
= 0.02, CI 95%: —0.062, 0.022, respectively) (Fig. 2 right) (Table 3).

4. Discussion

The aim of this research was to analyze the potential role of cognitive
reserve in the association between openness and cognitive functioning
and the expected decline in older people. Our results showed that, in
cross-sectional models, cognitive reserve mediated the association be-
tween openness and cognitive functioning. Moreover, higher cognitive
reserve at baseline also mediated the association between openness and
cognitive change. However, although greater openness was related to an
increase in cognitive reserve over four years, this increase did not
mediate the openness-cognitive change relationship.

It is worth noting that, despite expecting poorer cognitive perfor-
mance in Wave 2 compared to Wave 1, overall, we did not find this
decline. We only found an opposite pattern of performance between
RAVLT immediate (impairment) and delayed (enhancement) recall. This
result could be explained by a different susceptibility of the different
types of memory and phases to aging (Salthouse, 2010; Tucker-Drob,
2021). Thus, with aging, the working memory is further altered. This
coincides with the impairment found on RAVLT immediate recall.
Although the RAVLT is a declarative memory task, the immediate recall
outcome appears to lie within the domain of working memory, given
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Cognitive reserve

(Wave 1) (Wave 2)

(@)B=27* /‘ \ (b)B=A41* (9)B=33* \ (b)B=36*
(ab)B=11* (ab)B=12*

Openness —» | Cognitive functioning ‘ Openness ‘ —» | Cognitive functioning

—
(c’) B=-.15(ns) (Wave 1)

R E—
(c’) B=-.08(ns) (Wave 2)

Fig. 1. Cross-sectional mediation models to test the indirect effect of openness on cognitive functioning (Waves 1 and 2) via cognitive reserve in Waves 1 and 2.
Note. Values in bold represent significant values (*CI 95% did not include zero). Beta represent standardized values. Analyses with age, gender, and medication/
disease as covariates. Letters represent the relationship between openness and cognitive reserve (path a), cognitive reserve and cognitive functioning (path b), the
direct effect between openness and cognitive functioning controlling for cognitive reserve (path c’), and the indirect effect of the relationship between openness and

cognitive functioning through cognitive reserve (path ab).

Table 2
Cross-sectional relationship between openness and cognitive function (Waves 1
or 2) through cognitive reserve (Waves 1 or 2).

Mediator variable (M): Cognitive Reserve (Wave 1)

Independent variable (X): openness
Dependent variable (Y): Cognitive Functioning (Wave 1)

Effect SE t p LLCI ULCI
Effect of openness on CRQ .27 11 2.47 .016 .052 479
(Wave 1) (path a)
Effect of CRQ on cognitive 41 11 3.82 <.001 .195 .618
functioning (Wave 1)
(path b)
Total effect of openness on —.04 .10 —0.36 720 —.246 171
cognitive functioning
(Wave 1) (path c)
Direct effect of openness on -.15 .10 —1.45 .150 —.345 .054
cognitive functioning
(Wave 1) (path c’)
Indirect effect: openness 11 .07 .012 .264
—CRQ- cognitive
functioning (Wave 1)
(path ab)
Mediator variable (M): Cognitive Reserve (Wave 2)
Independent variable (X): openness
Dependent variable (Y): Cognitive Functioning (Wave 2)
Effect SE t p LLCI ULCI
Effect of openness on CRQ .33 .10 3.26 .002 129 .534
(Wave 2) (path a)
Effect of CRQ on cognitive .36 .10 3.61 .001 .163 .565
functioning (Wave 2)
(path b)
Total effect of openness on .04 .10 0.40 .689 —.158 .237
cognitive functioning
(Wave 2) (path ¢)
Direct effect of openness on —.08 .10 —0.82 414 -.277 115
cognitive functioning
(Wave 2) (path c’)
Indirect effect: openness — 12 .05 .025 227

CRQ— cognitive
functioning (Wave 2)
(path ab)

Notes. Beta represent standardized values. CRQ= Cognitive Reserve Question-
naire. Values in bold represent significant (CI 95% not including zero) values.
Letters represent the relationship between openness and cognitive reserve (path
a), cognitive reserve and cognitive functioning (path b), the direct effect be-
tween openness and cognitive functioning controlling for cognitive reserve (path
¢’), and the indirect effect of the relationship between openness and cognitive
functioning through cognitive reserve (path ab). Path c represents the total
effect.

that participants had to recall without the target list being presented
immediately before the onset of the trial and after the presentation of an
interference list. Thus, RAVLT immediate recall requires storage and
executive processes because the interference list has to be inhibited
while the target list is recalled. However, we failed to find this aging

effect on other working memory (i.e., Digit Span and Letter-Number
Sequencing) and executive function (i.e., Trail Making Test and Stroop
test) tests. In addition, at the same time, semantic memory, which in-
volves storing facts and information, may improve with age. This is
coherent with the marginal enhancement we found in Wave 2,
compared to Wave 1, on RAVLT delayed recall.

We observed that higher openness was related to greater cognitive
reserve, as found in other studies (Ihle et al., 2016, 2019; Jackson et al.,
2020). Moreover, greater cognitive reserve was associated with better
cognitive functioning, as expected (Pettigrew and Soldan, 2019).
Therefore, as hypothesized, our results showed that cognitive reserve
mediated the association between openness and cognitive functioning.
Thus, individuals with higher openness showed greater cognitive
reserve, and this greater cognitive reserve resulted in better cognitive
performance. Our results are in line with other studies with healthy
older adults that analyzed the association between openness and
cognitive performance via diversity in activity engagement (Jackson
et al.,, 2020) and measured cognitive reserve with three indexes
(educational, occupation, and leisure activities) (Ihle et al., 2016).
However, two studies found that time spent on activity engagement did
not mediate the openness-cognition association (Jackson et al., 2020;
Soubelet and Salthouse, 2010). Therefore, the different ways cognitive
reserve is measured could account for these mixed findings. The stan-
dardized questionnaire we employed allows us to integrate eight proxy
indexes (educational level, parents’ educational level, training courses,
occupational status, musical training, languages, reading activity, and
intellectual games), and it also considers the frequency with which some
of these activities are carried out. Therefore, this procedure may allow a
more comprehensive evaluation of cognitive reserve and its association
with cognitive functioning (see meta-analysis: Opdebeeck et al., 2016).

To our knowledge, only one study carried out a follow-up in a sample
of cognitively healthy older adults, as in our study, although there are
some important methodological differences between this study (lhle
etal., 2019) and ours. As our results also showed, Ihle et al. (2019) found
that higher openness (assessed with two items from the short version of
the Big Five Inventory (Rammstedt and John, 2007) was related to
higher cognitive reserve assessed with a single index (frequency of lei-
sure activities). In turn, Ihle and colleagues also reported that higher
frequency of leisure activities was related to a smaller decline in exec-
utive functioning measured with the TMT. We also observed that higher
cognitive reserve measured with a standardized questionnaire was
associated with lower cognitive decline, measured as a global composite
score that includes executive function (TMT and Stroop), working
memory (DS and LNS), and declarative memory (RAVLT) domains.
Moreover, as we hypothesized, higher cognitive reserve at baseline
mediated the association between higher openness and less overall
cognitive decline, as Ihle et al. (2019) observed when considering ex-
ecutive functioning.

Although higher cognitive reserve has been consistently associated
with better cognitive performance, in a recent review, Pettigrew and



T. Montoliu et al.

Cognitive reserve
(Wave 1)

(b)B=.15*

(@)B=30* /

Neuropsychologia 188 (2023) 108655

Cognitive reserve
(change)

(b)B=-.06 (ns)

(@)B=17* /‘

(ab)B=.05*
Openness Cognitive functioning

(change)

e e———
(c’) B=-.02(ns)

(ab) B=-.01(ns)
_

Openness Cognitive functioning

o
(¢’) B=-.01(ns) (change)

Fig. 2. Longitudinal mediation models to test the indirect effect of openness on cognitive change via cognitive reserve in Wave 1 or change.

Note. Values in bold represent significant values (*CI 95% did not include zero). Beta represent standardized values. Analyses with age, gender, medication/disease as
covariates, cognitive functioning in Wave 1 (left), and cognitive functioning and reserve in Wave 1 (right). Letters represent the relationship between openness and
cognitive reserve or cognitive change (path a), cognitive reserve and cognitive functioning change (path b), the direct effect between openness and cognitive
functioning change controlling for cognitive reserve or change (path c¢’), and the indirect effect of the relationship between openness and cognitive functioning

change through cognitive reserve (path ab).

Table 3
Longitudinal relationship between openness and cognitive change through
cognitive reserve (Wave 1 or change).

Mediator variable (M): Cognitive Reserve (Wave 1)

Independent variable (X): openness
Dependent variable (Y): Cognitive Change

Effect SE t P LLCI ULCI
Effect of openness on CRQ .30 .10 3.08 .003 .106 .497
(Wave 1) (path a)
Effect of CRQ (Wave 1) on .15 .07 2.13 .037 .010 297
cognitive change (path b)
Total effect of openness on .03 .06 0.42 677  —.095 .146
cognitive change (path c)
Direct effect of openness on —.02 .06 -0.33 .741 —.146 .105
cognitive change (path c’)
Indirect effect: openness — .05 .02 .002 .097

CRQ (Wave 1) — cognitive
change (path ab)

Mediator variable (M): Cognitive Reserve Change

Independent variable (X): openness
Dependent variable (Y): Cognitive change

Effect SE t p LLCI ULCI
Effect of openness on CRQ .17 .08 2.24 .029 .019 325
change (path a)
Effect of CRQ change on —.06 .10 -065 519 216 133
cognitive change (path b)
Total effect of openness on —.02 .06 -0.33 .741 —.146 .105
cognitive change (path c)
Direct effect of openness on —-.01 .07 -0.15 .881 —.140 121
cognitive change (path c’)
Indirect effect: openness — —.01 .02 —.062 .022

CRQ change — cognitive
change (path ab)

Notes. Beta represent standardized values. CRQ= Cognitive Reserve Question-
naire. Values in bold represent significant (CI 95% not including zero) values.
Letters represent the relationship between openness and cognitive reserve in
Wave 1 or change (path a), cognitive reserve and cognitive change (path b), the
direct effect between openness and cognitive change, controlling for cognitive
reserve, in Wave 1 or change (path c’), and the indirect effect of the relationship
between openness and cognitive change through cognitive reserve in Wave 1 or
change (path ab). Path c represents the total effect.

Soldan (2019) reported that higher cognitive reserve has been associ-
ated with reduced, greater, or no differences in rates of cognitive
decline. Thus, these authors warned that the impact of cognitive reserve
on longitudinal cognitive trajectories is unclear and may be influenced
by a number of factors. Our results could explain why, although most
studies observed that higher openness was associated with better
cognitive functioning, its association with cognitive decline is unclear
(Curtis et al., 2015). Therefore, our study shows that, at least in a sample
of healthy older adults, cognitive reserve assessed with multiple indexes
is related to lower global cognitive decline in a four-year follow up,

which could at least partly explain the protective influence of openness
on cognitive decline. Hence, our study would support the differential
preservation hypothesis, suggesting that healthy older adults who
engage in more cognitively stimulating activities would show less
age-related cognitive decline (Salthouse, 2006). However, it is also
important to note that, although our results showed that openness was
related to better cognitive functioning and less decline via cognitive
reserve, we did not find that higher openness was directly related to
better cognitive functioning or change. In fact, our results reflect a
partial mediation, which occurs when there is an indirect effect but not a
direct effect, pointing out that a mediator has been identified correctly
and could explain the direct association per se (Zhao et al., 2010). Thus,
in our study, the relationship between openness and cognitive func-
tioning is explained by cognitive reserve. This result highlights the
importance of considering the mechanisms involved in order to better
understand this relationship. More studies are needed to explore other
mediators that could also contribute to explaining this relationship.

Contrary to what we hypothesized, we failed to observe that change
in cognitive reserve (understood as cognitive reserve in Wave 2, con-
trolling for Wave 1) mediated the association between openness and
cognitive change. Although ANOVA for repeated measures showed no
effect of time on cognitive reserve between Wave 1 and Wave 2, we
observed that higher openness was related to an increase in cognitive
reserve (greater change in cognitive reserve), but we failed to observe
that an increase in cognitive reserve was related to less cognitive
decline. This latter result was unexpected because it has been suggested
that cognitive reserve is a dynamic construct, and that more rapid
depletion of cognitive reserve would be associated with faster cognitive
decline (Bettcher et al., 2019). However, in contrast to our study, these
authors measured cognitive reserve using a psychometric approach
incorporating brain and demographic variables, and they included in-
dividuals with Mild Cognitive Impairment and dementia (Bettcher et al.,
2019). Moreover, as we mentioned above, no differences in cognitive
reserve were found between Waves 1 and 2, and so the change in
cognitive reserve was small, and higher scores would show different
results.

Some limitations should be considered. First, given that this paper
belongs to a larger study that includes a large number of variables,
openness was only assessed in Wave 2. Although this personality trait
has not shown a meaningful mean level of change after the age of 30
(Costa & McCrae, 1997; Costa et al., 2000), specifically in older people
(Mottus et al., 2012), future research should replicate this study but
measuring openness in both Wave 1 and Wave 2. Longitudinal studies
should focus on whether cognitive decline is related to a decline in
openness in older adults, as previously suggested (Curtis et al., 2015). In
addition, participants were recruited from a University study program,
yielding a sample with a cognitively stimulating lifestyle, and the strict
exclusion criteria made it possible to obtain a healthy older sample and
control the effect of confounding variables. Therefore, the results cannot
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be generalized to all older people. Moreover, we performed many ana-
lyses for the small sample size. Although the bootstrap-corrected con-
fidence intervals in the mediation analyses partially solve the issues
related to a relatively small sample size, future studies should include a
longer follow-up and a larger sample in order to increase the statistical
power and explore gender differences in these associations. In addition,
more waves across several years would help to better understand the
mechanisms of long-term development and capture longitudinal
changes throughout the aging process. However, it is worth noting that
our analyses showed good statistical power in both the cross-sectional
(.85- .99) and longitudinal (0.99-1.0) models. Our study also has
other important methodological strengths. This is a longitudinal study
that measured cognitive reserve and cognitive functioning in Wave 1
and Wave 2. Moreover, cognitive reserve was assessed with a ques-
tionnaire that included multiple markers, which is considered necessary
in order to more comprehensively investigate the relationship between
this construct and cognitive functioning (see Opdebeeck et al., 2016).
Finally, we used a composite measure of global cognitive functioning,
based on several individual tests that include different cognitive do-
mains, in order to minimize measurement error in general and floor and
ceiling artifacts (Wilson et al., 2007).

In conclusion, our results confirm that cognitive reserve is a mech-
anism underlying the association between openness and cognitive
functioning and decline. This is the first longitudinal study to investigate
the mediating role of cognitive reserve, using a standardized question-
naire, in the relationship between openness and cognitive decline,
assessing a broad range of cognitive domains. Only one previous study,
Thle et al. (2019) investigated this mediating role longitudinally, but
using only one proxy for cognitive reserve, leisure activities, and only
one cognitive domain, executive function. Our findings support the
differential preservation hypothesis, suggesting that healthy older adults
who engage in more cognitively stimulating activities would show less
age-related cognitive decline. It would be beneficial for interventions to
take into account the impact of factors such as openness and cognitive
reserve in promoting the well-being of older adults by mitigating
cognitive decline. Specifically, interventions should promote openness
and prioritize any activities, such as reading, painting, dancing, or ex-
ercise, among others, that increase cognitive reserve, in order to
enhance the quality of life of older individuals.
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