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Abstract: The aim of this work was to develop normative data for neuropsychological tests for
the assessment of independent and cognitively active Spanish older adults over 55 years of age.
Methods: regression-based normative data were calculated from a sample of 103 nondepressed
independent community-dwelling adults aged 55 or older (66% women). The raw data for the Free
and Cued Selective Reminding Test (FCSRT), the Rey—-Osterrieth Complex Figure Test (ROCF) and
the Judgement of Line Orientation Test (JLO) were regressed on age, sex and education. The model
predicting the FCSRT delayed-recall (FCSRT-Del) scores also included the FCSRT immediate-recall
(FCSRT-Imm) scores. The model predicting the ROCF immediate-recall (ROCF-Imm) scores included
the ROCF copy-trial (ROCF-C) scores, and the model predicting the ROCF delayed-recall (ROCF-
Del) scores included both the ROCF-C and the ROCF-Imm scores. In order to identify low scores,
z-scores were used to determine the discrepancy between the observed and the predicted scores.
The base rates of the low scores for both the SABIEX normative data and the published normative
data obtained from the general population were compared. Results: the effects of the different
sociodemographic variables (age, sex and education) varied throughout the neuropsychological
measures. Despite finding similar proportions of low scores between the normative data sets, the
agreement was irrelevant or only fair-to-good. Conclusions: the normative data obtained from the
general population might not be sensitive enough to identify low scores in cognitively active older
adults, incorrectly classifying them as cognitively normal compared to the less active population.

Keywords: mild cognitive impairment; memory; neuropsychological assessment; normative data

1. Introduction

The United Nations [1] predicts that, by 2050, the global population of older people
will be growing at a rate of 2.6% per year. It is expected that 30% and 6% of the population
in developed countries will be aged 60 or older and 80 or older, respectively. In Spain, the
number of people aged 55 years or older is around 15 million, which represents 33.08% of
the overall population. Amongst these, 18.22% (2,856,102) are 80 years or older [2].

The increase in the population’s age span is related to a raise in the probability of
pathological ageing, such as cognitive impairment or dementia [3,4]. Indeed, age is the
main risk factor for cognitive impairment [5,6] and Alzheimer’s disease (AD), with the
prevalence of AD increasing from age 60 to 89 years [7]. This situation has an important
impact on both public health and sanitary and social services [8]. On the one hand, cognitive
impairment is a frequent cause of consultation in primary health care, with an estimated
prevalence of 15-20% in individuals older than 60 years [9]. In Spain in particular, the
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prevalence of cognitive impairment is 18.5% in people older than 65 years, and 45.3% in
people older than 85 years [8]. On the other hand, the overall prevalence of dementia in
the Spanish population is between 4% and 9% in groups older than 65 years [10]. Both
cognitive impairment and dementia are related to higher comorbidity [11], susceptibility to
infections [12] or depressive symptoms [13]. Furthermore, dementia has the highest total
expenditure in neurological diseases [14] and requires about 3 h per day of care in both
the basic and instrumental activities of daily life (ADL), becoming a huge burden for the
caregivers of a family member with dementia [15].

A high percentage of individuals may not have a formal diagnosis of cognitive im-
pairment or dementia: 55% in Spain [6], 58% in Europe [16] and 65% in the USA [17].
This situation could be due to the patients” and relatives’ lack of consciousness about the
presence of the disease [10], the lack of training among professionals in primary health care
or the tight agendas in specialist settings [17]. For this reason, it is necessary to perform a
thorough clinical study to overcome these problems. In order to detect subtle deficits or
characterise cognitive strengths and weaknesses, an important part of this clinical study
would be the neuropsychological assessment [18,19].

A neuropsychological assessment is based on the administration of standardised
neurocognitive tests, in order to analyse the cognitive changes after brain damage [18,19].
It is essential to have reliable and suitable normative values, accounting for the effect of
sociodemographic and cultural variables, in order to reduce the risk of misdiagnosis [20-22],
determine the level of performance in the neuropsychological tests [23] and interpret
the results obtained by a given subject by contrasting them with the performance of
the reference group [18,24]. Normative data can be developed following three different
strategies: mean and standard deviation scores, multiple regression and ROC curves.
The first strategy is based on determining how the values are distributed and what their
associated theoretical or empirical frequencies are [25-27]. The second is based on the
generation of a prediction model accounting for age, sex and/or education. This model
will be used to estimate a score, given certain variables (age, sex and education), that will
be compared with the observed data [28-30]. ROC curves provide a cut-off value based on
sensitivity and specificity [31].

Nevertheless, normative data obtained from the general population might not take
into account the characteristics of active ageing. Active ageing is a process in which the
opportunities for health, participation and security are optimised in order to enhance the
quality of life during ageing [32]. This model encompasses six groups of determinants:
behavioural styles, personal biological and psychological conditions, health and social
services, physical engagement and social and economic factors. It has been previously
reported that engaging in leisure activities is a relevant factor for a well-ageing process [33].
Indeed, most successfully ageing people, characterised by their health and independence,
differ from the general population in the number of leisure activities they participate
in [34]. Furthermore, cognitively stimulating activities may prevent cognitive decline
during ageing [35].

Although educational level may play an important role in active ageing (for in-
stance, [36]), the variable regarded as a determinant factor in the WHO model (WHO,
2002) is not early education, but lifelong learning [37]. In this sense, education is mostly
taken into account as a long-term determinant [38]. Hijas-Gomez et al. [37] found that only
the physical component was associated with survival and correlated with cognitive status,
lifestyle and lifelong learning. For this reason, it is of great importance to ensure equal
access opportunities for learning throughout the lifespan [39]. Thus, as active ageing is
independent of the educational level, using normative data that account for educational
level but do not comprehensively analyse the active ageing model could lead to a higher
risk of misdiagnosis.

Two important cognitive domains assessed by neuropsychologists are memory and
visuospatial perception [18,24]. In this work, memory was studied with the Free and
Cued Selective Reminding Test (FCSRT; [40—42]) and the Rey—Osterrieth Complex Fig-
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ure (ROCF) [43,44]. Visuospatial perception was analysed through the ROCF and the
Judgement of Line Orientation (JLO; [45-47]) tests.

The FCSRT was initially designed as a selective reminding memory test [40,41], and
then a cued-recall trial was added [42]. The ROCF measures the visual perception and
visuospatial construction ability by means of the copy trial, and visual memory through
the immediate- and delayed-recall tasks [43,44]. For both the FCSRT and ROCEFE, norma-
tive data in a healthy Spanish population have been developed by the NEURONORMA
project [48,49]. The JLO analyses spatial perception and spatial orientation [46]. Nor-
mative data in a healthy Spanish population for JLO have also been developed by the
NEURONORMA project [50].

Since cognitively active people seem to outperform nonactive people in neuropsycho-
logical tests, it is likely that the use of normative data that only account for educational level
may increase the number of misdiagnoses [51]. For this reason, the objective of this work is
to develop normative data for a cognitively active elderly population. We hypothesise that,
accounting for the characteristics of the active ageing population, the low scores obtained
with the normative data based on cognitively active people (SABIEX) will differ from
those of the normative data obtained from the general population (NEURONORMA). Our
hypothesis is that the active ageing population will show a higher percentage of low scores
in the SABIEX normative data.

2. Materials and Methods
2.1. Participants

This was a cross-sectional observational study with cognitively healthy individuals
living independently in the community. One hundred and five (105) students from the
Seniors’ University (SABIEX) of the Universidad Miguel Hernandez de Elche (UMH, Spain)
were recruited from October 2019 to July 2021. SABIEX is an academic university pro-
gramme for people aged 55 years or older covering subjects such as economics, psychology,
politics and the arts.

The features of the sample have been previously described [52]. Inclusion criteria
were (a) being 55 years old or older, (b) being cognitively normal (CN) without subjective
cognitive complaints and (c) living independently in the community. Cognitive normality
was determined by (a) Mini-Mental State Examination (MMSE; [53]) scores higher than
23, (b) Clinical Dementia Rating Scale (CDR; [54]) scores equal to 0 and (c) Lawton-Brody
Instrumental Activities of Daily Living (IADL; [55]) scores equal to 7 or higher. Exclusion
criteria were (a) unwillingness to participate in the neuropsychological assessment and
(b) presence of vision and/or hearing impairments that might have interfered with the
administration of cognitive tests. Having past or current medical conditions (e.g., cancer,
psychiatric disorders or metabolic disease) was not defined as an exclusion criterion, so
that the representativeness of the sample was guaranteed. All participants were born and
raised in Spain and had Spanish as their mother tongue.

2.2. Materials

The individual neuropsychological assessment spanned around 90 min and covered
different cognitive domains. In this paper, data are reported for tests assessing memory
and visuospatial perception: the FCSRT [40,41], the ROCF [43,44] and the JLO [45-47] tests.
Descriptive statistics for the remaining tests can be found in Bonete-Lopez et al. [52].

2.2.1. Free and Cued Selective Reminding Test

The FCSRT is a word-list learning test administered through three immediate free
and cued recall tasks and a 30 min delayed free and cued recall task. The FCSRT was
administered according to NEURONORMA instructions [49]. Participants were shown
4 different sheets, all of them containing 4 bold written words. Each word pertained to a
different semantic category. The four sheets were presented individually and in sequence.
Subjects were asked to read each of the four words aloud and match each of them with
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the semantic clue given by the examiner. After the 16 items were correctly identified, a
nonsemantic interference task (counting backwards by three) was carried out for 20 s. After
the interference task, the participants were asked to freely recall the 16 words in any order.
Ninety seconds were given as the maximum time to complete the task. The semantic
category was given (cued recall) for the words not recalled in the free-recall task. This task
was followed by two more trials, each of them separated by a nonsemantic interference task
(counting backwards by three). In the first two trials, participants were given the correct
items for words not recalled with the semantic cue. After 30 min, the delayed-recall trial was
performed. If any word was not remembered, the task was followed by the cued-recall trial.
Lastly, 40 words were read out loud by the examiner [52]. Of them, 16 were words from the
previous free- and cued-recall tasks (targets) and 24 were distractors. Subjects were asked
to identify the targets by saying “yes” and the distractors by saying “no”. In this paper, the
study variables were the total immediate- and total delayed-recall scores (FCSRT-Imm and
FCSRT-Del, respectively) with a maximum score of 48 and 16, respectively.

2.2.2. Rey—-Osterrieth Complex Figure

The ROCEF test consisted of 18 elements, each of which could be scored 0.5, 1 or
2 points depending on their accuracy and location [24]. The ROCF test included three
trials: (a) a copy of the figure model (ROCF-C), (b) an immediate-recall task (ROCF-Imm)
and (c) a delayed-recall task after 30 min (ROCF-Del). For each trial, a blank sheet of
paper was placed horizontally in front of the participants. In the first trial, participants
were asked to copy the figure, trying not to leave any element undrawn and to respect
the details and dimensions of the model. They were allowed to rotate their piece of paper,
but not the model, which was just shown in the copy trial. For both the immediate- and
delayed-recall trials, subjects were asked to draw as many items as they could remember.
If they could not remember the location of the element, they were requested to draw it
wherever they desired.

The study variables were: (a) copy—overall sum of correctly drawn elements when
copying the model; (b) immediate recall—total sum of correctly drawn items after 3 min;
and (d) delayed recall—total sum of correctly drawn items after 30 min. The maximum
score was 36 for each task.

2.2.3. Judgement of Line Orientation

The JLO test consisted of five practice items and 30 test items. Each element was
formed by two unnumbered segments and 11 numbered lines forming a semicircle as a
model. The task was based on visually matching both test lines with two of the semicircle’s
segments in each trial. The five practice tests were initially presented, and then the task
continued with the performance of the test items. The total score was given by the number
of elements in which both lines were correctly identified.

2.3. Procedure

The participants were invited to voluntarily participate in the study. No credit for
their courses were given. The participants were individually assessed by a board-certified
neuropsychologist and trained undergraduate, master’s degree-level or PhD-level students.
An informed consent form was signed by every subject prior to enrolment. All participants
provided personal and familial medical information. This project was approved by the
UMH Ethics Committee (DPS.ESM.01.19).

2.4. Statistical Analysis
2.4.1. Calculation of Normative Data

We used the methodology reported by Ifiesta et al. [56]. Briefly, a linear regression
model was built to predict neuropsychological test scores using age, sex and education.
To test for possible nonlinear associations, we centered age and education using the low-
est value in the distribution of data, which are referred to as Agemin and Educationysi,
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throughout the manuscript, and calculated the quadratic term. We used a two-step linear
regression model with raw values introduced in the first step and the quadratic terms
introduced in the second step.

To improve the interpretation of performance on neuropsychological tasks conditional
on other, previous neuropsychological tasks, we calculated normative data for the ROCF-
Imm and ROCF-Del tests with a regression model adding ROCF-C scores to demographic
variables, which are referred to as ROCF-Immgagipx and ROCF-Delgapipx. In the regression
model for the FCSRT-Del test, we added FCSRT-Imm scores to the demographic variables.
Each variable was centered using the lowest value in the distribution of data.

2.4.2. Comparing Normative Data Sets

The number of low scores shown by our sample when using either the SABIEX or
the NEURONORMA normative data was analyzed with the McNemar test (corrected for
continuity) for related proportions [57], and the Fleiss” kappa [57] interrater correlation co-
efficient for categorical data was used to analyse the level of agreement between normative
data sets. According to Fleiss et al. [57], agreement beyond chance can be interpreted as
poor, fair to good and excellent for values of 0-0.40, 0.41-0.75 and >0.75, respectively. Low
scores were defined as scaled scores equal to or lower than 6 using NEURONORMA, and
as z-scores equal to or lower than —1.28 using SABIEX normative data [56]. Using z-scores
equal to or lower than —1.28 guarantees that the true positive rate and true negative rate
from a linear regression are close to the 95% for a sample of size n = 100 or larger [58].

3. Results

From a pool of 105 subjects (33% males), two subjects were not included because of
MMSE scores <24. Descriptive statistics for the demographic variables and the MMSE,
IADL and GSD scores of the 103 participants are reported in Ifiesta et al. [56]. A descriptive
analysis of the complete test battery can be found in Bonete-Lopez et al. [52].

The differences in age between the sexes were statistically significant (t (df = 101) = 3.06;
p = 0.004). Specifically, the men were, on average, four years older than the women (men:
M =68.47, SD = 6.51;, women: M = 64.42, SD = 6.22). No statistically significant dif-
ferences between the sexes were found in the years of education (t (df = 101) = 0.551;
p =0.583), MMSE (t (df = 101) = —1.59; p = 0.114), IADL (t (df = 101) = 0.70; p = 0.485) and
GDS (t (df = 101) = —1.18; p = 0.240).

The descriptive statistics for the performance in the different tasks of each neuropsy-
chological test is provided in Table 1.

Table 1. Descriptive statistics for neuropsychological performance.

Neuropsychological Test M SD Range
FCSRT-Imm 44.01 4.04 2648
FCSRT-Del 14.86 1.48 9-16
ROCF-C 28.18 224 14-36
ROCF-Imm 14.97 4.90 2-26.5
ROCE-Del 15.04 4.80 2-25
JLO 20.55 4.94 9-30

M: mean; SD: standard deviation; FCSRT-Imm: Free and Cued Selective Reminding Test, total immediate recall;
FCSRT-Del: Free and Cued Selective Reminding Test, total delayed recall; ROCF-C: Rey—Osterrieth Complex
Figure, copy; ROCF-Imm: Rey—Osterrieth Complex Figure, immediate recall; ROCF-Del: Rey—Osterrieth Complex
Figure, delayed recall; JLO: Judgement of Lines Orientation.

3.1. Calculation of Normative Data

The demographic variables (age, sex and education) showed different effects on each
neuropsychological test. However, as no relation was found between the demographic
variables and any of the tasks of the ROCF test, normative data were calculated with the
means and standard deviations.
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The multiple linear regression models of the rest of the neuropsychological measures
are shown in Table 2. Sex was significantly related to the FCSRT-Imm, FCSRT-Del and
JLO scores. Educationy, was associated with the FCSRT-Imm, FCSRT-Del and FCSRT-
Delgapmex scores. Educationygn? had an effect on the FCSRT-Del and JLO scores. No
statistically significant effects of Agenin and Agenin> were found. Particularly interesting
for this work are the significant associations within the dependent tasks, as the FCSRT-Del
scores were related to the FCSRT-Immy;, scores, the ROCF-Imm scores to the ROCF-Cyin
scores and the ROCF-Del scores to the ROCF-Immyy;,, scores.

Table 2. Multiple linear regression models.

B Std. Error Sig. R? SEE

FCSRT-Imm Intercept 40.31 1.17 0.000 0.104 3.865
Educationyin 0.288 0.111 0.011
Sex 1.886 0.811 0.022

FSCRT-Del Intercept 11.567 0.836 0.000 0.195 1.350
Educationygip 0.547 0.185 0.004
Sex 0.667 0.283 0.021
Educationyyin> —0.021 0.010 0.030

FSCRT-DelgaprEx Intercept 9.386 0.430 0.000 0.632 0.908
FCSRT-Immyin, 0.272 0.023 0.000
Educationygip 0.069 0.027 0.011

ROCF-ImmgaBrex Intercept 8.771 1.57 0.000 0.144 4.554
ROCF-Cpin 0.872 0.044 0.000

ROCF-Delgpirx Intercept 3.727 0.616 0.000 0.792 2.199
ROCF-Immygin 0.872 0.044 0.000

JLO Intercept 22.252 0.958 0.000 0.208 4.446
Sex —4.263 0.933 0.000
Educationyyin> 0.014 0.007 0.038

FCSRT-Imm: Free and Cued Selective Reminding Test, total immediate recall; FCSRT-Del: Free and Cued
Selective Reminding Test, total delayed recall, independently calculated from FCSRT-Imm; FCSRT_Delgapiex:
Free and Cued Selective Reminding Test, total delayed recall, conditional on FCSRT-Imm; ROCF-Immgagiex:
Rey—Osterrieth Complex Figure, immediate recall, conditional on ROCF-C; ROCF-Delsapipx: Rey—Osterrieth
Complex Figure, delayed recall, conditional on ROCF-C and ROCF-Imm; JLO: Judgement of Line Orientation.

3.2. Comparing Normative Data Sets

The frequency and cumulative percentage of the low scores for the three normative
data sets (NEURONORMA, SABIEXNpgp and SABIEXpgp) are provided in Table 3 and
Figure 1.

Table 3. Frequency and accumulated percentage of NEURONORMA, SABIEXinpgp and SABIEXpgp

low scores.
NEURONORMA SABIEXiNDEP SABIEXpgp
Low Scores

Freq Cum% Freq Cum% Freq. Cum%
0 71 100 66 100 57 100
1 23 31.1 17 359 31 447
2 3 8.8 12 19.5 12 14.6
3 4 59 5 7.8 2 29
4 1 2 2 2.9 1 1
5 1 1 1 1 0 0

Total 103 103 103

Freq.: frequency of subjects showing the number of low scores in the Low Scores column. Cum%: cumulative
percentage.
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Figure 1. Percentage of participants with one or more low scores per normative data set.

No statistically significant differences were found between the NEURONORMA and
SABIEXiNppp data sets in the percentage of participants with one or more low scores
(x* (N = 103) = 0.842; p = 0.358). The Fleiss’ kappa coefficient showed only a fair-to-good
agreement for both data sets when identifying the participants showing one or more low
scores (k = 0.586; p < 0.001).

Conversely, statistically significant differences were found in the proportion of partici-
pants showing one or more low scores between the NEURONORMA and the SABIEXpgp
data sets (x (N = 103) = 6.50; p = 0.011). Furthermore, although the Fleiss” kappa coefficient
was statistically significant, the agreement between the normative data sets in identifying
the low scores was only fair-to-good (x = 0.464; p < 0.001).

3.3. Free and Cued Selective Reminding Test

Using the SABIEX normative data, 8.74% of the sample had at least one low score,
whereas for the NEURONORMA data, 1.94% of the sample (two subjects) obtained one
or more low scores. The McNemar test was statistically significant (x* (N =103) = 5.143;
p = 0.023), meaning that the proportions of low scores were not similar in both data sets.
The Fleiss” kappa coefficient showed a lack of agreement in identifying the low scores
(k =0.328; p = 0.001) (see Table S1).

We also performed separate analyses of the proportion of low scores for the neuropsy-
chological measures considered dependent from the others and compared them to the
NEURONORMA data set. First, we compared both the FCSRT-Del and FCSRT-Delgapiex
scores with the data from NEURONORMA. In both the FCSRT-Del and FCSRT-Delgagirx
data, 11.65% of the sample (12 subjects) had at least one low score, in contrast to the
0.97% (one subject) from NEURONORMA. The McNemar test showed statistically sig-
nificant differences in the proportion of both the SABIEX and NEURONORMA data sets
(x> (N =103) = 9.091; p = 0.002) and no agreement was found in identifying the low scores
(k =0.097; p = 0.326) (see Tables S2 and S3).

3.4. Rey—Osterrieth Complex Figure

The ROCF-C scores were not associated statistically with any of the variables analysed
(see Table 2). Regarding the ROCF-Imm and ROCF-Immgapigx scores, at least one low
score was obtained by 10.68% of the sample (11 subjects) in the SABIEX|NpEp, 8.74%
(9 subjects) in the SABIEXpgp and 6.80% (7 subjects) in the NEURONORMA data set.
The McNemar test showed no statistically significant differences when comparing the
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NEURONORMA data with either the SABIEXinpgp (X2 (N = 103) = 1.500; p = 0.221) or the
SABIEXpgp (X% (N = 103) = 0.125; p =0.7237) data. The Fleiss’ kappa coefficient showed fair-
to-good agreement between the NEURONORMA data and both of the SABIEX data sets
(SABIEXiNpEP: k = 0.635; p = 0.000; SABIEXpEp: k = 0.458; p < 0.001) (see Tables S4 and S5).

Regarding the ROCF-Del and ROCF-Delgapiex scores, at least one low score was
obtained by 12.62% of the sample (13 subjects) in the SABIEXinpEp, 10.68% (11 subjects) in
the SABIEXpgp and 9.71% (10 subjects) in the NEURONORMA data set. The McNemar
test showed no statistically significant differences when comparing the NEURONORMA
data with either the SABIEXinpep (x2 (N = 103) = 0.800; p = 0.371) or the SABIEXpgp
(x> (N =103) = 0.000; p > 0.999) data sets. However, the Fleiss’ kappa coefficient was only
statistically significant when comparing the NEURONORMA data with the SABIEX{npEp
data (k = 0.755; p = 0.000), with a lack of agreement in identifying the participants as
showing one or more low scores between the SABIEXpgp and NEURONORMA data sets
(k = —0.114; p = 0.249) (see Tables S6 and S7).

3.5. Judgement of Line Orientation

The JLO scores were negatively associated with the sex variable and positively associ-
ated with the Educationyn? variable, meaning that the effect of education was not linear
and that better scores are expected when the level of education increases.

4. Discussion

The objective of this study was to develop normative data for Spanish cognitively
active individuals aged 55 or older. For this aim, regression analyses were performed for
every variable studied. Two novelties characterise this work: the use of a cognitively active
sample and the analysis of every subtest as both dependent (SABIEXpgp) and independent
(SABIEXNDEP) of other variables from the same test. Our results showed only a fair-to-
good agreement in identifying the low scores between both the SABIEX normative data
and the NEURONORMA normative data, with no agreement for the delayed-recall trial
from the ROCF test.

No effect of age was found in any of the tests assessed, which differs from previ-
ous studies suggesting that neuropsychological performance declines with advancing
age [49,59-62]. This result may represent a novelty in this area, as it may show that age
becomes less relevant when individuals are cognitively active. This may also evidence the
importance of creating a cognitive reserve [63] throughout the lifespan, independently of
the level of education achieved during the early life stages.

Regarding the FCSRT, sex had a significant effect on both the FCSRT-Imm and FCSRT-
Del trials, in line with previous studies suggesting that women outperform men on tests
based on verbal material such as the FCSRT [64—-66]. Other studies also showed a significant
effect of sex in the free-recall tasks of the FCSRT [67,68]. However, its effect may be minor
or irrelevant [49,69,70] and may be influenced by the different proportion of men-women
in our study. The effect of sex became non-significant when we analysed the FCSRT-Del
scores while controlling for the FCSRT-Imm scores (FCSRT-Delgapirx). Education also
showed a significant effect on the FCSRT-Imm, FCSRT-Del and FCSRT-Delsapgx scores,
in line with previous studies [49,66—70]. This result may illustrate the effect of education
on neuropsychological performances and its association with cognitive reserve [61,69-71].
Quadratic education had an impact only on the FCSRT-Del scores, meaning that the effect
of education was not linear and that the differences in memory performance were more
significant amongst less educated subjects than between highly educated individuals,
which is in line with previous works [72-75]. This effect disappeared when the FCSRT-Imm
score was also controlled.

Regarding the ROCF test, no significant effect of any of the sociodemographic variables
was found. In previous studies, minor or nonexistent effects have been reported [49,76-78],
which is in line with our results. However, most of the scientific research shows that
education has a positive impact when performing ROCEF tasks, as higher education levels
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are usually associated with better scores [49,78-80]. Nevertheless, our results may indicate
that, independently of the level of education, when a cognitively active lifestyle is carried
out, cognitive strategies can compensate for these differences [81], as suggested by the
cognitive reserve construct [63,82]. Lastly, regarding the JLO test, sex and quadratic
education showed a significant effect, which is in line with previous studies [83-85].

Another relevant aspect of our research was the analysis of the different subtests as
both independent of and dependent on the rest of the trials of the same test. In line with pre-
vious results [78], the ROCF-C scores had a positive effect on the ROCF-Imm scores and the
ROCF-Imm on the ROCF-Del, and the FCSRT-Imm scores had a significant positive effect
on the FCSRT-Del scores. When comparing the SABIEX;NpEp and NEURONORMA data
sets, we found similar proportions of low scores, but there was only a fair-to-good agree-
ment in identifying the low scores. On the other hand, when comparing the SABIEXpgp
and NEURONORMA data sets, we found a statistically different proportion of low scores
and only a fair-to-good agreement, which was even lower than that of the SABIEXinpEp
data set. This may have been due to the distinctive features characterising our sample: the
NEURONORMA data was based on the general population, while the SABIEX sample
included highly cognitively active participants. This may suggest that using normative data
that do not take into account the specificities of the active ageing population may increase
the number of diagnosis errors and, hence, the misclassification of subjects as cognitively
impaired if low scores are to be used to diagnose cognitive impairment. Additionally, not
controlling the effect of the related subtests when creating new normative data sets, as
is the usual practice [49,79,80,84], may also be associated with an increased rate of false
positives and/or negatives and with the misclassification of subjects. Further research
is needed to confirm the clinical applicability of our results, analysing whether the use
of SABIEX normative data is useful to identify with greater certainty individuals with a
greater risk of cognitive decline. Lastly, when contrasting the neuropsychological measures
separately, no agreement (FCSRT-Imm, FCSRT-Del, FCSRT-Delgapirx, ROCF-Delsapiex)
or only a fair-to-good agreement (ROCF-Imm, ROCF-Immgppx, ROCF-Del) was found
in identifying low scores. This supports the idea that normative data accounting for the
characteristics of cognitively active elders are needed to avoid the appearance of false
negatives and/or false positives and, consequently, their misclassification.

These results may have important clinical implications. For example, objective cogni-
tive impairment (i.e., one or more low scores) is necessary for the diagnosis of MCI [86,87].
Our results are important whether classic [86,88] or modified [89-91] diagnostic criteria
are to be used to identify MCI. If only one test is used to identify memory impairments, as
with the classic criteria, the selection of the appropriate normative sample against which
the raw scores are to be compared may reduce the number of false positives. If several tests
are used to identify MCI, as with the modified diagnostic criteria, the association between
several tasks within the same test might identify with greater certainty individuals with
true cognitive impairment. For example, if two low scores on the memory task are needed
to meet the criterion for the comprehensive diagnostic criteria [89,92], using the delayed-
recall scores as independent of the immediate-recall scores might be associated with a
higher number of false positives, because the correlation between the tests is not taken into
account when independent normative data are used. Relatedly, analysing the performance
on some tests that are conditional on other tests might impact the number of low scores
needed to define normal variability and, subsequently, true cognitive impairment [90,91].
Using the worst-performing 10% of the sample, two or more low scores would be needed to
meet the criterion for objective cognitive impairment using the NEURONORMA normative
data, compared to three or more low scores using the SABIEX normative data (Table 3). Ad-
ditionally, since low scores on visual memory tasks have been associated with a similar risk
of progression from MCI to AD compared to low scores on verbal memory tasks [93], using
the normative data for the delayed-recall trial in the ROCF test conditional on the copy trial
may help clinicians to better differentiate true impairments in visual memory from low
scores on the immediate or delayed trials that are conditional on low scores on the copy trial.
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If low scores on the delayed-recall task are associated with low scores on the copy trial, the
individual would be diagnosed as having nonamnestic MCI rather than as having amnestic
MCI, with the former being associated with a lower risk of progression from MCI to AD
than the latter [94]. We provide a friendly calculator for researchers and clinicians that is
available at https://docs.google.com/spreadsheets/d /1p-RDT6F85EsXPxALV-16R85q-E4
qGEr0/edit?usp=sharing&ouid=109893127231470805500&rtpof=true&sd=true (accessed
on 8 December 2021).

This work has certain limitations. First, we used an incidental sampling method, which
was related to the overrepresentation of people aged 60-70 and the underrepresentation of
people aged over 75 years. It was also associated with the overrepresentation of women.
As gender differences in cognitive domains have been previously suggested [95,96], these
results should be interpreted with caution. The number of younger and older subjects,
as well as the number of men, may be further investigated to improve the reliability and
accuracy of the data set. Secondly, with our methodology, we cannot determine the clinical
applicability of the SABIEX normative data. We can only suggest that individuals showing
low scores might differ between the SABIEX and population-based normative data sets, but
further research into the clinical population is needed to find out which is more accurate in
identifying cognitive impairment in cognitively active older adults if low scores are to be
used to identify cognitive impairment. Lastly, this work was only based on the Spanish
population, so, due to the cultural differences in neuropsychological functions suggested
by other authors [21,22,97], interpretations and application in other cultures or languages
should be taken with caution.

5. Conclusions

Our results suggest that normative data obtained from the general population might
not be sensitive enough to identify low scores in cognitively active older adults. Normative
data accounting for the characteristics of cognitively active older adults might be necessary
to reduce the number of diagnostic errors and, eventually, their misclassification as cogni-
tively impaired compared to normative data obtained from the general and less cognitively
active population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph182412977/s1, Table S1: Comparing number of low scores on FCSRT-Imm between
normative data sets (NEURONORMA and SABIEX), Table S2: Comparing number of low scores on
FCSRT-Del between normative data sets (NEURONORMA and SABIEX|Npgp), Table S3: Comparing
number of low scores on FCSRT-Del independent (NEURONORMA) with FCSRT-Del conditional on
FCSRT-Imm (FCSRT-Delsapiex), Table S4: Comparing number of low scores on ROCF-Imm between
normative data sets (NEURONORMA and SABIEXjnpgp), Table S5: Comparing number of low scores
on ROCF-Imm independent (NEURONORMA) with ROCF-Imm conditional on ROCF-C (ROCF-
Immgapiex), Table S6: Comparing number of low scores on ROCF-Del between normative data sets
(NEURONORMA and SABIEXnpgp), Table S7: Comparing number of low scores on ROCF-Del
independent (NEURONORMA) with ROCE-Del conditional on ROCF-Imm (ROCF-Delgaprgx)-

Author Contributions: Conceptualization, ].O.-C., E.S.-M. and B.B.-L.; methodology, ].O.-C., E.C.-R.
and C.I.; formal analysis, E.C.-R. and J.O.-C.; investigation, E.C.-R., ].O.-C., B.B.-L., C.I. and E.S.-M.;
data curation, E.C.-R. and ].O.-C.; writing—original draft preparation, E.C.-R. and J.O.-C.; writing—
review and editing, E.C.-R., J.O.-C., B.B.-L., C.I. and E.S.-M.; supervision, ].O.-C., B.B.-L. and E.5.-M.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was partially funded by the Conselleria d'Innovacié, Universitats, Ciencia i
Societat Digital, Generalitat Valenciana (NEUROPREVENT project, GV/2021/139).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Miguel Hernandez University
(protocol code DPS.ESM.01.19).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.


https://docs.google.com/spreadsheets/d/1p-RDT6F85EsXPxALV-l6R8Sq-E4qGEr0/edit?usp=sharing&ouid=109893127231470805500&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1p-RDT6F85EsXPxALV-l6R8Sq-E4qGEr0/edit?usp=sharing&ouid=109893127231470805500&rtpof=true&sd=true
https://www.mdpi.com/article/10.3390/ijerph182412977/s1
https://www.mdpi.com/article/10.3390/ijerph182412977/s1

Int. J. Environ. Res. Public Health 2021, 18, 12977 11 of 14

Data Availability Statement: Data are available upon request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. United Nations. World Population Ageing 2009; United Nations: New York, N, USA, 2009.

2. Instituto Nacional de Estadistica Proporcion de Personas Mayores de Cierta Edad Por Comunidad Auténoma. Available online:
https:/ /www.ine.es/jaxiT3/Datos.htm?t=1451#!tabs-tabla (accessed on 13 March 2021).

3. De Pedro-Cuesta, J.; Virués-Ortega, J.; Vega, S.; Seijo-Martinez, M.; Saz, P.; Rodriguez, F; Rodriguez-Laso, A.; Refié, R.; de las
Heras, S.P,; Mateos, R.; et al. Prevalence of Dementia and Major Dementia Subtypes in Spanish Populations: A Reanalysis of
Dementia Prevalence Surveys, 1990-2008. BMC Neurol. 2009, 9, 55. [CrossRef] [PubMed]

4. DeRonchi, D; Berardi, D.; Menchetti, M.; Ferrari, G.; Serretti, A.; Dalmonte, E.; Fratiglioni, L. Occurrence of Cognitive Impairment
and Dementia after the Age of 60: A Population-Based Study from Northern Italy. Dement. Geriatr. Cogn. Disord. 2005, 19, 97-105.
[CrossRef]

5. Rodriguez-Sanchez, E.; Mora-Simén, S.; Patino-Alonso, M.C.; Garcia-Garcia, R.; Escribano-Hernandez, A.; Garcia-Ortiz, L.; Perea-
Bartolomé, M.V.; Gémez-Marcos, M. A. Prevalence of Cognitive Impairment in Individuals Aged over 65 in an Urban Area:
DERIVA Study. BMC Neurol. 2011, 11, 147. [CrossRef]

6.  Tola-Arribas, M.A.; Yugueros, M.I.; Garea, M.].; Ortega-Valin, F.; Ceron-Fernandez, A.; Fernandez-Malvido, B.; San José-Gallegos,
A.; Gonzélez-Touya, M.; Botran-Velicia, A.; Iglesias-Rodriguez, V.; et al. Prevalence of Dementia and Subtypes in Valladolid,
Northwestern Spain: The DEMINVALL Study. PLoS ONE 2013, 8, €77688. [CrossRef] [PubMed]

7. Jellinger, K.A.; Attems, J. Prevalence of Dementia Disorders in the Oldest-Old: An Autopsy Study. Acta Neuropathol. 2010, 119,
421-433. [CrossRef]

8. Vega Alonso, T.; Miralles Espi, M.; Mangas Reina, ].M.; Castrillejo Pérez, D.; Rivas Pérez, A.L; Gil Costa, M.; Lépez Maside, A.;
Arrieta Anton, E.; Lozano Alonso, J.E.; Fragua Gil, M. Prevalencia de deterioro cognitivo en Espafia. Estudio Gémez de Caso en
redes centinelas sanitarias. Neurologia 2018, 33, 491-498. [CrossRef]

9.  Petersen, R.C. Mild Cognitive Impairment. Contin. Minneap. Minn. 2016, 22, 404-418. [CrossRef]

10. Villarejo Galende, A.; Eimil Ortiz, M.; Llamas Velasco, S.; Llanero Luque, M.; Lopez de Silanes de Miguel, C.; Prieto Jurczynska, C.
Informe de la Fundacién del Cerebro. Impacto social de la enfermedad de Alzheimer y otras demencias. Neurologia 2021, 36,
39-49. [CrossRef]

11. Poblador-Plou, B.; Calderén-Larrafiaga, A.; Marta-Moreno, J.; Hancco-Saavedra, J.; Sicras-Mainar, A.; Soljak, M.; Prados-Torres,
A. Comorbidity of Dementia: A Cross-Sectional Study of Primary Care Older Patients. BMC Psychiatry 2014, 14, 84. [CrossRef]
[PubMed]

12. Matusik, P.,; Tomaszewski, K.; Chmielowska, K.; Nowak, J.; Nowak, W.; Parnicka, A.; Dubiel, M.; Gasowski, J.; Grodzicki, T.
Severe Frailty and Cognitive Impairment Are Related to Higher Mortality in 12-Month Follow-up of Nursing Home Residents.
Arch. Gerontol. Geriatr. 2012, 55, 22-24. [CrossRef]

13. Leyhe, T,; Reynolds, C.F,; Melcher, T.; Linnemann, C.; Kloppel, S.; Blennow, K.; Zetterberg, H.; Dubois, B.; Lista, S.; Hampel, H. A
Common Challenge in Older Adults: Classification, Overlap, and Therapy of Depression and Dementia. Alzheimers Dement. 2017,
13, 59-71. [CrossRef]

14. Gustavsson, A.; Svensson, M.; Jacobi, F.; Allgulander, C.; Alonso, J.; Beghi, E.; Dodel, R.; Ekman, M.; Faravelli, C.; Fratiglioni, L.;
et al. Cost of Disorders of the Brain in Europe 2010. Eur. Neuropsychopharmacol. 2011, 21, 718-779. [CrossRef]

15. Lin, C.-Y,; Shih, P-Y,; Ku, L.-J.E. Activities of Daily Living Function and Neuropsychiatric Symptoms of People with Dementia
and Caregiver Burden: The Mediating Role of Caregiving Hours. Arch. Gerontol. Geriatr. 2019, 81, 25-30. [CrossRef]

16. Eefsting, ].A.; Boersma, F,; Brink, W.V.D.; Tilburg, W.V. Differences in Prevalence of Dementia Based on Community Survey and
General Practitioner Recognition. Psychol. Med. 1996, 26, 1223-1230. [CrossRef]

17.  Valcour, V.G.; Masaki, K.H.; Curb, J.D.; Blanchette, P.L. The Detection of Dementia in the Primary Care Setting. Arch. Intern. Med.
2000, 160, 2964-2968. [CrossRef] [PubMed]

18. Lezak, M.D.; Howieson, D.B.; Bigler, E.D.; Tranel, D. Neuropsychological Assessment, 5th ed.; Oxford University Press: Oxford, UK;
New York, NY, USA, 2012; ISBN 978-0-19-539552-5.

19.  Munro Collum, C.; Lacritz, L. Neuropsychological Assessment in Dementia. In The American Psychiatric Publishing Textbook of
Alzheimer Disease and Other Dementias; American Psychiatric Publishing: Washington, DC, USA, 2009.

20. Arango-Lasprilla, ].C,; Rivera, D.; Ramos-Usuga, D.; Vergara-Moragues, E.; Montero-Lépez, E.; Adana Diaz, L.A.; Aguayo Arelis,
A.; Garcia-Guerrero, C.E.; Garcia De La Cadena, C.; Llerena Espezua, X.; et al. Trail Making Test: Normative Data for the Latin
American Spanish-Speaking Pediatric Population. NeuroRehabilitation 2017, 41, 627-637. [CrossRef]

21. Ardila, A. Cultural Values Underlying Psychometric Cognitive Testing. Neuropsychol. Rev. 2005, 15, 185. [CrossRef] [PubMed]

22.  Ardila, A. The Impact of Culture on Neuropsychological Test Performance. In International Handbook of Cross-Cultural Neuropsy-
chology; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 2007; pp. 23—44.

23. Horton, A.M.; Roberts, C. Demographic Effects on the Trail Making Test in a Drug Abuse Treatment Sample. Arch. Clin.
Neuropsychol. Off. ]. Natl. Acad. Neuropsychol. 2003, 18, 49-56. [CrossRef]

24. Strauss, E.; Sherman, EM.S.; Spreen, O.; Spreen, O. A Compendium of Neuropsychological Tests: Administration, Norms, and

Commentary, 3rd ed.; Oxford University Press: Oxford, UK; New York, NY, USA, 2006; ISBN 978-0-19-515957-8.


https://www.ine.es/jaxiT3/Datos.htm?t=1451#!tabs-tabla
http://doi.org/10.1186/1471-2377-9-55
http://www.ncbi.nlm.nih.gov/pubmed/19840375
http://doi.org/10.1159/000082660
http://doi.org/10.1186/1471-2377-11-147
http://doi.org/10.1371/journal.pone.0077688
http://www.ncbi.nlm.nih.gov/pubmed/24147055
http://doi.org/10.1007/s00401-010-0654-5
http://doi.org/10.1016/j.nrl.2016.10.002
http://doi.org/10.1212/CON.0000000000000313
http://doi.org/10.1016/j.nrl.2017.10.005
http://doi.org/10.1186/1471-244X-14-84
http://www.ncbi.nlm.nih.gov/pubmed/24645776
http://doi.org/10.1016/j.archger.2011.06.034
http://doi.org/10.1016/j.jalz.2016.08.007
http://doi.org/10.1016/j.euroneuro.2011.08.008
http://doi.org/10.1016/j.archger.2018.11.009
http://doi.org/10.1017/S0033291700035947
http://doi.org/10.1001/archinte.160.19.2964
http://www.ncbi.nlm.nih.gov/pubmed/11041904
http://doi.org/10.3233/NRE-172247
http://doi.org/10.1007/s11065-005-9180-y
http://www.ncbi.nlm.nih.gov/pubmed/16395623
http://doi.org/10.1093/arclin/18.1.49

Int. J. Environ. Res. Public Health 2021, 18, 12977 12 of 14

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.
35.
36.

37.

38.
39.
40.
41.
42.
43.

44.
45.

46.

47.
48.

49.

50.

Hall, J.R.; Balldin, V.H.; Gamboa, A.; Edwards, M.L.; Johnson, L.A.; O’Bryant, S.E. Texas Mexican American Adult Normative
Studies: Normative Data for the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). Dev. Neuropsychol.
2018, 43, 27-35. [CrossRef]

O’Bryant, S.E.; Edwards, M.; Johnson, L.; Hall, J.; Gamboa, A.; O%ile, J. Texas Mexican American Adult Normative Studies:
Normative Data for Commonly Used Clinical Neuropsychological Measures for English- and Spanish-Speakers. Dev. Neuropsychol.
2018, 43, 1-26. [CrossRef]

Silvestre, G.; Iglesias, R.M.; Silvestre, E. Boston Naming Test Norms for the Dominican Population. Aphasiology 2018, 32, 340-365.
[CrossRef]

Heaton, A.; Gooding, A.; Cherner, M.; Umlauf, A.; Franklin, D.R; Rivera Mindt, M.; Sudrez, P.; Artiola i Fortuni, L.; Heaton, R.K,;
Marquine, M.]. Demographically-Adjusted Norms for the Grooved Pegboard and Finger Tapping Tests in Spanish-Speaking
Adults: Results from the Neuropsychological Norms for the U.S.-Mexico Border Region in Spanish (NP-NUMBRS) Project. Clin.
Neuropsychol. 2021, 35, 419-432. [CrossRef]

Pefia-Casanova, J.; Blesa, R.; Aguilar, M.; Gramunt-Fombuena, N.; Gémez-Anson, B.; Oliva, R.; Molinuevo, J.L.; Robles, A;
Barquero, M.S.; Antunez, C.; et al. Spanish Multicenter Normative Studies (NEURONORMA Project): Methods and Sample
Characteristics. Arch. Clin. Neuropsychol. 2009, 24, 307-319. [CrossRef]

Rivera, D.; Olabarrieta-Landa, L.; Van Der Elst, W.; Gonzalez, I.; Rodriguez-Agudelo, Y.; Arelis, A.A.; Rodriguez-Irizarry, W.; De
La Cadena, C.G.; Arango-Lasprilla, J.C. Normative Data for Verbal Fluency in Healthy Latin American Adults: Letter M, and
Fruits and Occupations Categories. Neuropsychology 2019, 33, 287-300. [CrossRef]

Mandrekar, ].N. Receiver Operating Characteristic Curve in Diagnostic Test Assessment. |. Thorac. Oncol. 2010, 5, 1315-1316.
[CrossRef] [PubMed]

WHO—World Health Organization. Active Ageing: A Policy Framework; WHO: Madrid, Spain, 2002.

Lee, P-L.; Lan, W,; Yen, T.-W. Aging Successfully: A Four-Factor Model. Educ. Gerontol. 2011, 37, 210-227. [CrossRef]

Chaves, M.L.; Camozzato, A.L.; Eizirik, C.L.; Kaye, J. Predictors of Normal and Successful Aging Among Urban-Dwelling Elderly
Brazilians. J. Gerontol. B Psychol. Sci. Soc. Sci. 2009, 64B, 597-602. [CrossRef]

George, C.; Ummar, S.A.; Shaji, K.S. Prevention of Cognitive Decline: Lifestyle and Other Issues. J. Geriatr. Ment. Health 2016, 3, 5.
[CrossRef]

Arias-Merino, E.D.; Mendoza-Ruvalcaba, N.M.; Arias-Merino, M.J.; Cueva-Contreras, J.; Vazquez Arias, C. Prevalence of
Successful Aging in the Elderly in Western Mexico. Curr. Gerontol. Geriatr. Res. 2012, 2012, 460249. [CrossRef]

Hijas-Gomez, A.L; Ayala, A.; Rodriguez-Garcia, M.P,; Rodriguez-Blazquez, C.; Rodriguez-Rodriguez, V.; Rojo-Pérez, F; Fernandez-
Mayoralas, G.; Rodriguez-Laso, A.; Calderén-Larrafiaga, A.; Forjaz, M.J. The WHO Active Ageing Pillars and Its Association
with Survival: Findings from a Population-Based Study in Spain. Arch. Gerontol. Geriatr. 2020, 90, 104114. [CrossRef] [PubMed]
Fernandez-Ballesteros, R.; Robine, ].M.; Walker, A.; Kalache, A. Active Aging: A Global Goal. Curr. Gerontol. Geriatr. Res. 2013,
2013, 1-4. [CrossRef] [PubMed]

Olivera, J.; Andreoli, F; Leist, A.K.; Chauvel, L. Inequality in Old Age Cognition across the World. Econ. Hum. Biol. 2018, 29,
179-188. [CrossRef]

Buschke, H.; Fuld, P.A. Evaluating Storage, Retention, and Retrieval in Disordered Memory and Learning. Neurology 1974, 24,
1019-1025. [CrossRef] [PubMed]

Buschke, H. Selective Reminding for Analysis of Memory and Learning. J. Verbal Learn. Verbal Behav. 1973, 12, 543-550. [CrossRef]
Buschke, H. Cued Recall in Amnesia. J. Clin. Neuropsychol. 1984, 6, 433-440. [CrossRef] [PubMed]

Osterrieth, P.A. Le Test de Copie d"une Figure Complexe; Contribution a I'étude de La Perception et de La Mémoire. Arch. Psychol.
1944, 30, 206-356.

Rey, A. L'examen Psychologique Dans Les Cas d’encéphalopathie Traumatique. (Les Problems.). Arch. Psychol. 1941, 28, 215-285.
Benton, A.; Hannay, H.J.; Varney, N.R. Visual Perception of Line Direction in Patients with Unilateral Brain Disease. Neurology
1975, 25, 907-910. [CrossRef]

Benton, A.; Sivan, A.B.; Hamsher, K.; Varney, N.R.; Spreen, O. Contributions to Neuropsychological Assessment: A Clinical Manual;
Oxford University Press: Oxford, UK, 1994.

Benton, A.L.; Varney, N.R.; Hamsher, K.D. Visuospatial Judgment. A Clinical Test. Arch. Neurol. 1978, 35, 364-367. [CrossRef]
Palomo, R.; Casals-Coll, M.; Sanchez-Benavides, G.; Quintana, M.; Manero, R.M.; Rognoni, T.; Calvo, L.; Aranciva, F.; Tamayo,
E; Pena-Casanova, J. Spanish Normative Studies in Young Adults NEURONORMA Young Adults Project): Norms for the
Rey-Osterrieth Complex Figure (Copy and Memory) and Free and Cued Selective Reminding Test. Neurol. Barc. Spain 2013, 28,
226-235. [CrossRef]

Pefia-Casanova, J.; Gramunt-Fombuena, N.; Quifiones-Ubeda, S.; Sanchez-Benavides, G.; Aguilar, M.; Badenes, D.; Molinuevo,
J.L.; Robles, A.; Barquero, M.S.; Payno, M; et al. Spanish Multicenter Normative Studies (NEURONORMA Project): Norms for
the Rey-Osterrieth Complex Figure (Copy and Memory), and Free and Cued Selective Reminding Test. Arch. Clin. Neuropsychol.
2009, 24, 371-393. [CrossRef]

Calvo, L.; Casals-Coll, M.; Sanchez-Benavides, G.; Quintana, M.; Manero, R.M.; Rognoni, T.; Palomo, R.; Aranciva, F.; Tamayo, F;
Pefia-Casanova, J. Spanish Normative Studies in Young Adults (NEURONORMA Young Adults Project): Norms for the Visual
Object and Space Perception Battery and Judgment of Line Orientation Tests. Neurol. Engl. Ed. 2013, 28, 153-159. [CrossRef]


http://doi.org/10.1080/87565641.2017.1401629
http://doi.org/10.1080/87565641.2017.1401628
http://doi.org/10.1080/02687038.2017.1338662
http://doi.org/10.1080/13854046.2020.1713400
http://doi.org/10.1093/arclin/acp027
http://doi.org/10.1037/neu0000518
http://doi.org/10.1097/JTO.0b013e3181ec173d
http://www.ncbi.nlm.nih.gov/pubmed/20736804
http://doi.org/10.1080/03601277.2010.487759
http://doi.org/10.1093/geronb/gbp059
http://doi.org/10.4103/2348-9995.181917
http://doi.org/10.1155/2012/460249
http://doi.org/10.1016/j.archger.2020.104114
http://www.ncbi.nlm.nih.gov/pubmed/32526561
http://doi.org/10.1155/2013/298012
http://www.ncbi.nlm.nih.gov/pubmed/23476642
http://doi.org/10.1016/j.ehb.2018.03.002
http://doi.org/10.1212/WNL.24.11.1019
http://www.ncbi.nlm.nih.gov/pubmed/4473151
http://doi.org/10.1016/S0022-5371(73)80034-9
http://doi.org/10.1080/01688638408401233
http://www.ncbi.nlm.nih.gov/pubmed/6501581
http://doi.org/10.1212/WNL.25.10.907
http://doi.org/10.1001/archneur.1978.00500300038006
http://doi.org/10.1016/j.nrleng.2012.03.017
http://doi.org/10.1093/arclin/acp041
http://doi.org/10.1016/j.nrleng.2012.03.015

Int. J. Environ. Res. Public Health 2021, 18, 12977 13 of 14

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Narushima, M.; Liu, J.; Diestelkamp, N. Lifelong Learning in Active Ageing Discourse: Its Conserving Effect on Wellbeing,
Health and Vulnerability. Ageing Soc. 2018, 38, 651-675. [CrossRef] [PubMed]

Bonete Lépez, B.; Oltra-Cucarella, J.; Marin, M.; Antén, C.; Balao, N.; Lopez, E.; Sitges Macia, E. Validation and Norms for a
Recognition Task for the Spanish Version of the Free and Cued Selective Reminding Test. Arch. Clin. Neuropsychol. 2021, 36,
954-964. [CrossRef]

Folstein, M.E,; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”. A Practical Method for Grading the Cognitive State of Patients
for the Clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Hughes, C.P; Berg, L.; Danziger, W.; Coben, L.A.; Martin, R.L. A New Clinical Scale for the Staging of Dementia. Br. . Psychiatry
1982, 140, 566-572. [CrossRef]

Lawton, M.; Brody, E. Assessment of Older People: Self-Maintaining and Instrumental Activities of Daily Living. Gerontologist
1969, 9, 179-186. [CrossRef] [PubMed]

Ifiesta, C.; Oltra-Cucarella, J.; Bonete-Lopez, B.; Calderén-Rubio, E.; Sitges-Macid, E. Regression-Based Normative Data for
Independent and Cognitively Active Spanish Older Adults: Digit Span, Letters and Numbers, Trail Making Test and Symbol
Digit Modalities Test. Int. J. Environ. Res. Public. Health 2021, 18, 9958. [CrossRef]

Fleiss, J.L.; Levin, B.; Paik, M.C. Statistical Methods for Rates and Proportions, 3rd ed.; Wiley Series in Probability and Statistics;
Wiley: Hoboken, NJ, USA, 2003; ISBN 978-0-471-52629-2.

de Andrade Moral, R.; Diaz-Orueta, U.; Oltra-Cucarella, J. Logistic versus Linear Regression-Based Reliable Change Index:
Implications for Clinical Studies with Diverse Sample Sizes. PsyArXiv 2021. [CrossRef]

Campo, P; Morales, M. Normative Data and Reliability for a Spanish Version of the Verbal Selective Reminding Test. Arch. Clin.
Neuropsychol. 2004, 19, 421-435. [CrossRef]

Ivnik, R.J.; Smith, G.E.; Lucas, ].A.; Tangalos, E.G.; Kokmen, E.; Petersen, R.C. Free and Cued Selective Reminding Test: MOANS
Norms. J. Clin. Exp. Neuropsychol. 1997, 19, 676—-691. [CrossRef]

Koss, E.; Haxby, ].V.; DeCarli, C.; Schapiro, M.B.; Friedland, R.P.; Rapoport, S.I. Patterns of Performance Preservation and Loss in
Healthy Aging. Dev. Neuropsychol. 1991, 7, 99-113. [CrossRef]

Tombaugh, T.N.; Faulkner, P.; Hubley, A.M. Effects of Age on the Rey-Osterrieth and Taylor Complex Figures: Test-Retest Data
Using an Intentional Learning Paradigm. J. Clin. Exp. Neuropsychol. 1992, 14, 647-661. [CrossRef] [PubMed]

Stern, Y. What Is Cognitive Reserve? Theory and Research Application of the Reserve Concept. J. Int. Neuropsychol. Soc. 2002, 8,
448-460. [CrossRef]

Amieva, H.; Carcaillon, L.; Rouze L'Alzit-Schuermans, P.; Millet, X.; Dartigues, J.E,; Fabrigoule, C. Cued and uncued memory
tests: Norms in elderly adults from the 3 Cities epidemiological study. Rev. Neurol. 2007, 163, 205-221. [CrossRef]

Grober, E.; Buschke, H.; Crystal, H.; Bang, S.; Dresner, R. Screening for Dementia by Memory Testing. Neurology 1988, 38, 900-903.
[CrossRef]

Ouvrard, C.; Berr, C.; Meillon, C.; Ribet, C.; Goldberg, M.; Zins, M.; Amieva, H. Norms for Standard Neuropsychological Tests
from the French CONSTANCES Cohort. Eur. J. Neurol. 2019, 26, 786-793. [CrossRef] [PubMed]

Frasson, P.; Ghiretti, R.; Catricala, E.; Pomati, S.; Marcone, A ; Parisi, L.; Rossini, PM.; Cappa, S.F,; Mariani, C.; Vanacore, N.; et al.
Free and Cued Selective Reminding Test: An Italian Normative Study. Neurol. Sci. 2011, 32, 1057-1062. [CrossRef] [PubMed]
Vogel, A.; Stokholm, J.; Andreasen, R.; Henriksen, B.D.; Brenniche, V.; Madsen, G.J.; Gustafsson, M.; Overgaard, S.; Guldberg,
A.-M,; Jorgensen, K. Psychometric Properties and Reference Data for Danish Versions of Free and Cued Selective Reminding Test,
Category Cued Memory Test and Logical Memory. Scand. |. Psychol. 2018, 59, 496-502. [CrossRef]

Girtler, N.; De Carli, F,; Amore, M.; Arnaldi, D.; Bosia, L.E.; Bruzzaniti, C.; Cappa, S.E; Cocito, L.; Colazzo, G.; Ghio, L.; et al.
A Normative Study of the Italian Printed Word Version of the Free and Cued Selective Reminding Test. Neurol. Sci. 2015, 36,
1127-1134. [CrossRef]

Mokri, H.; Avila-Funes, J.A.; Meillon, C.; Gutiérrez Robledo, L.M.; Amieva, H. Normative Data for the Mini-Mental State
Examination, the Free and Cued Selective Reminding Test and the Isaacs Set Test for an Older Adult Mexican Population: The
Coyoacan Cohort Study. Clin. Neuropsychol. 2013, 27, 1004-1018. [CrossRef] [PubMed]

Hall, C.B.; Derby, C.; LeValley, A.; Katz, M.].; Verghese, ].; Lipton, R.B. Education Delays Accelerated Decline on a Memory Test in
Persons Who Develop Dementia. Neurology 2007, 69, 1657-1664. [CrossRef]

Le Carret, N.; Lafont, S.; Mayo, W.; Fabrigoule, C. The Effect of Education on Cognitive Performances and Its Implication for the
Constitution of the Cognitive Reserve. Dev. Neuropsychol. 2003, 23, 317-337. [CrossRef]

Stern, Y.; Gurland, B.; Tatemichi, TK.; Tang, M.X.; Wilder, D.; Mayeux, R. Influence of Education and Occupation on the Incidence
of Alzheimer’s Disease. JAMA 1994, 271, 1004-1010. [CrossRef] [PubMed]

De Souza-Talarico, ].N.; Caramelli, P; Nitrini, R.; Chaves, E.C. The Influence of Schooling on Working Memory Performance in
Elderly Individuals without Cognitive Decline. Dement. Neuropsychol. 2007, 1, 276-281. [CrossRef]

Ostrosky-Solis, E; Ardila, A.; Rosselli, M.; Lopez-Arango, G.; Uriel-Mendoza, V. Neuropsychological Test Performance in Illiterate
Subjects. Arch. Clin. Neuropsychol. Off. ]. Natl. Acad. Neuropsychol. 1998, 13, 645-660. [CrossRef] [PubMed]

Berry, D.T.R,; Allen, R.S.; Schmitt, EA. Rey-Osterrieth Complex Figure: Psychometric Characteristics in a Geriatric Sample. Clin.
Neuropsychol. 1991, 5, 143-153. [CrossRef]

Lu, P; Boone, K.; Cozolino, L.; Mitchell, C. Effectiveness of the Rey-Osterrieth Complex Figure Test and the Meyers and Meyers
Recognition Trial in the Detection of Suspect Effort. Clin. Neuropsychol. 2003, 17, 426-440. [CrossRef] [PubMed]


http://doi.org/10.1017/S0144686X16001136
http://www.ncbi.nlm.nih.gov/pubmed/29551843
http://doi.org/10.1093/arclin/acaa117
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.1192/bjp.140.6.566
http://doi.org/10.1093/geront/9.3_Part_1.179
http://www.ncbi.nlm.nih.gov/pubmed/5349366
http://doi.org/10.3390/ijerph18199958
http://doi.org/10.31234/osf.io/gq7az
http://doi.org/10.1016/S0887-6177(03)00075-1
http://doi.org/10.1080/01688639708403753
http://doi.org/10.1080/87565649109540479
http://doi.org/10.1080/01688639208402853
http://www.ncbi.nlm.nih.gov/pubmed/1474136
http://doi.org/10.1017/S1355617702813248
http://doi.org/10.1016/S0035-3787(07)90392-6
http://doi.org/10.1212/WNL.38.6.900
http://doi.org/10.1111/ene.13890
http://www.ncbi.nlm.nih.gov/pubmed/30575234
http://doi.org/10.1007/s10072-011-0607-3
http://www.ncbi.nlm.nih.gov/pubmed/21594655
http://doi.org/10.1111/sjop.12470
http://doi.org/10.1007/s10072-015-2237-7
http://doi.org/10.1080/13854046.2013.809793
http://www.ncbi.nlm.nih.gov/pubmed/23782266
http://doi.org/10.1212/01.wnl.0000278163.82636.30
http://doi.org/10.1207/S15326942DN2303_1
http://doi.org/10.1001/jama.1994.03510370056032
http://www.ncbi.nlm.nih.gov/pubmed/8139057
http://doi.org/10.1590/S1980-57642008DN10300009
http://doi.org/10.1093/arclin/13.7.645
http://www.ncbi.nlm.nih.gov/pubmed/14590626
http://doi.org/10.1080/13854049108403298
http://doi.org/10.1076/clin.17.3.426.18083
http://www.ncbi.nlm.nih.gov/pubmed/14704893

Int. J. Environ. Res. Public Health 2021, 18, 12977 14 of 14

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Tremblay, M.-P,; Potvin, O.; Callahan, B.L.; Belleville, S.; Gagnon, J.-F.; Caza, N.; Ferland, G.; Hudon, C.; Macoir, J]. Normative
Data for the Rey-Osterrieth and the Taylor Complex Figure Tests in Quebec-French People. Arch. Clin. Neuropsychol. 2015, 30,
78-87. [CrossRef] [PubMed]

Rivera, D.; Perrin, P.B.; Morlett-Paredes, A.; Galarza-del-Angel, J.; Martinez, C.; Garza, M.T.; Saracho, C.P.; Rodriguez, W.;
Rodriguez-Agudelo, Y.; Rdbago, B.; et al. Rey—Osterrieth Complex Figure—Copy and Immediate Recall: Normative Data for the
Latin American Spanish Speaking Adult Population. NeuroRehabilitation 2015, 37, 677-698. [CrossRef]

Rodriguez-Lorenzana, A.; Nufez-Fernandez, S.; Adana-Diaz, L.; Mascialino, G.; Ponce, T.Y.; Rivera, D.; Arango-Lasprilla, J.C.
Normative Data for Test of Learning and Memory in an Ecuadorian Adult Population. Clin. Neuropsychol. 2020, 34, 54—69.
[CrossRef] [PubMed]

Roberts, K.L.; Allen, H.A. Perception and Cognition in the Ageing Brain: A Brief Review of the Short- and Long-Term Links
between Perceptual and Cognitive Decline. Front. Aging Neurosci. 2016, 8, 39. [CrossRef] [PubMed]

Stern, Y. Cognitive Reserve. Neuropsychologia 2009, 47, 2015-2028. [CrossRef]

Lucas, J.A.; Ivnik, R.J.; Smith, G.E.; Ferman, T.J.; Willis, EB.; Petersen, R.C.; Graff-Radford, N.R. Mayo’s Older African Americans
Normative Studies: Norms for Boston Naming Test, Controlled Oral Word Association, Category Fluency, Animal Naming,
Token Test, WRAT-3 Reading, Trail Making Test, Stroop Test, and Judgment of Line Orientation. Clin. Neuropsychol. 2005, 19,
243-269. [CrossRef] [PubMed]

Pena-Casanova, J.; Quintana-Aparicio, M.; Quifiones-Ubeda, S.; Aguilar, M.; Molinuevo, ].L.; Serradell, M.; Robles, A.; Barquero,
M.S.; Villanueva, C.; Antunez, C.; et al. Spanish Multicenter Normative Studies (NEURONORMA Project): Norms for the Visual
Object and Space Perception Battery-Abbreviated, and Judgment of Line Orientation. Arch. Clin. Neuropsychol. 2009, 24, 355-370.
[CrossRef]

Steinberg, B.A.; Bieliauskas, L.A.; Smith, G.E.; Langellotti, C.; Ivnik, R.J. Mayo’s Older Americans Normative Studies: Age-
and IQ-Adjusted Norms for the Boston Naming Test, the MAE Token Test, and the Judgment of Line Orientation Test. Clin.
Neuropsychol. 2005, 19, 280-328. [CrossRef] [PubMed]

Winblad, B.; Palmer, K.; Kivipelto, M.; Jelic, V.; Fratiglioni, L.; Wahlund, L.-O.; Nordberg, A.; Backman, L.; Albert, M.; Almkvist,
O.; et al. Mild Cognitive Impairment—Beyond Controversies, towards a Consensus: Report of the International Working Group
on Mild Cognitive Impairment. J. Intern. Med. 2004, 256, 240-246. [CrossRef] [PubMed]

Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.].; Petersen,
R.C,; et al. The Diagnosis of Mild Cognitive Impairment Due to Alzheimer’s Disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association Workgroups on Diagnostic Guidelines for Alzheimer’s Disease. Alzheimers Dement.
2011, 7, 270-279. [CrossRef] [PubMed]

Petersen, R.C.; Smith, G.E.; Waring, 5.C.; Ivnik, R.J.; Tangalos, E.G.; Kokmen, E. Mild Cognitive Impairment: Clinical Characteri-
zation and Outcome. Arch. Neurol. 1999, 56, 303-308. [CrossRef] [PubMed]

Jak, A.].; Preis, S.R.; Beiser, A.S.; Seshadri, S.; Wolf, P.A.; Bondi, M.W.; Au, R. Neuropsychological Criteria for Mild Cognitive
Impairment and Dementia Risk in the Framingham Heart Study. J. Int. Neuropsychol. Soc. 2016, 22, 937-943. [CrossRef] [PubMed]
Oltra-Cucarella, J.; Sinchez-SanSegundo, M.; Lipnicki, D.M.; Sachdev, P.S.; Crawford, J.D.; Pérez-Vicente, J.A.; Cabello-Rodriguez,
L.; Ferrer-Cascales, R. Using Base Rate of Low Scores to Identify Progression from Amnestic Mild Cognitive Impairment to
Alzheimer’s Disease: Base Rate of Low Scores for MCI Diagnosis. J. Am. Geriatr. Soc. 2018, 66, 1360-1366. [CrossRef] [PubMed]
Oltra-Cucarella, J.; Sdnchez-SanSegundo, M.; Rubio-Aparicio, M.; Arango-Lasprilla, J.C.; Ferrer-Cascales, R. The Association
Between the Number of Neuropsychological Measures and the Base Rate of Low Scores. Assessment 2019, 28, 955-963. [CrossRef]
Jak, A.].; Bondi, M.W.; Delano-Wood, L.; Wierenga, C.; Corey-Bloom, J.; Salmon, D.P,; Delis, D.C. Quantification of Five
Neuropsychological Approaches to Defining Mild Cognitive Impairment. Am. J. Geriatr. Psychiatry 2009, 17, 368-375. [CrossRef]
Oltra-Cucarella, J.; Sanchez-SanSegundo, M.; Lipnicki, D.M.; Crawford, ].D.; Lipton, R.B.; Katz, M.].; Zammit, A.R.; Scarmeas, N.;
Dardiotis, E.; Kosmidis, M.H.; et al. Visual Memory Tests Enhance the Identification of Amnestic MCI Cases at Greater Risk of
Alzheimer’s Disease. Int. Psychogeriatr. 2019, 31, 997-1006. [CrossRef] [PubMed]

Oltra-Cucarella, J.; Ferrer-Cascales, R.; Alegret, M.; Gasparini, R.; Diaz-Ortiz, L.M.; Rios, R.; Martinez-Nogueras, A.L; Onandia, L;
Pérez-Vicente, ].A.; Cabello-Rodriguez, L.; et al. Risk of Progression to Alzheimer’s Disease for Different Neuropsychological
Mild Cognitive Impairment Subtypes: A Hierarchical Meta-Analysis of Longitudinal Studies. Psychol. Aging 2018, 33, 1007-1021.
[CrossRef] [PubMed]

Polunina, A.; Bryun, E.; Sydniaeva, E.; Golukhova, E. Gender Differences in Cognitive Functions: Retrospective Analysis of the
Data of 5 Neuropsychological Studies. Sch. Rep. 2018, 3, 61-75.

Zhang, J.; Zhou, W.; Wang, L.; Zhang, X. Gender Differences of Neuropsychological Profiles in Cognitively Normal Older People
without Amyloid Pathology. Compr. Psychiatry 2017, 75, 22-26. [CrossRef] [PubMed]

Rosselli, M.; Ardila, A. The Impact of Culture and Education on Non-Verbal Neuropsychological Measurements: A Critical
Review. Brain Cogn. 2003, 52, 326-333. [CrossRef]


http://doi.org/10.1093/arclin/acu069
http://www.ncbi.nlm.nih.gov/pubmed/25472685
http://doi.org/10.3233/NRE-151285
http://doi.org/10.1080/13854046.2020.1775892
http://www.ncbi.nlm.nih.gov/pubmed/32544370
http://doi.org/10.3389/fnagi.2016.00039
http://www.ncbi.nlm.nih.gov/pubmed/26973514
http://doi.org/10.1016/j.neuropsychologia.2009.03.004
http://doi.org/10.1080/13854040590945337
http://www.ncbi.nlm.nih.gov/pubmed/16019707
http://doi.org/10.1093/arclin/acp040
http://doi.org/10.1080/13854040590945229
http://www.ncbi.nlm.nih.gov/pubmed/16120534
http://doi.org/10.1111/j.1365-2796.2004.01380.x
http://www.ncbi.nlm.nih.gov/pubmed/15324367
http://doi.org/10.1016/j.jalz.2011.03.008
http://www.ncbi.nlm.nih.gov/pubmed/21514249
http://doi.org/10.1001/archneur.56.3.303
http://www.ncbi.nlm.nih.gov/pubmed/10190820
http://doi.org/10.1017/S1355617716000199
http://www.ncbi.nlm.nih.gov/pubmed/27029348
http://doi.org/10.1111/jgs.15412
http://www.ncbi.nlm.nih.gov/pubmed/29745971
http://doi.org/10.1177/1073191119864646
http://doi.org/10.1097/JGP.0b013e31819431d5
http://doi.org/10.1017/S104161021800145X
http://www.ncbi.nlm.nih.gov/pubmed/30355384
http://doi.org/10.1037/pag0000294
http://www.ncbi.nlm.nih.gov/pubmed/30284855
http://doi.org/10.1016/j.comppsych.2017.02.008
http://www.ncbi.nlm.nih.gov/pubmed/28285181
http://doi.org/10.1016/S0278-2626(03)00170-2

	Introduction 
	Materials and Methods 
	Participants 
	Materials 
	Free and Cued Selective Reminding Test 
	Rey–Osterrieth Complex Figure 
	Judgement of Line Orientation 

	Procedure 
	Statistical Analysis 
	Calculation of Normative Data 
	Comparing Normative Data Sets 


	Results 
	Calculation of Normative Data 
	Comparing Normative Data Sets 
	Free and Cued Selective Reminding Test 
	Rey–Osterrieth Complex Figure 
	Judgement of Line Orientation 

	Discussion 
	Conclusions 
	References

