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Abstract

Obijective: There is a need to find cognitive markers that can help identify individuals at risk for
Alzheimer’s disease (AD), and that can be used to reliably measure cognitive decline. We tested
whether a theoretically driven three-factor structure would characterize cognitive functioning in
individuals who are genetically-determined to develop AD due to a mutation in Presenilin-1
(PSENI) gene. We also examined whether these factors could distinguish cognitively unimpaired
PSENI mutation carriers from age-matched non-carrier family members.

Method: 1395 cognitively unimpaired members of a Colombian kindred with the PSENI E280A
mutation were included in the study. A confirmatory factor analysis examined the fit of the three-
factor model comprising episodic memory (MMSE memory recall, CERAD-COL Word list recall
and Constructional praxis recall), executive function (Phonemic fluency and WCST perseverative
errors), and psychomotor processing speed (TMT-A and WAIS-111 Digit Symbol).
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Results: The three-factor model provided an excellent fit for all participants (o=.24;RMSEA=.
01). Further, the episodic memory (p=.0004,0=0.25) and executive functioning (p=.001,40=0.18)
factors distinguished cognitively unimpaired carriers from non-carriers. The episodic memory
factor provided the earliest indication of preclinical cognitive decline at 35 years of age, nine years
before individuals’ estimated age of clinical onset.

Conclusions: The three theoretically derived cognitive factors provide a reliable measure of
cognition and may be useful for the early detection of AD, as well as for measuring disease
progression. However, longitudinal studies are needed to confirm that these factors can be used to
track the progression of cognitive decline in preclinical AD.

Keywords

confirmatory factor analysis; cognitive factors; preclinical Alzheimer’s disease; episodic memory;
executive function; processing speed

INTRODUCTION

Alzheimer’s disease (AD) is a progressive, neurodegenerative disorder with no cure at this
time. Recent research shows that neuropathological changes associated with AD (e.g.,
amyloid plaques, neurofibrillary tangles, abnormal brain activity) begin decades before the
onset of symptoms, in what is now known as the preclinical stage of the disease [1-8]. These
biological changes eventually result in cognitive decline that impact the individual’s ability
to function independently. It has been suggested that therapies administered in the
preclinical stage of AD have the potential to slow or reverse the trajectory of AD [9-10];
however, accurately identifying individuals in that early stage of AD remains a challenge.

Although the most common form of AD is characterized by late-onset (after age 65) of
symptoms, researchers have identified several autosomal-dominant mutations that lead to
early-onset (< 65 years old) familial AD (ADAD), including mutations in the Presenilin-1
(PSENI), Presenilin-2 (PSENZ), and Amyloid Precursor Protein (APP) genes. Individuals
who carry these mutations are virtually fated to develop AD later in life, and can be
identified with near perfect accuracy through genetic testing. Therefore, studying individuals
with ADAD provides researchers a unique opportunity to understand preclinical AD-related
changes decades before the onset of symptoms.

Individuals with preclinical ADAD often first exhibit subtle changes in episodic memory,
followed by a progressive decline in other cognitive functions, including executive
functioning, language and processing speed [11-13]. For instance, Aguirre-Acevedo and
colleagues (2016) reported that individuals with ADAD showed worse scores on the
CERAD Word List Recall compared to age-matched controls up to 12 years before the age
of expected clinical symptom onset. Although this individual test appears to be useful for
identifying individuals at risk for AD very early on, it and other challenging tests like it, may
not be effective for tracking progression of cognitive decline over time due to ““floor”
effects [14].
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One way to address these limitations is by using composite scores [15]. In addition to
reducing “floor” and “ceiling” and practice effects, composite scores have a more symmetric
distribution with better adjustment to normal distribution than individual tests. Additionally,
composite scores may decrease type | errors when making multiple comparisons.

Factor analyses reduce the number of related cognitive variables into a lower number of
unobserved variables called factors. A prior study examining the factor structure of multiple
cognitive tests that are frequently administered in AD studies found that these were
organized into three primary factors in cognitively healthy older adults: episodic memory,
executive functioning and processing speed [16]. Notably, that study found that the episodic
memory factor was significantly associated with amyloid burden, a key biological marker of
AD, suggesting that these factors could also be useful in understanding the relationship
between AD neuropathology and cognition. With this in mind, we sought to determine
whether a three-factor structure characterizes cognitive functioning in preclinical ADAD, by
studying a unique and large extended family with a PSENI mutation from Colombia.
Individuals from this kindred typically develop mild cognitive impairment (MCI) at a
median age of 44 years (+/- 2years 95% CI) and dementia at 49 (+/- 2years 95% CIl) years
of age [11], and show AD-related neuropathological changes, such as amyloid burden and
phosphorylated tau, more than a decade before the onset of clinical symptoms [1-2].
Further, we examined whether these three cognitive factors could distinguish individuals
who will develop AD (PSENI mutation carriers) from age matched non-carrier family
members. Given that decline in episodic memory is one of the earliest changes seen in
individuals with ADAD, we hypothesized that cognitively unimpaired PSENI mutation
carriers would have worse performance on the episodic memory factor, and that performance
on this factor would distinguish carriers from non-carriers.

MATERIAL AND METHODS

Participants

Participants were recruited from a large extended family in Colombia, with a high
prevalence of the PSENI E280A mutation. A total of 1395 cognitively unimpaired members
were included; 233 were PSENI E280A mutation carriers and 1162 were non-carrier family
members. All participants were blind to their own genetic status. Only those with a negative
history of psychiatric disorders, illiteracy, stroke, epilepsy, traumatic brain injury, kidney
failure, human immunodeficiency syndrome, or substance abuse were included in the study.
Demographic data are presented in Table 1.

This research study was approved by the ethics research committee of the University of
Antioquia, Colombia. Written informed consent was obtained from all participants prior to
initiation of any study procedures and data collection in accordance with the ethics
committee. Researchers were blind to the genetic status of the cognitively unimpaired
subjects during data collection.
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Neuropsychological Measures

A comprehensive cognitive test battery was administered to all participants, according to
standard procedures in a single session. Tests included the Mini Mental Status Exam
(MMSE) [17], Trail-Making Test A (TMT-A) [18], Wechsler Adult Intelligence Scale-Third
Edition (WAIS-I11) Digit Symbol subtest [19], phonemic fluency (FAS) [20], Wisconsin
Card Sorting Test (WCST) [21], and the Spanish-Colombian version of the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD-COL) test battery. The CERAD-
COL has been previously validated with this population [22] and has been shown to be a
useful screening tool for individuals with MCI and dementia in ADAD [12]. Of note, the
tests that were chosen for this confirmatory factor analysis were based on the
neuropsychological battery used in Colombia to follow up these families. Tests from that
battery were compared to the ones used for a prior study with cognitively healthy older
adults [16]. The versions of the tests that we used, when not identical to the ones employed
by Hedden et al., were chosen because they were the only ones available or validated for a
Spanish-speaking population at the time of administration. All tests were administered in
Spanish, participant’s first and primary language. Table 1 presents cognitive data for
unimpaired PSENI E280A mutation carriers and non-carriers.

Cognitive Factors

Cogpnitive subtests were grouped in three theoretically defined factors, including episodic
memory, executive functioning and processing speed.

Episodic Memory.—The episodic memory factor was defined as short-term memory
recall, and delayed verbal and non-verbal free recall. This factor included the subtests of
MMSE memory recall, the CERAD word list delayed recall, and the CERAD constructional
praxis delayed recall.

Processing Speed.—This factor was defined as the total time to complete a task
requiring visual attention, the TMT-A, and the total number of items completed within a
limited amount of time on the WAIS-111 Digit Symbol subtest, a perceptual-motor speed
task.

Executive Function.—This factor was defined as controlled-word generation, as
measured by letter fluency (FAS), and self-monitoring abilities, as measured by the total
number of perseverative errors on the WCST.

Statistical Analysis

Statistical analyses were conducted using MPIlus software-version 7.31 [23]. We conducted a
confirmatory factor analysis to evaluate our three-dimensional model. Seven variables of
interest, as described above, were included in the confirmatory factor analysis. The
covariance among observed variables was estimated for all participants. The asymptotic
distribution free estimation method as used as proposed by Browne (1984) [24]. We used the
root mean square error of approximation (RMSEA), the Tucker-Lewis index (TLI), and
comparative fit index (CFI), to capture the relative goodness of fit. We considered a RMSEA
below 0.06, TLI values greater than .95, and a CFI equal or above 0.90 to be indicators of
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good fit [25]. We also report the chi-square statistic (x2) as a measure of model fit. A non-
significant chi-square was considered an index of a well-fitting model (p = .05). Based on
the modification indices, we accounted for the correlations between residuals in MMSE
memory recall and CERAD word list delayed recall, and between CERAD constructional
praxis delayed recall and TMT-A, to obtain a better fit of the model.

We subsequently tested whether cognitively unimpaired PSENI E280A mutation carriers
and non-carriers significantly differed in episodic memory, executive functioning, or
processing speed. Neuropsychological test scores were each transformed into standardized
scores (z-scores). A composite score was created for each cognitive domain by adding the
standardized score of tests corresponding to a cognitive function. Of note, scores for the
TMT-A and WCST perseveration errors were inverted so that a positive score represented a
better performance. The composite scores were transformed into a standard score and then
into a T score (mean = 50, Standard Deviation = 10). We then conducted a one-way analysis
of covariance (ANCOVA), controlling for the effects of educational attainment, to compare
the scores for each cognitive domain between the cognitively unimpaired PSENI mutation
carriers and the non-carriers. Effect sizes were calculated using Cohen’s d. Confidence
intervals of the difference between groups are also reported. All #tests used a significance
threshold of p < 0.05; we used the Bonferroni correction procedure to correct for multiple
comparisons using the three factors. Therefore, group differences were considered
statistically significant when p < 0.017.

Finally, longitudinal studies have shown that the rate of cognitive decline in preclinical AD
is not a constant linear process but that it increases after a certain change point many years
before the onset of clinical symptoms [12, 26]. Given that age is predictive of clinical onset
in PSENI E280A mutation carriers, cross-sectional assessments across a wide age range in
this well-defined cohort are perhaps analogous to what might be expected from the
assessment of longitudinal trajectories of cognitive change. Therefore, a change point
approach can be used to provide an estimate of when cognitive decline is likely to begin in
this population. With this in mind, we used a linear regression model to estimate the cross-
sectional relationship between age and cognitive function. Cognitively impaired individuals
were added to the sample to conduct these analyses for a total of 1443 impaired and
cognitively unimpaired participants (252 carriers and 1191 non-carriers). The change point
or onset of cognitive decline was estimated with the approach taken by Hall and colleagues
(2000). Age was centered at 20 years in order to provide an interpretation of the constant in
the model. Fifty models were adjusted by varying the change point annually between the
ages of 18 and 60 years. We then used the likelihood approach to compare the models based
on the goodness-of-fit index as the Bayesian information criterion (BIC) [26, 27]. The
lowest Bayesian information criterion was accepted as appropriate.

Confirmatory Factor Analysis

Fit for the three-factor model in cognitively unimpaired PSENI E280A mutation carriers
and non-carriers was acceptable (/1/2 (8) =10,4, p=.239; CFI =.999; TLI =.998; RMSEA
=.014). Figure 1 shows the three-factor model.
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Cognitive differences between carriers and non-carriers

Compared to non-carriers, cognitively unimpaired carriers had worse performance on the
episodic memory factor (F (1, 24) = 12.60, p=.0004, d= 0.25, 95% CI [-0.39, —-0.114]),
and executive functioning (F (1, 24) = 6.07, p =.001, d = 0.18, 95% CI [-0.31, —-0.036]). No
significant differences were observed between cognitively unimpaired PSENI carriers and
non-carriers on processing speed (F (1, 24) = 1.58, p=.209, d=-0.09, 95% CI [-0.05,
0.23]). A sensitivity analysis was conducted with the factor scores instead of composite
scores. Findings were consistent with the ones reported above.

Change point of cognitive decline in PSENL1 carriers

Mutation carriers had a change point at the age of 35 years for the episodic memory factor
(Figure 2A), and a later change point for the executive functioning (36 years) and processing
speed factors (38 years) (Figures 2B and 2C).

DISCUSSION

The present study tested a theoretically driven factor structure in a large and homogeneous
group of cognitively unimpaired PSENI mutation carriers and non-carrier family members.
The resulting confirmatory factor analysis provided an excellent fit for all participants.
These findings confirmed that the seven cognitive tests examined in this study can be
grouped into three different factors in ADAD that measure episodic memory, executive
function or processing speed. We then evaluated whether these cognitive factors
distinguished cognitively unimpaired individuals at genetic risk for AD from age-matched
controls. Recent studies have reported verbal and visual memory decline in PSEN mutation
carriers and older adults during the preclinical stage of AD [2, 12, 28-30]. However, this is
the first study to examine cognitive changes in carriers using factors of discrete cognitive
domains. Differences in the episodic memory factor were evident between cognitively
unimpaired PSENI mutation carriers and non-carriers, with carriers exhibiting worse
cognitive performance. Further, the episodic memory factor seems to be an early indicator of
cognitive decline at 35 years of age, almost a decade before the estimated median age of
clinical onset for the kindred. Similarly, the executive function factor also distinguished
cognitively unimpaired carriers from non-carriers with an estimated decline at 36 years of
age. The processing speed factor did not distinguish groups.

Our findings show that the episodic memory and executive functioning factors are sensitive
to the early cognitive changes that occur in the preclinical stage of ADAD. These findings
support prior research, in both late-onset sporadic and early-onset autosomal-dominant AD,
suggesting that memory systems are affected very early in the disease process, followed by
progressive impairment of other brain systems and cognitive abilities, such as executive
functions [5, 11, 31-39]. In fact, our findings show that decline in executive functions follow
decline in episodic memory early in the disease process. This is consistent with prior studies
with older adults at risk for AD [21, 36], as well as with a prior study with PSENI E280A
carriers showing decline in an executive function test, approximately two years after
mutation carriers show significant memory decline [12]. These three factors are thus useful
descriptive markers of cognitive functioning in the preclinical stage of AD. They may also
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prove to be useful for tracking progression of AD-related cognitive decline. During the
trajectory of AD, individual cognitive tests may present ceiling effects (higher values) at pre-
clinical AD stages and floor effects as the disease advances. This limits the use of individual
tests for statistical modeling in longitudinal studies, which are very important for further
understanding the progression of the disease and the efficacy of interventions. Thus, using
these factor scores overtime instead of individual test scores may help reduce “floor” and
“ceiling” effects. Using factor scores also minimizes practice effects and the influence of
measurement error, all of which have important implications for clinical trials and treatment
outcome research. Further, although total cognitive scores, such as the CERAD total score,
provide an early indicator of cognitive decline in PSENI mutation carriers at 34 years of age
[12], this score only provides information about a conglomerate of cognitive functions.
Instead, the three factors can be used to measure the progression of distinct cognitive
functions to better characterize preclinical cognitive changes associated with AD.

The current study has several strengths. First, we tested a large number of individuals with a
single AD-causing mutation, and compared them with their family members, with similar
sociocultural background, without the mutation. This is important given that demographic
variables such as socioeconomic status, and occupation, among others, have been shown to
impact cognitive functioning [12, 40]. Given this similarity across groups, it is unlikely that
demographic variables that were not included in the analyses account for the differences
observed between groups in cognitive functioning. Further, we only compared three factors,
which allowed us to reduce the amount of multiple comparisons and increase our power.

This study also has limitations. Although the factor structure of the cognitive tests is
consistent with that of older adults at risk for AD reported by Hedden and colleague (2012),
it is still uncertain whether our findings can be generalized to those at risk for late-onset AD,
the most common form of AD, as well as to other genetic mutations. Further, there were not
enough measures of language or visuospatial functioning to have those factors included in
the current analysis. It would be important to include those factors in future studies since
they may provide complimentary information in the characterization of preclinical AD, as
well as include newer tests that may be more sensitive to subtle cognitive changes in AD.
Finally, the small effect sizes of the group differences may limit the clinical application of
the factor scores. Nonetheless, these may useful for tracking disease progression, from
preclinical to clinical stages.

In summary, studying individuals who are genetically predisposed to develop AD provides a
unique opportunity to examine changes that occur years before the onset of dementia. This
in turn may aid with the development of effective interventions aimed at preventing or
delaying the onset of AD symptomatology [9-10]. We confirmed that the seven tests
evaluated in this study can be grouped into three cognitive factors (episodic memory,
processing speed, and executive functioning) in cognitively unimpaired individuals with
ADAD. Performance on these factors may help with the early identification of individuals at
risk for sporadic AD. Longitudinal studies and in comparison to older adults at risk for late
onset AD, as measured by biomarkers, are needed to substantiate these findings and better
understand the ability of these cognitive factors to track progression from preclinical stage to
dementia.
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Figurel.
Three-dimensional model for the Confirmatory Factor Analysis with cognitively unimpaired

PSENI E280A mutation carriers and non-carriers

Note. Confirmatory factor analysis of cognitive domains in cognitively unimpaired PSEN1
mutation carriers (n = 233) and non-carriers (n = 1162). The model has good fit (12 9 =
13.52, p=0.14; CFI = .993; TLI =.985; RMSEA = .019). Larger circles represent latent
variables and rectangles represent indicators. Straight lines indicate path weights. Curved
arrows represent correlations between factors.
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Figure2.
Estimated course of cognitive decline for PSENI E280A carriers and non-carriers.

Note. Figures represent the estimated age of change point for A) episodic memory, B)
processing speed, and C) executive function, in PSENI E280A mutation carriers (n = 252)
and non-carriers (n = 1191). The red dotted line represents the estimated change point in
PSENI carriers, and the black line represents the estimated change point in non-carriers.
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Table 1.
Demographic and cognitive data
Variable Cognitively Unimpaired Non-carriers  Cognitively Unimpaired Carriers
Mean (SD) Mean (SD) p-value
Age range 32.0(12.6) 27.7 (9.5) <.001
17-21 years 255 7
22-27 years 287 58
28-38 years 318 68
2 39 years 302 30
Sex, No. 22
Female 654 121
Male 508 112
Education 8.3(4.4) 7.8(3.8) A1
Episodic Memory Tests
MMSE DR 2.5 (0.8) 2.4(0.9) 02
Word List DR 6.1(L.7) 5.7 (2.0) 01
Constructional Praxis DR 8.4 (2.6) 8.0(2.9) .10
Processing Speed Tests
Trail-Making Test A 73.5 (48.3) 72.7 (43.0) 40
WAIS-I11 Digit Symbol 43.2 (18.6) 43.1 (18.9) 49
Executive Functioning Tests
WCST Perseverative Errors 20.2(8.2) 19.1(7.4) .03
Phonemic Fluency (FAS) 27.0(10.1) 27.9 (9.5) .88
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Note. p-value was defined by an independent samples #test for PSENZ unimpaired carriers vs non-carrier family members. DR = Delayed Recall;
MMSE = Mini-Mental State Examination; WAIS-1V = Wechsler Adult Intelligence Scale-Fourth Edition; WCST = Wisconsin Card Sorting Test.
Of note, scores for the TMT-A and WCST perseveration errors were inverted so that a positive score represents a better performance.
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