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Abstract

Background: The largest identified kindred worldwide with a single mutation causing
autosomal-dominant Alzheimer’s disease (ADAD) is a family from Antioquia, Colombia, carrying
the Presenilin-1 (PSENI) E280A (Paisa) mutation. The majority of mutation carriers develop
dementia, typically commencing in their late 30 s, with a median onset age of 49 years. Cognitive
decline is a hallmark feature.
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Objective: This review synthesizes the existing literature on neuropsychological assessments in
PSENI E280A mutation carriers throughout their lifespan. We provide a comprehensive overview
of cognitive outcomes in this unique population.

Methods: We reviewed and integrated the published research, analyzing studies on
neuropsychological assessments in PSEN E280A carriers. Our focus was on measures of verbal,
semantic, episodic, and spatial memory, and encompassed other cognitive domains such as
language, attention, visuospatial memory, and executive functioning.

Results: Verbal, semantic, episodic, and spatial memory emerged as the most sensitive indicators
of preclinical changes in PSEN1 E280A carriers. Inconsistencies were noted in findings from

tests assessing language, attention, visuospatial memory, and executive functioning, suggesting
potential limitations in detecting early cognitive changes in PSENI mutation carriers. Specific
cognitive tasks developed for this population proved effective but underutilized.

Conclusions: The review underscores the importance of continued test development tailored to
detect early cognitive changes in PSEN1 E280A carriers, potentially enhancing ADAD screening.
Furthermore, investigating ADAD mutations in children may identify early changes in AD and
enhance our understanding of neuropsychological functioning across the lifespan. This synthesis
provides valuable insights for researchers, clinicians, and policymakers engaged in the study and
management of ADAD.

Keywords

Alzheimer’s disease; autosomal dominant Alzheimer’s disease; cognitive measures; cognitive
outcomes; dementia; early detection; familial AD; preclinical AD

INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disorder that presents itself clinically

by the progressive loss of cognitive functioning that eventually interferes with a person’s
daily activities.! Changes in cognition vary across disease stage/severity and by AD type.
Differences in AD trajectory can also be impacted by environmental and genetic risk
factors.2 Most individuals who develop AD demonstrate subtle changes in episodic memory
and executive function first followed by changes in visuospatial processing and language.3
Cognitive tests that are sensitive to early changes in memory in particular are important for
AD diagnosis and disease monitoring and can help determine the level of impairment and
care individuals require.12

AD is the most common cause of late-onset dementia in older adults.3 The age at which
individuals experience decline in cognitive function varies based on the etiology. Autosomal
dominant AD (ADAD) is a form of AD caused by mutations in the genes coding for amyloid
precursor protein (APP), presenilin 1 (PSEN-I), or presenilin 2 (PSEN-2). These mutations
cause over-production of the amyloid-p peptide (AB).* Ap is often particularly abundant in
the cerebral cortex, hippocampus, cerebellum, mid-brain, and basal ganglia and is associated
with AD disease progression. Individuals with a mutation in one of these genes usually
present symptoms before the age of 65 years, with most showing mild memory impairment
in their late 30 s and dementia in their 40 s.
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The largest identified ADAD kindred in the world with a single mutation is a family of
individuals with the E280A mutation in PSENI (Paisa mutation) from Antioquia, Colombia.
There are currently approximately 5,000 living members of this kindred spread among 25
families. Of the 5,000 members it is estimated 1,000 carry the mutation.® There are about
400 confirmed carriers.> By analyzing the cognitive outcomes of individuals with genetic
AD, researchers can identify typical and atypical cognitive patterns, detect changes in the
preclinical stages, and track the progression of the disease. This can help establish a nuanced
understanding of how AD affects cognition, which can then be compared to sporadic AD
cases to identify similarities and differences.

Early-onset AD also occurs in sporadic forms and is not limited to ADAD.5 However,
different from sporadic forms, those with ADAD are genetically destined to develop
dementia with near 100% certainty.” While ADAD specifically refers to autosomal dominant
cases typically presenting early in life, it shares pathological features with sporadic AD,
including the accumulation of amyloid plaques and neurofibrillary (tau) tangles. These
features are believed to damage brain structures, impair brain metabolism, and result in
cognitive decline. The shared characteristics in disease progression and cognitive decline
highlight the possibility of applying findings from ADAD research to other forms of the
disease. If specific assessments demonstrate a strong ability to detect cognitive decline in
ADAD, they could potentially be valuable for the early diagnosis and monitoring of sporadic
AD patients as well. By understanding the cognitive outcomes of ADAD, researchers can
explore treatment strategies in earlier stages of the disease that will be more effective

in slowing cognitive decline. Because ADAD is deterministic, meaning that individuals
develop cognitive decline with near certainty, a review of the literature that systematically
characterizes the sensitivity of measures used to detect these declines will clarify which
cognitive measures are most sensitive to earliest changes and where we can work to develop
more sensitive measures in the future.

METHODS

A total of 38 research papers were identified for review. Our search focused on research

on cognitive test data with the Colombian kindred. The articles evaluated described a
comprehensive set of tests that measured cognitive functions including but not limited

to attention, executive function, memory, language, praxis, abstract reasoning, subjective
memory complaints, and global cognition. Articles dated from 1994, which was the year of
the first published research that presented case studies on the neuropsychological outcomes
of three individuals from the Colombian kindred,’ to the present. All studies were found
using Google Scholar, PubMed, Scielo, and PsycInfo searches between September 2022 to
January 2024. There was one researcher conducting the review (AG), and searches were
done for relevant articles four separate times between September 2022 to January 2024,

to ensure that any new published data were included. Search terms included Presenilinl
E280A, autosomal dominant Alzheimer’s disease, Colombian kindred, cognition, cognitive
characteristics, and cognitive outcomes. Articles from this search included works in both
English and Spanish. Only studies reporting cognitive data from this cohort were included.
Studies focusing on biological, neuroimaging, or blood-based biomarkers without cognitive
data were not included in this review. Those cognitive studies were then classified based on
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the age of the sample (children were classified as a mean age of <18 and adults as >18), and
on the cognitive domains tested, as described previously.8:° More details on study selection
can be found in Fig. 1.

To examine cognitive changes across the lifespan, we included data from two cognition
assessments in children from the same family (average age of approximately 11.6 at
testing).8-10 Because there are currently only two published studies on children, and
cognitive differences between carrier and non-carrier children are beginning to emerge, more
research is needed to fully understand these cognitive differences.

We use the term “cognitively unimpaired carriers” to describe individuals carrying the
PSENI E280A mutation who have not yet exhibited cognitive changes they are classified in
the literature as having a Functional Assessment Staging Tool for Dementia (FAST) score
of 2 or lower and a Mini-Mental State Examination Score (MMSE) of 25 or over.11:12
“Cognitively impaired carriers” refers to individuals displaying signs of memory loss.

They are classified in the literature as having a FAST score higher than 3 (maximum

7), and MMSE lower than 24.11:12 These individuals are starting to experience memory
and thinking issues but are still in the early stages of disease progression, and generally
perform 1.5 SD away from normative values on objective cognitive tests. The definition of
cognitively impaired carriers in various articles sometimes included individuals with mild
cognitive impairment (MCI), and dementia. Readers should consult the original articles

to understand the specific definitions used by the authors. Lastly, “non-carrier cognitively
healthy controls” refers to age-matched family members of mutation carriers who have no
cognitive impairments. It is important to note that because all the studies included in this
review draw upon participants from the PSENI E280A cohort, it is difficult to quantify

the exact number of unique participants, as participants may have participated in several
studies. The median sample size of participants in studies that included adult carriers was
26 (interquartile range [IRQ]: 19-17) and the median sample size of non-carrier cognitively
healthy controls was 31 (IRQ 21-75) across studies. The approximate age range of the adult
samples was 22-66 years. Tables 1 and 2 provide a summary of the characteristics of the
studies included in this review with adults (sample size, sample demographics).

RESULTS

Children

We included two studies that looked at the cognitive outcomes of children with PSENI
E280A carriers and non-carrier healthy controls. The first study, published by Quiroz et al.
(2015), collected neuropsychological and imaging data on a group of 37 children between
the ages of 9-17 years (mean age 13 years), 18 of whom were PSENI E280A carriers

and 19 non-carrier cognitively healthy controls.8 The second, by Fox-Fuller et al. (2021),
collected neuropsychological data from of 1354 children, including 265 carriers ages 6-16
(mean age 11.6 years).10

Both studies used the Escala Wechsler de Inteligencia para Nifios/Wechsler Intelligence
Scale for Children (WISC), 3rd and 4th edition.81% The WISC is a neuropsychological
battery commonly used to measure cognitive abilities in children ages 6-16 years.13
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The WISC-1V has 15 subtests, with the first ten subtests being core subtests, and five
complementary subtests. The five complementary subtests were not used in these two
studies. The core 10 subtests provide a Full-Scale 1Q score (FSIQ), and scores on the
following four indices: Verbal Comprehension Index (VCI), Perceptual Reasoning Index
(PRI), Working Memory Index (WMI), and Processing Speed Index (PSI). The VCl is
used to test language-based abilities and consists of 3 subtests: Vocabulary, Similarities,
and Comprehension subtests. WMI examines concentration and includes Digit Span and
Letter-Number Sequencing subtests. PSI measures mental processing and includes Coding
and Symbol Search subtests, both of which are timed. It is important to note that the
normative data for this measure in Spanish were collected from children from Mexico, and
this measure had not been normed for a Colombian population at the time of data collection
for both of these studies.14

None of the studies reported scores for specific subtests. Only scores for the specific indices
were provided in both studies, and in the case of Quiroz et al. (2015), FSIQ was also
provided. In Quiroz et al. (2015), there were no differences between carriers and non-carrier
cognitively healthy controls on any of the indices or FSIQ.8 This pattern also occurred

in the study by Fox-Fuller et al. (2021), where carriers often performed slightly better

than non-carrier healthy controls.10 Table 3 shows a side-by-side comparison of cognitive
results of the two studies. It is worth noting that Fox-Fuller et al. (2021) found differences
between sexes irrespective of genetic status, with boys performing lower on WMI, PRI and
VCI.10 There was also an interaction between sex and genetic status in the full sample:
Males who were carriers had lower WMI performance than carrier and non-carrier females.
More research is needed to examine the potential biological underpinnings that could be
contributing to differences between the sexes in cognition at this age such as puberty status.

PSENI E280A carriers typically develop memory deficits in their late 30 s followed

by progressive impairments in other cognitive domains, such as verbal fluency. Mild
cognitive impairment sets in around age 45 and dementia by age 50.° Most carriers develop
dementia between age 45 and 50. A 35-year window has been documented, with rare cases
experiencing onset as early as age 30 or as late as age 65.1%16 The median duration from
onset of dementia to death is approximately 10 years, ranging from nine to 12 years, with 59
being the median age at death.1”

Thirty-six of the 38 articles identified for this review focused on adults. We grouped this
review by cognitive domain and the results of the respective subtests or sub scores included
in each measure. It is important to note that many of the cognitive measures mentioned
below can often belong to more than one domain (e.g., Trail Making Test [TMT] A

can provide information about both processing speed and attention), as they may assess
multiple cognitive processes. In these instances, we grouped the tests based on the way they
were presented in their respective articles. We followed similar groupings from a previous
article by Acosta-Baena et al. (2011) when specific domains were not provided.® More
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information regarding cognitive tests and their respective domains in each study can be
found in Supplementary Table 1.

Consortium to Establish a Registry for Alzheimer’s Disease Word List
Learning—Memory was tested using several verbal and visual tests. One of the most used
measures was the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) list
learning, which includes three conditions: Word List Learning, Delayed Recall, and Word
List Recognition. The CERAD Word List Learning is part of a neuropsychological screening
battery originally developed in English1® that includes 7 subtests: MMSE, Semantic Fluency
(Animals), Word List Learning, Word List Recall, Word List Recognition, Modified Boston
Naming (15 items), and Constructional Praxis. This battery has been validated to distinguish
between AD and cognitively normal aging.18:12 The Spanish CERAD has been standardized
in Colombia.2% The Word List Memory task is divided into learning, free recall, and
recognition.

First, participants are shown 10 cards with one word each over three trials and are instructed
to read them aloud and memorize them. Each card is presented for two seconds. The score
is calculated as the sum of words recalled correctly over three trials, for a maximum score
of 30 points (Word List Learning). Intrusions are recorded and scored separately. After a
7-minute delay, participants are asked to recall the 10 words that were previously shown
(Word List Delayed Recall). The total score is calculated as the total number of correct
words for a maximum score of 10. Finally, participants are shown a list of 20 words (10
target words and 10 distractors) and are asked to indicate whether they recognized the target
words. The total score is calculated as the sum of correct “yes” and ‘no” answers minus 10
(Word List Recognition). Negative totals are given a score of zero.20 Different conditions

of CERAD scores exhibited different sensitivity depending on if the PSENI E280A carriers
were cognitively unimpaired or cognitively impaired. In articles that examined differences
between cognitively unimpaired carriers and non-carrier healthy controls, there were no
group differences in CERAD Word List Learning condition, Word List Delayed Recall

and Word List Delayed Recognition scores.21-2% The Delayed Recall Condition was more
sensitive to memory changes in cognitively impaired carriers, who performed more poorly
than non-carrier cognitively healthy controls.®12:26 |n a longitudinal study, there were
declines in CERAD Word List Learning Scores across a period of eighteen months in
participants ranging in age from 45-60.27 Further, cognitively impaired carriers produced
more phonemic, semantic, and non-related intrusions than their cognitively unimpaired
carrier counterparts across both learning and recall trials on the CERAD Word List Learning
test.28 In a longitudinal study, Aguirre-Acevedo et al. (2016) found that CERAD Word List
Learning scores were more sensitive than confrontation naming as measured by the Boston
Naming Test (BNT) in detecting cognitive decline in this population. The CERAD Word
List learning was able to detect cognitive decline 12 years before the onset of MCI and 17
years before the onset of dementia.?!
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The Free and Cued Selective Reminding Task

The Free and Cued Selective Reminding Task (FCRST)?° was also commonly used to assess
memory in this population. The FCSRT is a neuropsychological test designed to assess
associative memory and is often used in the context of AD and related memory disorders.
The FCSRT consists of two main conditions: Total Recall and Delayed Recall.2%30 |n

the Free Recall condition of the FCSRT, the individual is initially presented with a list

of words to remember. These items are typically organized into semantic categories, such
as animals, fruits, or common objects. The person is asked to recall as many items from
the list as possible, without any specific cues or prompts. This condition measures the
individual’s ability to spontaneously retrieve and recall information from their memory.
Immediately after, they are provided with cues or category names to help trigger their
memory and a Total Recall score is generated. The Total Recall score is the sum of words
participants recalled with and without semantic cues. The Total Recall condition provides
insight into a person’s immediate or short-term memory and their ability to retain and
retrieve information with external cues. In the Delayed Recall condition of the FCSRT, there
is a delay introduced after the initial presentation of the list of items. After a set period

of time (often 30 min), the individual is asked to recall as many items from the original

list as they can remember, and a Delayed Free Recall score is generated. Then they are
provided with cues or category names to help trigger their memory and a total delayed
recall score is generated. The Delayed Recall condition assesses the person’s ability to
retrieve information from their long-term memory with the assistance of cues.2® This test
is helpful in distinguishing between executive-related deficits and temporal dysfunction. It
differentiated between cognitively impaired mutation carriers and non-carriers. However, it
did not distinguish cognitively unimpaired mutation carriers from non-carriers. Regarding
AD-related pathology in cognitively unimpaired mutation carriers, worse performance

on the Free and Cued Selective Reminding Test (FCRST), specifically the free delayed
recall scores, predicted greater cortical amyloid and tau burden in the entorhinal cortex.
Additionally, worse immediate Free Recall (FR) and Delayed Free Recall (dFR) scores
predicted tau burden in both the entorhinal cortex and the inferior temporal cortex. These
findings support the idea that FCRST scores are sensitive to early pathology burden in the
preclinical stage of AD.12

In a separate sample of 48 cognitively unimpaired carriers (mean [M] age [SD]: 37.4
[7.2]) and 51 healthy non-carrier controls (M age [SD]: 36.2 [6.0]), carriers had poorer
performance on total immediate, delayed free and cued recall scores on the FCRST than
non-carriers.3! Finally, in a sample of 167 carriers and 75 non-carrier cognitively healthy
controls ages 30-53, cognitively unimpaired female carriers showed better verbal memory
than male carriers when mildly cognitively impaired carriers were included. There was

no difference in performance on other cognitive tests (constructional praxis, Multilingual
Naming Test (MINT), and Raven Progressive Matrices) between females and males in
non-carrier cognitively healthy controls.32

Initial Verbal Memory Tasks

There were several visual memory tasks that were also able to distinguish between carriers
and non-carrier healthy controls. Arango-Lasprilla et al. (2007) reported on a task that
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showed participants photos of culturally relevant famous faces.33 This task was created
specifically for this study and consisted of presenting the participant with photos of the faces
of 30 famous Colombians. Each photo was presented on a separate page, and the person
was asked to name the person. The dependent variable was the number of faces for which
first and last names were correctly identified. The investigators used this task with a sample
of 19 cognitively unimpaired carriers (M age 43.2, SD = 3.0) and 21 noncarriers (M age
45.3, SD = 3.7) They found that this was the only test that elicited significant differences
between carriers and non-carriers, with no differences found in performance of the eleven
other tasks of lexical and semantic memory, including word reading, dictation of words,
naming of action and object drawings, word drawing matching, and others. These findings
align with previous research by Vogel et al. (2005) and Estevez-Gonzalez et al. (2004), both
of which studied individuals with mild cognitive impairment but without dementia. Vogel
and colleagues identified deficits in naming famous faces during the preclinical phase of
AD. Estevez-Gonzalez and colleagues found that performance on a famous people naming
task was the best predictor of a clinical diagnosis of probable AD two years later.343% |t

is important to note some limitations for this latter study. The sample size was small and
may not have been representative of the total population of individuals with this particular
mutation; the task was developed in Colombia for this specific ADAD population; and
reports on validity and reliability were not included in the original text. Additionally, both
the carriers and noncarriers had very low educational levels, and therefore the results may
not be generalizable to individuals with AD with more years of formal schooling.

The Visual Short Term Memory Binding Test

The Visual Short Term Memory Binding (VSTMB) Test is a task of binding, or the ability to
integrate an object’s features to temporarily retain their identity.36 In the short term, binding
underpins the temporary retention of associations of features as complex objects and in

the long term, binding mediates the learning of association of meaningful events.3” During
this task, individuals are shown a trio of colored polygons on a computer screen followed

by a blank screen and then another trio of polygons. They then must indicate whether the
second trio of polygons was different from or the same as the first trio. This task has three
conditions: color only (CO) requires recognition of only color, shape only (SO) requires
recognition of only shape, and color shape binding (CSB) requires recognition of both shape
and color.38 VSTMB performance has been shown to be impaired in older individuals with
subjective cognitive decline and with MCI, as well as individuals with sporadic AD.39:40

In a study by Parra et al. (2015), this measure was administered to 19 cognitively
unimpaired carriers with ADAD, 18 cognitively unimpaired mutation carriers, and 21 of
their healthy control counterparts (non-carrier family members) with an age range of 24—
66.41 Scores on the VSTMB test distinguished between carriers and non-carrier cognitively
healthy controls in the CSB condition but not the CO or SO conditions. Patterns of
performance were consistent in both cognitively impaired mutation carriers and cognitively
unimpaired mutation carriers, with highest performance on the color-only task, followed
by shape only, and weakest performance on the CSB condition. In non-carrier healthy
controls, performance was best on CO, while performance on SO and CSB conditions was
similar. Performance on this task, specifically CSB conditions, was able to discriminate
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cognitively unimpaired carriers from non-carrier cognitively healthy controls even when
other neuropsychological measures of memory could not. These results suggest a differential
and specific impairment in visual short-term memory binding in PSENI E280A carriers and
cognitively unimpaired carriers characterized by a loss of the ability to represent objects
integrated as a whole in visual short-term memory. Additionally, the results suggest that
short-term memory binding deficits in AD do not seem to be restricted to specific types

of information (visual and verbal stimuli) or to a specific retrieval process (recall and
recognition).40:42

Relatedly, findings from Norton et al. (2020) indicated that when comparing cognitively
unimpaired carriers and non-carrier healthy controls, VSTMB performance was impaired for
cognitively unimpaired carriers, but the impairment was not unique to the CSB condition, as
it was in earlier studies. In this study, VSTMB performance strongly correlated with markers
of AD pathology and disease progression such as entorhinal cortex tau, though the relation
was stronger for the SO condition than the CSB condition.*3 Results from both of these
studies indicate that both shape-only and color- and shape-binding conditions of the VSTMB
task can potentially serve as a sensitive measure to early memory decline in preclinical
stages of AD.

The Rey-Osterrieth Complex Figure

In the Rey—Osterrieth Complex Figure (ROCF), individuals are presented with a picture of
a complex geometrical figure and are asked to copy the figure and later produce it from
memory after a short delay.** There are three conditions of this task: Copy, Immediate
Recall, and Delayed Recall. In the Copy condition, participants are presented with a
picture and asked to copy the figure. In the Immediate Recall condition, after a short

delay, the examinee is asked to reproduce the figure from memory.#* In the Delayed

Recall condition, after a longer delay (20-30 min), the examinee may again be asked

to draw the figure from memory. Examinees are not told beforehand that they will be
asked to draw the figure from memory; the Immediate and Delayed Recall conditions are
therefore tests of incidental memory. Each copy is scored for the accurate reproduction

and placement of 18 specific design elements with a maximum of 36 points.4 Four
hundred and fifty-nine asymptomatic PSENZ E280A mutation carriers (mean age = 39.7
years) showed poorer cognitive performance than non-carrier healthy controls, but this
was only observed in carriers who reported subjective memory complaints.®4° In many

of the studies, there were differences on the Immediate and Delayed Recall conditions of
the ROCF between cognitively impaired carriers and cognitively unimpaired carriers, but
not between non-carrier cognitively healthy controls and cognitively unimpaired carriers.46
It is also important to note that in other studies using ROCF there were no differences
between any groups (cognitively impaired carriers, cognitively unimpaired carriers, and
non-carrier healthy controls) in the Copy condition, providing further support that difficulty
to reproduce the figure is related to memory problems and not to differences in visual
construction or planning abilities.4142 Demographics of studies mentioned in this section are
in Tables 1 and 2.
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The Latin American Spanish Version Face Name Associative Memory Test (LAS-FNAME)

This test measures memory changes along the AD spectrum and has been extensively
validated to detect cognitive decline across time between clinically normal older adults

and individuals with MCI.4748 In this task, participants are shown a variety of different
faces and asked to remember the name associated with each. Vila-Castelar et al. (2020)
validated the measure with 59 clinically normal individuals from Medellin, Antioquia,
Colombia with an age range of 27-83 years.2> After validation, this measure was tested on
carriers (both cognitively impaired and cognitively unimpaired) and non-carrier cognitively
healthy controls to confirm its sensitivity to pathological changes in preclinical ADAD.2
Results showed that cognitively unimpaired carriers who did not express cognitive concerns
nevertheless showed lower scores on the LAS-FNAME total scores than non-carrier
cognitively healthy controls, suggesting that this task is sensitive to very early memory
changes. Additionally, across all carriers, higher levels of Ap and regional tau in the
entorhinal and inferior temporal cortices were associated with lower LAS-FNAME total
scores. 9

Memory for Semantically Related Objects (MESERO)

Memory tests of semantic language processing are also starting to show clinical sensitivity
in PSENI E280A carriers who are cognitively unimpaired. This task was adapted
electronically from the Delayed Matching to Sample paradigm (DMS) previously validated
in an adult population from Spain and Colombia.> In this visual working memory and
semantic processing task, examinees are presented with several photos of objects and are
later presented with more photos and asked whether they had seen the presented object
before. This adapted measure includes both semantically related and unrelated objects.?0 In
this visual working memory and semantic processing task, examinees are presented with
several photos of objects and are later presented with more photos and asked whether

they had seen the presented object before. This measure includes both semantically related
and unrelated objects.?0 Prior research indicates that in AD, semantic memory is one of
the cognitive aspects affected early in the disease’s progression.3* Specifically, access

to superordinate semantic structures, such as the category ‘toys,’ tends to remain intact,
whereas subordinate semantic concepts, such as *blocks,” ‘doll,” and “action figure,” are
susceptible to disruption.®? Individuals with AD often struggle with forming semantic
associations.>2 Fox-Fuller et al. (2022) used the MESERO measure in a group of 83
individuals including 37 non-carrier cognitively healthy controls (mean age 36.7) and

46 PSENI E280A carriers (41 cognitively unimpaired and 5 meeting criteria for MCI).
Cognitively unimpaired carriers” mean age was 30.0, and for MCI participants was 47.6.
They found that cognitively unimpaired AD carriers had worse MESERO total scores

than non-carrier family members, with results driven by worse performance on semantically-
unrelated object sets.>3

MAPP Room Memory Test

In this computerized spatial memory test, participants are asked to carefully scan and view a
household room containing 5-7 items for 10 s and are not prompted as to what objects they
need to remember. Three object recognition trials follow, where participants are shown the
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same household room and are asked to identify the object they saw among foils of a similar
category. They are then shown one object that was in the room and asked to respond whether
they remember where this object was located (yes/no) and how confident they are of their
memory for its location on a 1-5 ordinal scale (1 = Not Confident, 5 = Very Confident).>*
Participants are then prompted to freely place the object in its correct location in the room
with their cursor. This process repeats for all 10 rooms. Placement is counted as correct
based on whether the center of the placed object is within a 50-pixel radius of the original
target coordinates. Participants are shown the target objects again and must select in which
room, of three options, the target object was located.>* For these same objects, they are

then asked whether they remember the object’s location (yes/no) and how confident they
are of their memory for location (1 = Not Confident, 5 = Very Confident). Participants
again proceed to freely place the object in its original location in the target room. This
process repeats for 5 rooms. There are immediate and delayed recall and object placement
conditions.® In a group of 31 non-carrier cognitively healthy controls with a mean age of
38.9 and 15 cognitively unimpaired carriers with a mean age of 39.0, carriers had poorer
delayed room recognition recall than non-carrier healthy controls. These results suggest that
performance in spatial memory may be helpful in discriminating those individuals at an
increased risk of dementia.>*

The tests that were used the most to assess language in this group were fluency tasks from
the CERAD protocol (both phonemic and semantic); the abbreviated 15-item BNT; the
MINT; and the Boston Aphasia Examination, specifically the Cookie Theft Picture.55-57

The neuropsychological fluency task is a cognitive assessment used to measure verbal
fluency. In phonemic fluency, individuals are asked to generate as many words as possible
that begin with a specified letter (e.g., F, A, S) within a limited time period, typically one
minute. In semantic fluency, individuals are asked to generate as many words as possible
that fit within a particular category (e.g., animals) within a limited time period, typically
one minute.?8 Results from fluency tasks in this population have provided mixed results.
Fluency scores decline as the disease progresses and relates to pathology accumulation,

but scores do not distinguish between cognitively unimpaired carriers and their non-carrier
control counterparts. Aguirre-Acevedo et al. (2016) found that fluency tasks scores declined
over two years in 493 cognitively unimpaired carriers with a mean age of 33.4 (SD =
11.7).2% Initial articles that described the neuropsychological outcomes of PSEN. E280A
mutation carriers that used measures of both semantic (e.g., animals) and phonemic (e.g.,
PMR) fluency found that they did not distinguish between cognitively unimpaired carriers
and non-carrier healthy controls.27:59 In a sample of 40 cognitively unimpaired carriers and
82 non-carrier cognitively healthy controls (M age = 44, SD = 12) there was no difference
in performance on fluency tasks.>® Additionally in a separate sample of 12 cognitively
unimpaired carriers (M age = 49.6, SD = 4.9) 15 non-carrier cognitively healthy controls
(M age = 45, SD = 7.2) there were also no differences in fluency task performance.2’

More recent research has corroborated these findings, wherein cognitively unimpaired
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carriers and non-carrier cognitively healthy controls showed no differences on verbal fluency
measures.42.60-62

Yucebas, Fox-Fuller et al. (2024) found no differences in overall score on fluency tasks in
cognitively unimpaired carriers, but reported that higher levels of Ap and tau proteins were
associated with fewer items listed within clusters.3! Clustering is an a priori categorization
of animals into six main clusters that have previously been found to be sensitive to early
AD.53 The clusters are as follows: wild land animals, animals that live in the water, animals
found on a farm, birds, pets (hon-farm), and insects. The aggregate of these results indicates
that verbal fluency tasks, although commonly used in neuropsychological evaluations, may
not be particularly sensitive to early cognitive changes in this population.3!

Naming tasks are widely used neuropsychological assessments designed to evaluate an
individual’s word retrieval abilities and naming skills. During the test, individuals are
presented with a series of drawings of objects and are asked to name each one.>” Some

of the more commonly used tasks with this population are the BNT and MINT.57:64 |n

the earliest work on naming tasks in the PSENI E280A kindred, Tirado et al. (2008)
examined differences in overall score and frequent mistakes on the CERAD abbreviated
15-item BNT and found that neither overall score nor types of mistakes made by participants
differentiated non-carrier cognitively healthy controls (M age = 40.9, SD = 10.5) from
cognitively unimpaired carriers (M age = 38.4, SD = 7.0) or cognitively impaired carriers
(M age = 49.8, SD = 3.0).28 This finding was supported by subsequent studies of cognitive
outcomes in a larger sample with the full-length BNT (i.e., 60 items), where no group
differences were found.>® In a separate sample, there were no group differences in the
overall scores for the MINT and BNT, despite these being longer naming tasks with more
items, some less common than those in the shorter versions, and considered more sensitive
to clinical changes.5° Recent work on sex differences in cognitive functioning between
carriers and non-carrier cognitively healthy controls confirmed that the MINT naming task
did not distinguish cognitively unimpaired carriers from controls or between sexes in both
carriers and non-carriers.32

Semantic and Grammatical Variation in Language

Measuring semantic and grammatical variations in language can be done using a variety of
tasks. The Cookie Theft Picture from the Boston Diagnostic Aphasia Examination was used
in several of the studies to probe the onset of language deficits.>8 In this task individuals
are given a line drawing of a child stealing a cookie while his mother washes the dishes

and other events occur. The picture should evoke basic key vocabulary learned in childhood
with distinct characters, time, and situations. The individual is asked to explain the situation
to the tester verbally. Semantic and grammatical variables are evaluated as well as errors

in verbal output.%® Cognitively impaired carriers have been shown to consistently produce
fewer semantic units, objective situations, and inferences when describing the situation,
although there were no differences between cognitively unimpaired carriers and non-carrier
cognitively healthy controls in number of errors produced.#5:59.68 |t is important to note
that the scores provided in Ardila et al. (2000) and Lopera et al. (1997) did not provide
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specific scores related to semantic and grammatical variables as in the Cuetos et al. (2007)
article, which specifically quantified semantic and grammatical variables in the Cookie
Picture Theft test and Boston Diagnostic Aphasia Examination verbal output.#2:59.66 More
recent work examining semantic processing using the Bateria 1V Woodcock-Mufioz Verbal
Analogies and Text Comprehension subtests with 13 cognitively unimpaired carriers (M
age: 36.9, SD = 4.9), 7 cognitively impaired carriers (M age: 45, SD = 2.7), and 17 family
non-carrier cognitively healthy controls (M age: 36, SD = 6.4) showed that cognitively
unimpaired mutation carriers showed worse semantic processing as measured by verbal
responses than non-carrier cognitively healthy controls and that greater Ap burden was
associated with worse performance on Verbal Analogies, a task that measures fluid verbal
reasoning and language processing.8” These results indicate that tasks that specifically
measure semantic language processing could be more sensitive in detecting earlier changes
than the Boston Diagnostic Aphasia Examination that was previously used.5”

Visuospatial Abilities

Visuospatial ability generally refers to the ability to comprehend and conceptualize visual
representations and spatial relationships in learning and performing tasks such as reading
maps, navigating mazes, conceptualizing objects in space from different perspectives, and
executing various geometric operations. These tasks can vary in complexity and can involve
drawing objects on paper or building structures, and can involve 2-D or 3-D objects.58 In
this review, visuospatial abilities were measured using the CERAD Constructional Praxis.

CERAD-Constructional Praxis Measure

The CERAD Constructional Praxis test is adapted from Rosen’s assessment of
constructional praxis, and tests the ability to copy four geometric forms of varying difficulty
(i.e., circle, overlapping rectangles, diamond and cube).®® This measure was effective in
detecting differences between 9 cognitively impaired PSENI E280A carriers (M age = 49.6,
SD = 4.9) and 9 non-carrier cognitively healthy controls (M age 37.7, SD = 5.6),59 but

was not sensitive to differences between cognitively unimpaired carriers and their healthy
counterparts.23:32 Given that the CERAD figures that individuals are asked to reproduce are
relatively simple, and that more complex tests such as the Rey—Osterrieth Complex Figure
Task (ROCF) were also found to be ineffective at detecting early changes in cognitively
unimpaired carriers, even more complex computerized visual tasks may be necessary to
detect subtle changes in cognitively unimpaired carriers.

Attention, Executive Functioning (EF), and Abstract Reasoning

These cognitive domains were measured by Raven Matrices, Wisconsin Card Sorting Test,
and Trail Making Test Part A. These measures again are not only limited to domains of
attention, EF, and abstract reasoning, but were classified in this way in the articles reviewed.

Raven’s Matrices

On this measure of abstract reasoning, individuals are presented with visual geometric
designs that are missing a piece and are asked to fill in the correct piece from up to 8
different choices.’® In a study by Roselli et al. (2010) 12 patients with ADAD (M age =
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49.6 years, SD =5.0), and 15 matched controls (M age = 45.0, SD = 7.2), cognitively
impaired carriers’ scores declined faster than those of their healthy counterparts over a
period of 18 months.2” Most studies have shown that there are no differences in performance
between cognitively unimpaired carriers and healthy adults, suggesting that this test might
not be sensitive enough to detect preclinical cognitive changes.®27:32.59 Finally, there were
no differences in performance between men and women in a sample of 167 cognitively
unimpaired carriers and 75 non-carrier cognitively healthy controls with an age range of
30-53.32

Trail Making Task Part A (TMT-A)

This is a test of psychomotor speed. There are 25 randomly distributed circles numbered one
to twenty-five on a sheet of paper.”! Individuals are timed and asked to connect numbers

in ascending order, as quickly as possible. Overall, studies have not found differences

in total time between healthy control adults and cognitively unimpaired carriers on the
TMT-A.42:60 Studies by Arango Lasprilla et al. (2003) and Lopera et al. (1997) found that
cognitively impaired carriers took longer to complete the test and made more errors than
their non-carrier healthy counterparts.>-69 As this test may not be sensitive to preclinical
changes in this population, in the future including TMT part B may be preferred, as it has
been proven to be more sensitive to executive dysfunction.”2 and may be able to distinguish
between cognitively unimpaired carriers and healthy adults.

Wisconsin Card Sorting Test (WCST)

On this test of abstract reasoning and cognitive flexibility, and executive functioning,
participants are presented stimulus cards one at a time and asked to match each card to

one of four key cards differing in elements (i.e., number, shape, and color). Participants

are not told how to match the cards, and instead must use the feedback provided by the
tester (who tells them “correct” or “incorrect”) to ascertain the rule of categorization,

which changes periodically. Participants must adapt to the changing rules.” This test

yields multiple scores, including: Sorting Test Categories. Represents the number of times
a participant successfully sorts 10 consecutive cards correctly according to the specified
sorting rule. It indicates the individual’s ability to learn and flexibly switch between
different sorting rules or categories. 7otal Errors. Includes both perseverative errors and
non-perseverative errors. Perseverative errors occur when an individual continues to sort
cards based on a previously learned rule after the rule has changed. Non-perseverative errors
are errors made when the sorting rule has changed, and the person does not immediately
adapt. Conceptual Level Responses. the participant’s ability to understand and articulate the
underlying principles governing the card sorting task. It measures the depth of cognitive
understanding in adapting to new rules. 7rials to Complete First Category: the number of
trials it takes for the participant to complete their first category. It provides information
about the individual’s initial ability to understand and adapt to the sorting rules. Failure

to Maintain Set. the number of times the participant was unable to maintain the correct
sorting rule over a series of trials, even if they initially understood it. Studies have shown
that the number of preservative errors was higher for cognitively unimpaired carriers versus
non-carriers, and number of categories score was higher in 30 healthy adults as compared to
22 cognitively impaired carriers, but there was no difference in scores between cognitively
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impaired carriers and 30 cognitively unimpaired carriers between the ages of 23-58 years of
age.41:42,60

Subjective Cognitive Decline

Subjective cognitive decline (SCD), frequently focusing on memory complaints, is an
important aspect of cognitive decline in AD. SCD measures are often completed by both

the individual experiencing the memory changes and a family member or significant other
who spends a significant amount of time with this individual. SCD in this review was most
often measured by the Memory Complaint Scale, a 15-question measure that uses an ordinal
scale from 0 (no complaints) to 3, indicating maximum complaints, for a total of up to 45.74

Norton et al. (2017) found when studying SCD that a sample of 26 cognitively unimpaired
carriers (M age 37.2, SD = 6.5) reported more memory complaints than 26 non-carrier
cognitively healthy controls (M age 35.6, SD = 7.7); however, informants did not report
high levels of SCD.”® In another study, SCD complaints were more frequent with older age
in a separate sample of 21 carriers with a M age of 35.7 (SD = 5.4) and 27 non-carrier
cognitively healthy controls with a M age of 35.6 (SD = 5.2) and were found to be
associated with higher Ap levels in cognitively unimpaired carriers.”8 Researchers found
that cognitively unimpaired female carriers reported greater levels of SCD than cognitively
unimpaired male carriers, and females had higher levels of informant SCD reports than
males as well.28 Greater SCD was also associated with poorer verbal memory as measured
by CERAD Word List Delayed Recall in a sample of 310 cognitively unimpaired carriers (M
age 31.5, SD = 10.4) and 1998 non-carrier cognitively healthy controls (M age 27.5, SD =
8.8), suggesting that SCD can be an indicator of cognitive decline.28

Global Cognition

Global cognition was assessed using the MMSE. This is an 11-question measure that

tests orientation, concentration, attention, verbal memory, naming and visuospatial skills.””
MMSE scores were generally lower in cognitively impaired carriers than non-carrier
cognitively healthy controls and cognitively unimpaired carriers,11:23.78.79

Cognitive Composite

Several composite cognitive outcomes have been proposed and validated in the literature
for assessing cognitive decline in individuals with ADAD. The CERAD Total Score,
initially proposed by Aguirre-Acevedo et al. (2016), demonstrated adequate sensitivity

and specificity for cognitively impaired carriers. This composite score encompasses

scores on various neuropsychological assessments, including measures of verbal fluency,
language, constructional praxis, memory, and orientation. Moreover, it exhibited sensitivity
in detecting cognitive decline even two years after identification by the Word List Recall
test.21 Another composite cognitive test score proposed by Ayutyanont et al. (2014), as part
of the Alzheimer’s Prevention Initiative, combined measures of episodic memory, executive
function, language, attention, and visuospatial ability, providing a comprehensive assessment
of cognitive functioning, and was sensitive in detecting subtle cognitive changes associated
with preclinical AD.80 Additionally, Guzman et al. (2018) constructed a three-dimensional
model based on structural and confirmatory factor analysis, which discriminated between
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carriers and non-carriers and detected cognitive decline cross-sectionally. These dimensions
included verbal memory, visuospatial memory, and executive functioning, serving as
composite outcomes for assessing cognitive functioning in ADAD individuals. These
composite outcomes offer valuable tools for tracking cognitive changes.59

DISCUSSION

This review synthesized the existing literature on neuropsychological assessments in the
world’s largest kindred with ADAD due to PSEN1 E280A mutation throughout their
lifespan and provides a comprehensive overview of cognitive outcomes in this population.
Carriers of the PSENI E280A mutation allow researchers a unique opportunity to assess
cognitive changes in ADAD across the lifespan, including during cognitively unimpaired
stages of this disease. PSENI E280A mutation carriers are genetically determined to develop
early onset AD with almost 100% certainty, and they have a well-characterized disease
course and clinical profile, with MCI occurring at a median age of 44 years and dementia
at 49 years.%17 PSENI E280A produces A deposition, hippocampal neuron loss, and tau
accumulation with AP plaque deposition surfacing about a decade before the clinical onset
of AD. This is followed by decreased cerebral perfusion and glucose metabolism in brain
regions impacted by cortical AR deposition, suggesting a potential connection between
cortical Ap and decreased parietal, frontal, and temporal metabolic activity in preclinical
ADAD .81-83 pathophysiological and cognitive changes in ADAD are similar to sporadic
AD, and findings from research on PSEN1 E280A carriers can be helpful in understanding
disease trajectory in individuals with sporadic AD.17 Research on the Colombian kindred
has included participants as young as nine years of agel0:62 to individuals up to their 70 s,
and provides an opportunity to examine the progression of the disease over the lifespan, as
well as to develop and test measures that may identify early and subtle cognitive changes in
people in the preclinical stage of AD.

Through this review we were able to identify which cognitive measures were effective

in detecting differences in cognition between carriers of the PSENI E280A mutation and
non-carrier cognitively healthy controls, and which ones differentiated between cognitively
unimpaired carriers and non-carrier healthy controls. Findings across studies consistently
showed that the measures of memory were the most effective at differentiating between
cognitively unimpaired and cognitively impaired carriers, including the CERAD Word List
Learning, FCSRT, LAS-FNAME, and the newly-developed tests related to semantic and
spatial memory, MESERO and the MAPP Room Memory Task.#%:5354 The integration of
diverse composite cognitive measures also provides valuable insights into tracking cognitive
changes in ADAD. Additionally, many other tests that measured neuropsychological
functioning (CERAD Delayed Word Recall, CERAD Constructional Praxis, Verbal Fluency,
Raven Matrices, and MMSE) were effective at tracking clinical changes over time in
mutation carriers versus non-carrier healthy controls, which is important for monitoring
cognitive decline in AD.27 This information is valuable as it provides a starting point as to
how and when these cognitive measures detect earliest cognitive changes in this population
(Fig. 2). The findings can be used in the future to develop more precise measures that might
be able to detect more subtle changes earlier in disease progression.
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Future work is needed particularly for measures examining executive function, as the
measures currently being used do not capture differences at the preclinical stages. This is
important as executive function (EF) has been shown to be a precursor to episodic memory
problems later in the disease progression.®4 EF is a complex cognitive domain and there may
be additional neuropsychological tests that have not yet been examined in carriers versus
non-carriers that assess certain aspects of EF, such as color-word interference tasks (Stroop)
or tasks of sustained attention (e.g., continuous performance task). Since executive function
deficits typically occur before or at the same time as memory problems, it is likely that more
precise measures are required to reveal the earliest changes in executive function within this
group.33:85 |t is also a possibility that executive disfunction is more specific to sporadic AD
when individuals tend to be older at clinical symptom onset; perhaps given the younger

age of the cohort with ADAD, executive dysfunction is not as apparent in this population
regardless of the cognitive tests administered to measure this domain.

Relatedly, more research is needed focusing on children (ages 8-17) to track
neurodevelopmental changes in PSEN E280A carriers and to examine whether the
trajectory of cognitive performance in childhood/adolescence is different between carriers
and non-carrier healthy controls, with implications of such results for later disease
progression. Understanding the earliest cognitive signs of ADAD in childhood and
adolescence will allow us to develop prevention research aimed at enhancing early life
cognitive and educational experiences of ADAD cohort members.

This review underscores the importance of tailored assessments in clinical practice to
enable comprehensive evaluation of cognitive changes over time. The expansion of
clinical assessment tools to include more challenging and precise measures, such as the
computerized tasks developed by our group (e.g., MAPP Room Memory Task, MESERO)
offers the opportunity for a nuanced understanding of early disease progression, including
preclinical stages.. By implementing such tests, clinicians may significantly improve early
detection, monitoring, and intervention not only for ADAD but also for sporadic AD.

Given that all articles included in this review paper focused on the same population, it is
very difficult to distinguish how many distinct individuals are in any one sample. It is likely
that there were individuals who participated in more than one study cited in this review.
Further, future research would need to determine if some of these measures that are sensitive
to familial AD are indeed useful in diagnosis of sporadic AD and other forms of dementia
as well, for example the MAPP Room Memory Task developed specifically with ADAD
participants.>*

It is also crucial to acknowledge the cultural influences affecting outcomes on
neuropsychological tests. Although most of the tests used were normed and validated to use
with this specific population, it is important to address cultural biases in neuropsychological
assessment to yield the best outcomes in these measures. There is a need for ongoing
development and validation of new neuropsychological measures that are culturally sensitive
and inclusive, ensuring accurate and equitable assessment across diverse populations.86
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It would also be useful to examine cognitive differences between groups of PSENI

E280A carriers and other familial dementia cohorts, specifically, the Dominantly Inherited
Alzheimer Network (DIAN) and Longitudinal Early-Onset Alzheimer’s Disease Study
(LEADS) cohorts, to determine if cognitive tests that were useful in identifying pre-clinical
changes in PSENI E280A carriers are also clinically useful and show similar patterns in
other cohorts.

Conclusions

This review provides an overview of the cognitive outcomes in children and adults who
are carriers of the PSENI E280A mutation. We found that measures of verbal, semantic,
episodic, and spatial memory were the most effective in identifying pre-clinical cognitive
differences between this population and cognitively healthy adults. Our findings identify
which current measures are more precise in detecting clinical changes in PSENI E280A
carriers and indicate areas where further work is needed to develop measures capable of
detecting more subtle changes in cognitively unimpaired carriers.

As highlighted throughout this review, many standard neuropsychological measures lack the
sensitivity to reliably identify cognitively unimpaired mutation carriers in cross-sectional
studies. This reveals a compelling need within the field for the development of more
challenging and precise cognitive assessments. Such advanced tools are essential for the
early detection of subtle cognitive dysfunctions in this population and for monitoring
cognitive trajectories before overt clinical symptoms arise. Addressing this gap could
significantly enhance our ability to intervene at earlier stages of neurodegenerative diseases,
potentially improving patient outcomes. Additionally, continued development of tasks
assessing other domains, such as executive function, and creating more sensitive measures
for children, are needed to effectively identify preclinical markers of familial AD.
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