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Abstract

Objective: Neuropsychologists continue to face challenges when assessing Spanish-speaking
individuals due to limited availability of normative data. We developed comprehensive normative
data stratified by age and education for a Spanish neuropsychological test battery used by the
Grupo de Neurociencias de Antioquia (Colombia) and the Colombian Alzheimer’s Prevention
Initiative Registry, which have followed large families at risk for autosomal-dominant Alzheimer’s
disease (ADAD) since the 1990s. Approximately 75% of these individuals are cognitively-
unimpaired and are not genetically predisposed to develop ADAD.

Methods: We conducted a retrospective study on neuropsychological evaluations from 2,673
cognitively unimpaired individuals (56% female), with ages ranging from 18 to 86 years and
education from 1 to 25 years. Neuropsychological measures included the Consortium to Establish
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a Registry for Alzheimer’s Disease-Colombia, and other multi-domain Spanish tests. We
examined associations between age, education, and sex with cognitive performance.

Results: Norms stratified by age and education are presented. Cognitive performance showed
small associations with age and education and was unrelated to sex.

Conclusions: We provided population-based norms for Spanish tests targeting multiple
cognitive domains using a large Colombian sample. These normative data may be helpful for the
neuropsychological characterization of Spanish speakers from Latin America in clinical and
research settings.
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Introduction

Previous work, such as that conducted by Ardila, Rosselli, and Puente (1994), represent
some of the pioneering efforts to highlight the need to develop normative data for Spanish-
speaking individuals (including older adults and illiterate individuals), as well as improving
the translation and validation of available measures. The field of neuropsychology, in recent
years, has broadened our understanding of how cultural factors impact neuropsychological
performance (Ardila, 2005; Brickman, Cabo, & Manly, 2006). As such, neuropsychologists
have emphasized the need to develop sensitive and specific normative data to better assess
individuals from diverse cultural and linguistic backgrounds (Rivera-Mindt, Byrd, Saez, &
Manly, 2010), which has helped advance the field of cross-cultural neuropsychology.

As a result, several normative studies with Spanish-speaking individuals from different
regions have been developed, including combined Latin American countries (Guardia-
Olmos, Peré-Cebollero, Rivera, & Arango-Lasprilla, 2015; Arango-Lasprilla, 2015; Alegret
etal., 2012), Mexico (Ostrosky-Solis, Ardila, & Rosselli, 1999; Ostrosky-Solis et al., 2007;
Ostrosky-Solis, Gutierrez, Flores, & Ardila, 2007), the United States (including Puerto Rico)
(Stricks, Pittman, Jacobs, Sano, & Stern, 1998; Ponton et al., 1996; Hall et al., 2018) and
Spain (Pefia-Casanova et al., 2012; Muntal et al., 2017). Despite these tremendous advances,
there is a continued need for culturally and linguistically-appropriate norms in order to serve
the needs of heterogeneous Spanish-speaking populations.

As part of ongoing efforts from the Neuroscience Group of Antioquia (Grupo de
Neurociencias de Antioquia, GNA) in Medellin, Colombia and in collaboration with the
Banner Alzheimer’s Institute of Arizona, US, the Colombian Alzheimer’s Prevention
Initiative (API) Registry has evaluated over 5,000 individuals that belong to families at risk
for autosomal dominant Alzheimer’s disease (ADAD). These individuals have undergone
clinical and cognitive assessments since the 1990s. Approximately 75% of these individuals
are cognitively unimpaired and are not genetically predisposed to develop ADAD (Cornejo,
Lopera, Uribe, & Salinas, 1987).

The CERAD is a neuropsychological screening battery originally developed in English
(Morris et al., 1988) that includes 7 subtests: Mini-Mental State Examination (MMSE),
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Semantic Fluency (Animals), Word List Learning, Word List Recall, Word List Recognition,
modified Boston Naming (15 items), and Constructional Praxis. This battery has been
validated to distinguish between AD and normal aging (Morris et al., 1989; Welsh et al.,
1994). The Spanish CERAD has been standardized in the United States (O’Bryant et al.,
2018), Costa Rica (Guerrero-Berroa et al. 2016), Puerto Rico (Carrién-Baralt et al., 2009),
and Colombia (Aguirre-Acevedo et al., 2007).

Previous work by this group validated the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) in Spanish (CERAD-Col), using data from 150 cognitively
unimpaired and 151 impaired individuals (50-95 years of age) who belong to the extended
families followed by the GNA (Aguirre-Acevedo et al., 2007). Henao-Arboleda and
colleagues (2010) developed norms stratified by age and education for the CERAD-Col
using 848 cognitively unimpaired older adults with a mean age of 64, 36 individuals with
mild cognitive impairment with a mean age of 69, and 151 participants with AD with a
mean age of 72. These efforts resulted in a set of normative data for this extensive battery
that can be used to evaluate cognitive functioning in healthy and cognitively impaired
Spanish-speaking individuals.

Since the original normative works in Colombia, we have been able to obtain cross-sectional
cognitive data from 2,673 individuals between the ages of 18 to 86. Our aims for the present
paper were twofold: 1) expand existing standardized norms for the CERAD-Col and
additional cognitive measures routinely used at the GNA by examining a larger sample with
wider range of ages and with more heterogeneous educational backgrounds; and 2) develop
norms for Spanish speaking populations of tests frequently used in clinical assessment (Rey-
Osterrieth Complex Figure [RCFT], Raven’s Progressive Matrices, Part A, Trail Making
Test-A [TMT-A] WAIS-III Digit Symbol, Phonemic Fluency [FAS] and the Wisconsin Card
Sorting Task [WCST]) and of other tests that currently lack normative data (i.e., Memory
Impairment Screening and Memory Capacity Test). In sum, this is a large normative study
that provides comprehensive norms for a broad set of Spanish-speaking neuropsychological
measures targeting multiple cognitive domains.

Method

Participants

Participants were recruited from the Colombian APl Registry, an effort led by the Grupo de
Neurociencias (GNA) in Antioquia, Colombia, to recruit and conduct clinical and cognitive
evaluations on individuals at risk for autosomal dominant AD (ADAD) due to a Presenilin-1
(PSEN1) E280A mutation who were at least 8 years of age. Detailed description of the
inclusion and exclusion criteria for the registry can be found in Rios-Romenets et al. (2017)
and Tariot et al. (2018). Briefly, for this retrospective study, we included clinically normal
men and women PSEN1 E280A noncarriers who were at least 18 years old with a MMSE
score = 26. Individuals were excluded if they met criteria for Mild Cognitive Impairment due
to AD as defined by cutoff scores greater than 2 on the Global Deterioration Scale (GDS;
Reisberg, Ferris, de Leon, & Crook, 1988). Individuals with a significant medical,
psychiatric or neurological condition or disorder; history of stroke, seizures, substance
abuse, or other disorders that affect motor, visuospatial or cognitive abilities; clinically
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significant screening blood laboratory abnormalities; use of any other medications with the
potential to significantly affect cognition were excluded. Illiterate individuals or with zero
years of formal education were also excluded.

A total of 2,673 cognitively unimpaired individuals were included in the development of
these normative data (Figure 1). Participants’ ages ranged from 18 to 86 years (M= 32.94,
SD=12.10), and their years of education ranged from 1 to 25 years (M= 8.89, SD = 4.34).
Approximately half of the sample consisted of women (56.2 %).

Participants provided written informed consent before enrollment into the registry.
Participants were studied under guidelines approved by local institutional review boards.
Ethics approval was obtained from the University of Antioquia Ethics Committee.
Consenting and administration of the neuropsychological examination was conducted in
Spanish, the participants’ native language, by psychometricians and neuropsychologists. All
tests were administered during one session at the GNA in Medellin, Antioquia, Colombia.

CERAD Total: We calculated a CERAD Total score as previously reported by Aguirre-
Acevedo et al. (2016) following the Chandler method (Chandler et al., 2005), which includes
six subtests from the original CERAD (Morris, 1988). This included Semantic Fluency
(Animals), Boston Naming Test (15 items), Word List Learning, World List Learning Recall,
Word List Learning Recognition, and Constructional Praxis Copy.

Mini-mental State Examination (MMSE).—The MMSE is a cognitive screening test
(Folstein, Folstein, & McHugh, 1975) consisting of 30 items that measure orientation,
attention, calculation, memory, visuospatial functioning, and language. This adapted version
used the recall words “mesa”, “silla” and “lapiz”, and excluded the backward spelling of the
word “world” (Aguirre-Acevedo et al., 2007).

Semantic Fluency (Animals).—On this language test, participants are asked to name as
many animals as possible in sixty seconds. The score is the total number of correctly named
animals (Newcombe, 1969).

Boston Naming Test (BNT-15).—The BN/T is a measure of haming. On this version of
the BN'T (Kaplan, Goodglass, & Weintraub, 1983), participants are asked to name 15
drawings (i.e., 5 high frequency, 5 medium frequency, and 5 low frequency). Each drawing
is shown for a maximum of 10 seconds, and semantic and phonemic cues are not given. A
point is awarded for each word that is named correctly for a maximum score of 15.

CERAD Word List Memory Task.—The Word List Memory task is divided into
learning, free recall, and recognition. First, participants are shown 10 cards with a word each
over three trials and are instructed to read them aloud and memorize them. Each card was
presented for two seconds. The score is calculated as the sum of words recalled correctly
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over three trials, for a total of 30 points (Word List Learning). Intrusions are recorded and
scored separately.

After a 7-minute delay, participants are asked to recall the 10 words that were previously
shown (Word List Delayed Recall). The total score is calculated as the total number of
correct words for a maximum score of 10. Finally, participants are shown a list of 20 words
(10 target words and 10 distractors) and are asked to indicate whether they recognized the
target words. The total score is calculated as the sum of correct “yes” or ‘no” answers minus
10 (Word List Recognition). Negative totals are given a score of zero (Aguirre-Acevedo et
al., 2007).

CERAD Constructional Praxis (CP).—This visuospatial construction and memory task
is divided into a learning and a recall phase. During the learning phase, participants are
asked to copy four simple drawings (i.e., circle, rhombus, cube, and superimposed
rectangles) on paper (CP Copy). After a two-minute delay, participants are asked to recall
and draw the previously learned figures, which are scored following previously established
criteria for a total of 11 points (CP Delayed Recall. Aguirre-Acevedo et al., 2007).

Memory Impairment Screening (MIS).—The M/S (Buschke et al., 1999) is a screen for
memory impairment. This test was adapted for Spanish-speaking individuals by Romero-
Vanegas, Valencia-Marin, Aguirre-Acevedo, Buschke, and Lopera (2010). Participants are
asked to read four words paired to a semantic category. A delayed free recall and delayed
cued recall are administered after an interference task. The total score is the sum of the total
correct words recalled in the free and cued conditions, for a maximum score of 8 (M/S Free
Recall and MIS Cued Recall, respectively).

Memory Capacity Test (MCT).—The MCT is a measure of associative memory
(Buschke, 1984) that was adapted for Spanish-speaking individuals (Romero-Vanegas et al.,
2010). This test consists of two list of 16 items each. Words in each list belong to a different
semantic category; the semantic categories are the same on both lists. First, participants read
the words and the examiner pairs the word with the category. Participants are given the
semantic cue and asked to recall the words (MCT List 1 Cued Recall). This procedure is
repeated for the second list (MCT List 2 Cued Recall). Then, a cued recall phase for both
lists is administered (MCT List 1 Cued Recall 2 & MCT List 2 Cued Recall 2). Finally,
participants are asked to freely recall all words (List 1 & 2: MCT Total Free Recall).

Rey-Osterrieth Complex Figure (RCFT).—The RCFT (Osterrieth, 1944) is a visual
test that measures planning, attention, and memory. During the learning phase of the task
(RCFT Copy), participants are asked to copy a complex figure. The figures are scored based
on previously established criteria for a total of 36 points for each. After a 3-minute delay,
they are asked to reproduce the figure from memory (RCFT Delayed Recall).

Raven’s Progressive Matrices, Part A.—On this task of non-verbal reasoning,
participants are asked to identify the missing component from a set of five figures that
increase in difficulty, for a total score of 12 (Raven’s Progressive Matrices: Raven, 1996).
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Trail Making Test-A (TMT-A).—The TMT-A is task of psychomotor speed in which
participants are instructed to draw lines connecting circles with numbers from one to 25 on
numerical order, as quickly as possible (Reitan & Wolfson, 1985). The score is calculated as
the total time, in seconds, taken to complete the task.

WAIS-III Digit Symbol.—On this task of psychomotor speed, participants are shown a
series of symbols that correspond to a distinct number from one to nine. They are then asked
to draw the symbol that corresponds to the number, as quickly as possible. Participants are
allowed 120 seconds. One point is given for each correct response (Wechsler, 1997).

“A” Cancellation Test.—This is a test of sustained attention (Ardila, Rosselli, & Puente,
1994) wherein participants are presented with a series of scattered letters on a paper and
asked to cross out the “‘A’s as quickly as possible. Participants are timed, and the score is the
number of correctly identified A’s.

Phonemic Fluency (FAS).—Participants are instructed to name as many words as
possible beginning with the letters F, A, and S that are not proper names, or words sharing
similar roots, in 60 seconds each (Benton, 1976).. The total score is the number of correct
words given for the three letters.

Wisconsin Card Sorting Task (WCST).—The WCST (Nelson, 1976) is a test of
cognitive flexibility in which participants are presented with four fixed cards, each with a
different shape, color, and number of shapes. Participants are instructed to correctly match
48 cards to one of the four fixed cards, one at a time. Participants are asked to determine the
correct way to match the cards by using the feedback that is provided (i.e., right or wrong).
The rule changes after the participants correctly match 6 consecutive cards, which forces
participants to shift categories.

Normative Procedure

A retrospective study was conducted on neuropsychological data from the GNA and the
Colombian API registry, acquired between 1993 and 2017. To obtain normative data, we
divided the age ranges into eleven subgroups: 18-20, 21-25, 26-30, 31-35, 36-40, 41-45,
46-50, 51-55, 56-60, 61-65, and 65 and over; and divided years of education based on
educational attainment: elementary, high school, or college, which correspond to 1-5, 6-11,
or 12 or more years of education, respectively. Given the smaller sample of older individuals
with higher levels of education, we used median years of education to stratify the groups in
high and low education levels for all groups over the age of 41. We also provided additional
normative data grouping all individuals above age 60 for clinical use when indicated (Please
see Supplemental Table 1). Means and standard deviations for all subgroups were calculated
for each cognitive measure, as described above.

Statistical Analyses

All analyses were conducted with IBM SPSS 25 (Armonk, NY). Normative data for each
neuropsychological test can be found on tables 1-11 and includes the mean and standard
deviation by age group and educational level. Preliminary analyses revealed that data were
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not normally distributed (See Supplemental Table 2 for average, standard deviation, median,
interquartile range, expected range, observed range, floor and ceiling effects, skewness and
kurtosis coefficients). We examined the associations between age and education with
cognitive measures assumed to be normally distributed (kurtosis coefficient < 7 and
skewness coefficient < 2) using Pearson correlation coefficients (as described in Curran,
West, & Finch, 1996). For the remaining variables, non-parametric Spearman’s rho (r5) was
calculated. Cognitive performance among males and females was examined for clinical
relevance using t-test analyses. Effect sizes for each test were calculated and are presented
on Table 13 (Fritz, Morris, & Richler, 2012). The Bonferroni method was used to correct for
multiple comparisons (p < .002, a = .05, 24 comparisons).

Tables 1 through 11 report the mean and standard deviation of the neuropsychological tests
for each age group divided by level of education (Age ranges: 18-20, 21-25, 26-30, 31-35,
36-40, 41-45, 46-50, 51-55, 56-60, 61-65, and > 65; Education (years): 1-5, 6-11, = 12).

Effect of Age, Education and Sex

After the Bonferroni correction was applied, age was negatively correlated with
Constructional Praxis Delayed Recall (r=-.080, p<.001), RCFT Delayed Recall (r=
-.081, p<.001), RCFT Copy (r=-.052, p<.001), WAIS-1II Digit Symbol (r=-0.67, p
<.001), and Phonemic Fluency (FAS) (r=-0.53, p<.001), while it was positively
correlated to TMT- A (rs=.063, p<.001). None of the other cognitive measures showed an
association with age (see Table 12).

Most cognitive measures, including Semantic Fluency, BNT-15, Word List Learning,
Raven’s Progressive Matrices, and WAIS-111 Digit Symbol had significant positive
correlations with education (e.g., Semantic Fluency [Animals], r =.063, p<.001; BNT-15, r
=.103, p<.001; Word List Learning, r=.086, p < .001; Raven’s Progressive Matrices, r
=.074, p<.001; and WAIS-III Digit Symbol, r=.081, p< .001). Processing speed, as
measured by TMT-A completion time was negatively correlated with education (rs= —.126,
p<.001), as well as WCST Total Errors (r=-.06, p<.001) and WCST Perseverations (r=
-.06, p<.001). T-test analyses revealed sex differences in performance on a few cognitive
measures. Nevertheless, only the sex difference on the subtest of Word List Learning
survived correction for multiple comparisons (p < .002), and all effect size were small (see
Table 13).

Discussion

Norms for neuropsychological tests have been traditionally obtained from English-speaking
individuals posing a challenge when evaluating individuals from diverse cultural and
linguistic backgrounds, such as Spanish-speaking individuals. Further, Hispanic populations
are culturally heterogeneous, which poses a greater challenge since cultural backgrounds are
known to impact neuropsychological performance (Ardila, 2005; Brickman et al., 2006).
Recognizing these limitations, the neuropsychology field in Latin America and other
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Spanish-speaking regions has made great strides validating appropriate measures and
developing norms, but there is still a need to develop more comprehensive normative data
that accounts for different sociodemographic characteristics such as age, gender, level of
education, and linguistic background to improve diagnostic accuracy and assessment of
cognitive function (Ardila, Rosselli, & Puente, 1994).

We provided norms from a well-characterized Colombian population, which has been
followed by the GNA since the 1990s. We extended previous normative studies for the
CERAD-Col using an extraordinarily large sample that included 2,673 cognitively normal
Spanish-speaking individuals. Our sample also broadened the age and educational
attainment range (18 to 86 years old; 1-25 years of education). Large sample sizes are
uncommon in normative studies with Spanish-speaking individuals, highlighting the
contribution of this project to the existing literature. Moreover, past efforts to establish
normative information for Spanish speakers using the CERAD have been conducted
primarily with older or oldest old adults (Carrién-Baralt et al., 2009; Guerrero-Berroa et al.,
2016; Fillenbaum, Kuchibhatla, Henderson, Clark, & Taussig, 2007). Lastly, to our
knowledge, we provided the first comprehensive normative data for commonly used
measures including the Memory Impairment Screening and Memory Capacity Test (Pérez-
Martinez, Baztan, Gonzalez-Becerra, & Socorro, 2005; Kuslansky, Buschke, Katz,
Sliwinski, & Lipton, 2002; O’Connell & Tuokko, 2002).

Effect of Age, Education, and Sex

Limitations

The results from the correlation analyses did not reveal strong associations between age and
education and performance on the neuropsychological tests. With this caveat in mind, age
was negatively associated with several cognitive measures as previously shown by
Tombaugh (2004), wherein as age increased, performance on Constructional Praxis Delayed
Recall, RCFT Delayed Recall, RCFT Copy, WAIS-III Digit Symbol, and Phonemic Fluency
(FAS) worsened. Similarly, as age increased, performance on a measure of processing speed
slowed down (i.e., TMT-A: Salthouse, 1985). No significant correlations were obtained for
age and the WCST, Semantic Fluency (Animals), Word List Learning and the MMSE,
perhaps because changes in these tests are typically observed in older populations (Butler,
Ashford, & Snowdon, 1996; Mungas, Reed, Farias, & DeCarli, 2009). Regarding the
associations between education level and neuropsychological test performance, while several
correlations remained significant after correcting for multiple comparisons, their strength
was very small. Nevertheless, as previously shown, higher levels of education related to
higher scores (Ardila, Rosselli, & Rosas, 1989; Manly et al., 1999) in both verbal and
nonverbal tests (Rosselli & Ardila, 2003). Finally, while males performed significantly better
on Word List Learning than females, the effect size was very small. Thus, we decided not to
stratify the norms per sex. In sum, the effects of age, education, and sex were small,
suggesting the robustness of these norms.

There are important limitations to this work. While the sample size was appropriate for this
normative procedure, the age distribution was skewed, with approximately half of the
sample falling under the age of 30. This may result from the recruitment efforts of the API
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registry targeting non-carriers from families at risk for early-onset AD. This age distribution
may also explain the weak correlations of some test scores with age. Furthermore, given that
individuals over the age of 40 were less likely to have 12 or more years of education, we
stratified the norms in high and low education for those age groups using the median years
of education. This arrangement resulted in larger sample sizes for those age groups and
better representation of the sample. Notably, differences in access to education and its
quality vary greatly in rural as opposed to urban zones in developing countries, such as
Colombia (Pulido, Heredia, & Angel, 2010). Thus, differences in quality of education may
restrict the validity of utilizing years of education as a measure. Future research may
investigate how factors related to education such as quality of education can impact
cognitive test performance (Sisco et al., 2015).

Furthermore, the sample was restricted geographically as all participants were recruited
from the same area of Colombia (Antioquia region), and thus generalization to other
Spanish-speaking individuals may not be appropriate. These limitations are not uncommon
in retrospective studies with Latin American older adults, and do not hamper the importance
and utility of this study. In addition, these normative data are an important resource for
clinicians and researchers working with Colombian populations, or those with similar
characteristics. Future research should strive to address these limitations by recruiting
individuals from larger representative sample from diverse regions and backgrounds.

Additionally, the sample size is not equal among all tests because not all participants
received the same battery of tests across the years, an inherent limitation of a retrospective
study that nonetheless does not reduce the clinical utility of the normative data. Notably, the
“A” Cancellation test was removed from the protocol due to psychometric limitations,
resulting in smaller number of participants over the age of 33 with scores for this test.

Lastly, some of the norms obtained from this sample may differ from previous norms
published with Spanish-speaking individuals from other regions. For instance, our norms
varied from those published by Ostrosky-Solis et al. (2007) across ages and education levels.
Several factors may account for these differences, including sociodemographic, cultural, or
educational characteristics of our sample. Future research should explore differences among
available norms directly and identify contributing factors to such differences so that we
expand our understanding on how social and cultural factors impact neuropsychological
performance. These limitations are not uncommon in retrospective studies with Latin
American older adults, and do not hamper the importance and utility of this study. Future
research should strive to address these limitations by recruiting individuals from larger
representative sample from diverse regions and backgrounds.

Conclusion & Future Directions

In sum, we provide normative data stratified by age and level of education for frequently
used neuropsychological measures. Our work expands previous efforts by increasing the
sample size, widening the age range and educational backgrounds, and providing normative
data for tests that currently lack norms for Spanish-speaking individuals. These norms may
be useful to clinicians and researchers to improve the diagnostic utility of
neuropsychological evaluations and reduce misdiagnosis across the lifespan. Future research

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Torres et al.

Page 10

will benefit from including individuals from diverse regions, across the lifespan, including
older adults with higher education. These data may also inform research studies, including
ongoing biomarker studies and clinical trials that are being conducted with individuals with
autosomal-dominant AD (Tariot et al., 2018: API Clinical Trial [NCT01998841]).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

This work was supported by the Programa de Sostenibilidad 2018-2019 del CODI awarded to the Grupo de
Neurociencias de Antioquia (FL), and grants from the NIH Office of the Director (DP50D019833 [YTQ]), the
National Institute on Aging (R01 AG054671 [YTQ], 1IRF1AG041705, R01 AG055444 [EMR, PT, FL]; the
Massachusetts General Hospital ECOR (1200-228010 [YTQ] and 1200-228767 [YTQ]), Banner Alzheimer’s
Foundation, Genentech, and an anonymous Foundation.

References

Aguirre-Acevedo DC, Gémez RD, Moreno S, Henao-Arboleda E, Motta M, Mufioz C, & Lopera F
(2007). Validez y fiabilidad de la bateria neuropsicol6gica CERAD-Col. Revista de Neurologia,
45(11), 655-660. [PubMed: 18050096]

Aguirre-Acevedo DC, Jaimes-Barragan F, Henao E, Tirado V, Mufioz C, Reiman EM, Lopera F
(2016). Diagnostic accuracy of CERAD total score in a Colombian cohort with mild cognitive
impairment and Alzheimer’s disease affected by E280A mutation on presenilin-1 gene.
International Psychogeriatrics, 28(3), 503-510. [PubMed: 26478578]

Alegret M, Espinosa A, Vinyes-Junqué G, Valero S, Hernandez I, Tarraga L, Becker J, & Boada M
(2012). Normative data of a brief neuropsychological battery for Spanish individuals older than 49.
Journal of Clinical Experimental Neuropsychology, 34(2), 209-219. [PubMed: 22149440]

Arango-Lasprilla JC (2015). Commonly used Neuropsychological Tests for Spanish Speakers:
Normative Data from Latin America. NeuroRehabilitation, 37(4), 489-491. [PubMed: 26577888]

Ardila A, Rosselli M, & Rosas P. (1989). Neuropsychological assessment in illiterates: Visuospatial
and memory abilities. Brain and Cognition, 11(2), 147-166. [PubMed: 2803759]

Ardila A, Rosselli M, & Puente AE (1994). Critical issues in neuropsychology Neuropsychological
evaluation of the Spanish speaker. New York, NY, US: Plenum Press.

Avrdila A (2005). Cultural values underlying psychometric cognitive testing. Neuropsychology Review,
15(4), 185-195. [PubMed: 16395623]

Benton AL & Hamsher K (1976) Multilingual Aphasia Examination Aphasia Examination. lowa City,
IA: University of lowa.

Brickman AM, Cabo R, & Manly JJ (2006). Ethical issues in cross-cultural neuropsychology. Applied
Neuropsychology, 13(2), 91-100. [PubMed: 17009882]

Buschke H (1984). Cued recall in amnesia. Journal of Clinical Neuropsychology, 6, 433-440.

[PubMed: 6501581]

Buschke H, Kuslansky G, Katz M, Stewart WF, Sliwinski MJ, Eckholdt HM, & Lipton RB (1999).
Screening for dementia with the memory impairment screen. Neurology, 52(2), 231-238.
[PubMed: 9932936]

Butler SM, Ashford JW, & Snowdon DA (1996). Age, education, and changes in the Mini-Mental
State Exam scores of older women: findings from the Nun Study. Journal of the American
Geriatrics Society, 44(6), 675-681. [PubMed: 8642159]

Carrién-Baralt JR, Meléndez-Cabrero J, Beeri MS, Sano M, & Silverman JM (2009). The
neuropsychological performance of nondemented Puerto Rican nonagenarians. Dementia and
geriatric cognitive disorders, 27(4), 353-360. [PubMed: 19293568]

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Torres et al.

Page 11

Chandler MJ, Lacritz LH, Hynan LS, Barnard HD, Allen G, Deschner M, Cullum CM (2005). A total
score for the CERAD neuropsychological battery. Neurology, 65(1), 102-106. [PubMed:
16009893]

Cornejo W, Lopera F, Uribe CS, & Salinas M (1987). Descripcion de una familia con demencia
presenil tipo Alzheimer. Acta Medica Colombiana, 12, 55-61.

Curran PJ, West SG, & Finch JF (1996). The robustness of test statistics to nonnormality and
specification error in confirmatory factor analysis. Psychological methods, 1(1), 16.

Fillenbaum GG, Kuchibhatla M, Henderson VW, Clark CM, & Taussig IM (2007). Comparison of
performance on the CERAD neuropsychological battery of Hispanic patients and cognitively
normal controls at two sites. Clinical Gerontologist, 30(3), 1-22.

Folstein MF, Folstein SE, & McHugh PR (1975). “Mini-mental state”. A practical method for grading
the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12(3), 189-198.
[PubMed: 1202204]

Fritz CO, Morris PE, & Richler JJ (2012). Effect size estimates: current use, calculations, and
interpretation. Journal of Experimental Psychology. General, 141(1), 2-18. [PubMed: 21823805]

Guardia-Olmos J, Per6-Cebollero M, Rivera D, & Arango-Lasprilla JC (2015). Methodology for the
development of normative data for ten Spanish-language neuropsychological tests in eleven Latin
American countries. NeuroRehabilitation, 37(4), 493-499. [PubMed: 26577889]

Guerrero-Berroa E, Schmeidler J, Raventos H, Valerio D, Beeri MS, Carrion-Baralt JR, ... &
Silverman JM. (2016). Neuropsychological test performance in cognitively normal Spanish-
speaking nonagenarians with little education. Journal of cross-cultural gerontology, 31(2), 129—
141. [PubMed: 26883764]

Hall JR, Balldin VH, Gamboa A, Edwards ML, Johnson LA, & O’Bryant SE (2018). Texas Mexican
American adult normative studies: Normative data for the Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS). Developmental Neuropsychology, 43:1, 27-35.
[PubMed: 29185823]

Henao-Arboleda E, Mufioz C, Aguirre-Acevedo DC, Lara E, Pineda DA, & Lopera F (2010). Datos
normativos de pruebas neuropsicoldgicas en adultos mayores en una poblaciéon Colombiana.
Revista Chilena de Neuropsicologia, 5(3), 214-226.

IBM Corp. Released 2017 IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.

Judd T, Capetillo D, Carrion-Baralt J, Marmol LM, Miguel-Montes LS, Navarrete MG, NAN Policy
and Planning Committee. (2009). Professional considerations for improving the
neuropsychological evaluation of Hispanics: a National Academy of Neuropsychology education
paper. Archives of Clinical Neuropsychology: The Official Journal of the National Academy of
Neuropsychologists, 24(2), 127-135. 10.1093/arclin/acp016

Kaplan EF, Goodglass H, Weintraub S (1983). The Boston Naming Test. 2nd Philadelphia: Lea &
Febiger.

Kuslansky G, Buschke H, Katz M, Sliwinski M, & Lipton RB (2002). Screening for Alzheimer’s
Disease: The Memory Impairment Screen Versus the Conventional Three-Word Memory Test.
Journal of the American Geriatrics Society, 50(6), 1086-1091. 10.1046/j.1532-5415.2002.50265.x
[PubMed: 12110070]

Manly JJ, Jacobs DM, Sano M, Bell K, Merchant CA, Small SA, & Stern Y (1999). Effect of literacy
on neuropsychological test performance in nondemented, education-matched elders. Journal of the
International Neuropsychological Society, 5(3), 191-202. [PubMed: 10217919]

Morris JC, Mohs RC, Rogers H, Fillenbaum G, & Heyman A (1988). Consortium to establish a
registry for Alzheimer’s disease (CERAD) clinical and neuropsychological assessment of
Alzheimer’s disease. Psychopharmacology Bulletin, 24(4), 641-652. [PubMed: 3249766]

Morris JC, Heyman A, Mohs RC, Hughes JP, Van Belle G, Fillenbaum GDME, ... & Clark C. (1989).
The consortium to establish a registry for Alzheimer’s disease (CERAD): 1. Clinical and
neuropsychological assessment of Alzheimer’s disease. Neurology.

Mungas D, Reed BR, Farias ST, & DeCarli C (2009). Age and education effects on relationships of
cognitive test scores with brain structure in demographically diverse older persons. Psychology
and Aging, 24(1), 116-128. 10.1037/a0013421 [PubMed: 19290743]

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Torres et al.

Page 12

Muntal S, Doval E, Badenes D, Casas-Hernanz L, Cerulla N, Calzado N, & Aguilar M (2017). Nuevos
datos normativos de la version espafiola de la Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) forma A. Neurologia.

Nelson HE (1976). A modified card sorting test sensitive to frontal lobe defects. Cortex, 12, 313-324.
[PubMed: 1009768]

Newcombe F (1969). Missile wounds of the brain: A study of psychological deficits. London: Oxford
University Press.

O’Bryant SE, Edwards M, Johnson L, Hall J, Gamboa A, & O’jile J (2018). Texas Mexican American
adult normative studies: Normative data for commonly used clinical neuropsychological measures
for English-and Spanish-speakers. Developmental neuropsychology, 43(1), 1-26. [PubMed:
29190120]

O’Connell ME, & Tuokko H (2002). The 12-item Buschke memory test: appropriate for use across
levels of impairment. Applied Neuropsychology, 9(4), 226-233. [PubMed: 12584076]

Osterrieth PA (1944). Le test de copie d’une figure complexe; contribution a I’étude de la perception et
de la mémoire. Archives de psychologie.

Ostrosky-Solis F, Ardila A, & Rosselli M (1999). NEUROPSI: A brief neuropsychological test battery
in Spanish with norms by age and educational level. Journal of the International
Neuropsychological Society, 5(05), 413-433. [PubMed: 10439587]

Ostrosky-Solis F, Esther Gomez-Perez M, Matute E, Rosselli M, Ardila A, & Pineda D (2007).
NEUROPSI ATTENTION AND MEMORY: a neuropsychological test battery in Spanish with
norms by age and educational level. Applied Neuropsychology, 14(3), 156-170. [PubMed:
17848126]

Ostrosky-Solis F, Gutierrez AL, Flores MR, & Ardila A (2007). Same or different? Semantic verbal
fluency across Spanish-speakers from different countries. Archives of Clinical Neuropsychology,
22(3), 367-377. 10.1016/j.acn.2007.01.011 [PubMed: 17296282]

Pefia-Casanova J, Casals-Coll M, Quintana M, Sanchez-Benavides G, Rognoni T, Calvo L, ... Manero
RM (2012). Spanish normative studies in a young adult population (NEURONORMA young
adults Project): methods and characteristics of the sample. Neurologia (Barcelona, Spain), 27(5),
253-260.

Pérez-Martinez DA, Baztan JJ, Gonzélez-Becerra M, & Socorro A (2005). Evaluation of the diagnostic
value of a Spanish adaptation of the Buschke Memory Impairment Screen in the detection of
dementia and cognitive impairment. Revista De Neurologia, 40(11),

Ponton MO, Satz P, Herrera L, Ortiz F, Urrutia CP, Young R, & Namerow N (1996). Normative data
stratified by age and education for the Neuropsychological Screening Battery for Hispanics
(NeSBHIS): Initial report. Journal of the International Neuropsychological Society, 2(2), 96—
104.644-648. [PubMed: 9375194]

Pulido O, Hereida M, & Angel C (2010). Las Desigualdades Educativas en Colombia. Ensayos e
Investigaciones No 1. Retrieved from: https://www.academia.edu/31803582/
LAS_DESIGUALDADES_EDUCATIVAS_EN_COLOMBIA.

Rivera Mindt M, Byrd D, Saez P, & Manly J (2010). Increasing culturally competent
neuropsychological services for ethnic minority populations: a call to action. Clinical
Neuropsychology, 24(3), 429-453.

Reisberg B, Ferris SH, de Leon MJ, & Crook T (1988). Global Deterioration Scale (GDS).
Psychopharmacology Bulletin, 24(4), 661-663. [PubMed: 3249768]

Reitan RM, & Wolfson D (1985). The Halstead—Reitan Neuropsychological Test Battery: Therapy and
Clinical Interpretation. Tucson, AZ: Neuropsychological Press.

Rios-Romenets S, Lopez H, Lopez L, Hincapie L, Saldarriaga A, Madrigal L, & Giraldo M (2017).
The Colombian Alzheimer’s Prevention Initiative (API) Registry.

Romero-Vanegas SJ, Valencia-Marin CM, Aguirre-Acevedo DC, Buschke H, & Lopera F (2010).
Alteraciones de la memoria episodica verbal en fases preclinica y temprana de la enfermedad de
Alzheimer familiar precoz por mutacién E280A en PS1. Acta Neurologica Colombiana, 26(4).

Rosselli M & Ardila A (2003) The impact of culture and education on nonverbal neuropsychological
measurements: A critical review. Brain and Cognition, 52, 326-333. [PubMed: 12907177]

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.


https://www.academia.edu/31803582/LAS_DESIGUALDADES_EDUCATIVAS_EN_COLOMBIA
https://www.academia.edu/31803582/LAS_DESIGUALDADES_EDUCATIVAS_EN_COLOMBIA

1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Torres et al.

Page 13

Salthouse TA (1985). Speed of behavior and its implications for cognition In Birren JE.; Schaie KW,
(Ed.), Handbook of the Psychology of Aging (2nd ed.). New York: Van Nostrand Reinhold.

Sisco S, Gross AL, Shih RA, Sachs BC, Glymour MM, Bangen KJ, Manly JJ (2015). The role of
early-life educational quality and literacy in explaining racial disparities in cognition in late life.
The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 70(4), 557—
567. 10.1093/geronb/ght133

Stricks L, Pittman J, Jacobs DM, Sano M, & Stern Y (1998). Normative data for a brief
neuropsychological battery administered to English- and Spanish-speaking community-dwelling
elders. Journal of the International Neuropsychological Society, 4(4), 311-318 [PubMed:
9656604]

Tariot PN, Lopera F, Langbaum JB, Thomas RG, Hendrix S, Schneider LS, & Ramos C (2018). The
Alzheimer’s Prevention Initiative Autosomal-Dominant Alzheimer’s Disease Trial: A study of
crenezumab versus placebo in preclinical PSEN1 E280A mutation carriers to evaluate efficacy and
safety in the treatment of autosomal-dominant Alzheimer’s disease, including a placebo-treated
noncarrier cohort. Alzheimer’s & Dementia: Translational Research & Clinical Interventions, 4,
150-160. [PubMed: 29955659]

Wechsler D (1997). Wechsler Adult Intelligence Scale (3rd edn.). San Antonio, TX: Psychological
Corporation.

Welsh KA, Butters N, Mohs RC, Beekly D, Edland S, Fillenbaum G, & Heyman A (1994). The
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). Part V. A normative study
of the neuropsychological battery. Neurology, 44(4), 609-609. [PubMed: 8164812]

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Page 14

Excluded

| s )
N=122853
. y
r D (
Included
N / \
r 3\ 4
GDS <2 and GDS >2
education > 0 n=106
. J \
- N
n=2,673
L y

Figure 1.
Recruitment Process

Education =0
n="74

Recruitment process for normative sample; GDS = Global Deterioration Scale

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Torres et al.

Means and standard deviation for ages 18-20

Table 1

Education (years)

1-5(n=48) 6-11(n=210) =12 (n=106)
Test n M (SD) M (SD) M (SD)

Cognitive Screen
CERAD Total 364 69.81(132) 71.07(11.82)  71.96 (11.75)
MMSE /30 364 28.37(2.46)  28.74(1.8) 28.71 (1.8)
Language
Semantic Fluency (Animals) 364  18.17 (4.9) 17.36 (4.81) 18.11 (4.96)
BNT-15 /15 364 12.06 (2.41)  12.3(2.03) 12.73 (1.85)
Memory
Word List Learning /30 364  16.47 (4.18) 17 (3.97) 16.83 (4.13)
Word List Delayed Recall /10 364  6.15(1.81) 6.23 (1.91) 6.27 (1.79)
Word List Recognition /10 364  9.19 (1.55) 9.39 (1.35) 9.49 (1.16)
MIS Free Recall /8 364 6.1(2.34) 6.38 (1.8) 6.22 (1.91)
MIS Cued Recall /8 364  1.1(0.77) 0.91 (0.73) 1.1 (0.73)
MCT List 1 Cued Recall 364 14.32(2.13)  14.64 (2.01) 14.84 (1.62)
MCT List 2 Cued Recall 364 11.05(3.28)  11.63(3.6) 12.1(3.28)
MCT List 1 Cued Recall 2 364 14.03(2.51)  14.14(252)  14.28 (1.95)
MCT List 2 Cued Recall 2 364 11.89(3.42)  11.96 (3.56) 12.55 (3.08)
MCT Total Free Recall 364 19.16(6.48)  18.94(6.19)  19.91 (5.66)
CP Delayed Recall /11 364 8(3.2) 8.43 (2.6) 8.42 (2.73)
RCFT Delayed Recall /16 364 1456 (6.91)  15.71(6.87) 15.83 (6.81)
Visuospatial
CP Copy /11 364  9.4(1.95) 9.74 (1.54) 9.6 (1.65)
RCFT Copy /36 364  26.01(7.84) 27.62 (5.9) 27.62 (6.27)
Raven’s Progressive Matrices /12 364  8.64 (2.21) 8.72 (2.13) 8.81 (1.73)
Processing Speed
TMT-A (seconds) 364 69.67 (44.46) 68.32(40.47)  69.52 (44.12)
WAIS-111 Digit Symbol 364 42.63(20.99) 4596 (19.96)  47.1(21.14)
A Cancellation Correct /16 364  14.86 (0.38) 14.41 (1.18) 14.47 (0.99)
Executive Functioning
Phonemic Fluency (FAS) 364 2575(132) 2612 (11.54)  25.73 (11.83)
WAIS-II Arithmetic 364 8.17(2.79) 7.75 (1.92) 6.87 (3.11)
WCST Total Correct 364 19.58(8.57)  20.51(8.53) 22.16 (8.51)
WCST Total Errors 364 28.38(8.61) 27.25(8.73)  25.84 (8.51)
WCST Total Categories /6 364 2.42(1.31) 2.52(1.43) 2.9 (1.49)
WCST Perseverations 364  21.02(8.84) 19.14 (8.5) 18.24 (7.76)
WCST Failure Maintain Set 364  0.53(0.68) 0.62 (1.04) 0.45 (0.88)

Page 15

Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-111 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 21-25

Table 2

Education (years)

1-5(n=89) 6-11(n=251) =12 (n=191)
Test n M (SD) M (SD) M (SD)

Cognitive Screen
CERAD Total 531  69.6(11.83)  72.24(11.11)  72.31(10.6)
MMSE /30 531  28.47 (2.48) 28.9 (1.5) 28.86 (1.72)
Language
Semantic Fluency (Animals) 531  16.87 (4.71) 17.95 (4.65) 17.92 (4.48)
BNT-15 /15 531  11.91(226)  12.22(1.92) 12.57 (1.74)
Memory
Word List Learning /30 531  16.78 (3.9) 17.06 (3.97)  17.25(3.89)
Word List Delayed Recall /10 531  6.28(1.62) 6.31(1.8) 6.38 (1.83)
Word List Recognition /10 531 9.7 (0.78) 9.54 (0.96) 9.54 (0.95)
MIS Free Recall /8 531 6.57 (1.86) 6.63 (1.77) 6.59 (1.85)
MIS Cued Recall /8 531 0.8 (0.68) 0.93(0.73) 1.03 (0.64)
MCT List 1 Cued Recall 531 14.78 (1.62)  14.85(1.89) 14.94 (1.73)
MCT List 2 Cued Recall 531  12.01(351) 1237(3.27)  12.12(3.07)
MCT List 1 Cued Recall 2 531 13.83(243)  14.42(217)  14.28(2.28)
MCT List 2 Cued Recall 2 531 12.18(3.28)  12.78(3.23) 12.52 (2.98)
MCT Total Free Recall 531 1858(558)  20.06(5.61)  19.43 (5.51)
CP Delayed Recall /11 531  7.81(3.02) 8.63 (2.5) 8.49 (2.46)
RCFT Delayed Recall /16 531 14.29(6.64)  15.74(7.22) 15.17 (6.65)
Visuospatial
CP Copy /11 531 9.48 (1.79) 9.73 (1.53) 9.81 (1.42)
RCFT Copy /36 531  26.81(5.99) 27.52 (6) 28.41 (5.17)
Raven’s Progressive Matrices /12 531  8.93 (1.99) 8.65 (2.08) 8.55 (1.84)
Processing Speed
TMT-A (seconds) 531 73.74(4258) 65.63(50.75)  63.93 (38.85)
WAIS-111 Digit Symbol 531 42.82(17.4)  46.19 (18.29)  43.56 (17.55)
A Cancellation Correct /16 531  14.53 (0.83) 14.48 (1.08) 14.5 (0.92)
Executive Functioning
Phonemic Fluency (FAS) 531 24.92(12.17) 27.19(11.18)  26.43 (11.81)
WAIS-11I Arithmetic 531 7.36(2.62) 752 (2.2) 7.86 (1.98)
WCST Total Correct 531 20.88(8.91)  21.56 (7.96) 20.94 (7.83)
WCST Total Errors 531 27.12(8.91)  26.41(8.01) 27 (7.84)
WCST Total Categories /6 531  2.62 (1.56) 2.8 (1.35) 2.73 (1.31)
WCST Perseverations 531  19.67(9.23)  18.46 (7.59) 19.13 (7.82)
WCST Failure Maintain Set 531 0.49 (0.82) 0.46 (0.78) 0.45 (0.85)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-111 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 26-30

Table 3

Education (years)

1-5(n=114) 6-11(n=214) =12 (n=140)
Test n M (SD) M (SD) M (SD)

Cognitive Screen
CERAD Total 468  69.46 (12.49)  72.62(11) 73.92 (11.59)
MMSE /30 468 2857 (167)  28.76 (1.63) 28.97 (1.67)
Language
Semantic Fluency (Animals) 468  17.43(4.98) 18.17 (4.76) 18.66 (4.89)
BNT-15 /15 468  11.96(1.93)  12.56 (1.81) 12.83 (1.84)
Memory
Word List Learning /30 468  16.19 (4.01) 17.45 (3.82) 17.54 (4.21)
Word List Delayed Recall /10 468  5.95 (1.99) 6.35 (1.85) 6.5 (1.85)
Word List Recognition /10 468  9.34(1.38) 9.41 (1.19) 9.39 (1.32)
MIS Free Recall /8 468  6.19 (1.94) 6.63 (1.77) 6.74 (1.61)
MIS Cued Recall /8 468 0.96 (0.64) 0.9 (0.61) 0.89 (0.69)
MCT List 1 Cued Recall 468  14.14(2.76)  14.86 (1.52) 15.06 (1.65)
MCT List 2 Cued Recall 468 11.35(3.92)  11.91(2.98)  12.64 (3.05)
MCT List 1 Cued Recall 2 468 13.31(3.14)  14.21(2.11) 14.49 (2.32)
MCT List 2 Cued Recall 2 468 11.52(3.86)  12.11(3.06) 12.9 (3.14)
MCT Total Free Recall 468  18.08 (6.15) 19.17 (5.56) 20.95 (5.59)
CP Delayed Recall /11 468  8.03(2.77) 8.41 (2.63) 8.73 (2.5)
RCFT Delayed Recall /16 468  14.75(7.14)  15.34(7.46) 16.72 (7.14)
Visuospatial
CP Copy /11 468 9.65(1.71) 9.69 (1.51) 0.88 (1.38)
RCFT Copy /36 468  26.03(6.48)  27.68 (6.49) 28.07 (5.82)
Raven’s Progressive Matrices /12 468 8.43(2.1) 8.8 (1.95) 9.2 (2.09)
Processing Speed
TMT-A (seconds) 468 77.64 (47.36) 68.78(40.94)  71.44 (75.5)
WAIS-111 Digit Symbol 468 41.29 (18.57) 4548 (18.15)  48.58 (18.24)
A Cancellation Correct /16 468  14.71 (0.77) 14.31 (1.12) 14.11 (1.28)
Executive Functioning
Phonemic Fluency (FAS) 468 24.89(11.71)  25.32(10.97) 26.1(11.77)
WAIS-II1 Arithmetic 468  7.38(2.25) 7.73(1.93) 8.17 (5.66)
WCST Total Correct 468 18.83(8.48)  20.83(8.75) 21.55 (8.76)
WCST Total Errors 468 2917 (8.48)  26.99 (8.96)  26.41(8.82)
WCST Total Categories /6 468  2.41(1.33) 2.71 (1.53) 2.71(15)
WCST Perseverations 468  20.92(9.08)  19.33(8.47) 19.12 (9.09)
WCST Failure Maintain Set 468  0.34(0.76) 0.5(0.8) 0.66 (1.3)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-111 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 31-35

Table 4

Education (years)

1-5(n=134) 6-11(n=182) =12 (n=87)

Test n M (SD) M (SD) M (SD)
Cognitive Screen
CERAD Total 403 7056 (10.27) 71.62 (11.67)  74.2(9.63)
MMSE /30 403 28.84(1.72)  28.99(1.63)  28.89 (1.42)
Language
Semantic Fluency (Animals) 403  17.66 (5.15) 17.83 (5.22) 18.56 (4.4)
BNT-15 /15 403  11.97(2.19)  12.36(2.18)  12.66 (1.86)
Memory
Word List Learning /30 403 16.67(3.32)  16.9(3.85) 17.77 (3.66)
Word List Delayed Recall /10 403  6.37 (1.61) 6.21 (1.9) 6.35 (1.73)
Word List Recognition /10 403 9.56 (0.94) 9.74 (0.69) 9.64 (0.71)
MIS Free Recall /8 403 6.52(1.57) 6.73 (1.78) 6.56 (1.66)
MIS Cued Recall /8 403  0.82(0.59) 0.9 (0.8) 1.05 (0.63)
MCT List 1 Cued Recall 403 14.66 (1.9) 14.66 (1.96) 14.92 (2)
MCT List 2 Cued Recall 403 1159(3.24)  11.79(357)  12.19(3.24)
MCT List 1 Cued Recall 2 403  14.06 (2.36)  14.18(2.43)  14.67 (2.01)
MCT List 2 Cued Recall 2 403 11.97(321)  12.03(3.65) 1259 (3.03)
MCT Total Free Recall 403 19.03(5.94) 1956 (6.16)  19.67 (5.12)
CP Delayed Recall /11 403 7.99 (2.81) 8.43 (2.79) 8.67 (2.45)
RCFT Delayed Recall /16 403  13.91(6.42) 1562 (7.02)  15.95(7.34)
Visuospatial
CP Copy /11 403 9.6 (1.67) 9.81 (1.45) 9.74 (1.47)
RCFT Copy /36 403  26.84 (5.81) 27.99 (6.4) 28.63 (5.87)
Raven’s Progressive Matrices /12 403~ 8.59 (1.93) 8.87 (1.94) 9.12 (1.64)
Processing Speed
TMT-A (seconds) 403 77.89(48.04) 67.86(45.16)  60.52 (38.46)
WAIS-111 Digit Symbol 403 4052 (18.19)  47.63(20.09)  48.09 (18.11)
A Cancellation Correct /16 403  14.74 (0.54) 14.41 (0.93) 15 (0)
Executive Functioning
Phonemic Fluency (FAS) 403 2392 (11.95) 24.43(11.21) 27.17 (10.53)
WAIS-II1 Arithmetic 403 8.33(1.32) 7.96 (2.16) 8.37 (1.6)
WCST Total Correct 403 21.11(9.14)  22.85(8.44) 19 (8.33)
WCST Total Errors 403  26.86(9.17)  25.14 (8.45) 29 (8.33)
WCST Total Categories /6 403 2.83(1.55) 3.12 (1.53) 2.6 (1.48)
WCST Perseverations 403 19.66 (8.84) 17.65 (8.3) 20.33 (8.72)
WCST Failure Maintain Set 403 0.42 (0.89) 0.38 (0.65) 0.35 (0.77)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-111 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 36-40

Table 5

Education (years)

15(n=111) 6-11(n=99) =12(n=67)
Test n M (SD) M (SD) M (SD)

Cognitive Screen
CERAD Total 277 68.89(12.95) 71.92(11.25) 71.25(10.24)
MMSE /30 277 28.24(2.45) 28.72(1.89)  28.75(1.65)
Language
Semantic Fluency (Animals) 277 17.77 (4.77) 17.76 (4.64) 18.09 (4.67)
BNT-15 /15 277 11.79(2.22)  12.46(19)  12.42(1.96)
Memory
Word List Learning /30 277  16.48(4.19) 17.28(4.27)  17.06(3.32)
Word List Delayed Recall /10 277 5.9(2.04) 6.51(2.09)  6.22 (1.81)
Word List Recognition /10 277 9.41(L37) 9.34 (1.22) 9.47 (1.03)
MIS Free Recall /8 277 6.14(1.94) 6.45 (L.71)  6.15(2.24)
MIS Cued Recall /8 277 0.83(0.7) 1.04 (0.74) 1.1(0.72)
MCT List 1 Cued Recall 277 14.41(222)  14.86(1.99)  14.62(1.97)
MCT List 2 Cued Recall 277 11.2(358)  12.13(3.38)  11.38(3.71)
MCT List 1 Cued Recall 2 277 1355(2.79)  14.08(2.6)  14.21(2.18)
MCT List 2 Cued Recall 2 277 1156 (3.47) 12.35(3.26)  11.73(3.64)
MCT Total Free Recall 277 1845(5.97) 18.89(5.97) 1856 (6.07)
CP Delayed Recall /11 277 754(2.7) 8.3 (2.58) 8.58 (2.37)
RCFT Delayed Recall /16 277 14.49(6.78)  15.08(6.39)  15.64 (6.8)
Visuospatial
CP Copy /11 277 9.38(1.57) 9.7 (1.51) 9.97 (1.28)
RCFT Copy /36 277 25.77(7.49)  26.85(6.47)  27.7(6.34)
Raven’s Progressive Matrices /12 277  8.45 (1.94) 8.75 (1.99) 8.98 (1.93)
Processing Speed
TMT-A (seconds) 277 84.21(53.93) 6593 (33.71) 66.57 (43.82)
WAIS-111 Digit Symbol 277 42.74(19.73) 43.94(18.02)  44.63(20.9)
A Cancellation Correct /16 277 14.4(1.08) 14.67 (0.62) 14.53 (0.74)
Executive Functioning
Phonemic Fluency (FAS) 277 23.95(14.62) 24.97 (11.69) 2555 (13.09)
WAIS-11I Arithmetic 217 7.12(2.47) 8.43 (1.6) 7.8 (1.9)
WCST Total Correct 277 20.1(7.91) 2222(82)  22.65(7.68)
WCST Total Errors 277 27.85(7.92) 25.74(8.24)  25.35(7.68)
WCST Total Categories /6 277 2.55(1.32) 2.84 (1.48) 2.97 (1.45)
WCST Perseverations 277 20.38(8.88)  18.24(7.88)  18.23(7.55)
WCST Failure Maintain Set 277 0.44(0.67) 0.6 (1.16) 0.57 (0.72)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-111 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 41-45

Table 6

Education (years)

0-4(nN=38) =5(n=145)
Test n M (SD) M (SD)

Coghnitive Screen
CERAD Total 183 72.26 (12.75)  73.23 (11.34)
MMSE /30 183  28.32(2.29)  28.88 (1.51)
Language
Semantic Fluency (Animals) 183  17.95(4.76) 18.53 (4.98)
BNT-15 /15 183 1176 (2.14)  12.17 (1.95)
Memory
Word List Learning /30 183 16.58 (5.1) 16.81 (3.9)
Word List Delayed Recall /10 183  6.18(2.15) 6.27 (1.8)
Word List Recognition /10 183 9.59 (0.89) 9.5 (0.91)
MIS Free Recall /8 183 6.71(1.51) 6.36 (1.84)
MIS Cued Recall /8 183 0.67(0.49)  0.95 (0.69)
MCT List 1 Cued Recall 183  14.55(2.43)  14.84 (1.68)
MCT List 2 Cued Recall 183 11.68(3.28)  11.61(3.41)
MCT List 1 Cued Recall 2 183 1358 (2.73)  14.22 (2.29)
MCT List 2 Cued Recall 2 183 12.29(32)  12.21(3.14)
MCT Total Free Recall 183 18.32(5.88)  18.99 (6.16)
CP Delayed Recall /11 183  7.53(3.45) 8.1(2.62)
RCFT Delayed Recall /16 183  14.61(7.69)  14.07 (7.35)
Visuospatial
CP Copy /11 183 9.63(1.55)  9.66 (1.47)
RCFT Copy /36 183 27.37 (6.8) 27.2 (5.87)
Raven’s Progressive Matrices /12 183 8.59 (2.2) 8.54 (1.97)
Processing Speed
TMT-A (seconds) 183  76.03 (50.38)  69.41 (35.89)
WAIS-I11 Digit Symbol 183  42.32(20.41)  43.5(17.81)
A Cancellation Correct /16 183  13.5(1.52) 14.44 (1.34)
Executive Functioning
Phonemic Fluency (FAS) 183 22.62(11.78) 24.09 (11.38)
WAIS-1I Arithmetic 183 8(2.35) 7.7 (1.92)
WCST Total Correct 183 21.61(7.2)  21.48(8.95)
WCST Total Errors 183 26.39(7.2)  26.52(8.95)
WCST Total Categories /6 183  2.69(1.31) 2.75 (1.45)
WCST Perseverations 183  19.47 (7.04) 18.45 (8.62)
WCST Failure Maintain Set 183 0.69 (1.31) 0.61 (0.91)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 46-50

Table 7

Education (years)

0-4(n=50) =5 (n=120)
Test n M(SD) M (SD)

Coghnitive Screen
CERAD Total 170 73.27(10.92)  73(116)
MMSE /30 170  28.88(2.04)  28.85(1.87)
Language
Semantic Fluency (Animals) 170 17.6 (4.46) 17.74 (5.32)
BNT-15 /15 170 1266 (1.81)  12.41 (1.89)
Memory
Word List Learning /30 170  16.46 (4.98) 17.37 (4.11)
Word List Delayed Recall /10 170 6.1 (2.35) 6.25 (1.76)
Word List Recognition /10 170 9.39 (1.07) 9.49 (0.98)
MIS Free Recall /8 170 6.83(1.38) 6.2 (1.81)
MIS Cued Recall /8 170 0.76 (0.44)  0.95 (0.63)
MCT List 1 Cued Recall 170  14.81(1.65)  14.81 (1.75)
MCT List 2 Cued Recall 170  11.75(3.88)  11.74(3.45)
MCT List 1 Cued Recall 2 170 1431(221)  14.44 (1.93)
MCT List 2 Cued Recall 2 170 1253 (3.64)  12.34(3.38)
MCT Total Free Recall 170  18.81(6.35)  19.56 (5.66)
CP Delayed Recall /11 170  7.88(3.03) 8.13 (2.72)
RCFT Delayed Recall /16 170 14.74 (8.19) 15.12 (7.28)
Visuospatial
CP Copy /11 170 9.62(1.52)  9.77 (1.63)
RCFT Copy /36 170  26.82(6.91)  27.9(6.77)
Raven’s Progressive Matrices /12 170 8.19 (2.11) 8.79 (1.94)
Processing Speed
TMT-A (seconds) 170  68.15(38.51)  69.43 (34.76)
WAIS-I11 Digit Symbol 170  45.03 (19.26)  42.19 (16.3)
A Cancellation Correct /16 170 14 (1.24) 14.38 (0.81)
Executive Functioning
Phonemic Fluency (FAS) 170 23.8(13.57) 24.38(10.81)
WAIS-1I Arithmetic 170 7.91(2.39) 8.07 (1.54)
WCST Total Correct 170 19.53 (7.9) 20.5 (8.95)
WCST Total Errors 170 28.47 (7.9) 27.47 (9)
WCST Total Categories /6 170 2.38(1.36) 2.72 (1.46)
WCST Perseverations 170  20.13 (7.65) 20.58 (9.78)
WCST Failure Maintain Set 170 0.45 (0.65) 0.44 (0.76)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).

Appl Neuropsychol Adult. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Torres et al.

Means and standard deviation for ages 51-55

Table 8

Education (years)

0-4(n=40)  =5(n=80)
Test n M (SD) M (SD)

Coghnitive Screen
CERAD Total 120 70.41(10.71)  72.76 (11.69)
MMSE /30 120 28.6(1.88) 28.83 (1.44)
Language
Semantic Fluency (Animals) 120 16.38(3.71) 17.69 (5.38)
BNT-15 /15 120 12.18(2.07) 12,57 (1.97)
Memory
Word List Learning /30 120 16 (4.19) 17.34 (3.98)
Word List Delayed Recall /10 120  6.08 (1.65) 6.32 (1.84)
Word List Recognition /10 120 9.59 (0.82) 9.45 (1.14)
MIS Free Recall /8 120 6.24 (1.95) 6.3 (1.82)
MIS Cued Recall /8 120 1.05(0.78) 0.92 (0.66)
MCT List 1 Cued Recall 120 1444 (1.93)  14.79 (1.56)
MCT List 2 Cued Recall 120 11.35(3.89)  12.12(3.15)
MCT List 1 Cued Recall 2 120 13.41(2.79)  14.33(2.04)
MCT List 2 Cued Recall 2 120 11.85(3.47)  12.77 (2.74)
MCT Total Free Recall 120 17.74 (6.32) 20.2 (5.48)
CP Delayed Recall /11 120 7.58(2.74) 8.12 (2.59)
RCFT Delayed Recall /16 120 13.91(6.49) 13.96 (6.4)
Visuospatial
CP Copy /11 120 9.83(1.48) 9.6 (1.63)
RCFT Copy /36 120 26.87(6.33)  28.01(5.04)
Raven’s Progressive Matrices /12 120 8.41(1.91) 8.66 (1.57)
Processing Speed
TMT-A (seconds) 120 69.89 (39.12)  76.49 (110.08)
WAIS-I11 Digit Symbol 120 41.18(19.28)  42.76 (18.12)
A Cancellation Correct /16 120 13.6(1.52) 14.69 (0.63)
Executive Functioning
Phonemic Fluency (FAS) 120 24.17 (10.9) 24.5(11.92)
WAIS-II1 Arithmetic 120 6.75 (1.26) 7.92 (1.88)
WCST Total Correct 120  18.37(7.63) 19.96 (8.24)
WCST Total Errors 120  29.63(7.63)  28.04 (8.24)
WCST Total Categories /6 120 2.45(1.31) 2.56 (1.28)
WCST Perseverations 120 22.24(7.73) 19.38 (7.97)
WCST Failure Maintain Set 120 0.35 (0.65) 0.33(0.75)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 56-60

Table 9

Education (years)

0-4(n=29) =5(n=38)
Test n M (SD) M (SD)

Cognitive Screen
CERAD Total 67 74.22(1257)  72.19(9.49)
MMSE /30 67 2852(243)  28.32(1.92)
Language
Semantic Fluency (Animals) 67  17.71 (4.66) 17.13 (4.06)
BNT-15 /15 67 1268(22)  12.61(1.84)
Memory
Word List Learning /30 67  17.54 (3.95) 16 (3.68)
Word List Delayed Recall /10 67 6.46 (1.9) 5.78 (2.11)
Word List Recognition /10 67 952 (1.12) 9.55 (0.68)
MIS Free Recall /8 67  6.52(2.11) 6.39 (2.28)
MIS Cued Recall /8 67 1.3(0.48) 1.31(0.85)
MCT List 1 Cued Recall 67 1478(2.26) 14.52 (1.84)
MCT List 2 Cued Recall 67 1157 (4.09)  11.26 (3.45)
MCT List 1 Cued Recall 2 67 14.61(2.33)  14.23(2.26)
MCT List 2 Cued Recall 2 67 12.43(3.68)  11.94(3.18)
MCT Total Free Recall 67 19.65(6.29)  18.23 (6.06)
CP Delayed Recall /11 67  8.46(2.47) 7.58 (2.93)
RCFT Delayed Recall /16 67 16.07(6.44)  13.32(6.8)
Visuospatial
CP Copy /11 67 9.82(1.25)  9.61(1.46)
RCFT Copy /36 67 27.46(5.16)  25.11(8.01)
Raven’s Progressive Matrices /12 67 8.55(2.11) 8.42 (1.79)
Processing Speed
TMT-A (seconds) 67 72.86 (54.75) 86.53 (70.13)
WAIS-I11 Digit Symbol 67  46(18.11)  41.57 (18.56)
A Cancellation Correct /16 67 14.83(0.41) 12.83 (2.64)
Executive Functioning
Phonemic Fluency (FAS) 67 24.21(12.43) 26.08 (12.31)
WAIS-11 Arithmetic 67  82(1.92) 7.6 (2.61)
WCST Total Correct 67  20.82(8.05) 20.97 (7.89)
WCST Total Errors 67 27.18(8.05)  27.03(7.89)
WCST Total Categories /6 67  257(1.17) 247 (1.4)
WCST Perseverations 67  19.14 (7.99) 18.06 (6.66)
WCST Failure Maintain Set 67 0.39 (0.58) 0.68 (1.3)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Means and standard deviation for ages 61-65

Table 10

Education (years)

0-4(n=22) =5(n=32)

Test n M (SD) M (SD)
Cognitive Screen
CERAD Total 54  68.62(7.1)  72.28 (10.76)
MMSE /30 54  28.91(1.06)  28.25(2.24)
Language
Semantic Fluency (Animals) 54  16.09 (3.16) 17.91 (4.69)
BNT-15 /15 54 1177(222)  12.47 (1.8)
Memory
Word List Learning /30 54  15.45(2.52) 16.38 (3.54)
Word List Delayed Recall /10 54  6.14 (1.64) 6.34 (1.54)
Word List Recognition /10 54 9.76 (0.54) 9.45 (1.09)
MIS Free Recall /8 54  6.6(1.31) 5.86 (2)
MIS Cued Recall /8 54  0.67 (0.65) 1.16 (0.9)
MCT List 1 Cued Recall 54  143(1.72)  14.29 (1.98)
MCT List 2 Cued Recall 54 11.05(3.41) 11.71(2.73)
MCT List 1 Cued Recall 2 54 13.95(1.88)  14.21(2.5)
MCT List 2 Cued Recall 2 54 11.4(3.44) 12.21(2.7)
MCT Total Free Recall 54 17.35(6.71)  18.18(6.3)
CP Delayed Recall /11 54 7.55(2.96) 7.34 (2.68)
RCFT Delayed Recall /16 54 13.39(7.11)  11.75(6.1)
Visuospatial
CP Copy /11 54  9.32(139)  8.97(2.06)
RCFT Copy /36 54  26.14(5.98)  24.39 (7.55)
Raven’s Progressive Matrices /12 54 8.43 (1.94) 8.16 (2)
Processing Speed
TMT-A (seconds) 54 87.27 (54.51) 76.31(48.02)
WAIS-I11 Digit Symbol 54 335(10.58) 41.04 (15.53)
A Cancellation Correct /16 54 12 (2.83) 13.67 (2.31)
Executive Functioning
Phonemic Fluency (FAS) 54 245 (10.92) 27.47 (10)
WAIS-11 Arithmetic 54  45(0.71) 5.5 (0.71)
WCST Total Correct 54 19.73(6.13)  20.06 (8.72)
WCST Total Errors 54 28.27(6.13)  27.87(8.73)
WCST Total Categories /6 54  255(1.18) 2.48 (1.36)
WCST Perseverations 54  19.27 (6.21) 20.26 (9.04)
WCST Failure Maintain Set 54 0.48 (0.68) 0.63(0.81)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Table 11

Means and standard deviation for ages 65 and above

Education (years)

0-4(n=17) =5(n=24)

Test n M (SD) M (SD)
Cognitive Screen
CERAD Total 41 69.12(11.22) 68.74 (11.87)
MMSE /30 41  2841(3.16)  28.33(2.24)
Language
Semantic Fluency (Animals) 41 17 (4.85) 16.79 (4.17)
BNT-15 /15 41 1176 (2.31) 12 (1.89)
Memory
Word List Learning /30 41 16.12 (3.6) 15.58 (3.62)
Word List Delayed Recall /10 41 529 (1.79) 5.46 (2.13)
Word List Recognition /10 41 9.35(117) 9.37 (1.3)
MIS Free Recall /8 41 6.75(1.44) 6.11 (2)
MIS Cued Recall /8 41 0.89(0.33) 1.18 (0.87)
MCT List 1 Cued Recall 41 1371(2.92)  14.22 (2.29)
MCT List 2 Cued Recall 41 11.64(3.08)  10.89 (4.19)
MCT List 1 Cued Recall 2 41 1343(2.77)  13.61(3.11)
MCT List 2 Cued Recall 2 41 11.71(329)  11.11(4.01)
MCT Total Free Recall 41  18.29(6.06)  16.67 (8.03)
CP Delayed Recall /11 41 7.24(2.41) 6.92 (3.36)
RCFT Delayed Recall /16 41 13.65(6.74)  11.54(7.12)
Visuospatial
CP Copy /11 41 9.59(1.42) 9.29 (1.78)
RCFT Copy /36 41 26,76 (4.18)  24.73 (6.67)
Raven’s Progressive Matrices /12 41 8.06 (2.11) 7.71(2.26)
Processing Speed
TMT-A (seconds) 41 83.31(44.68) 85.46 (54.81)
WAIS-I11 Digit Symbol 41 4156 (19.9) 41.76 (21.76)
A Cancellation Correct /16 41 () 13.83 (1.94)
Executive Functioning
Phonemic Fluency (FAS) 41 26.13(12.99) 20.39 (12)
WAIS-11 Arithmetic 41 () 6.17 (2.32)
WCST Total Correct 41 1876(9.84)  21.78(7.89)
WCST Total Errors 41 29.24(9.84)  26.17 (7.84)
WCST Total Categories /6 41 2.47(1.46) 2.57 (1.27)
WCST Perseverations 41 2218 (10.55)  19.22 (7.17)
WCST Failure Maintain Set 41 0.41(0.71) 0.85 (1.04)
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence

Scale-II1 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Test Age Education
Coghnitive Screen
CERAD Total -0028  0.097™"
MMSE ¢ -0.012 0049
Language
Semantic Fluency (Animals) -0.023 0.063™*
BNT-15 -0011 0103
Memory
Word List Learning -0.035 0.086
Word List Delayed Recall -0.034  0.055™
Word List Recognition ? -0.008 0.006
MIS Free Recall -0.028 0.021
MIS Cued Recall 0.016 0.048
MCT List 1 Cued Recall ¢ -0.032  0.078™
MCT List 2 Cued Recall -0.042*  0.065"
MCT List 1 Cued Recall 2 -0012  0.089™"
MCT List 2 Cued Recall 2 -0.021 0.052*
MCT Total Free Recall -0.043"  0.075™"
CP Delayed Recall -0.080™*  0.106™*
RCFT Delayed Recall -0.081™" 0070
Visuospatial
CP Copy -0.023 0065
RCFT Copy -0.052**  0.087™*
Raven’s Progressive Matrices ~ -0.052* 0.074™*
Processing Speed
T™MT-A? 0063 -0126™"
WAIS-111 Digit Symbol -0.067""  0.081™"
A Cancellation Correct ¢ -0.096 0.044
Executive Functioning
Phonemic Fluency (FAS) -0.053"" 00447
WAIS-1I1 Arithmetic -0.037 0.043
WCST Total Correct -0.026  0.059™
WCST Total Errors 0029  -0.060""
WCST Total Categories -0.022  0.059™F
WCST Perseverations 0.031 -0.061™"
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Test Age Education

WCST Failure Maintain Set —0.006 0.017

a . .
= Spearman’s rho was used in these tests due to lack of normality.

*Kk
‘Correlation is significant after Bonferroni correction (p <.002, a = .05, 24 models)

‘Correlation is significant at the 0.05 level (2-tailed).

Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence
Scale-I11 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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Table 13
Test performance by sex
Males Females
Test M (SD) t p d
Cognitive Screen
CERAD Total 73.38(10.76) 72.19 (11.17) -2.63 .009 -.15
MMSE 28.80 (1.84) 28.72(1.78) -1.10 .269 -.13
Language
Semantic Fluency (Animals) 18.03 (4.78) 17.68 (4.82) -1.89 .059 -11
BNT-15 12.35 (1.95) 12.33 (2.02) -.26 .796 -.06
Memory
Word List Learning 17.24 (3.83)  16.74 (4.04) -327 .001™° -o04
Word List Delayed Recall 6.37 (1.80) 6.16 (1.89) 287 .004° -.09
Word List Recognition 9.52 (1.07) 9.46 (1.10) -1.37 172 -.04
MIS Free Recall 6.51 (1.80) 6.44 (1.83) -.97 330 -.08
MIS Cued Recall 0.94 (0.67) 0.95 (0.70) 22 823 01
MCT List 1 Cued Recall 14.82 (1.81) 14.65(1.98) -2.18 .029 -0
MCT List 2 Cued Recall 11.94 (3.23) 11.79(3.50) -1.07 .280 -.04

MCT List 1 Cued Recall 2 14.27 (2.22) 14.08 (2.47) -1.95 .051 -.08
MCT List 2 Cued Recall 2 12.39 (3.10) 12.12 (3.46) -1.92 .055 -.08

*

MCT Total Free Recall 19.52 (5.65) 19.03 (6.06) -1.99 .047 -.08
CP Delayed Recall 8.36 (2.66) 8.16 (2.71) -1.91 .056 -.07
RCFT Delayed Recall 15.23(6.92)  14.93(7.09) -1.09 274 -.04
Visuospatial

CP Copy 9.70 (1.53) 967(156) -48 633 -.02
RCFT Copy 27.42(6.13) 27.29(6.35) -52 600  -.02

Raven’s Progressive Matrices ~ 8.74 (1.99) 8.66 (1.95) -1.08 280 -.04

Processing Speed

TMT-A (seconds) 69.09 (50.30) 71.72(49.16) 1.35 176 .05
WAIS-II1 Digit Symbol 4542 (18.58) 43.71(18.80) -2.16 .031 *-09
A Cancellation Correct 14.41 (1.06) 14.39 (1.13) -.20 .841 -.03

Executive Functioning

Phonemic Fluency (FAS) 26.07 (11.41) 24.72(11.97) -295 003" -12
WCST Total Correct 20.94 (8.55)  20.96 (8.34) .05 .961 .00
WCST Total Errors 27.03 (8.57) 26.98 (8.41) -.15 .879 -.01
WCST Total Categories 2.71 (1.45) 2.70(1.42) -08 937 -0l
WCST Perseverations 19.40 (8.64) 19.15 (8.22) =74 458 -.03
WCST Failure Maintain Set 0.49 (0.82) 0.49 (0.93) -.06 .953 .00

Hok

‘t-test is significant after Bonferroni correction (p < .002)

*
‘t-test is significant at the 0.05 level (2-tailed).
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Note. Mini-Mental State Examination (MMSE); Boston Naming Test (BNT); Memory Impairment Screening (MIS); Memory Capacity Test
(MCT); CERAD Constructional Praxis (CP); Rey-Osterrieth Complex Figure (RCFT); Trail Making Test-A (TMT-A); Wechsler Adult Intelligence
Scale-I11 (WAIS-111); Wisconsin Card Sorting Test (WCST); Mean (M); Standard Deviation (SD).
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