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Abstract

Background Valid and reliable measurements are necessary to understand and monitor age-related changes.

Aims To describe the factor structure and provide validity evidence of a neuropsychological and a physical testing batteries
using factor analysis.

Methods We performed a secondary analysis of data from the Epidemiology and Development of Alzheimer’s Disease
(EDAD) project. Community-dwelling adults aged 55 to 85 years underwent comprehensive physical and neuropsychological
assessments. An exploratory factor analysis was performed on both assessment batteries. The models were later confirmed
with a random subsample using confirmatory factor analysis.

Results Data from 238 adults (163 females and 75 males) was included. The neuropsychological model revealed a four-
factor structure formed by “Executive Functioning”, “Verbal Memory”, “Logical Memory”, and “Labeling And Reading”
(Extraction Sums of Squared Loadings [ESSL]=56.41% explained variance; Standardized Root Mean Square Residual
[SRMSR]=0.06; Comparative Fit Index [CFI] =0.98). The physical model was formed by a two-factor structure including
“Health-related Fitness and “Functional Fitness” (ESSL =50.54% explained variance; SRMSR =0.07; CFI=0.93).
Discussion To our knowledge, this is the first study to analyze the structure of comprehensive testing batteries for the
Latin-American older adults. Our analysis contributes to the understanding of theoretical constructs that are evaluated in
the EDAD project.

Conclusion Our findings provide validity evidence for simplified and reduced testing batteries, which imply shorter testing
times and fewer resources.
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diversity of their capacities [1, 2]. Aging is specially related
to changes in physical [3-5] and cognitive domains [6, 7].

Physical fitness [8], is considered a multi-component con-
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classifies physical fitness into health-related and skill-related

components [10]. This classification emulates the distinction
between physical function and physical fitness. Physical func-
tion has been described as the ability to carry out activities of
daily living, while physical fitness includes measurable out-
comes related to health and mortality [11].

Life cycle effects of protective factors, risk factors, and
compensatory scaffolding processes combine in various
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levels of cognitive function [12], such as learning, memory,
language, perception, attention, and executive functions [13,
14]. A wide range of neuropsychological tests has been used to
measure cognitive function. Some tests may evaluate multiple
cognitive functions at a time or capture only one aspect of a
given function; thus, a comprehensive cognitive assessment
often employs a battery of several tests [15, 16].

The worldwide increase in older adult population imposes a
need for strategies to face the demands of aged individuals and
prevent or delay negative changes that may occur in healthy
or pathological aging. These changes include a decrease in
muscle mass [3], muscle strength and aerobic capacity [4],
changes in mobility, balance [5], memory, processing speed
[6], inhibition, and working memory [17].

Improving measurements and data collection of older
adults’ characteristics is necessary to understand and monitor
healthy aging and changes associated with aging [2]. Valid
and reliable measurements are essential to achieve this goal,
yet few neuropsychological assessment batteries have been
validated in Spanish for the Latin American population. As
for physical testing batteries, to our knowledge, there are no
validated assessment protocols for the older adult population
in Latin America.

The Epidemiology and Development of Alzheimer’s
Disease (EDAD) project sought to study social and envi-
ronmental factors that contribute to healthy aging and the
development of Alzheimer’s disease in Costa Rica (registra-
tion R21-TW009665). A subsample of healthy older adults
from EDAD was assessed to compare physical and cognitive
aging between participants from Costa Rica and Kansas, US.
In the study, older adult volunteers completed comprehensive
physical and neuropsychological assessments. The testing
batteries comprised multiple cognitive tests previously vali-
dated in Spanish [18-21]. Notably, many studies of cognitive
aging have created global cognition scores by averaging the
z-scores of the tests that make up an assessment. However,
this approach has been questioned because it leads to the loss
of important information [22]. Contrarily, factor analysis is a
more sophisticated and robust approach that allows the rep-
resentation of multiple aspects of a concept with one score
and provides evidence of validity and reliability for tests [23].
Therefore, the present study aimed to use factor analysis to
describe the factor structure of the neuropsychological and
physical testing batteries used in the EDAD project.

Methods
Design and participants
We performed a secondary analysis of data from a cross-

sectional subsample from EDAD. Community-dwelling
adults aged 55 to 85 years were recruited from the greater
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metropolitan area in Costa Rica. Individuals were excluded
if they presented: (a) possible cognitive impairment as
defined by a Mini Mental State Examination (MMSE)
score < 24), (b) major psychiatric disorders as defined by
Diagnostic and Statistical Manual of Mental Disorders IV
(DSM-1V), (c) stroke history, (d) clinically significant
infections in the past 30 days, (e) drug or alcohol abuse
in the past two years, or (f) medical contraindication for
physical testing. All participants provided written consent,
and the University of Costa Rica’s Scientific Ethics Com-
mittee previously approved the study protocol.

Procedures

Participants underwent physical and neuropsychological
assessments in two separate sessions. Individuals attended
the first session in fasted state. A physician performed an
interview and general health assessment to grant permis-
sion for participation. After this, an exercise scientist and
the physician recorded anthropometric measures (i.e.,
body height in cm and body weight in kg) and performed
the Senior Fitness Test (SFT). The SFT is a comprehen-
sive functional fitness test battery to evaluate older adults’
ability to perform activities of daily living safely and inde-
pendently [24]. It is comprised of (a) 30-s chair stand, (b)
30-s arm curl, (¢) 2-min step test, (d) Chair sit-and-reach,
(e) Back scratch, (f) Timed up-and-go, and (g) 6-min walk-
ing test (6MWT). Then, handgrip strength was recorded
using a handheld dynamometer (Jamar, Patterson Medi-
cal, Nottinghamshire, UK). Participants performed three
attempts; the highest score was considered the maximum
grip strength. Finally, a graded exercise test assessed peak
oxygen consumption (VO,peak) with a modified Bruce
protocol on a Jaeger CPX metabolic cart (CareFusion Cor-
poration, San Diego, CA). Participants ingested a small
breakfast following the physical tests.

Individuals attended the neuropsychological testing
session approximately one week after the first session.
A psychologist or a trained advanced psychology stu-
dent applied the following neuropsychological tests: (a)
MMSE [25], (b) Logical Memory [26], (c) Category flu-
ency [27], (d) Trail Making Test [28], (e) Digit Symbol
Substitution Test [13], (f) Boston Naming Test [29], (g)
Block Design [26], (h) Stroop Test [30], (i) Free and Cued
Selective Reminding Test [31], (j) Crossing Off [32], (k)
Letter Number Sequencing [26], (1) Digit Span Test [26],
(m) Hidden Patterns [33], and (n) Identical Pictures [33].
After the neuropsychological evaluation, an exercise
scientist carried out the remaining physical measure; a
body composition assessment using a dual-energy X-ray
absorptiometer (DXA) General Electric™, model Lunar
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Prodigy Advance (GE Medical Systems Lunar, Madison,
WI), with the enCORE 2011 software version 13,60,033.

Statistical analysis

Analyses were performed using the IBM-SPSS Statistics
version 23 and IBM-SPSS AMOS version 24 (Armonk,
NY, USA). Statistical significance was set at p <0.05.
Descriptive statistics included continuous variables’ mean
and standard deviation (M + SD). In addition, two pri-
mary analyses were computed: a) exploratory factor anal-
ysis (EFA) and b) confirmatory factor analysis (CFA).

EFA is used to analyze patterns in complex and mul-
tidimensional relationships. It allows summarizing an
extensive data set into a smaller number of factors that
represent latent variables or constructs [23]. We per-
formed an EFA for the physical and cognitive testing
batteries. Before the factor extraction, we estimated the
Kaiser—Meyer—Olkin measure (KMO) to verify adequate
sampling and performed Bartlett’s test of sphericity [23].
For both analyses, we used oblique rotation, given that
factors cannot be assumed to be uncorrelated [23].

After extracting the factor structure with the explora-
tory analysis, we confirmed this structure with a random
subset of the data (i.e., CFA). To examine convergent
validity, we analyzed the Composite Reliability, Aver-
age Variance Extracted, and factor loadings. Values of
CR>0.70 and AVE > 0.50 were set as cut offs of adequate
convergent validity, as well as factor loadings above 0.50
with an average of > 0.70. We interpreted discriminant
validity as a low correlation between factors (< 0.70).
Adequate model fit was determined according to the
Maximum Shared Variance (MSV < AVE), Compara-
tive Fit Index (CFI) (> 0.90), Root Mean Square Error of
Approximation (RMSEA < 0.05), and Standardized Root
Mean Square Residual (SRMR < 0.09) [34-36].

We eliminated some indicator variables (i.e., test
scores) from the original testing batteries. Importantly,
the elimination of indicators was done to ensure practi-
cal significance, not just to meet mathematical criteria.
A factorial load of 0.5 means that 25% of the variance in
the factor is explained [23]. For this reason, we removed
indicators with factor loadings <0.5.

Results

Volunteers were 238 adults (163 females and 75 males).
The participant’s age was 69.22+5.13 yr., body mass
68.09 + 12.36 kg, body height 157.85+9.40 cm, VO, peak
22.24+5.13 ml-kg~!-min~!, body fat mass 38.64 +8.92%, and
MMSE score of 28.88 +1.51 pts.

The statistical assumptions for EFA and CFA were studied.
The KMO measure verified adequate sampling for the physical
(0.79) and neuropsychological (0.83) testing batteries. Bart-
lett’s sphericity test indicated a proper correlation structure for
factor analysis for the physical (X2 =683.88, df=28, p<0.001)
and neuropsychological (X2= 1337.71,df=91, p<0.001) test-
ing batteries.

Physical assessments

EFA

The maximum likelihood estimation method created a two-
factor solution that explains 50.54% of the variance. Table 1
presents the pattern loading matrix for eigenvalues > 0.3.
Twelve measures were included in the analysis. Four measures
were removed from the model (height, weight, Chair sit-and-
reach, and Back scratch) to obtain adequate discriminant valid-
ity. Both factors had low internal consistency, evidenced by
Cronbach’s o for Functional Fitness (a¢=0.26) and for Health-
related Fitness (¢=0.32).

CFA

The two-factor model was confirmed using data from a ran-
dom subsample (Fig. 1).

The model has adequate fit, as determined by SRMR (0.07)
and CFI (0.93) measures. Both factors evidence adequate con-
vergent validity, as they both present factor loadings >0.50 in
all indicator variables and average loadings >0.70. The con-
vergent validity measure AVE is 0.50 for Functional Fitness
and 0.49 for Health-related Fitness, approaching the cut-off
criteria of 0.50 [36]. However, some authors consider the
AVE a very strict measure of convergent validity [34, 35].
The CR measures are 0.79 and 0.80 for Health-related Fitness
and Functional Fitness respectively, suggesting good construct
reliability. Although both factors are significantly related
(r=0.62, p<0.001), the model reaches suggested thresholds
[23] (Table 2).

Neuropsychological tests

EFA

The maximum likelihood extraction method created a four-
factor solution that explains 56.41% of the variance. The
pattern matrix is presented in Table 1.

Notably, out of the 25 items that were included in the
analysis, 11 (44%) were removed from the model to obtain
proper discriminant validity. All four resulting factors pre-
sent adequate internal consistency, evidenced by Cronbach’s
o (Executive Functioning =0.75, Verbal Memory =0.78,
Logical Memory =0.88 and Naming and Reading =0.75).
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Table 1 Pattern loading matrix for the physical and the neuropsychological tests models

Indicator Factor

Physical tests Functional fitness Health-
related
fitness

30-s Chair stand 0.77

30-s Arm curl 0.74

2-min steps 0.65

Timed up and go test 0.57

Grip strength 0.77

6 min walking test 0.73

Fat free mass 0.72

VO, peak 0.60

Neuropsychological tests Executive functioning Verbal memory Logical memory Naming
and read-
ing

Hidden patterns 0.82

Identical pictures 0.53

Stroop 3 0.50

Trail making test A 0.49

Trail making test B 0.54

Block design 0.89

Digit symbol substitution 0.73

SRT free 1 0.63

SRT free 2 0.75

SRT free 3 0.84

Delayed logical memory 0.84

Logical memory 0.95

Stroop 2 0.82

Stroop 1 0.78

As was done for the physical testing battery, the four-factor
model for the neuropsychological testing battery was con-
firmed using data from a random subsample (Fig. 2). The
model fit is excellent (SRMR =0.06, CFI=0.98).

All four factors present factor loadings > 0.50 in all their
indicator variables and average > 0.70, which provides evi-
dence for acceptable convergent validity [23]. The AVE and
CR also indicate proper convergent validity (Table 2). The
square root of AVE is greater than inter-construct correla-
tions suggesting proper discriminant validity.

Discussion

This study aimed to describe the factor structure of the neu-
ropsychological and physical testing batteries used in the
EDAD project and provide evidence of validity for their use
in Latin American older adults. The neuropsychological bat-
tery was comprised of four factors (i.e., Executive Function-
ing, Verbal Memory, Logical Memory, and Labeling And
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Reading), and the physical model was formed by two factors
(i.e., Health-related Fitness and Functional Fitness).

Four indicators (33%) were removed in the physical
model out of the 12 original indicator variables. This may
reduce the evaluation time of research protocols, yet it
excludes the assessment of flexibility, a domain considered
relevant for the physical health of older persons [37]. The
other two removed indicators were anthropometric char-
acteristics, usually recorded for research or health assess-
ments; thus, we do not recommend their elimination for
other purposes.

Varela et al. [38] reviewed some of the most relevant
physical testing batteries for the older population and clas-
sified them according to their purpose (i.e., health-related
or related to activities of daily living). For example, the
6MWT, grip strength, chair-stand, and arm curl were found
in batteries classified in both categories. This reflects how
different tests have been conceptualized in diverse ways.
Therefore, our analysis contributes to the understanding
of theoretical constructs that are evaluated in the EDAD
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Fig. 1 Two-factor model for the
physical assessment battery el Fat-Free % .59
e2 Handgrip Strength .66
Health-
related PF
e3 6 min walk .78
e4 VO2 peak .76
.62
e5 30 s Arm curl 72
e5 30 s Chair Stand .76
Functional
PF
e5 2min steps .62
e5 TUG 72
Table 2 Validity measures for the physical and the neuropsychological tests models
Physical tests CR AVE MSV Health-related fitness Func-
tional
fitness
Health-related fitness 0.79 0.49 0.38 0.71
Functional fitness 0.80 0.50 0.38 0.62%* 0.70
Neuropsychological tests Executive func-  Verbal memory Logical memory Naming
tioning and read-
ing
Executive functioning 0.86 0.51 0.19 0.71
Verbal memory 0.77 0.53 0.27 0.41* 0.73
Logical memory 0.89 0.81 0.27 0.34* 0.52%* 0.90
Naming and reading 0.76 0.62 0.19 0.43% 0.21 0.08 0.79

coefficients are presented in bold

Note: CR: adequate construct reliability (>0.70); AVE: inadequate average variance extracted (<0.50); MSV: adequate maximum shared vari-

ance (< AVE); Adequate square root of the AVE (> correlations)
*significant correlations at p <0.001

project. Nevertheless, the nomenclature must be confirmed
with a more extensive data set.

The “Health-related Fitness” factor is formed by three
basic physical parameters, muscle strength, aerobic capac-
ity, and body composition. Muscle strength was assessed
with the grip strength test, a test widely used to predict mor-
tality in older adults [39-42]. The 6MWT, an assessment

of cardiovascular aerobic capacity, is related to death
risk [24]. Although the original testing battery included a
graded test to measure maximal oxygen uptake (VO, max)
directly, the sample from this study did not reach a respira-
tory exchange ratio > 1.10; a ratio needed to consider that
an individual's maximal VO, has been achieved. Thus, we
instead recorded the VO, peak. This may explain why the
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Fig. 2 Four-factor model for the

neuropsychological assessment el Hidden Patterns 78
battery. Factors: Executive
functioning (indicators: Hidden
patterns, Hand, Verbal memory, . .
Logical memory and Labeling e2 Identical Pictures .65
and Reading).
e3 Stroop Interference | .70
Executive
ed TMT-B .56
e5 Block Design .78
.41
e6 DSST .78
e’ SRT_free 3 71 .34
Verbal
SRT_free 1 .70
e8 - Memory 43
e9 SRT_free 2 77
.52
e10 Logic Memory .83
) .21
Logic
Memory
ell Dalayed Log. M. .96
.08
el12 Stroop Color .90
Labeling
Reading
el13 Stroop Word .66

6MWT was associated with “Health-related Fitness”, and
the graded test, a gold standard for cardiorespiratory fitness,
was not. Finally, body composition is often expressed in two
compartments, fat mass and fat-free mass. Fat-free mass, the
final component of this factor, is of particular interest for
the health of older adults, as aging is related to the loss of
muscle mass and function (i.e., sarcopenia).

The second physical factor was labeled ‘“Functional Fit-
ness” and is composed of four test from the SFT, a testing
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battery specifically designed to assess older adults’ abili-
ties to perform activities of daily living independently [24].
This factor includes the evaluation of capacities such as
upper body strength (Arm curl and Chair stand), agility,
and dynamic balance (Timed-Up-and-Go and 2-min step
test) [11, 24]. Although the 2-min step test is provided as an
alternative for the 6BMWT, a detailed analysis of both pro-
cedures evidences that the step test requires better mobility
and balance, as the individual must lift their leg in a way
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that is not habitual, like walking. Therefore, we suggest that
the 2-min step test evaluates the ability to perform more
complex movements, not just aerobic capacity. For this rea-
son, it is related to other indicators that form the “Functional
Fitness” factor.

The neuropsychological model was comprised of four
factors and 13 indicator variables. Twelve indicators were
removed for practical reasons, making for a shorter assess-
ment protocol. The first neuropsychological factor was
named “Executive Functioning” and is formed by six tests
(i.e., Block design, Hidden Patterns, Digit Symbol Substitu-
tion Test, Identical Pictures, Stroop Test, and Trail Making
Test B). Notably, not all these tests were initially designed
to evaluate executive functions. However, as we analyzed
the tests’ characteristics and demands, we found that all
indicator variables presented visual stimuli tasks related
to cognitive control, planning, and self-monitoring tasks,
which implies strategy generation and complex perceptual
and motor resolution.

“Verbal Memory” was the second neuropsychological
factor. It comprises three scores from the Selective Remind-
ing Test, a test where individuals are asked to recall 16
images they had observed. Participants performed six tri-
als, three free (not cued) and three cued attempts to recall.
Unlike the unidimensional structure reported before [31],
where all six trials form one factor, only the scores for the
three free recalls conform the “Verbal Memory” factor in our
findings. This may be due to the healthy cognitive status of
our participants, whose scores may have been affected by a
ceiling effect [22] in the cued portion of the test. Meanwhile,
free recall assesses the individual’s learning curve with an
effective memory encoding strategy.

The remaining two factors, “Logical Memory” and
“Naming and Reading” only have two indicator variables.
Caution is warranted when interpreting factors with less than
three indicator variables [23]. Thus, we discuss the factors;
yet this limitation should warn their use for future analyses.
The “Logical Memory” factor comprises two scores from
the same test (Immediate Logical Memory and Delayed
Logical Memory). This test assesses recall memory simi-
larly to daily memory demands [22]. Two scores form the
"Naming and Reading" factor from the Stroop Test (Color
Naming and Word Reading). These two scores may simply
be associated with the same factor because of the identical
format of the test and not because of a common underlying
construct. Based on our analysis, we warn readers against
the interpretation of these two-factor scores.

Strengths and limitations

Research with neuropsychological and physical testing
implies the need to develop, standardize, and evaluate testing

procedures. Having reliable and valid assessment instru-
ments is fundamental to studying aging-related changes.

Following the thresholds recommended by Hair et al.
[23], we found evidence of adequate convergent and dis-
criminant validity for both the physical and neuropsycho-
logical testing batteries. Evidence of consistency (e.g., test,
re-test) and predictive validity is necessary to ensure that
these measures are helpful and trustworthy in research and
clinical settings.

In neuropsychology, it is uncommon to find instruments
that measure only one cognitive function; consequently, dif-
ferent interpretations can be found in the literature about
each instrument. This was evidenced in the fact that some
indicators loaded on two factors at a time. However, with
factor analysis, we were able to identify the cognitive func-
tions being evaluated by observing how scores were related
and covaried, allowing for interpretation based on theory
and real observations (i.e., scores).

A strength of using factors as indicators of latent vari-
ables instead of simple test scores is that the variable (i.e.,
factor) is represented by integrating common variance and
better estimating the construct, which minimizes meas-
urement error [23]. The findings of this study contribute
to future research in the field by providing simplified and
reduced testing batteries, which implies shorter testing time
and fewer resources. These findings also reinforce the notion
that a comprehensive and valid evaluation does not need to
be extensive or expensive; it is possible to evaluate physi-
cal and cognitive capacities in older adults using low-cost
procedures.

Notably, the older adults who participated in the present
study represent a selective population of Latin-American
older persons. The participants were mainly healthy, physi-
cally active, and independent. Therefore, caution is war-
ranted when generalizing these results. Another limitation
of our study is that education (i.e., years of formal schooling)
and socioeconomic variables were not considered. There is
evidence that individuals with higher education and socio-
economic levels perform better in neuropsychological tests
[43].

In conclusion, this is the first study to analyze the struc-
ture of comprehensive testing batteries for the Latin-Amer-
ican older adult population to the best of our knowledge.
Practitioners will save time and resources by using simpli-
fied and reduced physical and neuropsychological testing
batteries. Future studies should focus on replicating these
analyses with older adults with distinct cognitive and physi-
cal statuses, and from rural and urban settings to allow
generalizability.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40520-023-02612-7.
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