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Available assessments for early-stage Alzheimer’s disease (AD) identify neuropsychological and functional impairments, which rarely
correlate in the early disease stages. The ability to bind information in memory declines in preclinical AD stages. However, it is unclear
whether such cognitive deficits underlie functional impairment in prodromal AD stages. This study investigates whether incorporating
memory binding, a function that is a sensitive cognitive marker for early-stage AD, into a functional assessment tool can reveal the
cognitive underpinnings of daily activities. The Details of Function of Everyday Life (DoFEL) scale was revised, and its latent structure
was explored through principal axis factoring in a nonclinical sample (n =559). Dementia professionals subsequently reviewed the
revised DoFEL for content validity, followed by confirmatory factor analysis in another nonclinical sample (n = 135). Additionally, 49
participants with mild cognitive impairment (MCI) and 33 healthy controls completed the DoFEL, Addenbrooke’s Cognitive
Examination-Revised (ACE-R) and a Visual Short-Term Memory Binding Task (VSTMBT). Correlation analysis and binomial
regression were used to examine the relationship between DoFEL scores and cognitive measures and to assess its ability to differentiate
between healthy controls and MCI patients. The revised DoFEL showed satisfactory structural and construct validity, although some
items lacked content validity. Significant negative associations were found between DoFEL scores and ACE-R (r=—0.66, p < 0.001) as
well as VSTMBT (r = —0.52, p = 0.003) performances. Binomial regression demonstrated the DoFEL’s effectiveness in distinguishing
healthy controls from MCI patients (AUC = 0.95). These findings suggest that linking memory binding with functional performance
could enhance functional assessment in early-stage AD.
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1. Introduction

Alzheimer’s disease (AD) is the primary cause of dementia
and is characterised by progressive neurodegenerative
changes, leading to cognitive and functional decline [1, 2]. In
recent years, it has been recognised that AD has an iden-
tifiable prodrome characterised by distinct clinical stages
preceding significant cognitive and functional decline [2, 3].
Mild cognitive impairment (MCI) is acknowledged as an
intermediary phase between normal ageing and dementia

and is associated with an increased risk of AD [4, 5]. MCI is
characterised by cognitive decline beyond expectation for
age, with relative preservation of functional abilities [6, 7].
Efforts to identify symptom-biomarker associations in-
dicating neurodegenerative changes in MCI that predict
conversion to AD are a key focus within the field [8, 9].
However, anchoring these biomarkers to subtle cognitive
and functional decline often relies on insensitive measures
[10-12]. Moreover, the implementation of biomarker-based
assessments for individuals at risk of AD faces criticism due
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to limited accessibility and invasiveness [1, 2, 13]. Conse-
quently, there is a need for easily administered assessment
measures correlating with brain changes in early AD stages
to detect subtle impairments indicative of departure from
healthy ageing [10, 14, 15].

In AD, a progressive decline in functional ability is
observed across various domains of everyday life, including
performing domestic chores, shopping for food and clothing
and meal preparation [16]. Recognition is growing that
functional impairment in MCI serves as a relevant predictor
of progression to AD, challenging the traditional view of
functional impairment as a downstream outcome of pro-
gressive neurodegenerative change [17-19]. Despite this,
assessment tools to ascertain the presence of functional
impairment often focus on basic daily tasks, potentially
overlooking higher order functional changes such as
managing finances [20-22]. Functional abilities hold dif-
ferential sensitivity to the AD continuum, whereby more
basic and higher order daily tasks are underpinned by
different neural correlates, which are impacted by the disease
at different stages of progression [23]. Therefore, more
advanced and complex activities in daily life may hold
greater potential to detect early impacts of cognition on
functional abilities. This has led to calls for the development
of functional assessment tools incorporating more complex
activities of daily life susceptible to early manifestations of
the AD prodrome [24-28].

Activities of daily living are typically categorised into
basic ADLs (BADLs), instrumental ADLs (IADLs) and
advanced ADLs (AADLs). BADLs refer to fundamental self-
care tasks such as bathing, dressing and feeding, while
IADLs encompass more complex activities required for
independent living, including managing finances, shopping
and meal preparation [29]. AADLs involve tasks that sup-
port societal roles and personal fulfilment, such as em-
ployment duties, volunteering or complex leisure activities
[30]. Current functional assessment instruments, such as the
Lawton and Brody IADL Scale (1969), the Disability As-
sessment for Dementia (DAD) [31] and the Amsterdam
IADL Questionnaire (A-IADL-Q) [32], primarily focus on
BADLs and IADLs. However, these tools typically lack in-
tegration of cognitive underpinnings such as memory
binding, which may reduce their sensitivity for detecting
early functional changes in prodromal AD.

Assessment tools incorporating instrumental and ad-
vanced activities of everyday life have demonstrated sensi-
tivity to MCI and the early stages of AD [22, 28, 30, 33].
These tools encompass impairment in high-order functional
domains, such as financial management, food preparation,
medication management and the use of technology [34-37].
However, current measures that include these more complex
tasks of everyday life often lack adequate psychometric
properties, particularly content validity [38-41]. Addition-
ally, scores from a significant proportion of available
functional scales do not correlate with neuropsychological
functions often assessed as part of the same batteries or
protocols [42]. This may be suggestive of this identified lack
of content validity within existing functional assessment
tools, potentially indicating limited theoretical
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understanding of the constructs underpinning such scales.
Given this, it has been argued that better measures are re-
quired, informed by recent advancements in experimental
and biomarker research [28, 43-45]. One promising avenue
involves designing measures based on cognitive markers
derived from memory binding, which have shown sensitivity
to early-stage AD [46] and hold potential towards ecological
validity. This is relevant, as Slachevsky et al. [42] recently
highlighted the relevance of meaningfulness in the assess-
ment of functional decline, emphasising the need for person-
centred approaches to functional assessment.

In cognition, memory binding refers to the mechanisms
responsible for integrating or associating different pieces of
information in short- and long-term memory [47]. Re-
lational binding, holding associations between items and
context or distinct items, is impaired in AD and prodromal
MCI stages [46, 48-52]. This form of binding is suggested to
rely on hippocampal activation, which becomes compro-
mised in early-stage AD [53, 54]. Therefore, tasks dependent
on this form of binding are recommended for early disease
detection [46, 55]. Another form of binding, conjunctive
binding, involves the integration of different representations
of features within a unified object [56]. This form of binding
has demonstrated impairment specific to MCI and the early
stages of AD [50, 51, 57-59] while remaining preserved
across normal ageing, non-AD dementias and depression
[60-68], suggesting its potential as a sensitive cognitive
marker for early AD. However, current assessments of these
forms of binding often rely on laboratory-based tasks that
are removed from everyday life [69]. Developing novel
measures that assess binding in a more ecologically valid
way, such as the ability to bind information required to
perform complex everyday functions, may enhance di-
agnostic accuracy relative to consensus methods [70]. For
example, while conjunctive binding functions support the
ability to temporarily hold information on an object’s
identity, relational binding functions allow us to remember
contextual information related to such identities (e.g., where
the object was, alongside spatial arrangements). These are
fundamental mnemonic processes subserving the normal
function of working and episodic memory [71].

The Details of Function of Everyday Life (DoFEL) scale
[70, 72] aims to refine functional assessment in early-stage
AD by incorporating contemporary insights from memory
binding. It evaluates functional ability while also assessing
the capacity to bind information necessary for such func-
tions as latent traits. This innovative approach holds po-
tential for enhancing functional assessment compared to
traditional methods [70, 73, 74]. The DoFEL assesses
functional ability across 84 items constructed from complex
activities of everyday life hypothesised to relate to con-
junctive or relational binding. Traditional functional scales
often measure observable tasks without capturing the un-
derlying cognitive mechanisms, which may limit their
sensitivity to early subtle impairments [42]. By explicitly
incorporating memory binding, the DoFEL aims to detect
functional difficulties that reflect prodromal AD-related
cognitive changes before overt decline is apparent. The
present study aimed to conduct a preliminary evaluation of

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206



Journal of Aging Research

the psychometric properties of the DoFEL, structured across
three analytical steps.

Step 1 (Exploratory Factor Analysis): To examine the
latent factor structure of the DoFEL within a non-
clinical sample and revise the scale by identifying items
that best represent its underlying constructs.

Step 2 (Content Validity Assessment): To evaluate the
content validity of the revised DoFEL items by gath-
ering expert dementia professionals’ ratings of each
item’s relevance to memory binding and early func-
tional decline in AD.

Step 3 (Construct Validity Assessment): To assess the
construct validity of the revised DoFEL by: (i) exam-
ining its correlation with established cognitive assess-
ments (ACE-R and VSTMBT) and (ii) evaluating its
discriminatory power to differentiate individuals with
MCI from healthy older adults.

2. Methods

2.1. Design. This research utilised a three-step design. In
Step 1, we investigated the latent factor structure of the
DoFEL and revised the scale using data from a nonclinical
sample. Step 2 involved administering a questionnaire to
dementia professionals to assess the content validity of re-
vised DoFEL items. For Step 3, we evaluated the construct
validity of the revised DoFEL to differentiate between
healthy ageing and MCI. Additionally, confirmatory factor
analysis (CFA) was employed to assess the stability of the
model in a separate sample.

2.2. Participants and Recruitment. In Step 1, a nonclinical
sample comprising 559 healthy community-dwelling adults
aged over 55 completed the DoFEL. Participants were
recruited with the assistance of charitable organisations
involved in supporting older adults in the UK. Recruitment
was conducted between January and July 2023 through the
online survey platform Qualtrics (Qualtrics, Provo, UT).
Inclusion criteria required participants to be (i) aged 55 years
or older, (ii) living independently in the community and (iii)
self-reporting no history of neurological or psychiatric
conditions. No additional exclusion criteria were applied at
this stage. Demographic information for this sample is
presented in Supporting Table 1.

For Step 2, eight dementia professionals with expertise in
functional assessment for dementia and memory binding were
approached. These professionals were purposively sampled
based on their expertise in dementia assessment, functional
evaluation and/or memory binding research. They were
identified through professional networks of the research team,
including colleagues from European universities and public
health services (e.g., NHS memory clinics), ensuring a mix of
academic and clinical perspectives. The sample included
clinical neuropsychologists, geriatric neuropsychiatrists, oc-
cupational therapists and academic dementia researchers, all
with more than 5 years of experience assessing cognitive and
functional decline in AD. A closed questionnaire employing
a Likert scale was used to gauge the relevance of revised DoFEL

items to the construct of memory binding, alongside assessing
the overall utility of the scale for detecting early functional
changes associated with AD. Dementia professionals also had
the option to provide anonymised feedback through free-text
boxes. The number of eight professionals was chosen prag-
matically, based on recommendations for content validity
studies to include between five and 10 experts to provide
sufficient breadth of feedback while ensuring the feasibility of
analysis [75].

In Step 3, participants were recruited from a Scottish
cohort study [56] comprising healthy older adults and in-
dividuals with MCI. Participants diagnosed with MCI were
invited to attend the University of Edinburgh from NHS
Lothian memory clinics. Simultaneously, healthy older
adults were recruited from the Volunteer Panel for the
School of Philosophy, Psychology and Language Sciences at
the University of Edinburgh. Initial assessments were
conducted at the university, during which demographic,
health and neuropsychological data were collected. Inclusion
criteria stipulated participants to be (i) aged 65 years or older
and (ii) clinically diagnosed with MCI according to the gold-
standard criteria established by Petersen [6, 76]. Within the
MCI group, both amnestic and nonamnestic subtypes were
included, as classification was based on Petersen’s broad
criteria rather than restricting to memory impairment
subtypes alone. Alternatively, healthy older adults were
confirmed through intact cognitive performance on the
Addenbrooke’s Cognitive Examination-Revised (score > 88)
at the time of testing, (iii) not diagnosed with any form of
dementia and (iv) self-reporting no active psychiatric and
neurological conditions.

All subjects provided informed consent in accordance
with the Declaration of Helsinki. The procedures of this
study were approved by the University of Edinburgh, School
of Health in Social Science Research Ethics Committee
(CLINS40).

2.3. Measures

2.3.1. Demographic Characteristics. Sociodemographic data,
including age, years of education and sex, were collected to
discern the characteristics of the sample under investigation.
Participants were also asked to disclose any active neuro-
logical or psychiatric conditions.

2.3.2. DoFEL. The DoFEL was developed to operationalise
functional activities underpinned by cognitive binding
processes implicated in prodromal AD stages [77]. Item
generation involved an iterative, theory-driven process,
whereby daily activities were identified based on prior ex-
perimental paradigms assessing conjunctive and relational
binding [50, 78] and then translated into ecologically valid
functional tasks through expert discussion. This process
included reviewing existing functional scales to identify
relevant domains and constructing items hypothesised to
depend specifically on either conjunctive (e.g., integrating
object features) or relational binding (e.g., associating ob-
jects with spatial or contextual information).
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The DoFEL scale assesses 84 items of functional ability
across several domains of everyday life. Each item has been
conceptualised to depend on either conjunctive or relational
binding forms. For instance, ‘Difficulty recognising traffic
signs’ has been categorised as depending on conjunctive
binding, whereas ‘Difliculty using landmarks for directions
when driving’ has been classified as a function of relational
binding. The DoFEL contains 53 items hypothesised to depend
on relational binding and 31 items posited to be dependent on
conjunctive binding. A full breakdown of items by binding
type is provided in Supporting Table 10. A copy of the original
DoFEL scale is provided in Table Al in the appendix.

A Likert scale is utilised from zero to three (0= ‘not ap-
plicable’, 1="‘never, 2="‘occasionally’ and 3= ‘frequently’),
which attempts to capture the degree of functional impairment
within an individual’s daily life. For each participant,
a standardised DoFEL score (between 0 and 1) and stand-
ardised total subdomain scores (each between 0 and 1) are
obtained by dividing the total score (sum of responses to items
answered) by the maximum score (where the maximum score
refers to the number of items answered multiplied by 3). Items
with a response of 0 (‘not applicable’) are excluded from
calculations.

Given that the DoFEL is a novel assessment, its psy-
chometric properties remain under investigation. However,
a higher score reflects greater difficulty in activities of daily
living. As Slachevsky et al. [42] highlighted, a gap within
available functional scales is how they approach the ‘what’
question. For example, the Lawton and Brody [29] IADL
scale asks whether they can operate the telephone, granting
them a score of 0 if they respond, ‘Does not use the telephone
at all’. Operating a telephone is an instrumental ability that
relies on perceptual, mnemonic, executive and motor
functions. For instance, patients can receive a score of 1 on
this item of the scale even if they fail to associate a number
with a person (e.g,, if they ‘Dial a few well-known numbers’,
they receive 1). By exploring the constituent parts of such
complex abilities and their cognitive correlates, we stand
a better chance to detect early subtle functional deficits,
which can signal risk for progression to dementia.

Considering the above evidence, in the present study, we
hypothesised that DoFEL items within each functional
domain should be associated with first-order factors of
conjunctive and relational binding. These items have been
developed based on specific recognition tasks grounded in
binding theory [72]. However, to ensure ecological validity,
these tasks were incorporated into a measure of functional
activity, resulting in conceptually similar items across
multiple functional domains [74]. This suggests a hierar-
chical structure, with binding types serving as first-order
factors summarising item-level data from subscales and
a higher order factor of functional activity summarising the
common information related to each subscale.

2.3.3. Addenbrooke’s Cognitive Examination-Revised. The
ACE-R [79] is the revised version of the original Adden-
brooke’s Cognitive Examination [80], a widely used as-
sessment to detect cognitive change and differentiate
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dementia subtypes. This revised version of the ACE consists
of 26 tasks across the five broad cognitive domains of At-
tention and Orientation, Memory, Visuospatial Function,
Language and Verbal Fluency.

A trained individual typically administers the ACE-R over
20 min, and a general score is computed out of 100 on
completion. Lower scores reflect reduced cognitive ability, with
scores of 88 and below indicating cognitive impairment [79].
The ACE-R has demonstrated high diagnostic accuracy in the
detection of MCI [81, 82] and has been shown to have high
reliability within the measurement of early cognitive change,
with Cronbach alpha coeflicients greater than 0.8 reported [83].

2.3.4. Visual Short-Term Memory Binding Task. The
VSTMBT [50, 84] is an experimental assessment designed to
evaluate cognitive performance, specifically focussed on
memory-binding abilities. The test consists of three con-
ditions using visual arrays of two or three stimuli; for
a comprehensive description of the task’s psychophysics
properties, refer to Parra et al. [50]. Briefly, the VSTMBT
presents visual arrays of two or three abstract shapes dis-
played in random positions of a ‘3 x 3’ virtual grid. After an
initial fixation cross (1000 ms), a study display was presented
for 2000 ms, followed by a 900-ms unfilled retention interval.
The test display was then presented and remained on until
participants responded. Participants were asked to detect
whether a change occurred between the study and the test
display or if the stimuli remained the same. The task con-
sisted of two conditions; the Shape Only condition assessed
VSTMBT for single features. The Binding condition assessed
VSTMBT for shape-colour bindings. During the Shape Only
condition, participants were presented with either two or
three black shapes, and in the Binding condition, two or
three shapes were presented, each in a different colour. To be
able to detect such changes, participants had to remember
either the individual shapes or the combinations of shape
and colour (i.e., Binding condition) presented in the study
display. Each condition consisted of 32 trials, of which 50%
presented arrays of two stimuli and the remaining 50%
presented three stimuli. Scoring for the VSTMBT is based on
the percentage of correct recognition. Therefore, a higher
percentage indicates less impairment in memory-binding
ability. In this study, we specifically investigated the per-
formance of the ‘Shape-Colour Binding’ condition within
this task, as it has demonstrated the highest classification
power in AD studies [56, 63, 85].

2.4. Data Analysis

2.4.1. Exploratory Factor Analysis (Step 1). Principal axis
factoring (PAF) with oblimin rotation was performed to
explore latent constructs within the DoFEL subscales. Can-
didate items for removal were considered, and postrotation
factors were extracted for each DoFEL subscale. The number
of factors retained was determined through parallel analysis
[86], and DoFEL items with communalities (h?) scores greater
than 0.35 were retained [87]. Eigenvalues were examined as
part of this process, with factors retained if their real-data
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eigenvalues exceeded those generated through parallel anal-
ysis, indicating they explained more variance than expected by
chance. Multicollinearity between DoFEL items, Bartlett’s test
of sphericity and the Kaiser-Meyer—Olkin measure of sam-
pling adequacy were examined to ensure that the assumptions
for conducting PAF were met.

2.4.2. Content Validity Assessment (Step 2). The Average
Content Validity Index (Ave-CVTI) [88] was used to assess the
level of agreement among dementia professionals regarding
the relevance of DoFEL items to the construct of binding.
Qualitative responses were also reviewed and discussed by the
research team to evaluate the acceptability of scale items.

2.4.3. CFA. CFA was employed to assess the stability of the
dual-factor model of conjunctive and relational binding
across the revised DoFEL subscales. The suitability for CFA
analysis was evaluated through Bartlett’s test of sphericity,
examination of the anti-image covariance matrix and the
Kaiser-Meyer-Olkin measure of sampling adequacy [89].
The latent variable of binding was scaled by fixing the
variance to 1.00 [90]. Model goodness of fit was evaluated
using a range of fit indices following guidelines by Kline [91]
and Brown [92]. This guidance stipulated that an acceptable
model fit should have a root-mean-square error of ap-
proximation (RMSEA) close to 0.06 or less, a comparative fit
index (CFI) greater than roughly 0.90, standardised root-
mean-square residuals (SRMR) close to 0.08 or less and
a Tucker-Lewis index (TLI) close to 0.90 or greater. Ad-
ditionally, the model chi-squared (y?) statistic was assessed
to evaluate overall fit. However, this was interpreted cau-
tiously due to its sensitivity to sample size, with higher
p-values suggesting a better model fit [93].

2.4.4. Construct Validity Assessment (Step 3). Construct
validity was assessed by examining the relationship between
functional performance on the revised DoFEL and cognitive
performance on the ACE-R and VSTMBT. Additionally,
binomial logistic regression was employed to evaluate the
sensitivity of revised DoFEL total scores in predicting MCI
classification compared to healthy controls. Receiver oper-
ating characteristic (ROC) curve analysis was used to assess
the discriminatory ability of the revised DoFEL by plotting
sensitivity against 1-specificity at various thresholds, with
the area under the curve (AUC) indicating overall diagnostic
accuracy (values closer to 1.0 indicate excellent discrimi-
nation, while values near 0.5 indicate chance performance)
[94]. AUC values were also used for the comparison of
logistic regression models for revised DoFEL total scores and
the original DoFEL total scores in distinguishing between
MCI and healthy ageing.

3. Results
3.1. Exploratory Factor Analysis (Step 1)

3.1.1. Sample Demographics. The nonclinical sample con-
tained 559 responses to the DoFEL from cognitively intact

participants without psychiatric or neurological illness.
Participants were aged between 55 and 94 and included 253
male participants, 304 female participants, and two partic-
ipants who preferred not to disclose their sex. There was
a wide range within participant education level, with the
average years of education for the sample being 15.8 years.
Further details on the demographics of this sample are
presented in the Supporting Table 1.

3.1.2. Factorial Validity of DoFEL Subscales. PAF was used
to explore the first-order factor structure of item-level data
from DoFEL subscales. Preliminary assumption testing in-
dicated that data from DoFEL subscales were likely fac-
torisable, as demonstrated in the Supporting Table 2.

The exploratory factor analysis results for the Shopping
and Money subscale demonstrated a two-factor solution,
explaining 62.8% and 14.2% of the variance. Three items
were removed from this subscale due to communalities
falling below the 0.35 threshold. Similarly, the Objects and
People subscale showed a two-factor solution (33.2% and
14.6% variance explained), with four items removed based
on the same communality criterion. The Technology and
Communication subscale also showed a two-factor solution
(62.1% and 10.6%), and 13 items were removed. In all of
these subscales, the identified factors appeared indicative of
either relational binding or conjunctive binding.

The Transport and Mobility subscale demonstrated a sin-
gle-factor solution, accounting for 78.4% of the variance, with
one item removed. Loading patterns revealed that conjunctive
and relational binding appeared to load negatively and pos-
itively, respectively, on the identified factor. The Domestic
Chores subscale exhibited a two-factor solution, explaining
46.0% and 34.2% of the variance, with five items removed.
Similarly, the Work and Social Life and Health and Lifestyle
subscales showed two-factor solutions, explaining 58.4% and
20.9%, and 60.5% and 19.7% of the variance, respectively.
These factors within the subscales were also indicative of either
conjunctive or relational binding. In the Work and Social Life
subscale, five items were removed, while in the Health and
Lifestyle subscale, nine items were removed. Items were re-
moved from all subscales if their communality scores were
below the recommended cut-off of 0.35 [87].

The examination of factor loadings and communalities
across the various subscales of the DoFEL revealed consistent
patterns indicative of relational and conjunctive binding.
Items associated with relational binding displayed high factor
loadings and communalities, suggesting their robust contri-
bution to this construct as a latent trait being measured.
Additionally, conjunctive binding items demonstrated notable
factor loadings and communalities, emphasising their role as
a latent trait of the functional tasks included in the DoFEL.
This analysis suggests a potential connection between these
binding processes and functional task performance on the
DoFEL. Specifically, it hints at how an individual’s ability to
bind information may influence performance in various
functional domains. However, further confirmatory analyses
and complementary methodologies are required to un-
derstand these observed relationships.
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The outcomes of the exploratory factor analysis are
detailed in Table 1, while Supporting Tables 3, 4, 5, 6, 7, 8, 9
provide the factor loadings and communalities for each
respective subscale.

3.2. Content Validity of the Revised DoFEL (Step 2). Eight
dementia professionals provided feedback on the revised
DoFEL items in regard to the overall item utility and the
relevance of items to the concept of binding. None of the
dementia professionals suggested any item be excluded from
the scale, and all commented that items appeared useful for
assessing early changes to cognition indicative of AD dementia.
Overall, the proportion of agreement between pro-
fessionals for the relevance of items dependent on relational
binding was 71.9% and 60.6% for those classified as de-
pendent on conjunctive binding. The Ave-CVI was used to
determine the consensus among professionals regarding the
relevance of the various items to either conjunctive or re-
lational binding. The Ave-CVI was 0.44 for relational items
and 0.21 for those classified as conjunctive. Overall, this
indicates poor content validity for the scale’s relevance to
binding, as reflected by Ave-CVI values falling below the
acceptable threshold of 0.8, as suggested by Almanasreh et al.
[95]. Further details of the ratings given for each item by
dementia professionals are outlined in Supporting Table 10.
The dementia professionals commented that functional
tasks with a broader description were more likely to encompass
specific functional components that could depend on either
form of binding or other cognitive functions, such as executive
functioning. It was outlined that this limited confidence in
attributing task dependency to either form of binding despite
maintaining that those items appeared useful for the assess-
ment of early cognitive change in AD dementia and MCI.
Overall, the revised DoFEL included 44 items. This in-
cluded 20 hypothesised to depend on conjunctive binding and
24 considered to rely on relational binding. We have included
a copy of the revised DoFEL as an appendix (see Table A2).

3.3. CFA of the Revised DoFEL

3.3.1. Sample Demographics. This sample comprised 135
participants (60.7% female) recruited as healthy controls for
the aforementioned Scottish cohort study. The sample ranged
in age from 65 to 93, with a mean age of 73.9 years (SD =7.4).
In general, years of education for participants in this sample
were high, with the average years of education being 14.2 years.

3.3.2. CFA. CFA was conducted on the items of each
subscale within the revised DoFEL. There were no missing or
erroneous values within the dataset, and prior assumption
testing to ascertain the appropriateness of employing CFA
within this dataset suggested the data were likely factoris-
able. Details of the assumption testing are presented in
Supporting Table 11.

Evaluating the model fit across various subscales of the
DoFEL, the Shopping and Money subscale demonstrated an
overall acceptable fit, with the exception of the RMSEA
index. Conversely, the two-factor model for the Objects and
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People subscale did not attain an acceptable fit in this
sample, with slight deviations in fit indices. The Technology
and Communication subscale exhibited a well-fitting two-
factor model, while the Transport and Mobility subscale
model demonstrated an acceptable fit, except for the
RMSEA. Moreover, the two-factor model for the Domestic
Chores subscale showed a satisfactory fit. For the Work and
Social Life subscale, the dual-factor solution displayed
a nearly acceptable fit, albeit with minor discrepancies in
RMSEA and TFI Indices. The Health and Lifestyle subscale
two-factor model did not achieve an acceptable fit. Detailed
fit statistics for each subscale are provided in Table 2.

3.4. Construct Validity of the Revised DoFEL (Step 3)

3.4.1. Sample Demographics. This sample comprised 49
participants diagnosed with MCI and 33 healthy controls
recruited for the aforementioned Scottish cohort study.
There was a diverse range of ages and educational attainment
levels across the total sample and diagnostic subgroups, as
shown in Table 3.

Alarge body of literature has demonstrated that the effects
of age and level of education can significantly influence
performance on assessments of function and cognitive ability
[96, 97]. Therefore, a Mann-Whitney U test was run to de-
termine if the demographic characteristics of age and years of
education were matched between samples, as the assumption
of normality per Shapiro-WilK’s test was not met [98].

There was no statistically significant difference in age
between the MCI group (Mdn=73) and healthy controls
(Mdn=73), U=738, z=2.88, and p = 0.51. However, a sta-
tistically significant difference was observed in educational
attainment between the MCI group (Mdn = 16) and healthy
controls (Mdn =0.12), U=459, z=1.85, and p = 0.001.

Data informing on overall neuropsychological test
performance for both MCI and the healthy control group
have been included in Supporting Table 12.

3.4.2. Correlation Between Revised DoFEL and ACE-R.
Pearson’s product-moment correlation was run to assess the
relationship between the revised DoFEL and ACE-R scores in
a sample of people across healthy ageing to MCI. Preliminary
analyses showed the relationship to be linear, with both
variables normally distributed and no significant outliers.

There was a statistically significant, strong negative
correlation between the total scores of the revised DoFEL
scale and the ACE-R, r(82) =-0.66, p <0.001, with revised
DoFEL scores explaining 43.95% of the variation in ACE-R
scores. This suggests that as performance on the DoFEL
decreases (higher DoFEL score), the performance on the
ACE-R decreases.

3.4.3. Correlation Between Revised DoFEL and the VSTMBT.
Pearson’s product-moment correlation was run to assess the
relationship between the revised DoFEL scores and per-
formance on the VSTMBT. Preliminary analyses showed the
relationship to be linear, with both variables normally
distributed and no significant outliers.
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TaBLE 1: Results of the principal axis factoring.

Number of Variance explained

Eigenvalues generated

Subscale factors (%) Real eigenvalues through pz'lrallel Items removed
analysis
Shopping and Money 2 ?4212 ?(1)‘21 iig 3
Objects and People 2 iié ?;; iig 4
Technology and Communication 2 ?gé ??8 ig; 13
Transport and Mobility 1 78.4 5.49 1.16 1
Domestic Chores 2 ;lzg ig;l i}g 5
Work and Social Life 2 2(8);1 41123 1%2 5
Health and Lifestyle 2 ?g; ??g ii 9

Note: The table presents an analysis of the DOFEL subscales, detailing the number of factors identified, the variance explained by each factor, the real
eigenvalues obtained and the corresponding eigenvalues generated through parallel analysis.

TaBLE 2: CFA results summary for the DoFEL subscales.

Subscale X2 RMSEA CFI SRMR TLI
Shopping and Money 8.89" 0.115 0.955 0.049 0.943
Objects and People 85.1"" 0.163 0.839 0.108 0.740
Technology and Communication 6.92" 0.073 0.984 0.032 0.961
Transport and Mobility 8.48" 0.155 0.977 0.039 0.930
Domestic Chores 1.16" 0.034 0.994 0.025 0.994
Work and Social Life 7.30™" 0.216 0.950 0.052 0.701
Health and Lifestyle 79.9"" 0.333 0.878 0.072 0.856

Note: X? = chi-squared statistic, SRMR = standardised root mean square.

Abbreviations: CFI = comparative fit index, RMSEA =root-mean-square error of approximation, TLI = Tucker-Lewis index.

*p<0.05.
**p<0.001.
TaBLE 3: Demographic characteristics of the sample by diagnostic group.
L. Subgroups of the sample
Characteristic
Total sample MCI HOA
Mean age (years) 73.8 74.5 73.4
Mean educational attainment level (years) 14.5 15.7 12.8
Sex (% female) 62.2% 75.5% 42.4%

There was a statistically significant, moderate negative
correlation between the total scores of the revised DoFEL
scale and the VSTMBT, r(82) =-0.52, and p = 0.003, with
revised DoFEL scores explaining 26.83% of the variation in
VSTMBT scores. This suggests that as performance on the
DoFEL decreases (higher DoFEL score), the performance on
the memory-binding task also decreases.

3.4.4. Predicting MCI: Binomial Logistic Regression Analysis
of Revised DoFEL Scores. Binomial logistic regression was
performed to ascertain the influence of the total revised
DoFEL scores on the likelihood that participants have MCI.
Following the meeting of appropriate assumptions, the lo-
gistic regression model was statistically significant, y* (1)
=75.5, p<0.001, and R?=0.81. The model for the revised
DoFEL scores explained 81.3% of the variance in predicting

MCI, and the area under the ROC curve was 0.95, which is
an excellent level of discrimination, according to Homser
et al. [94].

Considering the original DoFEL scores, this logistic
regression model was statistically significant. The original
DoFEL model explained 13.8% of the variance in predicting
MCL §* (1)=6.90, p = 0.02, and R*=0.14, with an AUC
value of 0.66.

4. Discussion

4.1. Summary of Findings. The main purpose of this research
was to investigate the structure, content and construct
validity of the DoFEL. Specifically, the study aimed to (i)
examine the latent factor structure of the DoFEL and revise
the scale by identifying items representing conjunctive and
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relational memory binding (Step 1), (ii) evaluate the content
validity of revised DoFEL items by gathering expert ratings
on their relevance to memory binding and early functional
decline in AD (Step 2) and (iii) assess the construct validity
of the revised DoFEL by examining its correlation with
established cognitive assessments (ACE-R and VSTMBT)
and its ability to differentiate individuals with MCI from
healthy older adults (Step 3). An additional aim was to
investigate the representation of memory binding within
a measure of functional activity, contributing to the liter-
ature on the potential integration of cognitive markers to
enhance functional assessment in prodromal AD stages.

This study had five key findings: (1) The constructs of
conjunctive and relational binding appeared to be repre-
sented as dimensions of items included in the DoFEL
subscales. However, the factor structure across all subscales
was not replicated in a differing sample, suggesting further
scale revision would be of benefit. (2) Dementia pro-
fessionals considered the DoFEL a useful tool for detecting
functional impairment in early-stage AD. However, the
relevance of certain functional tasks to binding was ques-
tionable due to their broad nature. (3) Functional perfor-
mance measured by the revised DoFEL strongly correlated
with cognitive performance assessed by the ACE-R. (4)
Performance on the DoFEL also showed a moderate cor-
relation with performance on an experimental measure of
memory binding. (5) The revised DoFEL could differentiate
those on a healthy ageing trajectory from individuals di-
agnosed with MCI, demonstrating comparability with
the ACE-R.

Regarding the structural (construct) validity of the
DoFEL, the results of the factorial analysis support a two-
factor model of conjunctive and relational binding as latent
traits of functional performance measured by the DoFEL.
There was evidence for the stability of the model across
samples in the Shopping and Money, Technology and
Communication, Transport and Mobility and Domestic
Chores subscales. However, the model fit was less than
optimal in the Objects and People, Work and Social Life and
Health and Lifestyle subscales. This variability in model fit
suggests that while the two-factor model captures specific
dimensions of functional performance, further refinement is
required to capture the complexity of functional perfor-
mance in these domains. The extent to which functional
performance in daily living tasks is supported by memory
binding remains underexplored [46, 57, 99]. However, there
remains an interesting theoretical relationship between
memory binding as an underlying trait of functional per-
formance in the DoFEL. Overall, this may imply that for-
mulating questions based on specific cognitive markers may
have the potential to unveil subtle functional impairments
that often elude detection in prodromal AD stages.

Considering the content validity of the revised DoFEL
post-PAF, the results reveal that all functional tasks included
were considered useful for assessing early changes to cog-
nition indicative of AD dementia. However, the level of
agreement in attributing performance on these tasks to the
construct of memory binding was poor. The finding that
dementia professionals identified the items included within
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the revised DoFEL as useful for evaluating functional activity
within prodromal AD stages corroborates the growing body
of evidence demonstrating impairment in more complex
activities of daily living in the early stages of AD [17].
However, the overall poor agreement between professionals
on whether revised DoFEL items appeared relevant to
conjunctive or relational binding suggests that further item
modification is required to integrate the concept of memory
binding into a measure of functional ability. It also indicates
a need for further research to determine the extent to which
other cognitive processes may contribute to DoFEL task
performance in addition to memory binding. For example,
considering recent recommendations by [42], future efforts
should involve patients and caregivers to explore which of
these items they consider to be more meaningful or which
are missing [100].

The final aim of this research was to examine the con-
struct validity of the revised DoFEL. To this end, significant
negative correlations were observed between functional
performance as measured by the revised DoFEL and cog-
nitive performance on the ACE-R and VSTMBT. This
suggests that cognitive performance decreased (lower ACE-
R and VSTMBT scores) as functional performance decreased
(higher revised DoFEL scores). While this relationship is not
deterministic, it is consistent with research documenting
that people with higher levels of cognitive dysfunction tend
to have more limitations in higher level activities of daily
living [101]. While recently developed scales to assess dif-
ficulties in everyday functioning in dementia have shown
excellent discrimination between noncognitive impairment
and mild dementia, such as the A-IADL-Q, further research
is required to determine which functional tasks effectively
map onto cognitive performance and may meaningfully
differentiate healthy ageing from mild cognitive decline
[42, 102, 103]. This appears to be a key strength of the revised
DoFEL, whereby the functional tasks included demonstrate
strong construct validity with the cognitive underpinnings
known to be impacted in preclinical AD stages. Moreover,
the binomial regression analysis demonstrated that per-
formance on the revised DoFEL effectively differentiated
individuals with MCI and healthy controls. These results are
consistent with research, demonstrating that measures in-
corporating complex functional tasks can detect cognitive
decline in prodromal AD stages [101, 104, 105]. This is
important as it indicates that the DoFEL might capture
functional decline specific to early-stage AD and also predict
an individual’s cognitive abilities before undergoing ex-
tensive testing.

Recent instruments, for example, the Activities of Daily
Living Inventory (ADLI; [106]), provide comprehensive
assessments of daily functioning across multiple domains,
supporting the characterisation of functional abilities in
older adults. However, unlike existing measures, the DoFEL
was conceptually designed to integrate specific cognitive
processes, namely conjunctive and relational memory
binding, theorised to underlie functional performance and
aspects of cognitive impairment in prodromal AD stages.
This theoretically grounded approach may enhance its
sensitivity to subtle functional decline before overt
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impairment is observable, addressing an important gap in
current functional assessment tools. Overall, the present
study provides preliminary evidence that integrating cog-
nitive theory into functional assessment is a promising di-
rection for improving early detection of AD and offers
a foundation for future refinement and validation of the
DoFEL as an ecologically valid, cognitively informed tool.

4.2. Limitations and Future Directions. Taken together, this
study has attained preliminary information supporting
conjunctive and relational binding as dimensions of func-
tional activity in the DoFEL. It has also shown the ability of
the revised DoFEL to discriminate MCI from healthy ageing
regarding overall functional performance. However, despite
these promising findings, several limitations require dis-
cussion. The main limitation is that while this study has
investigated the DoFEL regarding structural, content and
construct validity, further information regarding the re-
liability and sensitivity over time of the DoFEL is required to
conclude the recommendation for implementing this as-
sessment in both research and clinical practice.

Due to the nature of participant data within the cohort
study, it was not possible to compare the revised DoFEL
against gold-standard cognitive and functional assessments.
Therefore, further research is required to determine whether
the DoFEL is superior or equivalent to existing methods of
diagnosis. The DoFEL is a unique tool assessing function and
memory binding within one measure. However, further
research is required to determine the translational potential
of memory binding within a functional assessment tool. This
study suggests that functional assessment tools based on the
specific cognitive vulnerabilities caused by AD are a prom-
ising way to improve early detection. However, it is im-
portant to ascertain the benefits of this approach over
consensus diagnostic methods.

A further limitation of this research is the reliance on
ACE-R scores to define healthy ageing. To be included as
healthy older adults, participants needed to attain a score
above 88 on the ACE-R, as scores below this threshold
typically indicate cognitive impairment [79]. While the
ACE-R assessment alone is helpful for identifying in-
dividuals with MCI [107], it was not designed to provide
a definitive diagnosis of AD [6, 108]. Therefore, without the
use of consensus diagnostic approaches or data from ac-
companying tests, such as neuropsychological and neuro-
imaging assessments, it is plausible that some participants
classified as healthy may have had cognitive impairment
indicative of MCI. Future studies incorporating more
comprehensive testing would offer additional validation for
healthy ageing and ensure greater accuracy in comparison.

An additional limitation of this research is related to the
exclusion criterion. In studies assessing a new assessment to
support the detection of MCI or early-stage AD, it is
common to exclude individuals with a diagnosis of de-
pression using a screening tool, as depression can impact
cognitive performance [109]. However, due to the avail-
ability of data, it was not possible to exclude individuals
based on this factor. Therefore, while individuals did not

disclose active psychiatric conditions, there may be in-
dividuals included with symptoms of depression that may
influence performance outcomes.

Another limitation is that the revised DoFEL scores were
calculated using data derived solely from item responses of
the original scale, thereby excluding items not retained in the
revised version. This omission could potentially affect the
generalisability of the revised DoFEL scores, as they lack
direct validation through administering the scale to new
participants. While the DoFEL scoring format may differ
from some functional assessments in that higher scores
reflect greater difficulty, this structure aligns with many
clinical tools in which elevated scores denote increased
symptom severity.

Additionally, further research in larger and more diverse
populations would strengthen the findings of this work. It is
recognised that MCI and AD are conditions that impact
people across the globe, and currently, there is a lack of tools
available for use in developing nations [110]. Therefore, the
DoFEL must be evaluated in a range of different cultural
contexts, so it is applicable as an assessment for a range of
populations. Such studies would indeed be important, as
memory binding does not appear to be influenced by the
differential effects of culture, education level and socio-
economic status [111, 112]. However, in the present
study, a significant difference in educational attainment was
observed between the clinical and nonclinical groups, so
future research is needed to control for this variable and
assess its potential impact on DoFEL performance.

Furthermore, while the DoFEL was developed to enhance
early detection of AD by targeting cognitive vulnerabilities
such as memory binding deficits, particularly conjunctive
binding, which has demonstrated AD-specific impairment, its
generalisability to other dementia subtypes is likely limited.
Given that different dementias present with distinct cognitive
profiles and memory binding impairments have not been
consistently observed outside AD, future research may focus
on developing functionally grounded assessments targeting
cognitive vulnerabilities characteristic of other dementia types,
rather than directly adapting the DoFEL.

4.3. Conclusion. In summary, this research provides initial
evidence that the DoFEL is a promising measure of func-
tional activity, capable of discriminating MCI from healthy
ageing. This offers a potential avenue for the early detection
of AD by identifying subtle functional changes in individuals
with MCI, including both amnestic and nonamnestic sub-
types, through ecologically valid approaches using cognitive
markers to enhance functional assessment within the early
stages of AD. However, ongoing refinement is needed to
establish the reliability and broader applicability of the
DoFEL in both research and clinical practice.

Appendix A: Details of the DoFEL and DoFEL-R
Items

We have included the following in the appendix: (i) the
original DoFEL items, with those retained highlighted in
green, and (ii) the revised DoFEL measure.
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TaBLE A2: Details of functions of everyday life-revised (DoFEL-R).
Not applicable @ —never D —occasionally @ —frequently ®
Shopping and Money
1 Misplaces money or forgets where to find it 0O—0O—0—0 R
) Difficulty handlir}g' money when paying or O—O—O—06 R
receiving change
3 Difficulty recognising common products in O—D—0—0 C
supermarkets or shops
4 Forgets the loFation of proliiucts athome or O—D—O—06 R
in supermarkets
5 Difficulty remembefing .items without O—D—O—06 C
a shopping list
Total
Objects and People
6 Difficulty recokgnising pe.rsonal items (e.g., O—D—0O—0 C
eys, clothing)
7 Difficulty rememberlpg the location of O—D—0—0 R
personal items
3 Difficulty recognising familiar items (e.g., O—O—O—0O C
gardening tools, a book)
Difficulty recognising faces of well-known
9 e 0-D-0—0 c
10 Difficulty recalling the name of O—D—-O—06 R
well-known people
11 Difficulty recalling the name of people O—D—O—06 R
recently met
b Difficulty recognis‘ing the house of new O—D—O—06 C
friends
13 Forgets where the car was parked 0-0—-—0-06 R
14 Difficulty re;ogr?ising own car (e.g. O—D—-O—06 C
confuses it with a similar car)
Total
Technology and Communication
15 Forgets recently learned telephone O—O—-O—0O C
numbers
16 . - Mobile phones O—0O—0—-0 C
16a Difficulty dialling Landline phones O—0O—0—0 C
17 Difficulty recognising own mobile phone O—0O—@—0 C
18 Difficulty recogni.sing own mobile phone’s O—D—O—06 C
ring tone
19 Difficulty operating the cash machine 0O—0O—0@—0 R
20 Difficulty recallingi :212 pin code of bank O-O-BO—06 R
Difficulty keeping track of storylines in TV
21 programmes 0-0-0-0 R
2 Difficulty recogr.lisil}g and/or operating O—O—-0O_06 R
communication by email
Total
Transport and Mobility
Forgets basic actions when driving (e.g.,
23 how to change the car lights) 0-0-0-0 R
24 Difficulty recognising traffic signs (OB ORIORHE) C
25 Difficulty driving in familiar places 0O—0O—0—0 R
26 Difficulty driving in new places O0O—0O—@—0 R
27 Difficulty using lar%c%marks when walking O-®O—0—_06 R
to familiar places
28 Difficulty using lanc?n}arks when walking O-®O—0-_06 R
to unfamiliar places
Total
Domestic Chores
29 Difficulty operating well-known or O—O—O—06 C

previously used electric appliances

85UR0| 7 SUOWIWOD 8ARee1D) 8|qeotjdde auy Aq pausenoh a1 e e O ‘SN Jo S3|nJ 10} AkeiqIT8UIUO AB]IAM UO (SUORIPUOD-PUe-SWULBY/W00" A8 | IMARe.q | B UO//SURY) SUORIPUOD PUe SWB L 84} 89S *[G202/80/S2] U0 AeiqIT8UIUO ABIIM 80110 BAUeD yBinguIpg ‘SN PUeI0oS J0j UOeINp3 SHIN A 0020T9Z/RRI/SSTT 0T/I0pAW0d A8 | AReiq Ul Uo//SdRY WOy papeojumod ‘T ‘520 ‘5206



14 Journal of Aging Research
TaBLE A2: Continued.
30 Forgets the location of electric appliances O—D—0O—0 R
at home
31 Uses the wrong kitchen utensils when O—D—0—0 R
cooking
3 Forgets the name of ingredients when O—D—0—0 R
cooking
Total
Work and Social Life
33 Forgets the nam.e(ls) .of pleople in work or O—D—O—06 R
social situations
34 Forgets the date and time of tasks and O—D—O—06 R
events
35 Difficulty allocating prior.ity.t‘o tasks and O—O—0O—0 R
remembering priorities
36 Dii"ﬁculty- getting well dress.ed and O—O—0O—0 R
organised to go to meetings
37 Forgets activities in normal daily routine O—0O—0—06 C
38 Difficulty re.cognising friends with whom O—O—0—0 C
interacts regularly
Total
Health and Lifestyle
39 Difficulty I1;ecognisin.g mgdi.cation(s) (e.g. O—D—0O—0 C
what a certain pill is for)
40 Forgets where medicines are kept O—0O—2@—06 R
4l Difﬁ;ulty rlecognising .changes in own O—D—O—06 C
physical status (weight, energy)
1 Forgets regular past;it.ime activities (walks, O—O—O—06 C
reading)
43 Withdrawn from habitual leisure 0—0O—0—0 C
Total

Grand total

Total Relational Functions (R) (Total 24) out of

Total Conjunctive Functions (C) (Total 20) out of

First, to calculate standardised scores, exclude items are
marked as ‘not applicable’. We add up the responses for the
remaining items to get the total score. We count the included
items and multiply by 3 to find the maximum score. We
divide the total score by the maximum score to get
a standardised score between 0 and 1. Higher scores indicate
greater impairment in daily living functions. We are working
on developing cut-off points to indicate differing levels of
impairment.

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Disclosure

The funder had no role in the study design, data collection,
analysis, interpretation, or writing of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Funding

The study presented here was partially supported by Alz-
heimer’s Society (Grants AS-R42303 and AS-SF-14-008
awarded to MAP).

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. (Supporting Information)

Section 1: Demographic Information for Step 1 of the
Analysis.

Section 2: Prior Assumption Testing for Step 1 of the
Analysis.

Section 3: Factor Loadings and Communalities for Step 1
of the Analysis.

Section 4: Ratings provided by Dementia Professionals
for Step 2 of the Analysis.

Section 5: Prior Assumption Testing for Step 3 of the
Analysis.

Section 6: Neuropsychological Data from Step 3 of the
Analysis.

References

[1] B.Dubois, N. Villain, G. B. Frisoni, et al., “Clinical Diagnosis of
Alzheimer’s Disease: Recommendations of the International

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206


https://doi.org/10.1155/jare/2610700

Journal of Aging Research

(10]

(11]

(12]

(13]

(14]

Working Group,” The Lancet Neurology 20, no. 6 (2021):
484-496, https://doi.org/10.1016/S1474-4422(21)00066-1.

C. R. Jack, D. A. Bennett, K. Blennow, et al,, “NIA-AA
Research Framework: Toward a Biological Definition of
Alzheimer’s Disease,” Alzheimer’s & Dementia 14, no. 4
(2018): 535-562, https://doi.org/10.1016/].jalz.2018.02.018.
M. Mila-Aloma, A. Brinkmalm, N. J. Ashton, et al., “CSF
Synaptic Biomarkers in the Preclinical Stage of Alzheimer
Disease and Their Association With MRI and PET: A Cross-
Sectional Study,” Neurology 97, no. 21 (2021): e2065-¢2078,
https://doi.org/10.1212/WNL.0000000000012853.

S. Grueso and R. Viejo-Sobera, “Machine Learning Methods
for Predicting Progression From Mild Cognitive Impairment
to Alzheimer’s Disease Dementia: A Systematic Review,”
Alzheimer’s Research & Therapy 13, no. 1 (2021): 162, https://
doi.org/10.1186/513195-021-00900-w.

A. A. Tahami Monfared, M. J. Byrnes, L. A. White, and
Q. Zhang, “Alzheimer’s Disease: Epidemiology and Clinical
Progression,” Neurology and Therapy 11, no. 2 (2022):
553-569, https://doi.org/10.1007/s40120-022-00338-8.

R. C. Petersen, “Mild Cognitive Impairment as a Diagnostic
Entity,” Journal of Internal Medicine 256, no. 3 (2004):
183-194, https://doi.org/10.1111/j.1365-2796.2004.01388.x.
R. C. Petersen, B. Caracciolo, C. Brayne, S. Gauthier, V. Jelic,
and L. Fratiglioni, “Mild Cognitive Impairment: A Concept
in Evolution,” Journal of Internal Medicine 275, no. 3 (2014):
214-228, https://doi.org/10.1111/joim.12190.

E. Ficiara, S. Boschi, S. Ansari, et al.,, “Machine Learning
Profiling of Alzheimer’s Disease Patients Based on Current
Cerebrospinal Fluid Markers and Iron Content in Biofluids,”
Frontiers in Aging Neuroscience 13 (2021): 607858, https://
doi.org/10.3389/fnagi.2021.607858.

A. S. M. Lafirdeen, E. Cognat, S. Sabia, et al., “Biomarker
Profiles of Alzheimer’s Disease and Dynamic of the Asso-
ciation Between Cerebrospinal Fluid Levels of p-Amyloid
Peptide and Tau,” PLoS One 14, no. 5 (2019): €0217026,
https://doi.org/10.1371/journal.pone.0217026.

M. K. Jénsdéttir, J. Harrison, and K. I. Hannesdottir, “The
Ambivalence Toward Neuropsychology in Dementia Re-
search, Diagnosis, and Drug Development: Myths and
Misconceptions,” Alzheimer’s & Dementia 19, no. 5 (2023):
2175-2181, https://doi.org/10.1002/alz.12909.

M. A. Parra, S. F. Guinea, S. Pomati, et al., “P2-485: Toward
Harmonisation of Neuropsychological Assessment of Alz-
heimer’s Disease in Europe: Evidence From Novel Cognitive
Makers,” Alzheimer’s & Dementia 14, no. 7S_Part_16 (2018):
P915, https://doi.org/10.1016/j.jalz.2018.06.1178.

A. A. Tahami Monfared, N. T. N. Phan, I. Pearson, et al., “A
Systematic Review of Clinical Practice Guidelines for Alz-
heimer’s Disease and Strategies for Future Advancements,”
Neurology and Therapy 12, no. 4 (2023): 1257-1284, https://
doi.org/10.1007/s40120-023-00504-6.

D. M. Rentz, M. A. Parra Rodriguez, R. Amariglio, Y. Stern,
R. Sperling, and S. Ferris, “Promising Developments in
Neuropsychological Approaches for the Detection of Pre-
clinical Alzheimer’s Disease: A Selective Review,” Alz-
heimer’s Research & Therapy 5, no. 6 (2013): 58, https://
doi.org/10.1186/alzrt222.

Y.-X. Chen, N. Liang, X.-L. Li, S.-H. Yang, Y.-P. Wang, and
N.-N. Shi, “Diagnosis and Treatment for Mild Cognitive
Impairment: A Systematic Review of Clinical Practice
Guidelines and Consensus Statements,” Frontiers in Neurology
12 (2021): 719849, https://doi.org/10.3389/fneur.2021.719849.

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

15

H. Hampel, R. Au, S. Mattke, et al., “Designing the Next-
Generation Clinical Care Pathway for Alzheimer’s Disease,”
Nature Aging 2, no. 8 (2022): 692-703, https://doi.org/
10.1038/s43587-022-00269-x.

G. A. Marshall, R. E. Amariglio, R. A. Sperling, and
D. M. Rentz, “Activities of Daily Living: Where Do They Fit
in the Diagnosis of Alzheimer’s Disease?” Neurodegenerative
Disease Management 2, no. 5 (2012): 483-491, https://
doi.org/10.2217/nmt.12.55.

P. J. Brown, D. P. Devanand, X. Liu, E. Caccappolo, and
Alzheimer’s Disease Neuroimaging Initiative, “Functional
Impairment in Elderly Patients With Mild Cognitive Im-
pairment and Mild Alzheimer Disease,” Archives of General
Psychiatry 68, no. 6 (2011): 617-626, https://doi.org/10.1001/
archgenpsychiatry.2011.57.

C. A. Lindbergh, R. K. Dishman, and L. S. Miller, “Functional
Disability in Mild Cognitive Impairment: A Systematic Review
and Meta-Analysis,” Neuropsychology Review 26, no. 2 (2016):
129-159, https://doi.org/10.1007/s11065-016-9321-5.

I. Tarnanas, A. Tsolaki, M. Wiederhold, B. Wiederhold, and
M. Tsolaki, “Five-Year Biomarker Progression Variability for
Alzheimer’s Disease Dementia Prediction: Can a Complex
Instrumental Activities of Daily Living Marker Fill in the
Gaps?” Alzheimer’s & Dementia: Diagnosis, Assessment &
Disease Monitoring 1, no. 4 (2015): 521-532, https://doi.org/
10.1016/j.dadm.2015.10.005.

R. S. Bucks, D. L. Ashworth, G. K. Wilcock, and K. Siegfried,
“Assessment of Activities of Daily Living in Dementia:
Development of the Bristol Activities of Daily Living Scale,”
Age and Ageing 25, no. 2 (1996): 113-120, https://doi.org/
10.1093/ageing/25.2.113.

G. Cipriani, S. Danti, L. Picchi, A. Nuti, and M. Di. Fiorino,
“Daily Functioning and Dementia,” Dementia ¢ Neuro-
psychologia 14, no. 2 (2020): 93-102, https://doi.org/10.1590/
1980-57642020dn14-020001.

E. Cornelis, E. Gorus, I. Beyer, I. Bautmans, and
P. De Vriendt, “Early Diagnosis of Mild Cognitive Impair-
ment and Mild Dementia Through Basic and Instrumental
Activities of Daily Living: Development of a New Evaluation
Tool,” PLoS Medicine 14, no. 3 (2017): 1002250, https://
doi.org/10.1371/journal.pmed.1002250.

A. Slachevsky, G. Forno, P. Barraza, et al., “Mapping the
Neuroanatomy of Functional Decline in Alzheimer’s Disease
From Basic to Advanced Activities of Daily Living,” Journal
of Neurology 266, no. 6 (2019): 1310-1322, https://doi.org/
10.1007/s00415-019-09260-w.

I. S. Ahn, J.-H. Kim, S. Kim, et al,, “Impairment of In-
strumental Activities of Daily Living in Patients With Mild
Cognitive Impairment,” Psychiatry Investigation 6, no. 3
(2009): 180-184, https://doi.org/10.4306/pi.2009.6.3.180.

S. Cloutier, H. Chertkow, M. Kergoat, I. Gélinas, S. Gauthier,
and S. Belleville, “Trajectories of Decline on Instrumental
Activities of Daily Living Prior to Dementia in Persons With
Mild Cognitive Impairment,” International Journal of Ge-
riatric Psychiatry 36, no. 2 (2021): 314-323, https://doi.org/
10.1002/gps.5426.

M. A. Dubbelman, M. Verrijp, C. B. Terwee, et al., “De-
termining the Minimal Important Change of Everyday
Functioning in Dementia: Pursuing Clinical Meaningful-
ness,” Neurology 99, no. 9 (2022): €954-e964, https://doi.org/
10.1212/WNL.0000000000200781.

R. J. Jutten, C. F. W. Peeters, S. M. J. Leijdesdorft, et al.,
“Detecting Functional Decline From Normal Aging to De-
mentia: Development and Validation of a Short Version of the

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206


http://doi.org/10.1016/S1474-4422(21)00066-1
http://doi.org/10.1016/j.jalz.2018.02.018
http://doi.org/10.1212/WNL.0000000000012853
http://doi.org/10.1186/s13195-021-00900-w
http://doi.org/10.1186/s13195-021-00900-w
http://doi.org/10.1007/s40120-022-00338-8
http://doi.org/10.1111/j.1365-2796.2004.01388.x
http://doi.org/10.1111/joim.12190
http://doi.org/10.3389/fnagi.2021.607858
http://doi.org/10.3389/fnagi.2021.607858
http://doi.org/10.1371/journal.pone.0217026
http://doi.org/10.1002/alz.12909
http://doi.org/10.1016/j.jalz.2018.06.1178
http://doi.org/10.1007/s40120-023-00504-6
http://doi.org/10.1007/s40120-023-00504-6
http://doi.org/10.1186/alzrt222
http://doi.org/10.1186/alzrt222
http://doi.org/10.3389/fneur.2021.719849
http://doi.org/10.1038/s43587-022-00269-x
http://doi.org/10.1038/s43587-022-00269-x
http://doi.org/10.2217/nmt.12.55
http://doi.org/10.2217/nmt.12.55
http://doi.org/10.1001/archgenpsychiatry.2011.57
http://doi.org/10.1001/archgenpsychiatry.2011.57
http://doi.org/10.1007/s11065-016-9321-5
http://doi.org/10.1016/j.dadm.2015.10.005
http://doi.org/10.1016/j.dadm.2015.10.005
http://doi.org/10.1093/ageing/25.2.113
http://doi.org/10.1093/ageing/25.2.113
http://doi.org/10.1590/1980-57642020dn14-020001
http://doi.org/10.1590/1980-57642020dn14-020001
http://doi.org/10.1371/journal.pmed.1002250
http://doi.org/10.1371/journal.pmed.1002250
http://doi.org/10.1007/s00415-019-09260-w
http://doi.org/10.1007/s00415-019-09260-w
http://doi.org/10.4306/pi.2009.6.3.180
http://doi.org/10.1002/gps.5426
http://doi.org/10.1002/gps.5426
http://doi.org/10.1212/WNL.0000000000200781
http://doi.org/10.1212/WNL.0000000000200781

16

[28

[29

(30

[31

[32

(34

[35

(36

[37

(38

(39

J

]

]

]

]

]

J

Amsterdam IADL Questionnaire,” Alzheimer’s ¢ Dementia:
Diagnosis, Assessment & Disease Monitoring 8, no. 1 (2017):
26-35, https://doi.org/10.1016/j.dadm.2017.03.002.

P. Lin, H. M. LaMonica, S. L. Naismith, and L. Mowszowski,
“Identifying Subtle Functional Change in Individuals With
Mild Cognitive Impairment: Development and Validation of
the Healthy Brain Ageing-Functional Assessment Question-
naire,” Aging, Neuropsychology, and Cognition 30, no. 4 (2023):
536-554, https://doi.org/10.1080/13825585.2022.2057910.

M. P. Lawton and E. M. Brody, “Assessment of Older People:
Self-Maintaining and Instrumental Activities of Daily Liv-
ing,” The Gerontologist 9, no. 3 Part 1 (1969): 179-186,
https://doi.org/10.1093/geront/9.3_part_1.179.

K. Peres, C. Helmer, H. Amieva, et al., “Natural History of
Decline in Instrumental Activities of Daily Living Perfor-
mance Over the 10 Years Preceding the Clinical Diagnosis of
Dementia: A Prospective Population-Based Study,” Journal
of the American Geriatrics Society 56, no. 1 (2008): 37-44,
https://doi.org/10.1111/j.1532-5415.2007.01499.x.

I. Gélinas and L. Gauthier, “Disability Assessment for De-
mentia (DAD),” Canadian Medical Association Journal 150,
no. 3 (1994): 387.

S. A. Sikkes, D. L. Knol, Y. A. Pijnenburg, E. S. De Lange--
de Klerk, B. M. Uitdehaag, and P. Scheltens, “Validation of
the Amsterdam TADL Questionnaire©, A New Tool to
Measure Instrumental Activities of Daily Living in De-
mentia,” Neuroepidemiology 41, no. 1 (2013): 35-41, https://
doi.org/10.1159/000346277.

J. Castilla-Rilo, J. Lopez-Arrieta, F. Bermejo-Pareja, M. Ruiz,
F. Sdnchez-Sdnchez, and R. Trincado, “Instrumental Activ-
ities of Daily Living in the Screening of Dementia in Pop-
ulation Studies: A Systematic Review and Meta-Analysis,”
International Journal of Geriatric Psychiatry 22, no. 9 (2007):
829-836, https://doi.org/10.1002/gps.1747.

J. C. Allaire, A. Gamaldo, B. J. Ayotte, R. Sims, and
K. Whitfield, “Mild Cognitive Impairment and Objective
Instrumental Everyday Functioning: The Everyday Cogni-
tion Battery Memory Test,” Journal of the American Geri-
atrics Society 57, no. 1 (2009): 120-125, https://doi.org/
10.1111/j.1532-5415.2008.02054.x.

C. Munoz-Neira, O. L. Lopez, R. Riveros, J. Nunez-Huasaf,
P. Flores, and A. Slachevsky, “The Technology—Activities of
Daily Living Questionnaire: A Version With a Technology-
Related Subscale,” Dementia and Geriatric Cognitjve Disorders
33, no. 6 (2012): 361-371, https://doi.org/10.1159/000338606.
M. Schmitter-Edgecombe, E. Woo, and D. R. Greeley,
“Characterizing Multiple Memory Deficits and Their Re-
lation to Everyday Functioning in Individuals With Mild
Cognitive Impairment,” Neuropsychology 23, no. 2 (2009):
168-177, https://doi.org/10.1037/a0014186.

A. Weston, C. Barton, J. Lesselyong, and K. Yaffe, “Func-
tional Deficits Among Patients With Mild Cognitive Im-
pairment,” Alzheimer’s & Dementia 7, no. 6 (2011): 611-614,
https://doi.org/10.1016/j.jalz.2010.12.011.

A. Ibnidris, J. N. Robinson, M. Stubbs, G. Piumatti, I. Govia,
and E. Albanese, “Evaluating Measurement Properties of
Subjective Cognitive Decline Self-Reported Outcome Mea-
sures: A Systematic Review,” Systematic Reviews 11, no. 1
(2022): 144, https://doi.org/10.1186/s13643-022-02018-y.

K. Jekel, M. Damian, C. Wattmo, et al, “Mild Cognitive
Impairment and Deficits in Instrumental Activities of Daily
Living: A Systematic Review,” Alzheimer’s Research & Therapy
7, no. 1 (2015): 17, https://doi.org/10.1186/s13195-015-0099-0.

[40]

[41]

(42]

[43]

[44]

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

Journal of Aging Research

N. Kaur, P. Belchior, I. Gelinas, and N. Bier, “Critical Ap-
praisal of Questionnaires to Assess Functional Impairment
in Individuals With Mild Cognitive Impairment,” In-
ternational Psychogeriatrics 28, no. 9 (2016): 1425-1439,
https://doi.org/10.1017/5S104161021600017X.

S. A. M. Sikkes, E. S. M. de Lange-de Klerk,
Y. A. L. Pijnenburg, P. Scheltens, and B. M. J. Uitdehaag, “A
Systematic Review of Instrumental Activities of Daily Living
Scales in Dementia: Room for Improvement,” Journal of
Neurology, Neurosurgery & Psychiatry 80, no. 1 (2009): 7-12,
https://doi.org/10.1136/jnnp.2008.155838.

A. Slachevsky, F. Grandi, D. Thumala, et al., “A Multidi-
mensional, Person-Centered Framework for Functional
Assessment in Dementia: Insights From the ‘What,” ‘How,’
‘To Whom,” and ‘How Much’ Questions,” Journal of Alz-
heimer’s Disease 99, no. 4 (2024): 1187-1205, https://doi.org/
10.3233/jad-230376.

R. J. Jutten, L. Thompson, S. A. M. Sikkes, et al., “A Neu-
ropsychological Perspective on Defining Cognitive Impair-
ment in the Clinical Study of Alzheimer’s Disease: Towards
a More Continuous Approach,” Journal of Alzheimer’s
Disease 86, no. 2 (2022): 511-524, https://doi.org/10.3233/
JAD-215098.

M. Potashman, M. Pang, M. Tahir, et al, “Psychometric
Properties of the Alzheimer’s Disease Cooperative Study-
Activities of Daily Living for Mild Cognitive Impairment
(ADCS-MCI-ADL) Scale: A Post Hoc Analysis of the ADCS
ADC-008 Trial,” BMC Geriatrics 23, no. 1 (2023): 124,
https://doi.org/10.1186/s12877-022-03527-0.

J. Verghese, P. De Sanctis, and E. Ayers, “Everyday Function
Profiles in Prodromal Stages of MCI: Prospective Cohort
Study,” Alzheimer’s ¢ Dementia 19, no. 2 (2023): 498-506,
https://doi.org/10.1002/alz.12681.

I. M. Pavisic, A. Suarez-Gonzalez, and Y. Pertzov, “Trans-
lating Visual Short-Term Memory Binding Tasks to Clinical
Practice: From Theory to Practice,” Frontiers in Neurology 11
(2020): 458, https://doi.org/10.3389/fneur.2020.00458.

S. Della Sala, M. A. Parra, K. Fabi, S. Luzzi, and S. Abrahams,
“Short-Term Memory Binding Is Impaired in AD but Not in
Non-AD Dementias,” Neuropsychologia 50, no. 5 (2012): 833-
840, https://doi.org/10.1016/j.neuropsychologia.2012.01.018.

A. A. Atienza, R. P. Moser, F. Perna, et al., “Self-Reported and
Objectively Measured Activity Related to Biomarkers Using
NHANES,” Medicine & Science in Sports & Exercise 43, no. 5
(2011): 815-821, https://doi.org/10.1249/MSS.0b013e3181fdfc32.
A. Mayes, D. Montaldi, and E. Migo, “Associative Memory
and the Medial Temporal Lobes,” Trends in Cognitive Sci-
ences 11, no. 3 (2007): 126-135, https://doi.org/10.1016/
j.tics.2006.12.003.

M. A. Parra, S. Abrahams, R. H. Logie, L. G. Méndez,
F. Lopera, and S. Della Sala, “Visual Short-Term Memory
Binding Deficits in Familial Alzheimer’s Disease,” Brain 133,
no. 9 (2010): 2702-2713, https://doi.org/10.1093/brain/
awql48.

M. A. Parra, H. Saarimiki, M. E. Bastin, et al, “Memory
Binding and White Matter Integrity in Familial Alzheimer’s
Disease,” Brain 138, no. 5 (2015): 1355-1369, https://doi.org/
10.1093/brain/awv048.

B. van Geldorp, S. M. Heringa, E. van den Berg,
M. G. M. Olde Rikkert, G. J. Biessels, and R. P. C. Kessels,
“Working Memory Binding and Episodic Memory Forma-
tion in Aging, Mild Cognitive Impairment, and Alzheimer’s
Dementia,” Journal of Clinical and Experimental

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206


http://doi.org/10.1016/j.dadm.2017.03.002
http://doi.org/10.1080/13825585.2022.2057910
http://doi.org/10.1093/geront/9.3_part_1.179
http://doi.org/10.1111/j.1532-5415.2007.01499.x
http://doi.org/10.1159/000346277
http://doi.org/10.1159/000346277
http://doi.org/10.1002/gps.1747
http://doi.org/10.1111/j.1532-5415.2008.02054.x
http://doi.org/10.1111/j.1532-5415.2008.02054.x
http://doi.org/10.1159/000338606
http://doi.org/10.1037/a0014186
http://doi.org/10.1016/j.jalz.2010.12.011
http://doi.org/10.1186/s13643-022-02018-y
http://doi.org/10.1186/s13195-015-0099-0
http://doi.org/10.1017/S104161021600017X
http://doi.org/10.1136/jnnp.2008.155838
http://doi.org/10.3233/jad-230376
http://doi.org/10.3233/jad-230376
http://doi.org/10.3233/JAD-215098
http://doi.org/10.3233/JAD-215098
http://doi.org/10.1186/s12877-022-03527-0
http://doi.org/10.1002/alz.12681
http://doi.org/10.3389/fneur.2020.00458
http://doi.org/10.1016/j.neuropsychologia.2012.01.018
http://doi.org/10.1249/MSS.0b013e3181fdfc32
http://doi.org/10.1016/j.tics.2006.12.003
http://doi.org/10.1016/j.tics.2006.12.003
http://doi.org/10.1093/brain/awq148
http://doi.org/10.1093/brain/awq148
http://doi.org/10.1093/brain/awv048
http://doi.org/10.1093/brain/awv048

Journal of Aging Research

(55]

[56]

(57]

(58]

(59]

[60]

(61]

[62]

(63]

(64]

(65]

Neuropsychology 37, no. 5 (2015): 538-548, https://doi.org/
10.1080/13803395.2015.1037722.

R. K. Olsen, S. N. Moses, L. Riggs, and J. D. Ryan, “The
hippocampus Supports Multiple Cognitive Processes
Through Relational Binding and Comparison,” Frontiers in
Human Neuroscience 6 (2012): 146, https://doi.org/10.3389/
fnhum.2012.00146.

M. C. Valdés Hernandez, R. Clark, S.-H. Wang, et al., “The
Striatum, the Hippocampus, and Short-Term Memory Bind-
ing: Volumetric Analysis of the Subcortical Grey Matter’s Role
in Mild Cognitive Impairment,” Neurolmage: Clinical 25
(2020): 102158, https://doi.org/10.1016/j.nicl.2019.102158.

A. Costa, T. Bak, P. Caffarra, et al., “The Need for Harmo-
nisation and Innovation of Neuropsychological Assessment in
Neurodegenerative Dementias in Europe: Consensus Docu-
ment of the Joint Program for Neurodegenerative Diseases
Working Group,” Alzheimer’s Research & Therapy 9, no. 1
(2017): 27, https://doi.org/10.1186/s13195-017-0254-x.

M. A. Parra, C. Calia, V. Pattan, and S. Della Sala, “Memory
Markers in the Continuum of the Alzheimer’s Clinical
Syndrome,” Alzheimer’s Research ¢ Therapy 14, no. 1 (2022):
142, https://doi.org/10.1186/s13195-022-01082-9.

M. A. Cecchini, M. A. Parra, M. Brazzelli, R. H. Logie, and
S. Della Sala, “Short-Term Memory Conjunctive Binding in
Alzheimer’s Disease: A Systematic Review and Meta-
Analysis,” Neuropsychology 37, no. 7 (2023): 769-789,
https://doi.org/10.1037/neu0000825.

A. Koppara, I. Frommann, A. Polcher, et al., “Feature Binding
Deficits in Subjective Cognitive Decline and in Mild Cognitive
Impairment,” Journal of Alzheimer’s Disease 48, no. s1 (2015):
$161-S170, https://doi.org/10.3233/JAD-150105.

M. A. Parra, C. Calia, A. F. Garcia, et al., “Refining Memory
Assessment of Elderly People With Cognitive Impairment:
Insights From the Short-Term Memory Binding Test,” Ar-
chives of Gerontology and Geriatrics 83 (2019): 114-120,
https://doi.org/10.1016/j.archger.2019.03.025.

M. A. Cecchini, M. S. Yassuda, V. S. Bahia, et al., “Recalling
Feature Bindings Differentiates Alzheimer’s Disease From
Frontotemporal Dementia,” Journal of Neurology 264, no. 10
(2017): 2162-2169, https://doi.org/10.1007/s00415-017-8614-
9.

M. A. Cecchini, M. P. Foss, V. Tumas, et al., “Profiles of
Cognitive Impairment in the Continuum From Normal
Cognition to Alzheimer’s Clinical Syndrome: Contributions
of the Short-Term Memory Binding Tests,” International
Journal of Geriatric Psychiatry 35, no. 11 (2020): 1331-1340,
https://doi.org/10.1002/gps.5370.

M. A. Cecchini, M. S. Yassuda, P. Squarzoni, et al., “Deficits
in Short-Term Memory Binding Are Detectable in In-
dividuals With Brain Amyloid Deposition in the Absence of
Overt Neurodegeneration in the Alzheimer’s Disease Con-
tinuum,” Brain and Cognition 152 (2021): 105749, https://
doi.org/10.1016/j.bandc.2021.105749.

G. Forno, M. A. Parra, D. Thumala, et al., “The “When”
Matters: Evidence From Memory Markers in the Clinical
Continuum of Alzheimer’s Disease,” Neuropsychology 37,
no. 7 (2023): 753-768, https://doi.org/10.1037/neu0000891.
S. Hoefeijzers, A. Gonzalez Hernandez, A. Magnolia Rios, and
M. A. Parra, “Feature Binding of Common Everyday Items Is
Not Affected by Age,” Frontiers in Aging Neuroscience 9 (2017):
122, https://doi.org/10.3389/fnagi.2017.00122.

A. Kirmsse, H. D. Zimmer, and U. K. H. Ecker, “Age-Related
Changes in Working Memory: Age Affects Relational But

(66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

17

Not Conjunctive Feature Binding,” Psychology and Aging 33,
no. 3 (2018): 512-526, https://doi.org/10.1037/pag0000249.

I. Kozlova, M. A. Parra, N. Titova, M. Gantman, and
S. D. Sala, “Alzheimer’s Disease and Parkinson Dementia
Distinguished by Cognitive Marker,” Archives of Clinical
Neuropsychology 36, no. 3 (2021): 307-315, https://doi.org/
10.1093/arclin/acz082.

M. A. Parra, “Barriers to Effective Memory Assessments for
Alzheimer’s Disease,” Journal of Alzheimer’s Disease 90, no. 3
(2022): 981-988, https://doi.org/10.3233/JAD-215445.

S. Rhodes, M. A. Parra, N. Cowan, and R. H. Logie, “Healthy
Aging and Visual Working Memory: The Effect of Mixing
Feature and Conjunction Changes,” Psychology and Aging 32,
no. 4 (2017): 354-366, https://doi.org/10.1037/pag0000152.

J. E. Martinez, C. Trujillo, A. Arévalo, A. Ibdiez, and
J. E. Cardona, “Assessment of Conjunctive Binding in Aging:
A Promising Approach for Alzheimer’s Disease Detection,”
Journal of Alzheimer’s Disease 69, no. 1 (2019): 71-81, https://
doi.org/10.3233/JAD-181154.

C. Calia, F. O’Donal, E. Pickett, and M. A. Parra, “Does
Feature Binding Account for Functional Decline in Patients
With Mild Cognitive Impairment? Evidence From the De-
tails of Function of Everyday Life Questionnaire (DoFEL),”
Alzheimer’s ¢ Dementia 16, no. S6 (2020): e044921, https://
doi.org/10.1002/alz.044921.

S. N. Moses and J. D. Ryan, “A Comparison and Evaluation
of the Predictions of Relational and Conjunctive Accounts of
Hippocampal Function,” Hippocampus 16, no. 1 (2006):
43-65, https://doi.org/10.1002/hipo.20131.

M. A. Parra and R. I. Kaplan, “Predictors of Performance in
Real and Virtual Scenarios Across Age,” Experimental Aging
Research 45, no. 2 (2019): 180-198, https://doi.org/10.1080/
0361073X.2019.1586106.

L. V. Graves, E. C. Edmonds, K. R. Thomas, A. J. Weigand,
S. Cooper, and M. W. Bondi, “Evidence for the Utility of
Actuarial Neuropsychological Criteria Across the Contin-
uum of Normal Aging, Mild Cognitive Impairment, and
Dementia,” Journal of Alzheimer’s Disease 78, no. 1 (2020):
371-386, https://doi.org/10.3233/JAD-200778.

C. Calia, E. Pickett, F. O’'Donal, and M. A. Parra, “Functional
Assessment of Cognitively Impaired Older Adults: Are We
Asking the Right Questions?” Alzheimer’s & Dementia 16,
no. S6 (2020): e044948, https://doi.org/10.1002/alz.044948.

D. F. Polit and C. T. Beck, “The Content Validity Index: Are
You Sure You Know What’s Being Reported? Critique and
Recommendations,” Research in Nursing ¢ Health 29, no. 5
(2006): 489-497, https://doi.org/10.1002/nur.20147.

B. Winblad, K. Palmer, M. Kivipelto, et al., “Mild Cognitive
Impairment-Beyond Controversies, Towards a Consensus:
Report of the International Working Group on Mild Cog-
nitive Impairment,” Journal of Internal Medicine 256, no. 3
(2004): 240-246.

C. Calia, F. O'Donald, and M. A. Parra-Rodriguez, “A
Preliminary Validation of the Details of Function of Ev-
eryday Life Scale for the Detection of Early-Stage Alzheimer’s
Disease,” Alzheimer’s & Dementia 20, no. S3 (2024): e083768,
https://doi.org/10.1002/alz.083768.

F. O’Donald,, C. Calia,, and M. A. Parra,, “Developing Theory-
Driven Functional Assessment Tools to Support the Detection
and Monitoring of the Progression of Alzheimer’s Disease
[Conference Presentation],” in SDRC Conference 2025 (May,
2025), https://doi.org/10.13140/RG.2.2.25864.94729.

E. Mioshi, K. Dawson, J. Mitchell, R. Arnold, and
J. R. Hodges, “The Addenbrooke’s Cognitive Examination

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206


http://doi.org/10.1080/13803395.2015.1037722
http://doi.org/10.1080/13803395.2015.1037722
http://doi.org/10.3389/fnhum.2012.00146
http://doi.org/10.3389/fnhum.2012.00146
http://doi.org/10.1016/j.nicl.2019.102158
http://doi.org/10.1186/s13195-017-0254-x
http://doi.org/10.1186/s13195-022-01082-9
http://doi.org/10.1037/neu0000825
http://doi.org/10.3233/JAD-150105
http://doi.org/10.1016/j.archger.2019.03.025
http://doi.org/10.1007/s00415-017-8614-9
http://doi.org/10.1007/s00415-017-8614-9
http://doi.org/10.1002/gps.5370
http://doi.org/10.1016/j.bandc.2021.105749
http://doi.org/10.1016/j.bandc.2021.105749
http://doi.org/10.1037/neu0000891
http://doi.org/10.3389/fnagi.2017.00122
http://doi.org/10.1037/pag0000249
http://doi.org/10.1093/arclin/acz082
http://doi.org/10.1093/arclin/acz082
http://doi.org/10.3233/JAD-215445
http://doi.org/10.1037/pag0000152
http://doi.org/10.3233/JAD-181154
http://doi.org/10.3233/JAD-181154
http://doi.org/10.1002/alz.044921
http://doi.org/10.1002/alz.044921
http://doi.org/10.1002/hipo.20131
http://doi.org/10.1080/0361073X.2019.1586106
http://doi.org/10.1080/0361073X.2019.1586106
http://doi.org/10.3233/JAD-200778
http://doi.org/10.1002/alz.044948
http://doi.org/10.1002/nur.20147
http://doi.org/10.1002/alz.083768
http://doi.org/10.13140/RG.2.2.25864.94729

18

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

[91]

[92]

(93]

[94]

Revised (ACE-R): A Brief Cognitive Test Battery for De-
mentia Screening,” International Journal of Geriatric Psy-
chiatry 21, no. 11 (2006): 1078-1085, https://doi.org/10.1002/
gps.1610.

P. S. Mathuranath, P. J. Nestor, G. E. Berrios, W. Rakowicz,
and J. R. Hodges, “A Brief Cognitive Test Battery to Dif-
ferentiate Alzheimer’s Disease and Frontotemporal De-
mentia,” Neurology 55, no. 11 (2000): 1613-1620, https://
doi.org/10.1212/01.wnl.0000434309.85312.19.

A. Breton, D. Casey, and N. A. Arnaoutoglou, “Cognitive
Tests for the Detection of Mild Cognitive Impairment (MCI),
The Prodromal Stage of Dementia: Meta-Analysis of Di-
agnostic Accuracy Studies,” International Journal of Geriatric
Psychiatry 34, no. 2 (2019): 233-242, https://doi.org/10.1002/
gps.5016.

M. O. de Oliveira, E. S. Tres, L. Cassimiro, 1. B. Avolio, and
S. M. D. Brucki, “Analysis of the ACE-R’s Sub-Items that
Best Differentiate Healthy Controls, Amnestic MCI and
Non-Amnestic MCL,” Alzheimer’s & Dementia 17, no. S6
(2021): 056359, https://doi.org/10.1002/alz.056359.

A. J. Larner and A. J. Mitchell, “A Meta-Analysis of the
Accuracy of the Addenbrooke’s Cognitive Examination
(ACE) and the Addenbrooke’s Cognitive Examination-
Revised (ACE-R) in the Detection of Dementia,” In-
ternational Psychogeriatrics 26, no. 4 (2014): 555-563,
https://doi.org/10.1017/51041610213002329.

C. Calia and M. A. Parra, “Screening Tools for Dementia
Assessment in UK Based Ethnic Minorities,” Exploration of
Medicine 5, no. 3 (2024): 401-415, https://doi.org/10.37349/
emed.2024.00227.

S. Della Sala, 1. Kozlova, A. Stamate, and M. A. Parra, “A
Transcultural Cognitive Marker of Alzheimer’s Disease,”
International Journal of Geriatric Psychiatry 33, no. 6 (2018):
849-856, https://doi.org/10.1002/gps.4610.

J. L. Horn, “A rationale and Test for the Number of Factors in
Factor Analysis,” Psychometrika 30, no. 2 (1965): 179-185.

E. Guadagnoli and W. F. Velicer, “Relation of Sample Size to
the Stability of Component Patterns,” Psychological Bulletin
103, no. 2 (1988): 265-275, https://doi.org/10.1037/0033-
2909.103.2.265.

J. Shi, X. Mo, and Z. Sun, “[Content Validity Index in Scale
Development],” Zhong Nan Da Xue Xue Bao. Yi Xue Ban =
Journal of Central South University Medical Sciences 37,
no. 2 (2012): 152-155, https://doi.org/10.3969/j.issn.1672-
7347.2012.02.007.

C. D. Dziuban and E. C. Shirkey, “When Is a Correlation
Matrix Appropriate for Factor Analysis? Some Decision
Rules,” Psychological Bulletin 81, no. 6 (1974): 358-361,
https://doi.org/10.1037/h0036316.

K. Schweizer, S. J. Troche, and C. DiStefano, “Scaling the
Variance of a Latent Variable While Assuring Constancy of
the Model,” Frontiers in Psychology 10 (2019): 887, https://
doi.org/10.3389/fpsyg.2019.00887.

R. B. Kline, Principles and Practice of Structural Equation
Modeling, 2nd ed. (Guildford Press, 2005).

T. Brown, “Other Types of CFA Models,” in Confirmatory
Factor Analysis for Applied Research, 2nd ed., ed. T. Little
(The Guildford Press, 2015), 287-332.

D. Goretzko, K. Siemund, and P. Sterner, “Evaluating Model
Fit of Measurement Models in Confirmatory Factor Analysis,”
Educational and Psychological Measurement 84, no. 1 (2023):
123-144, https://doi.org/10.1177/00131644231163813.

Jr, D. W. Hosmer, S. Lemeshow, and R. X. Sturdivant,
Applied logistic regression (John Wiley & Sons, 2013).

(95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

Journal of Aging Research

E. Almanasreh, R. Moles, and T. F. Chen, “Evaluation of
Methods Used for Estimating Content Validity,” Research in
Social and Administrative Pharmacy 15, no. 2 (2019): 214-
221, https://doi.org/10.1016/j.sapharm.2018.03.066.

N. V. O. Bento-Torres, J. Bento-Torres, A. M. Tomds, et al.,
“Influence of Schooling and Age on Cognitive Performance
in Healthy Older Adults,” Brazilian Journal of Medical and
Biological Research 50, no. 4 (2017): 5892, https://doi.org/
10.1590/1414-431x20165892.

M. Rosselli, I. V. Uribe, E. Ahne, and L. Shihadeh, “Culture,
Ethnicity, and Level of Education in Alzheimer’s Disease,”
Neurotherapeutics 19, no. 1 (2022): 26-54, https://doi.org/
10.1007/s13311-022-01193-z.

A. Hart, “Mann-Whitney Test Is Not Just a Test of Medians:
Differences in Spread Can Be Important,” BMJ 323, no. 7309
(2001): 391-393, https://doi.org/10.1136/bmj.323.7309.391.
N. Sobjerai, C. Calia, S. Hoefeijzers, et al., “Unveiling the
Cognitive Underpinnings of the Instrumental Activities of
Daily Living across Age,” in Proceedings of the NHS Research
Scotland Annual Conference (Edinburgh, 2017).

P. A. Rodgers, “Co-Designing With People Living With
Dementia,” CoDesign 14, no. 3 (2018): 188-202, https://
doi.org/10.1080/15710882.2017.1282527.

R. P. D. Santos Henriques, P. Tomas-Carus, and
J. F. Filipe Marmeleira, “Association Between Neuro-
psychological Functions and Activities of Daily Living in
People With Mild Cognitive Impairment,” Experimental
Aging Research 49, no. 5 (2023): 457-471, https://doi.org/
10.1080/0361073X.2022.2133292.

D. Facal, M. A. Carabias, A. X. Pereiro, et al., “Assessing
Everyday Activities Across the Dementia Spectrum With the
Amsterdam IADL Questionnaire,” Current Alzheimer Re-
search 15, no. 13 (2018): 1261-1266, https://doi.org/10.2174/
1567205015666180925113411.

C. M. Giebel, D. Challis, and D. Montaldi, “Understanding
the Cognitive Underpinnings of Functional Impairments in
Early Dementia: A Review,” Aging & Mental Health 19,
no. 10 (2015): 859-875, https://doi.org/10.1080/
13607863.2014.1003282.

R. Fieo, L. Zahodne, M. X. Tang, J. . Manly, R. Cohen, and
Y. Stern, “The Historical Progression From ADL Scrutiny to
IADL to Advanced ADL: Assessing Functional Status in the
Earliest Stages of Dementia,” The Journals of Gerontology:
Series A 73, no. 12 (2018): 1695-1700, https://doi.org/
10.1093/gerona/glx235.

R. J. Jutten, “Capturing Changes in Cognition: Refining the
Measurement of Clinical Progression in Alzheimer’s Dis-
ease” (2019).

J. O. Pinto, D. Pontes, A. R. Dores, B. Peixoto, and
F. Barbosa, “Activities of Daily Living Inventory (ADLI):
Proposal of a New Instrument and Preliminary Data,” Ap-
plied Neuropsychology: Adult (June 2024): 1-18, https://
doi.org/10.1080/23279095.2024.2367741.

T. Rittman, B. C. Ghosh, P. McColgan, et al, “The
Addenbrooke’s Cognitive Examination for the Differential
Diagnosis and Longitudinal Assessment of Patients With
Parkinsonian Disorders,” Journal of Neurology, Neurosurgery
& Psychiatry 84, no. 5 (2013): 544-551, https://doi.org/
10.1136/jnnp-2012-303618.

V. Amaral-Carvalho, T. Bento Lima-Silva, L. Indcio Mariano,
et al., “Predicting Dementia Due to Alzheimer’s Disease and
Behavioral Variant Frontotemporal Dementia Using Algo-
rithms With the Addenbrooke’s Cognitive Examination-
Revised Subscores Combined With Sociodemographic

95UBD17 SUOLULLIOD dAIER.D 3(ded!dde au) Aq peueA0B ae s YO ‘38N JO 3N 0} Afeiq1T 8UlUO 8|1 UO (SUORIPUOD-PUB-SWLIRILID A8 |1 AReiq) 1 U1 |UO//SANY) SUORIPUOD PUe SWLd | au) 835 *[5202/80/G2] U0 Akeiqiauliuo A8|IM ‘90140 eAueD yBINguIpT 'SIN PUBI0OS 10} UOINPT SHIN AQ 0020T9Z/ARI/GSTT 0T/I0p/W0 A8 | Afeiq iUt juo//SAny Wo1) papeo|umod ‘T ‘SZ0Z ‘5206


http://doi.org/10.1002/gps.1610
http://doi.org/10.1002/gps.1610
http://doi.org/10.1212/01.wnl.0000434309.85312.19
http://doi.org/10.1212/01.wnl.0000434309.85312.19
http://doi.org/10.1002/gps.5016
http://doi.org/10.1002/gps.5016
http://doi.org/10.1002/alz.056359
http://doi.org/10.1017/S1041610213002329
http://doi.org/10.37349/emed.2024.00227
http://doi.org/10.37349/emed.2024.00227
http://doi.org/10.1002/gps.4610
http://doi.org/10.1037/0033-2909.103.2.265
http://doi.org/10.1037/0033-2909.103.2.265
http://doi.org/10.3969/j.issn.1672-7347.2012.02.007
http://doi.org/10.3969/j.issn.1672-7347.2012.02.007
http://doi.org/10.1037/h0036316
http://doi.org/10.3389/fpsyg.2019.00887
http://doi.org/10.3389/fpsyg.2019.00887
http://doi.org/10.1177/00131644231163813
http://doi.org/10.1016/j.sapharm.2018.03.066
http://doi.org/10.1590/1414-431x20165892
http://doi.org/10.1590/1414-431x20165892
http://doi.org/10.1007/s13311-022-01193-z
http://doi.org/10.1007/s13311-022-01193-z
http://doi.org/10.1136/bmj.323.7309.391
http://doi.org/10.1080/15710882.2017.1282527
http://doi.org/10.1080/15710882.2017.1282527
http://doi.org/10.1080/0361073X.2022.2133292
http://doi.org/10.1080/0361073X.2022.2133292
http://doi.org/10.2174/1567205015666180925113411
http://doi.org/10.2174/1567205015666180925113411
http://doi.org/10.1080/13607863.2014.1003282
http://doi.org/10.1080/13607863.2014.1003282
http://doi.org/10.1093/gerona/glx235
http://doi.org/10.1093/gerona/glx235
http://doi.org/10.1080/23279095.2024.2367741
http://doi.org/10.1080/23279095.2024.2367741
http://doi.org/10.1136/jnnp-2012-303618
http://doi.org/10.1136/jnnp-2012-303618

Journal of Aging Research

[109]

[110]

[111]

[112]

Factors,” Current Alzheimer Research 20, no. 5 (2023):
341-349.

C. Laske, H. R. Sohrabi, S. M. Frost, et al., “Innovative
Diagnostic Tools for Early Detection of Alzheimer’s Disease,”
Alzheimer’s & Dementia 11, no. 5 (2015): 561-578, https://
doi.org/10.1016/j.jalz.2014.06.004.

E. Magklara, B. C. M. Stephan, and L. Robinson, “Current
Approaches to Dementia Screening and Case Finding in Low-
and Middle-Income Countries: Research Update and Rec-
ommendations,” International Journal of Geriatric Psychiatry
34, no. 1 (2019): 3-7, https://doi.org/10.1002/gps.4969.

R. H. Logie, M. A. Parra, and S. Della Sala, “From Cognitive
Science to Dementia Assessment,” Policy Insights From the
Behavioral and Brain Sciences 2, no. 1 (2015): 81-91, https://
doi.org/10.1177/2372732215601370.

J. F. Martinez-Flérez, M. Belalcazar, A. Alvarez, O. Erazo,
S. Sevilla, and M. A. Parra, “Short-Term Memory Binding Is
Insensitive to the Socioeconomic Status of Older Adults
With and Without Mild Cognitive Impairment,” The Clinical
Neuropsychologist 38, no. 8 (November 2024): 1947-1966,
https://doi.org/10.1080/13854046.2024.2343159.

19

85UR0| 7 SUOWIWOD 8ARee1D) 8|qeotjdde auy Aq pausenoh a1 e e O ‘SN Jo S3|nJ 10} AkeiqIT8UIUO AB]IAM UO (SUORIPUOD-PUe-SWULBY/W00" A8 | IMARe.q | B UO//SURY) SUORIPUOD PUe SWB L 84} 89S *[G202/80/S2] U0 AeiqIT8UIUO ABIIM 80110 BAUeD yBinguIpg ‘SN PUeI0oS J0j UOeINp3 SHIN A 0020T9Z/RRI/SSTT 0T/I0pAW0d A8 | AReiq Ul Uo//SdRY WOy papeojumod ‘T ‘520 ‘5206


http://doi.org/10.1016/j.jalz.2014.06.004
http://doi.org/10.1016/j.jalz.2014.06.004
http://doi.org/10.1002/gps.4969
http://doi.org/10.1177/2372732215601370
http://doi.org/10.1177/2372732215601370
http://doi.org/10.1080/13854046.2024.2343159

	Examining the Cognitive Underpinnings of Functional Decline in Prodromal Alzheimer’s Disease: Insights From the Details of Functions of Everyday Life (DoFEL) Scale
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Participants and Recruitment
	2.3. Measures
	2.3.1. Demographic Characteristics
	2.3.2. DoFEL
	2.3.3. Addenbrooke’s Cognitive Examination-Revised
	2.3.4. Visual Short-Term Memory Binding Task

	2.4. Data Analysis
	2.4.1. Exploratory Factor Analysis (Step 1)
	2.4.2. Content Validity Assessment (Step 2)
	2.4.3. CFA
	2.4.4. Construct Validity Assessment (Step 3)


	3. Results
	3.1. Exploratory Factor Analysis (Step 1)
	3.1.1. Sample Demographics
	3.1.2. Factorial Validity of DoFEL Subscales

	3.2. Content Validity of the Revised DoFEL (Step 2)
	3.3. CFA of the Revised DoFEL
	3.3.1. Sample Demographics
	3.3.2. CFA

	3.4. Construct Validity of the Revised DoFEL (Step 3)
	3.4.1. Sample Demographics
	3.4.2. Correlation Between Revised DoFEL and ACE-R
	3.4.3. Correlation Between Revised DoFEL and the VSTMBT
	3.4.4. Predicting MCI: Binomial Logistic Regression Analysis of Revised DoFEL Scores


	4. Discussion
	4.1. Summary of Findings
	4.2. Limitations and Future Directions
	4.3. Conclusion

	Appendix A: Details of the DoFEL and DoFEL-R Items
	Data Availability Statement
	Disclosure
	Conflicts of Interest
	Funding
	Supporting Information
	References




