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Abstract

Objective: Dementia prevalence in Latin America is becoming a significant public 
health problem, especially in the Caribbean. Family history of dementia (FHD) is 
a risk factor for dementia and appears to be associated with poorer neuropsycho-
logical test performance among non-demented individuals. The purpose of this 
preliminary study was to examine the relationship between FHD and test perfor-
mance among cognitively healthy Puerto Ricans. 

Method: Fifty Spanish-speakers (age 55-74 years) were administered an on-
line version of the CERAD battery and were divided among two groups based 
on self-reported FHD. A Principal Component Analysis generated five factors: 
non-contextual memory, phonemic fluency, contextual memory, semantic and 
recognition memory, and working memory, accounting for 73.82% of the overall 
variance in the 16 original variables. 

Results: Multivariate analysis of covariance showed a main effect of FHD on the 
combined dependent variables after controlling for covariates age and education 
with large effect size (ηp

2 = .233). Subsequent analyses of covariance only revealed 
a main effect of FHD on phonemic fluency after controlling for covariates with 
moderate effect size (ηp

2 = .124). Except for contextual memory, the dementia 
history group (+DH) generally performed lower than the non-dementia history 
group (-DH). 

Conclusions: Data suggest that FHD can be negatively associated with neuropsy-
chological test performance among cognitively healthy Puerto Ricans. FHD as a 
covariate in normal cognitive aging studies should be considered, even among the 
young-old adult range. Further exploration of the relationship between +DH and 
test performance, specifically phonemic fluency among Puerto Ricans, is warranted.
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Introduction

The proportion and the total number of older 
adults in most populations around the world are 
increasing dramatically. According to this phe-
nomenon, known as population aging, one in five 
people around the globe will be 60 years or older 
by the year 2050.1 A concerning fraction, consider-
ing that advancing age is a risk factor for cognitive 
decline and late-onset dementia, including Alzhei-
mer’s disease (AD).2,3 Another risk factor for cog-
nitive decline and late-onset dementia in adults is 
having a family history of dementia (FHD), even 
independently of known genetic risk factors such 
as apolipoprotein E (APOE) e4 allele.4-8 

The relationship between first line (biological 
parent) FHD and neuropsychological test perfor-
mance in non-demented middle-aged and older 
adults has been documented in several studies, 
revealing diverse findings, which might be attrib-
utable to differences in study designs, sample size, 
unique sociodemographic characteristics, as well 
as measured constructs and testing procedures. 
For instance, La Rue et al.9 found that relatives of 
AD patients (N = 40) were more likely than healthy 
controls (N = 24) to show cognitive decline. Sim-
ilarly, Locke et al.10 reported that FHD might be a 
significant individual predictor of developing cog-
nitive impairment, predicting clinical diagnoses on 
average 3.6 years later as measured by a verbal 
learning test. Another study found that baseline 
scores in processing speed, executive functioning, 
memory encoding, and delayed memory among 39 
participants with a family history of AD were lower 
than 33 participants without AD history. Whereas 
AD family history did not influence the degree of 
cognitive decline over time, and baseline cognitive 
performance did not vary according to APOE e4 
carrier status.11 Talboom and colleagues12 report-
ed lower verbal learning performance throughout 
four decades before the typical onset of AD with 
a sample of 59, 571 individuals between 18 and 85 
years old.

A study involving 1500 participants (50 years and 
older) aimed to address the extent to which Amy-
loid/Tau/Neurodegeneration biomarker status can 

be predicted by known Alzheimer’s Disease (AD) 
risk factors such as FHD. The results found that a 
non-AD pathology group was notable for having 
the lowest frequency of FHD. In contrast, FHD was 
further positively associated with tau biomarkers 
(OR = 1.55, 95% CI 1.04-2.32, p = 0.03). The authors 
suggested that the family history of dementia risk 
factor was predictive of AD’s pathology (RR = 4.12, 
95% CI 1.93-8.77, p = 0.001) in cognitively healthy 
adults.13 Moreover, it appears that a family histo-
ry of AD beyond the parents does not change the 
risk of AD in their offspring.5

Additional studies have not found a significant 
impact of family history of dementia on cogni-
tion as an independent factor, but it has been sug-
gested that FHD has an additive negative effect 
on cognition, interacting with other risk factors, 
such as APOE e4, HIV, and medical comorbid-
ities.14-16 Similarly, Ritchie et al.17 found that pa-
rental dementia history was not associated with 
overall poorer cognitive performance at an early 
age (40-59) among 210 participants, although re-
sults showed that individuals with dementia his-
tory had lower visual working memory test scores 
when time progressed towards dementia onset. 
Meanwhile, Mackin et al.18 found that FHD was not 
significantly associated with processing speed, vi-
sual attention, visual memory, or working memory 
tasks as measured with a computerized cognitive 
assessment battery in a sample of 3,011 cognitively 
normal participants.

Individuals experience an accelerated decline 
in neuropsychological testing scores five to sev-
en years before a dementia diagnosis.19,20 Therefore, 
neuropsychological testing is crucial in the early de-
tection and monitoring of cognitive and behavior-
al function changes in AD and other dementias. The 
CERAD21 (Consortium to Establish a Register for Alz-
heimer’s Disease) neuropsychological battery it’s an 
alternative that was developed to better screen for 
memory (Word List Memory Trials, Word List Recall, 
and Recognition), language (Modified Boston Nam-
ing Test and Animal Fluency), praxis (Constructional 
Praxis), and general status (Mini-Mental State). It has 
been translated to approximately 20 languages and 
is currently used to gather information on cognitively 
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impaired and cognitively normal individuals.22 Since 
then, various alternative and extended versions such 
as including additional neuropsychological testing 
variables (e.g., Clock Drawing Test, Trail Making Test) 
have been used to accommodate different research 
and clinical objectives.23-26

Dementia prevalence is higher in most Latin 
American countries compared to North America, 
Europe, and Asia, and is becoming a significant pub-
lic health problem, especially in the Caribbean.27-29 It 
is also relevant to indicate that the Latino commu-
nity is estimated to be 1.5 times more prone to de-
velop AD than White Non-Hispanics.30 This is partly 
due to ethnoracial factors, which can influence bio-
logical biomarkers, cardiovascular and neuropsychi-
atric risk factors, and lifestyle behaviors, resulting 
in differences in epidemiology, clinical presentation, 
and course of AD among these ethnoracial groups.31 
Meantime, Puerto Rico may have one of the high-
est dementia prevalence (11.7%) among Latin Amer-
ican countries.32 Puerto Ricans also represent the 
second-largest Latin group in the United States 
(5.8 million), which is higher than the Island pop-
ulation.33 During the past years, a massive out-mi-
gration of productive Puerto Rican adults to the 
United States occurred in part secondary to Hur-
ricane Maria.34 However, information among Puer-
to Ricans and other Latinos about normal cognitive 
aging, AD, its diagnosis, and psychosocial interven-
tions is insufficient due to the under-representa-
tion of this population in research studies.31 Other 
contributing reasons for this need for information 
among Latinos are the lack of clinical training op-
portunities, normative data, and culturally-relevant 
neuropsychological instruments for Puerto Ricans 
and other Latin Americans.35,36   

Lastly, emerging literature suggests that culture 
and language has more influence than age or edu-
cation of neuropsychological testing,37-39 which lim-
its interpretation,40,41 highlighting the need for more 
culturally sensitive measures. In summary, population 
aging, dementia prevalence, Puerto Rican representa-
tion in the US, in conjunction with neuropsychological 
testing practicality, and its known impact by language 
and culture, emphasizes the need for a more com-
prehensive understanding of age-related cognitive 

decline within the Puerto Rican population and any 
impact that familial history of dementia may have. 
Furthermore, this relationship has not been thorough-
ly examined among cognitively healthy Puerto Rican 
adults. Therefore, this preliminary cross-sectional 
study could be considered foundational in evaluating 
the relationship between parental history of demen-
tia and neuropsychological test performance among 
a sample of cognitively healthy Puerto Rican adults. 
It was hypothesized that neuropsychological test per-
formance would be significantly lower among partici-
pants with a parental history of dementia. The impact 
of age, education, and sex on neuropsychological test 
performance was also examined.

Method
Participants 

The sample of this study consisted of 50 cognitive-
ly healthy, community-dwelling Puerto Rican adults 
aged 55 to 74 years old, currently living in Puerto 
Rico. The inclusion criteria were the following: (1) 
participants with five or more years of education 
since certain tasks required basics reading and writ-
ing abilities, (2) self-reported basic computer liter-
acy skills, (3) having access to a computer with a 
camera and microphone within their household to 
carry out a contact-free study due to the declared 
COVID-19 worldwide pandemic, and (4) all partic-
ipants were screened using the Mini-Mental State 
Exam Spanish version. As the objective of this study 
was to obtain a relatively cognitive healthy sample, 
participants with a score value of 25 or higher were 
to be included.42 The following exclusion criteria 
for the study were considered: dementia diagno-
sis, stroke, moderate to severe traumatic brain in-
jury, epilepsy, Parkinson’s disease, or other central 
nervous system diseases to reduce potential con-
founding variables with known cognitive effects, 
and impact on test performance. 

Materials and Instruments
Health questionnaire

This instrument consists of a brief questionnaire 
developed to obtain a social and medical profile 
from the participants in the study. It contains infor-
mation regarding gender, age, years of education, 
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medical conditions, activities of daily living, and 
dementia history (parents and siblings). The entire 
questionnaire was verbally administered through an 
audio-video conference call. Family history of de-
mentia was obtained from participants based on 
their response to the following two yes/no ques-
tions: “Please indicate if your mother had or has 
AD or other forms of dementia” and “Please indi-
cate if your father had or has AD or other forms 
of dementia.” Participants who answered “yes” to 
any of these two questions were assigned to the 
dementia history group (+DH), and those who re-
sponded “no” to both questions were assigned to 
the non-dementia history group. Consequently, the 
terms family history of dementia, parental history 
of dementia, and dementia history group are used 
interchangeably throughout this article. 

Neuropsychological testing 

The present study’s authors collaborated to adapt 
tests from the Consortium to Establish a Regis-
try for Alzheimer’s Disease (CERAD) battery21 to 
an online format to accommodate the study to 
the physical distancing preventive measures that 
were present during the COVID-19 pandemic. The 
CERAD Spanish version used for this investigation 
was previously adapted for Puerto Rican culture 
and developed to analyze cognitive performance 
among Spanish-speaking non-demented nona-
genarians residents of Puerto Rico by senior sci-
entists from Mount Sinai School of Medicine.23,24 
This aforementioned version included complex 
paper-pencil tests (i.e., Constructional Praxis and 
Trail Making Test) that were excluded for the pres-
ent study primarily due to anticipated challenges 
in monitoring the participants through a com-
puter screen. Furthermore, it included additional 
measures (i.e., Logical Memory, Letter Fluency, 
Clothing Fluency, and Digit Span) not found in 
the original CERAD battery21 and other published 
studies.23-26 The selected tests are similar to those 
recommended for videoconference testing due to 
their strong teleneuropsychology validity, includ-
ing multi-ethnic and diagnostically diverse sam-
ples.43,44 The adapted battery included the follow-
ing tests that were administered in the presented 
order by the principal investigator (PI):

1.	 Mini-Mental State Exam:42 This test was used 
as a brief screening tool of cognitive func-
tion, in which spelling WORLD (MUNDO) 
backward was used in preference to sub-
traction of serial sevens; it was not used for 
further assessment or analyses other than 
as an inclusion criterion. Scoring range, 
0-30.

2.	 10-item Word List Learning task:45 ten words 
with roughly the same meaning and exten-
sion to the English version, while adapted 
to the Puerto Rican lexicon were present-
ed consecutively on the participant’s com-
puter screen and were read aloud by the 
participant, with a different order used on 
each of three successive occasions. Follow-
ing each presentation, the participant was 
asked to recall the nouns that were read. 
The scoring range is 0-10 for each presen-
tation or 0-30 for all three presentations 
combined.

3.	 Logical Memory (LM) I: The LM subtest with-
in this battery was equivalent to the original 
story B standard English version of the LM 
in the WMS-IV.46 The basic storyline follows 
the original version, but in the Puerto Rican 
version, the person, city, and street names 
are replaced with more suitable Puerto Ri-
can substitutes. LM I consist of immediate 
recall of story events following auditory 
presentation by the examiner.47 The scoring 
range is 0-25.

4.	 30-item Boston Naming Test:48 participants are 
asked to identify 30 drawings of increasing 
complexity, with a maximum of 20 seconds 
for each drawing. One point is awarded for 
each correct response, with a total possible 
score of 30 points.

5.	 Word List Recall: delayed recall of the nouns 
of the 10-item Word List Learning task af-
ter a 10-to-12-minute delay. A maximum of 
90 seconds is allowed. Scoring range, 0-10.

6.	 Word List Recognition: the 10 original nouns 
of the Word List Learning task interspersed 
with 10 new nouns were presented one at a 
time at the participant’s computer screen. 
The participant was asked to indicate for 
each noun whether it had been presented 
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previously or not. Original and new nouns 
were scored separately. The scoring range 
for each is 0-10, and the total score is 0-20.

7.	 Logical Memory II: free recall of present-
ed story (LM I) was elicited after a 10-to-
12-minute delay. Each correct detail was 
awarded one score point. The scoring range 
is 0-25.

8.	 Logical Memory Recognition: The 15 recogni-
tion questions (either yes or no) about the 
story (LM I) are subsequently given to LM II 
to assess the recognition ability. The scor-
ing range, 0-15.

9.	 Letter Fluency: the participant must produce 
orally as many words possible for a specif-
ic letter,47 except proper names or deriva-
tives (diminutives, etc.), which in the case 
of the CERAD Spanish-language version, in-
cluded letters are “P”, “A”, and “N” instead 
of the traditional “F”, “A”, and “S”, since it 
has been suggested that the last letters oc-
cur with greater frequency in English than 
in the Spanish language.49,50 The score is the 
number of correct words said by a partici-
pant in 90 seconds. 

10.	Semantic Fluency: This test measures impair-
ment in verbal production, semantic mem-
ory, and language. Participants are asked 
to name as many animals as possible in 90 
seconds. The score is the total number of 
different animals named. The same proce-
dure was carried out again with the total 
number of clothes named. 

11.	 Digit Span Forward (DSF) and Backwards 
(DSB): This test within the battery is from 
the Wechsler Adult Intelligence Scale, 3rd 
Edition (WAIS-III)51 equivalent to Puerto Ri-
can culture (EIWA-III-PR),52 the latest ver-
sion in the Island. It consists of several pairs 
of random number sequences that the ex-
aminer reads aloud at a rate of one per sec-
ond and then asks for immediate recall. 
Scoring range, 0-9 (DSF) and 0-8 (DSB).  

12.	Geriatric Depression Scale:53 developed con-
sidering both content and design to assess 
depressive symptoms and screen for de-
pression among older people. This version 
consists of a 30-item questionnaire that 

was presented as an interview. The ques-
tions are presented in a yes or no format. 
Scoring range, 0-30.

Study Procedures 

Participants included in this study were cognitive-
ly healthy community-dwelling adults. They were 
recruited through published announcements and 
messages through social media, which explained 
the inclusion and exclusion criteria that individuals 
must have met if interested. Those willing to par-
ticipate and met the criteria completed and elec-
tronically signed an informed consent form. After 
consenting, they were given a link for a virtual ap-
pointment and asked to be in a distraction-free 
room with two pencils, an eraser, and three let-
ter-size white paper sheets. If they agreed, they 
could benefit from a family member’s (i.e., usu-
ally a younger or more tech-friendly individual) 
help to start the audio-video conference call. 
Then, the family member would have kindly been 
asked to leave the room after everything was set 
up (e.g., chair and camera position, audio) and if 
the participant had no further questions about 
the upcoming procedure. Next, the principal in-
vestigator would continue a private audio-video 
conference call where the participant would firstly 
be screened for cognitive deterioration using the 
Mini-Mental State Exam (MMSE). The MMSE items 
were read aloud to the participant. Before read-
ing the temporal orientation items (i.e., date, year, 
month), the PI would ask the participant to not 
look at their wristwatch (if they had one) or any 
clock in the room (on a wall) or on the comput-
er screen. Two stimuli were individually present-
ed on the screen (i.e., one slide stating “cierre los 
ojos,” Spanish for “close your eyes,” and the dou-
ble-pentagon copy design). Of note, the MMSE 
items: “write a sentence” and copy design were 
the only ones requiring paper and pencil through-
out the entire procedure. All interested individuals 
met screening criteria for inclusion, and no partic-
ipant was excluded. After the screening phase, the 
participant underwent an interview (health ques-
tionnaire) in which all questions were read aloud. 
Lastly, standardized neuropsychological testing 
was conducted (described in detail under instru-
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ments). The entire procedure was carried out in 
Spanish for approximately 90 minutes. The Albizu 
University Institutional Review Board approved the 
study. The research was completed in accordance 
with the Helsinki Declaration.

Statistical Analyses 

Between-group comparison of sociodemographic 
variables between the non-dementia history group 
(-DH) and the dementia history group (+DH) was 
carried out using chi-square for categorical and 
t-test for numeric variables. Descriptive statistics 
were performed for sociodemographic charac-
teristics. Descriptive statistics were also obtained 
for raw performance on all CERAD tests and the 
additional tests. The impact of age and education 
on neuropsychological test performance was ex-
plored through Pearson correlation analyses, and 
point biserial correlation was used for sex.

All CERAD’s subtest scores were converted to 
z-scores (calculated with the mean and standard 
deviation of the respective subtest scores within 
the sample) since the verbal fluency tasks do not 
have a maximum score. As mentioned, the CERAD 
battery was adapted to an online format, resulting 
in the exclusion of paper-pencil tests to accom-
modate testing to the established physical restric-
tions due to the COVID-19 pandemic. In addition, 
it included additional tests besides the ones within 
the original version of the CERAD battery.21 There-
fore, the factor structure within this version was ex-
pected to be somewhat different. The Standards for 
Educational and Psychological Testing54 states that au-
thors should document any adaptation to the stan-
dardized testing procedure and provide evidence 
of the validity of the testing data since the intend-
ed measured constructs could have been modified 
secondary to the adaptation. Consequently, to ex-
plore, identify, and document the factor structure 
of the new adapted online battery and reduce the 
number of tests of significance comparing group 
membership (-DH & +DH) within the sample, the 
neuropsychological assessment variables (neuro-
psychological test performance) were aggregated 
by factor analysis, using principal component anal-
ysis (PCA) and oblique (Oblimin) rotation. Oblique 

rotation was selected as it was clearly expected 
that the resulting factors from the neuropsycho-
logical variables should be related, resulting in the 
broader domains of cognition assessed by the bat-
tery. These identified cognitive domains were also 
converted to a mean z-score, and a global cognitive 
z-score (mean of the five domains) was created.

Data distribution was verified using skewness 
and kurtosis and through the Kolmogorov-Smirn-
ov test of all variables, following Mertler & Van-
natta’s55 recommendations. After the resulting 
cognitive factors were identified and interpret-
ed, their comparison between familial dementia 
history membership was conducted using a mul-
tivariate analysis of covariance (MANCOVA) with 
familial dementia history status (-DH and +DH) as 
the independent variable, education level and age 
as the covariates, and simultaneously, the neuro-
psychological performance resulting factors as 
the dependent variables. Sex was not included 
due to a lack of linearity with the dependent vari-
ables when data was examined for the fulfillment 
of MANCOVA assumptions.

Subsequent analysis of covariance was per-
formed for each cognitive factor for descriptive 
purposes. Bonferroni correction was applied to 
conservatively control for error rate and reduce 
the chances of a Type 1 error. The effect sizes for 
such comparison between groups were computed 
using partial-eta squared for multivariate analyses. 

These procedures were performed using the 
General Linear Model feature of version 27.0 of 
the IBM SPSS Statistics (SPSS®; SPSS, Inc. Chica-
go, Illinois), also used for all statistical analyses.  

Results
Demographics 

The participants had a mean score value of 29.12 
(SD = 1.09) on the Mini-Mental Status Examination 
(MMSE), which was the study’s screening measure 
for cognitive impairment within the sample. MMSE 
scores ranged from 26 to a perfect score of 30, and 
48 participants scored 27 or higher. This screening 
measure excluded no individual since the range of 
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values falls within the “normal” range scores for the 
MMSE, including for the Spanish-speaking popula-
tion.56-58 Therefore, suggesting that the participants 
were not demented or in the early stages of a de-
menting process when they were evaluated.

Among the sample, 20 participants (40%) 
had one or more first-degree relatives (parents) 
with dementia. Of those with dementia histo-
ry, 5 participants (25%) had one or more siblings 
with dementia, 14 participants (70%) reported a 
positive dementia history on their mother’s side 
of the family, and 6 participants (30%) reported 
it by their father’s side. One participant report-
ed a family history of dementia from both his fa-
ther and mother’s sides. Of the participants with 

dementia history, 60% were male, and 40% were 
females. Between-group comparison of sociode-
mographic variables between the dementia his-
tory group (+DH) and the non-dementia history 
group (-DH) showed no statistically significant dif-
ferences for gender and education level. Age was 
also not significant (p = .313). The +DH (N = 20) had 
a mean age of 63.85 (SD = 6.31) and the -DH (N 
= 30) had a mean age of 62.20 (SD = 5.08). Table 
1 shows all the sociodemographic characteristics 
and cardiovascular risk factors among the sample.

Factor Analysis    

The Principal Component Analysis (PCA) with 
the Direct Oblimin rotation method generated 

Table 1. Demographics of Study Groups and Full Sample 

Characteristic -DH +DH p-value* Full sample

Total number 30 20 - 50

Age in years 62.20 (5.08) 63.85 (6.31) .313 62.86 (5.60)

Education n (%) .157

   <High School 1 (3.3) 0 (0) 1(2)

   High School 2 (6.7) 2 (10) 4 (8)

   Some College 7 (23.3) 3 (15) 10 (20)

   Undergraduate 7 (23.3) 5 (25) 12 (24)

   Graduate 13 (43.3) 10 (50) 23 (46)

Female, n (%) 19 (63.3) 8 (40) .105 27 (54)

Right-handed, n (%) 27 (90) 19 (95) .523 46 (92)

Mother DH, n (%) - 14 (70) - 14 (28)

Father DH, n (%) - 7 (35) - 7 (14)

Sibling DH, n (%) - 5 (25) - 5 (25)

Sedentary behavior 5.63 (2.26) 5.50 (2.80) .854 5.58 (2.46)

Cardiovascular risk factors n (%)

   Hypertension 16 (53.3) 10 (50) .817 26 (52)

   High cholesterol 10 (33.3) 7 (35) .903 17 (34)

   Diabetes mellitus 3 (10) 3 (15) .594 6 (12)

   BMI, (kg/m2) 25.86 (4.14) 25.55 (3.41) .784 25.74 (3.83)

Arthritis 7 (23.3) 6 (30) .599 13 (26)
Note: Data are presented as frequencies (percentage) and as means (standard deviation) for these variables: age, 
sedentary behavior = hours/day, and body mass index (BMI). *p-value from chi-squared test for education, gender, 
handedness, hypertension, cholesterol, and diabetes; p-value from t-test for age, sedentary behavior, and BMI 
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a five-factor solution with eigenvalues > 1, which 
accounted for 73.82% of the variance in cogni-
tive test performance (see Table 2). The rotated 
solution converged in 14 interactions, and load-
ings above .650 were selected from the resulting 
components (see Table 3). The first factor, in-
terpreted as non-contextual memory (NCM), re-
ceived high loadings from measures of word list 
delayed recall and word list learning trials 1–3, and 
accounted for 38.44% of the variance in overall 
test performance. The second factor, identified 
as phonemic fluency (PF), had high loadings from 
the letter fluency task (P, A, N) and accounted for 
a further 12.99% of the variance in test scores. The 
logical memory measures (immediate, delayed, 
and recognition) loaded on the third factor, which 
accounted for another 8.34% of the variance and 
was denominated contextual memory (CM.) The 
fourth factor, identified as semantic and recogni-
tion memory (SRM), received high loadings from 
the category fluency task (animals, clothing), the 
Boston Naming Test, and the word list recognition 

trial, accounting for 7.50% of the variance in the 
test scores. Finally, with high loadings from the 
digit span forward/backward sub-tests, the fifth 
factor was identified as working memory (WM) 
and accounted for another 6.54% of the test per-
formance. 

Familial Dementia History and 
Neuropsychological Test Performance 

All raw performance on CERAD subtests and ad-
ditional tests for both groups and the full sample 
was provided for reference on Table 4. Multivariate 
analysis of covariance (MANCOVA) was conduct-
ed to determine the effect of familial dementia 
history on neuropsychological test performance 
as measured by the PCA’s resulting factors (NCM, 
PF, CM, SRM, and WM) while controlling for age 
and education level. The Box’s Test revealed that 
equal variances could be assumed, F(15, 6625.227) 
= .369, p = .987; therefore, Wilk’s Lambda was used 
as the test statistic.55

Table 2. Total Variance Explained and Eigenvalues for the Principal Component Analysis Solution  

Initial Eigenvalues Extraction Sums of Squared Loadings

Rotation 
Sums of 
Squared 

Loadingsa

Component Total
% of 

Variance Cumulative % Total
% of 

Variance Cumulative % Total
1 6.151 38.446 38.446 6.151 38.446 38.446 3.831
2 2.079 12.993 51.439 2.079 12.993 51.439 3.314
3 1.335 8.342 59.781 1.335 8.342 59.781 3.507
4 1.199 7.496 67.277 1.199 7.496 67.277 3.452
5 1.047 6.544 73.821 1.047 6.544 73.821 2.389
6 .907 5.670 79.491
7 .663 4.142 83.632
8 .599 3.743 87.375
9 .471 2.945 90.321
10 .415 2.593 92.913
11 .326 2.035 94.949
12 .270 1.686 96.634
13 .210 1.310 97.944
14 .170 1.060 99.004
15 .103 .645 99.649
16 .056 .351 100.000
Note: When components are correlated, sums of squared loadings cannot be added to obtain a total variance.
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Table 3. Factor Loadings of the CERAD Neuropsychological Variables Resulting from a Principal Component Analysis 
(Rotation Method: Oblimin with Kaiser Normalization)

Factor loadings

CERAD variable 1 2 3 4 5
WLL Trial 2 .825
WLL Trial 3 .797

WLL Delayed Recall .791
WLL Trial 1 .781
Letter Fluency (P) -.874
Letter Fluency (A) -.838
Letter Fluency (N) -.837

LM II Delayed Recall .892

LM I Immediate Recall .874

LM Recognition .829

Category Fluency (clothing) -.800
WLL Recognition -.777

Category Fluency (animals) -.762

Modified Boston Naming test -.695
Digit Span Forward .860
Digit Span Backward .755
Note: Absolute values below .650 are suppressed. NCM (1) = non-contextual memory, PF (2) = phonemic fluency, 
CM (3) = contextual memory, SRM (4) = semantic and recognition memory, WM (5) = working memory. Domains 
obtained from CERAD=Consortium to Establish a Registry for Alzheimer’s Disease. We also tested for general 
cognition (total MMSE score), but it was not included in the principal component analysis. 

The MANCOVA revealed a statistically signifi-
cant main effect of familial dementia history on 
the combined dependent variables (NCM, PF, CM, 
SRM, and WM) after controlling for covariates (age 
and education), Wilk’s Λ=.767, F(5, 42) = 2.554, p = 
0.042, ηp

2 = .233, with an observed power of .736. 
The covariates of age and education significant-
ly influenced the combined dependent variable, 
Wilk’s Λ=.589, F(5, 42) = 5.853, p = <.001, ηp

2 = .411; 
Wilk’s Λ=.717, F(5, 42) = 3.316, p = .013, ηp

2 = .283, re-
spectively. Before conducting the MANCOVA, data 
was screened for missing data and outliers. Box-
plots showed indication of two outliers on WM for 
the -DH and one outlier on CM for the +DH. These 
three outliers were retained to capture the reality 
of the sample. No indication of outliers was found 
on NCM, PF, and SRM. All dependent variables met 
normality (values for Skewness and Kurtosis be-
tween -1 and +1) across dementia history groups; 

only WM for the -DH obtained a Kurtosis value of 
1.469 and a Skewness value of 1.121, which could be 
considered acceptable.59 A preliminary MANCOVA 
was carried out to test the assumptions of homo-
geneity of variance-covariance and homogeneity 
of regression slopes, and assumptions were met.  

Subsequent analysis of covariance (ANCOVA) 
was performed on each dependent variable (indi-
vidual cognitive domain z-score) and with the global 
cognitive z-score (mean of the five domains) for de-
scriptive purposes (see Table 5). The +DH generally 
performed lower compared to the -DH, except for 
CM. These analyses indicated that only the depen-
dent variable (DV) of phonemic fluency was signifi-
cantly affected (P < 0.05) by familial dementia history 
membership with a moderate effect size, F(1, 46) = 
6.494, p = .014, ηp

2 = .124, by the covariate of age F(1, 
46) = 4.527, p = .039, ηp

2 = .90, and by education level 
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Table 4. Tests Raw Scores across Study Groups and Full Sample, and Relationships of Age, Education, and Sex with Test 
Scores in the Puerto Rican Sample 

CERAD 
subtests -DH (N = 30) +DH (N = 20) Whole sample Age Education Sex

MMSE 29.16 (0.91, 27-30) 29.05 (1.35, 26-30) 29.12 (1.09, 26-30) -.414** .243 -.065

WLL Trial 1 5.06 (1.43, 2-8) 4.35 (1.26, 2-6)
4.78 (1.40, 2-8)

-.458** .248 -.200

WLL Trial 2 7.00 (1.28, 5-9) 6.60 (1.56, 4-10)
6.84 (1.40, 4-10)

-.474** .242 -.009
WLL Trial 3 8.23 (1.19, 6-10) 7.55 (1.23, 5-9) 7.96 (1.24, 5-10) -.381** .332* -.003

WLL D.R. 6.30 (1.89, 3-9) 5.50 (2.25, 0-9) 5.98 (2.06, 0-9) -.416** .192 .009

WLL R. 19.33 (1.21, 15-20) 19.35 (1.03, 16-20) 19.34 (1.13, 15-20) -.422** .131 .221

BNT (30) 23.73 (4.37, 15-29) 24.30 (3.96, 14-29) 23.96 (4.18, 14-29) -.441** .367** .174

LM I  12.43 (2.68, 7-17) 12.45 (2.92, 8-19) 12.44 (2.75, 9-19) -.084 .397** .248

LM II 11.30 (3.16, 5-17) 11.35 (3.64, 6-18) 11.32 (3.32, 5-18) -.214 .426** .166

LM R. 12.40 (1.52, 10-15) 12.65 (1.03, 11-15) 12.50 (1.34, 10-15) -.039 .258 .075

P 19.96 (5.58, 10-30) 16.20 (5.87, 3-25) 18.46 (5.93, 3-30) -.374** .296* -.072
A 17.26 (5.36, 7-27) 14.00 (5.37, 6-24) 15.96 (5.55, 6-27) -.433** .332* -.154

N 11.60 (5.18, 3-21) 9.10 (3.98, 2-17)
10.60 (4.85, 2-21)

-.324* .324* -.015
Animals 25.16 (5.50, 18-38) 22.80 (5.83, 11-35) 24.22 (5.70, 11-38) -.394** .363** .284*
Clothing 18.83 (5.54, 6-28) 16.25 (3.61, 11-23) 17.80 (4.98, 6-28) -392** .351* .127

DSF 5.96 (1.37, 4-9) 5.65 (1.08, 4-8) 5.84 (1.26, 4-9) -.239 .218 .054

DSB 4.50 (1.54, 2-8) 4.40 (1.09, 3-7) 4.46 (1.37, 2-8) -291* .312* .042

Note: Data are presented as mean (standard deviation, range). WLL, word list learning. LM, logical memory. D.R., delayed 
recall. R., recall. BNT, Boston Naming Test. Phonemic fluency task, 90 seconds for each letter (P, A, N). DSF, Digit Span 
Forward. DSB, Digit Span Backward. GDS-30, Geriatric Depression Scale. Pearson correlation for age and years of 
education is significant at the *p < 0.05; **p = <0.01. Point biserial correlation is significant at the *p < 0.05.

Table 5. Means, Standard Deviations, and Analyses of Covariance in Parental History of Dementia and 
Neuropsychological Test Performance 

-DH +DH Sign. covariates F(1,46) ηp
2

NCM .17 (.76) -.26 (.83) Age, p = .001 3.35 .068
PF .23 (.88) -.35 (.80) Age, p = .039

Ed., p = .012
6.49* .124

CM -.02 (.89) .04 (.87) Ed., p = .001 .001 .000

SRM .07 (.83) -.12 (.70) Age, p = .002 .447 .010
WM .06 (.96) -.09 (.66) Ed., p = .010 .559 .012
GC .10 (.64) -.16 (.55) Age, p = .004

 Ed., p < .001 
3.33 .068

Note: Data are presented as mean (standard deviation). Ed. = education; GC = global cognition; *p < .05.
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F(1, 46) = 6.820, p = .012, ηp
2 = .129. No statistical sig-

nificance was present when applying Bonferroni cor-
rection (P < 0.01). The remaining DV’s did not show 
a main effect by the IV. Effect sizes were considered 
small effects across CM, SRM, and WM with non-sig-
nificant ANCOVAs. The effect size for NCM and on 
the global cognitive score was considered moderate, 
although not statistically significant. 

 As phonemic fluency was the only domain to 
be significantly impacted by the independent vari-
able at an alpha value of 0.05, for descriptive pur-
poses, similar ANCOVA’s were performed on the 
z-scores of each letter fluency 90-seconds tri-
al that composed the PF factor. The average raw 
score of the sum of these trials and the raw scores 
for each trial (90 and 60 seconds) was also provid-
ed (see Table 6).   

The Geriatric Depression Scale (GDS-30) was 
used to assess depressive symptomatology; it was 
not used in any prior analyses. The mean scores 
across the +DH and -DH groups were considered 
normal and not clinically at risk for depression, x̄ = 
3.70 and x ̄= 3.06, respectively. Therefore, no sig-
nificant impact from this variable on neuropsycho-
logical test performance was expected.      

Age, Education, Sex and Neuropsychological 
Test Performance 

The relationship between individual subtests per-
formance with age, years of education, and sex was 
included in Table 4. Overall, results revealed neg-
ative and statistically significant relationships be-

tween age and 12 out of the 16 test variables used in 
the PCA. Years of education correlated significantly 
and positively with 10 of them. Sex only correlated 
with one testing variable. In addition, only age sig-
nificantly correlated (negatively) with the MMSE.   

Discussion

This study evaluated the relationship between pa-
rental history of dementia and neuropsychological 
test performance with an adapted online Spanish 
version of the CERAD. To date, limited research 
exists assessing the relationship of these variables 
among Puerto Ricans living on the Island. 

The results of this study provide initial sup-
port of an impact from a parental history of de-
mentia on neuropsychological test performance 
among a cognitively healthy and young-old Puer-
to Rican sample. Specifically, FHD significantly 
impacted the combined dependent variables (5 
factors) while controlling for age and education 
level. In addition, the +DH group performed low-
er than the -DH group on four out of five cog-
nitive factors while having an independent effect 
only on phonemic fluency (PF). The effect on 
PF was significant (p = .014) at an alpha value of 
.05 while more of a statistical trend when imple-
menting Bonferroni correction. These preliminary 
findings contribute to the available literature de-
scribing the relationship of dementia history with 
performance on measures of neuropsycholog-
ical functioning in non-demented middle-aged 
and older adults.9-12,15,16 Additionally, it adds to the 
literature on this topic by obtaining data on an 

Table 6. Letter Fluency Trials Z-Scores Across Familial Dementia History Groups

-DH z-score +DH z-score ηp
2

-DH Raw M 
(SD) for 90 

sec.

+DH Raw M 
(SD) for 90 

sec.

-DH Raw M 
(SD) for 60 

sec.

+DH Raw M 
(SD) for 60 

sec.
P .25 -.38 .099* 19.97 (5.58) 16.20 (5.87) 15.20 (4.28) 12.80 (4.62)
A .24 -.35 .098* 17.27 (5.37) 14.00 (5.37) 13.30 (4.45) 10.35 (3.73)

N .21 -.31 .080 11.60 (5.18) 9.10 (3.99) 9.26 (3.94) 7.20 (3.30)
PAN 
(mean)

.23 -.35 .124* 48.80 (14.39) 39.30 (13.23) 37.76 (11.27) 30.35 (10.25)

Note: Analyses of covariance (covariates: age and education). *p < .05. Letter fluency task, 90 seconds for each letter (P, A, 
N). Raw scores for 90 and 60 second trials (mean, standard deviation) provided for reference.   
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underrepresented population in research studies 
(i.e., Puerto Ricans).

Morrow et al.16 reported an interaction be-
tween a high number of medical problems and 
a family history of dementia with overall poor-
er test performance and an independent statis-
tically significant effect on executive function, 
which contained phonemic and semantic fluency 
tasks, and digit span backward. The current study 
showed an independent main effect of FHD on 
phonemic fluency (P < 0.05). In contrast, there 
was no significant impact from FHD on the factor 
loaded with semantic fluency tasks or the working 
memory factor, composed of both digit span for-
ward and backward. These discrepancies may be 
explained by the difference in tests/domains fac-
tor constructs. Also, their total sample’s mean age 
(73.1) was approximately ten years older than the 
present study; therefore, a lower cognitive perfor-
mance could be expected.

Another similar finding was previously demon-
strated with cognitively healthy middle-aged and 
older adults with comparable demographics (age 
and education) to the current study’s sample. Do-
nix et al.11 reported that having a family history of 
dementia, specifically Alzheimer’s disease (AD), 
was associated with poorer baseline scores in ex-
ecutive functioning, which included a measure of 
letter fluency. However, their findings also showed 
lower baseline scores in processing speed, mem-
ory encoding, and delayed memory. Additionally, 
other studies have also suggested an association 
between +DH and memory abilities such as encod-
ing and delayed memory.9,10,12 Although not statis-
tically significant (p = .074), there was a trend for 
an association of family history of dementia with 
poorer test performance in the obtained non-con-
textual memory domain (NCM), such that results 
showed a moderate effect size (ηp

2 = .068) and an 
observed power of .434.

Although the underlying mechanism for this 
relationship is still unknown, some studies sug-
gest it may have a negative additive effect on 
cognition when in the presence of other risk fac-
tors such as APOE e4, HIV positive, and medical 

comorbidities.14-16 This could be clinically import-
ant considering Puerto Rican’s adverse cardiomet-
abolic profile among older adults, characterized 
by a high prevalence of hypertension (70.2%), 
lipid metabolism disorder (62.2%), diabetes 
(53,6%), obesity (37.6%), and metabolic syndrome 
(38.2%).60,61

Within executive function’s subdomains, cog-
nitive flexibility, inhibition, and processing speed 
have shown to be strong predictors for verbal flu-
ency in cognitively healthy participants.62 Further-
more, literature suggests that preserved executive 
function is required to properly perform letter flu-
ency tasks.63,64 On the other hand, first-line histo-
ry of AD has been associated with lower cerebral 
perfusion, a higher burden of white matter lesions 
and microbleeds, and microstructural white matter 
differences in cognitively healthy late middle-aged 
and young-old adults.8,65 These white matter chang-
es have been shown to be associated with lower 
executive function and processing speed in cogni-
tively healthy older adults.66 Considering that the 
covariates of age and education were controlled 
for, a possible explanation is that dementia history 
could have accounted for lower phonemic fluency 
performance among this sample. 

Among this sample, no differences were found 
in the semantic and recognition memory domain 
(SRM), composed of semantic fluency tasks (an-
imals, clothing), naming (Boston Naming Test), 
and word list recognition. As mentioned, the word 
list recognition trial was presented one word at a 
time on the participant’s computer screen, mak-
ing the forced-choice recognition trial visual in 
nature. Also, the addition of another semantic flu-
ency task (clothing fluency) followed the factor 
structure tendency as the original CERAD version, 
loading with the BNT and animal fluency.21 None-
theless, the phonemic fluency task (PAN) generat-
ed an additional factor that explained the second 
most variation in the neuropsychological variables 
among the sample. This could partly be explained 
by the evidence showing that different neural net-
works are active during these tasks, semantic flu-
ency and visual confrontation naming requiring 
more temporal-lobe involvement, while phonemic 
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fluency shows more frontal-lobe involvement.67-69 
These findings support the idea that lower scores 
on the PF domain by the +DH group are likely due 
to difficulties with the executive components of 
the task (e.g., switching to a new strategy when 
the current one is exhausted), rather than lan-
guage and semantic memory skills. However, fur-
ther studies with more tasks measuring executive 
functioning and processing speed could clarify 
since evidence suggests that language process-
ing is a critical component for phonemic fluency, 
showing factor loadings from semantic and pho-
nemic fluency in conjunction with the BNT.70

Recognizing the need for better knowledge of 
the preclinical phase of AD and other dementias 
among Puerto Ricans, the relation between +DH 
and phonemic fluency as a possible prodromal 
stage for cognitive impairment could be consid-
ered in future studies and in clinical settings. Of 
note, it is relevant to consider that phonemic flu-
ency differences have been reported among Span-
ish speakers from different countries (i.e., Puerto 
Rico, Chile, Dominican Republic, and Spain), pro-
viding preliminary evidence that not all Spanish 
speakers perform similarly, and that ethnicity, lan-
guage, and culture should be addressed by the dis-
cipline of Clinical Neuropsychology.71

96% of the sample scored 27 or higher on the 
MMSE, which is considered a better indicator of 
normal cognitive function than 25 or higher.57,72 
Considering the significantly lower phonemic fluen-
cy performance by the +DH group, results support 
the use of cognitive screeners that incorporate 
phonemic fluency tasks in Puerto Rico, which is not 
the case of the MMSE, even though it is one of the 
most commonly administered screeners. This could 
favor an appropriate referral to the neuropsychol-
ogy specialty and reduce the probability of a false 
negative diagnosis among this Puerto Rican popu-
lation. This should be encouraged within the psy-
chology and neuropsychology practice, as well as 
other medical institutions within the Island. 

These preliminary findings suggest that re-
searchers may consider family history of demen-
tia as a covariate in studies of normal cognitive 

aging, even among the late middle-aged and young-
old adult range. La Rue et al.9 also made a similar 
suggestion upon a Northern American sample. Ad-
ditionally, the possible sensitivity of phonemic flu-
ency tasks and its relationship with a family history 
of dementia could strengthen clinical practice with 
non-demented young-old Puerto Ricans with de-
mentia history. Lastly, although limited, this study 
provides initial data on 50 Puerto Ricans’ neuropsy-
chological test performance for commonly used 
tests, contributing to the need for information on 
the second-largest Latin group in the United States.

Factor Structure 

A principal component analysis (PCA) was carried 
out to explore the factor structure of the study’s 
CERAD battery due to its adaptation to an online 
format, the exclusion of tests found in the original 
CERAD, and the inclusion of additional tests not 
found in the earliest version. Although the authors 
acknowledge the limitations of conducting a PCA 
with a sample size of 50, the present study’s ratio 
of subjects to variables meets the minimum for 
PCA.73 The inclusion and exclusion of tests might 
partially explain the additional two factors that 
were generated in the present study for a total of 
five factors compared to the three traditional fac-
tors that have been documented in the literature 
across different languages.21,26,74,75 However, similar 
tendencies to previous CERAD’s factor structure 
include: 1) Word List Tasks weighted heavily on 
Factor 1 while accounting for the most variance in 
overall test performance, and 2) Animal Fluency and 
Boston Naming Test loaded within the same factor. 
21,23,26,74,75 Compared to the original CERAD, no Praxis 
factor was generated due to the exclusion of the 
Constructional Praxis Test. Lastly, the three new 
factors generated in this study can be explained 
by the following additional tests: 1) Letter Fluency 
(Phonemic Fluency); 2) Logical Memory (Contex-
tual Memory), and Digit Span (Working Memory).

Interestingly, the PF factor explained the second 
most variance (12.99%) in test performance among 
this sample, even more than the factor with load-
ings from the Boston Naming Test and Animal Flu-
ency, which typically loads as the second,21,26 or third 
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factor.74,75 Further exploration and validation of this 
battery might be beneficial since it could shed light 
on other explanations for neurocognitive changes 
among Puerto Ricans apart from Alzheimer’s dis-
ease, which the original CERAD was designed for.

Age, Education, Sex and Neuropsychological 
Test Performance

The current study revealed a significant influence of 
age and education on the linear composite of the 
five cognitive domains/neuropsychological perfor-
mance with large effect sizes. Age had a larger ef-
fect size compared to education level. Overall test 
performance was not significantly influenced by sex. 
Subsequent analysis of covariance also indicated 
that age and education were significant covariates 
when examining the impact of FHD on the global 
cognitive z-score (mean of the five domains) while 
not showing a main effect by dementia history.

However, contextual memory (CM) and working 
memory (WM) were not independently significant-
ly impacted by age, while education level did not in-
dependently influence the NCM and SRM domain. It 
is well established that educational attainment and 
age impact neuropsychological test performance, 
including the CERAD battery.25,76-78 More extended 
formal education is associated with superior per-
formance on letter fluency, category fluency, nam-
ing, logical memory, and digit span.25,79-81 

Consequently, high educational attainment 
among this sample could have substantially ac-
counted for the results on the obtained domains, 
composed of verbal fluency tests, naming, digit 
span, and logical memory. Also, the whole sample’s 
age range (55-74) and size could have partly con-
tributed. Future studies should aim to collect data 
from Puerto Ricans with lower educational levels 
while utilizing the CERAD for a more comprehen-
sive analysis and further developing the adapted 
version of the battery.

Limitations and Research Perspectives

The applied cross-sectional design does not detect 
changes over time, and therefore a follow-up was 

not performed. Previous longitudinal studies inves-
tigating the impact of family history of dementia 
on cognition have shown evidence of more signif-
icant cognitive decline over time among relatives 
compared to controls,9,10 while contradictory results 
have also been reported.11 Therefore, a longitudinal 
approach could certainly provide valuable informa-
tion on possible cognitive decline among this cog-
nitively healthy relative’s population.

Second, familial history of dementia was based 
on self-reported data. However, the applied data 
collection method was a structured and detailed 
interview. This method has been successful-
ly used previously and found reliable.82 As carried 
out within this study, future researchers address-
ing this variable should consider asking for senile 
dementia and not only Alzheimer’s Disease or re-
lated dementias. Among the current study, partic-
ipants would respond that a parent did not have 
AD or dementia but would provide an affirmative 
response to having a diagnosis of senile dementia. 
Clinical neuropsychologists and future research-
ers should be aware of this phenomenon when 
interviewing Puerto Ricans in both clinical and re-
search settings.  

Third, the full sample is not representative 
of the Puerto Rican population concerning ed-
ucation. Under-representation of low-educated 
individuals is an unfortunate but common cir-
cumstance in many research studies. The fourth 
limit of this study is the small sample size, which 
could have reduced statistical power and poten-
tially reduced the generalization of results, further 
supported when Bonferroni correction was imple-
mented. Thus, this study’s findings are preliminary.

Future studies with a larger and more diverse 
sample in terms of broader years of education, age 
range, and individuals from different regions of the 
Island are needed to explore and describe the re-
lationship among these variables more in-depth. It 
would also be beneficial to have participants divid-
ed by early-onset relatives and late-onset relatives 
since prodromal effects can vary.8 The current sam-
ple did not show a statistically significant differ-
ence among the groups’ cardiovascular risk factors, 
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which can be considered a statistical control mea-
sure. However, future studies among Puerto Ricans 
should control for medical and cardiovascular con-
ditions since it has been reported that combined 
with dementia history, it may have an accumulative 
negative effect on cognition.16 

Statistical controls were carried out for con-
founding variables that research has shown to 
impact cognition83 and CERAD performances,25,78 
especially age and education.76,77 To the author’s 
knowledge, this study may be considered one of 
the few that might have documented the impact 
of having a family history of dementia on neuro-
psychological test performance among a cogni-
tively healthy Puerto Rican sample. 

A novel element is the development and use of 
an online adapted version of the CERAD Spanish 
version by the authors. This topic is considered clin-
ically important since there is a lack of studies on 
implementing tele-testing in Puerto Rico. Tele-test-
ing might be a useful alternative tool when patients 
have challenges reaching the clinician for face-to-
face testing. Therefore, this line of research should 
be perused in the Island. On the current study, the 
PCA’s results support that the measured constructs 
(i.e., non-contextual memory, phonemic fluency, 
contextual memory, and working memory) among 
this study were not altered due to the online ad-
aptation and was simply an accommodation due to 
the COVID-19 circumstances.54 Thus, a future study 
with a larger sample should aim to carry out validity 
analysis with this adapted online version.

As mentioned, neuropsychological testing was 
performed online; for this reason, testing condi-
tions may have differed from one individual to an-
other. The investigators attempted to limit this 
variability through interviewer training and de-
tailed and standardized testing protocols. Re-
search has documented that there is currently 
limited evidence validating the use of teleneuro-
psychology in the under-represented population 
due to a lack of participation, partly due to having 
less internet access and comfort using technolo-
gy.43,44,84,85 Hence, this phenomenon may explain 
the highly educated sample that reached out and 
agreed to participate in the current study, which 
probably had better internet and computer ac-
cess and felt more comfortable using technol-
ogy during the COVID-19 global pandemic. Also, 
due to the online format, paper and pencil tests 
that would have been used to assess attention, 
processing speed, visuospatial ability, and visu-
al memory were taken out of the Spanish version 
CERAD battery—leaving the investigators with a 
battery that assesses more partially lateralized 
functions of the left hemisphere. Nevertheless, 
similar tests used for the study have been pro-
posed for cognitive assessment in older adults 
and were useful and studied in TeleNP dementia 
evaluations and older adults.43,44 Future studies ad-
dressing the impact of FHD on neuropsychologi-
cal test performance among Puerto Ricans should 
consider implementing visual memory, visual-con-
structive, and processing speed tasks for a more 
comprehensive measure and understanding of 
any association. 
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