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Abstract
Impairment in activities of daily living (ADL) accompanies cognitive and behavioral symptoms in
Alzheimer’s disease (AD). Conventionally, ADL impairment has been relegated to the stage of
dementia, but instrumental ADL impairment has been shown to occur earlier at the stage of mild
cognitive impairment (MCI). There are many subjective and performance-based instrumental
ADL scales, some of which are useful in distinguishing between MCI and AD dementia, and even
between MCI and clinically normal elderly individuals. These scales have been associated with
amyloid and neurodegeneration biomarkers of AD. Clinically normal elderly individuals who have
a positive AD biomarker are thought to be at the preclinical stage of AD. Scales of more complex
ADL are needed to better capture individuals with preclinical AD before they start to progress to
MCI.

Alzheimer’s disease (AD) dementia, which is the most common cause of dementia, is a
neurodegenerative disease with an insidious onset and gradual progression, consisting of
cognitive, behavioral and functional impairment. A decline in the ability to perform
activities of daily living (ADL) or functional impairment is required to make a diagnosis of
dementia [1] and, specifically, AD dementia [2]. Basic ADL are impaired in the moderate-
to-severe stages of AD dementia, and consist of eating, dressing, grooming, bathing and
toileting. Instrumental ADL typically begin to decline at the stage of mild cognitive
impairment (MCI) and decline more rapidly at the transition to mild AD dementia.
Instrumental ADL consist of activities such as preparing meals, performing household
chores and repairs, driving or using public transportation, shopping for clothes or food and
handling the finances. Amnestic MCI is widely viewed as the precursor stage to AD
dementia and its diagnostic criteria allow for mild difficulties in instrumental ADL [3,4].
This particular element often leads to an arbitrary distinction between MCI and very mild
AD dementia and has been a source of controversy in the literature, with some experts
recommending the elimination of the MCI due to AD construct altogether [5–7]. On the
other hand, there are also proponents of allowing for the presence of mild impairment in
instrumental ADL in MCI [3,8,9].
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In this article, a brief overview of commonly used subjective and performance-based ADL
scales will be provided, evidence of ADL impairment across the AD spectrum focusing on
earlier stages and the association of ADL impairment with AD biomarkers will be described.
The possibility that scales of more complex ADL could demonstrate very early functional
impairment in preclinical AD, as well as an association with AD biomarkers will be
explored.

This focused review of the literature will help to address the question of where ADL fit in
the diagnosis of AD. ADL are highly dependent on cognitive function and behavior, both of
which are altered in AD well before the stage of dementia. As such, it will be demonstrated
that some sensitive scales can detect instrumental ADL impairment at the MCI stage
preceding dementia. The term ‘complex ADL’ will be introduced, which refers to very
challenging ADL tasks, some of which are tested in instrumental ADL scales but are usually
in combination with simpler ADL tasks. Therefore, there is an overlap between complex
ADL and instrumental ADL. However, it is proposed that even more sensitive scales
focused exclusively on complex ADL will allow us the detection of the earliest alterations in
daily functioning in minimally symptomatic individuals at the stage of preclinical AD and at
the transition to MCI. ADL can be viewed as the practical extension of cognition and
behavior. Therefore, there should be assessments that are capable of detecting changes in
ADL as soon as changes in cognition and behavior are detected.

Subjective ADL scales
In the clinical setting, information about ADL is most commonly ascertained by asking a
patient’s caregiver about the patient’s daily functioning because it is thought that the patient
with dementia is too impaired to accurately report about his or her current abilities. Over the
years, multiple subjective informant-based ADL scales have been developed for clinical and
research use. This article will focus on scales assessing primarily instrumental ADL (Table
1). The psychometric properties of most subjective instrumental ADL scales have not been
studied adequately and even those scales that have been studied more thoroughly have been
shown to be of moderate quality at best [10]. New scales have been periodically developed
in order to help with the assessment of instrumental ADL earlier in the AD course,
specifically at the stage of MCI to reduce the duration of assessment and burden on the
individual being questioned, to keep up with real-world changes in order to maintain
ecological validity and to improve on existing scales.

One of the first and most commonly used subjective informant-based instrumental ADL
scales used in the clinical setting in mild-to-moderate dementia was developed by Lawton
and Brody [11]. This scale looks at eight domains of instrumental ADL: telephone use,
shopping, food preparation, housekeeping, laundry, transportation, responsibility for own
medications and finances. The Lawton and Brody scale is quick and easy to administer and
has been validated in many settings. It has primarily been used for detecting instrumental
ADL impairment at the stage of dementia. The Functional Activities Questionnaire (FAQ) is
another subjective instrumental ADL scale, which is primarily used as an informant-based
scale in MCI and mild dementia, but has also been used as a self-report scale in clinically
normal elderly (CN) individuals [12]. The FAQ has been widely used in AD observational
and biomarker studies, including the National Alzheimer’s Coordinating Center and
Alzheimer’s Disease Neuroimaging Initiative (ADNI) databases. The FAQ consists of ten
items similar to those in the Lawton and Brody scale, but also includes items focusing on
remembering appointments/occasions, keeping track of current events, and games and
hobbies. The Alzheimer’s Disease Cooperative Study–ADL scale is an informant-based
questionnaire that has been widely used in clinical trials of mild-to-moderate AD dementia
[13]. It consists of 18–23 items and is commonly used as a co-primary outcome measure,
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along with a global cognitive instrument, in order to assess daily functioning. It has been
shown to consistently detect instrumental ADL impairment in mild AD dementia, but less
consistently in MCI, as discussed later on. The Clinical Dementia Rating (CDR) is a scale of
global functioning based on informant report, as well as on an objective assessment of the
patient or subject [14]. The CDR consists of six domains, three cognitive and three
functional (two of which require informants to assess instrumental ADL): memory,
orientation, judgment and problem solving, community affairs, home and hobbies, and
personal care. The CDR has been widely used in observational studies, clinical trials, and
the clinical setting to classify individuals as CN, MCI or AD dementia of varying severities,
as well as to track disease progression over time. A potential disadvantage of the CDR is
that it requires more time to administer (approximately 40 min) when compared with most
subjective ADL scales.

More recently, two subjective scales that have identical informant-based and self-report
portions were developed for the assessment of cognitive function related to everyday
activities, as well as instrumental ADL: the Everyday Cognition (ECog) scale and the
Structured Interview and Scoring Tool – Massachusetts Alzheimer’s Disease Research
Center (SIST-M) [15,16]. The ECog consists of 39 items divided into six domains: memory,
language, visuospatial/perceptual abilities, executive functioning-planning, executive
functioning-organization and executive functioning-divided attention. The ECog is now
starting to be used more widely in observational and biomarker studies, such as ADNI,
assessing individuals across the early AD spectrum, including CN and early MCI subjects.
Recently, a 12-item short form of the ECog was also validated [17]. The SIST-M consists of
60 items divided into six domains: memory, orientation, judgment and problem solving,
community activities and interests, household activities and hobbies, and personal care. The
SIST-M requires more time (approximately 30 min) to administer when compared with most
subjective ADL scales and has not been as widely used, but is a promising scale for
assessing instrumental ADL impairment in early AD.

Performance-based ADL scales
Subjective ADL scales are usually quick and easy to administer, but some have criticized
these scales because they do not assess the individual’s actual ability to perform ADL. To
address these concerns and to potentially provide a more objective measure of ADL,
performance-based ADL scales have been developed. In these assessments, individuals are
asked to simulate everyday tasks, such as arranging one’s medications for the week in a pill-
box, writing a check and mailing it or preparing a simple meal. However, these
performance-based scales are performed in artificial environments outside the typical
routine in which individuals normally perform their ADL [18]. That said, direct observation
of ADL in a real-life setting does not necessarily correlate well with cognitive function [19].
Performance-based ADL scales have mostly been administered to individuals with mild-to-
moderate dementia, but more recently they have also been used in MCI (Table 1). These
scales either consist of multiple different tasks providing a sampling of many ADL or focus
on one aspect of ADL in more depth.

The Direct Assessment of Functional Status (DAFS) is one of the first performance-based
scales to assess a wide variety of basic and instrumental ADL [20,21]. It takes
approximately 40 min to administer and consists of seven domains: dressing/grooming
skills, feeding abilities, orientation, communication abilities, financial skills and shopping
skills. The DAFS is helpful in staging dementia severity but is not sensitive enough to detect
ADL impairment at the stage of MCI. The Texas Functional Living Scale (TFLS) is similar
to the DAFS but takes less time to administer (15–20 min), focuses on a variety of
instrumental ADL and includes only two basic ADL items in order to avoid floor effects in
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dementia [22]. The TFLS consists of 21 items divided into five subscales: dressing,
memory, time, money and communication. Similar to the DAFS, the TFLS is useful at the
dementia stage, but not at the stage of MCI. However, since the TFLS takes less time to
administer, it can be used more widely in the clinical setting.

Recently, performance-based ADL scales have tried to capture instrumental ADL
impairment in MCI. The University of California, San Diego Performance-Based Skills
Assessment (UPSA) has been modified to increase sensitivity to functional impairment in
early AD [23,24]. The UPSA consists of 27 items in four domains: comprehension and
planning, communication, mobility and financial procedures. The UPSA takes
approximately 30 min to administer, but is much more sensitive in detecting early ADL
impairment, possibly even in CN individuals. The Financial Capacity Instrument (FCI)
focuses on one particular element of instrumental ADL in greater detail [25,26]. The FCI
assesses an individual’s ability to carry out the finances at three levels: specific abilities
(across 20 tasks), broader activities (across seven to nine domains) and overall capacity
(global scores). The FCI is a well-validated and ecologically accurate tool assessing a
challenging aspect of ADL. However, the FCI is not sensitive enough to detect changes in
ADL in CN individuals at risk of AD.

ADL impairment in MCI & mild AD dementia
Table 1 provides typical performances by CN, MCI and mild-to-moderate AD dementia
individuals on seven commonly used subjective and performance-based ADL scales,
primarily focused on instrumental ADL. Most of these scales are useful for differentiating
between individuals with MCI and AD dementia and also between CN and MCI individuals.
Mild impairment in instrumental ADL is noted at the stage of MCI, but CN individuals
score almost perfectly with little variability in scores on these scales.

In two similar, large multicenter studies at mostly academic sites, the ADNI and National
Alzheimer’s Coordinating Center, a subjective informant-based scale, the FAQ and a global
functioning scale, the CDR, clearly differentiated between CN, MCI and AD dementia
subjects [7,9]. Similarly, the more recently developed ECog has been shown to differentiate
well between all three groups [17]. On the other hand, one version of the Alzheimer’s
Disease Cooperative Study–ADL was only useful in differentiating between CN and AD
dementia or MCI and AD dementia, but not between CN and MCI subjects [23], while
another version was useful in differentiating between CN and MCI subjects [27]. The
performance-based ADL scales, UPSA and FCI, have also been shown to be helpful in
differentiating between CN, MCI and AD dementia individuals [23,26]. As illustrated by
Table 1 and the information above, the FAQ, CDR, ECog, UPSA and FCI are all useful in
detecting instrumental ADL impairment in MCI. Moreover, the ECog and UPSA also
appear to detect slight instrumental ADL changes in CN individuals. However, more
sensitive scales are needed to consistently detect changes in complex ADL in CN
individuals at risk of AD.

Impairment in instrumental ADL in MCI and AD dementia has been associated with global
cognitive impairment; it has also been frequently, but not consistently, associated with
individual cognitive domains, including certain aspects of executive dysfunction, memory
impairment and slowing of processing speed [9,18,28–30]. Executive dysfunction has also
been shown to predict future instrumental ADL impairment in CN individuals [31,32], while
instrumental ADL impairment has in turn been shown to predict progression from MCI to
AD dementia [33,34]. Although the Disability Assessment for Dementia is not a sensitive
scale for detecting instrumental ADL impairment in MCI, most of its items can be broken
down into three components relevant to this discussion: an individual’s ability to initiate
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(opposite of apathy), plan (executive function) and perform (final ADL outcome) activities
[35]. Accordingly, lack of initiative manifesting as apathy has also been shown to be
associated with instrumental ADL impairment and executive dysfunction in MCI and AD
dementia [9,36,37]. Thus, a new ADL scale that is more sensitive to functional impairment
in MCI, or even earlier, with a similar three component structure as the Disability
Assessment for Dementia may prove to be particularly useful in the future.

ADL impairment & AD biomarkers
As ADL impairment is a requirement for making a diagnosis of AD dementia [2], it is not
surprising that it has been shown to be associated with the hallmark pathological changes of
AD dementia at post-mortem: amyloid plaques and neurofibrillary tangles [38,39]. The
studies demonstrating this association were assessing individuals with moderate-to-severe
AD dementia. In an effort to move earlier in the disease process, worsening impairment in
instrumental ADL over time has been shown to be associated with lower baseline
cerebrospinal fluid amyloid-β1–42 and higher total and phospho-tau in CN and MCI [40].
Similarly, greater instrumental ADL impairment has been associated with greater in vivo
amyloid burden in MCI using Pittsburgh Compound B-PET [41]. A composite of temporal,
lateral parietal and posterior cingulate hypometabolism, a neurodegenerative pattern
typically seen in AD, has been associated with worsening instrumental ADL over time in
MCI and mild AD dementia using 18F-fluorodeoxyglucose (FDG)-PET [42]. Moreover,
global brain atrophy, also suggestive of neurodegeneration, visualized on MRI has been
shown to be associated with worsening instrumental ADL over time in MCI [43].

A few studies have attempted to localize instrumental ADL impairment in the brain of
individuals with AD dementia and MCI utilizing FDG-PET and MRI. One study found that
general instrumental ADL impairment was associated with inferior parietal, inferior
temporal and superior occipital hypometabolism in mild-to-moderate AD dementia [44],
while another study found an association with medial frontal and temporoparietal atrophy in
mild AD dementia [45]. A study focusing on financial capacity in MCI found an association
with angular gyrus (lateral parietal) atrophy [46]. Some of the regions associated with ADL
impairment mentioned above are typical of the neurodegenerative distribution seen in AD
(temporal and parietal), while others are not (occipital and frontal), suggesting that some
aspects of ADL impairment might result from distinct pathologic changes in AD. However,
since ADL depend on, or are associated with, many cognitive domains, it is not easy to
localize them to one region in the brain. Since ADL impairment tracks well with disease
progression, it makes sense that scales of more general ADL performance are associated
with multiple regions in the brain or with diffuse pathologic changes that are typically seen
in AD and that one particular ADL task (e.g., financial capacity) is associated with only one
region.

ADL in preclinical AD
The recently proposed, revised AD criteria included a new stage of preclinical AD, aiming
to capture individuals who are asymptomatic or only minimally symptomatic, but are at risk
of progression to MCI and AD dementia based on the presence of positive biomarkers [47].
The construct of preclinical AD is currently meant to be used only in the research setting
until more longitudinal data on these individuals are available and the long-term
implications are better understood. Jack et al. proposed a dynamic model of biomarker
progression in AD, with amyloid burden building up at the preclinical stage, followed by
neurodegeneration visualized by hypometabolism on FDG-PET and atrophy on MRI,
followed by cognitive impairment, and finally ADL impairment [48]. Building on this
model, the progression of ADL impairment is illustrated in greater detail (Figure 1).
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More sensitive cognitive measures are being developed to try to capture the at-risk group of
preclinical AD. A particularly sensitive memory measure has been recently shown to be
associated with in vivo amyloid burden in CN subjects using Pittsburgh Compound B-PET
[49]. Similarly, a more sensitive measure of complex ADL that can capture the earliest
functional impairment in preclinical AD is required.

Currently, subjective and performance-based scales assessing instrumental ADL often
include relatively simpler tasks, such as heating water (for tea or coffee), along with more
challenging tasks, such as doing the taxes. This allows for a wider range of performance and
helps to capture the transition from MCI to mild dementia. However, it dilutes the signal of
the more challenging tasks when assessing ADL in minimally symptomatic individuals at
the stage of preclinical AD. At that stage, a subjective or performance-based scale focused
only on complex ADL is more likely to successfully detect early alterations in ADL. Such a
scale could assess performance at work (if not retired), ability to hold positions of leadership
in organizations, navigation of an automated phone menu, use of automated teller services,
and capability of using smart phones, computer software, email and internet. Of note, some
of these complex tasks are assessed by existing instrumental ADL scales, but, as mentioned
above, they are intermixed with simpler tasks.

The ADL prevention instrument was designed to detect early ADL impairment in dementia
prevention trials of CN individuals [27]. The ADL prevention instrument is a subjective
self-report and informant-based scale consisting of 15 items. It has been shown to
distinguish well between CN and MCI individuals and to be associated with future cognitive
decline in CN individuals. However, like other scales discussed earlier, it too exhibits
ceiling effects in CN individuals. Moreover, the correlation between self-report and
informant-based data is far from perfect. Other studies have also shown a discrepancy
between self-report and informant-report of some aspects of instrumental ADL, such as
financial capacity and driving ability, in individuals with MCI [50]. On the other hand, a
study using a more general subjective instrumental ADL scale demonstrated agreement
between self-report and informant-report in individuals with MCI similar to that seen in CN
individuals, as opposed to demented individuals who significantly under-reported their
functional deficits when compared with their informants’ reports [51].

This highlights an important complication in the tracking of early complex ADL in
preclinical AD using subjective scales; as an individual becomes more impaired and
transitions from preclinical AD to MCI and then AD dementia, that individual is less likely
to provide a reliable self-report of his or her daily functioning, thus necessitating an
informant-report. However, before MCI sets in, the individual with preclinical AD may be
more attune to early functional difficulties than an informant. Therefore, at different stages
of AD, either self-report or informant-based subjective ADL scales might be more reliable,
suggesting that both are required at least in preclinical AD and at the transition to MCI.

Early complaints of alterations in complex ADL by patients and their family members in the
clinic often indicate that the individual is still capable of independently performing the task,
but that he or she does so with some difficulty or it takes longer than it used to. This
important nuance is often missed in subjective instrumental ADL scales and needs to be
captured in both self-report and informant-report subjective complex ADL scales.

One potential way to avoid the duplication of effort in self- and informant-report scales is to
develop a performance-based complex ADL scale that will more objectively assess
individuals during the preclinical stages of AD and track decline towards MCI and AD
dementia. Examples of challenging ADL tasks with ecological validity that can be tested are
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navigating an automated phone menu to address health insurance queries or using automated
teller services to withdraw or deposit money.

Conclusion & future perspective
Using ADL impairment to draw the line between MCI and dementia has been debated by
experts in the field for many years. As described above, depending on how one defines ADL
impairment, it can be detected at different stages of AD: basic ADL impairment is detected
in the transition from mild dementia to moderate dementia and beyond, while instrumental
ADL impairment is detected at the transition from MCI to dementia and even at earlier
stages of MCI. Since ADL are intrinsically linked to cognition and behavior, it is likely that
changes in ADL will track closely with changes in cognition and behavior. Therefore, the
artificial lag between impairments in ADL and impairments in cognition and behavioral
manifestations could simply be a byproduct of the tools used to assess ADL and the type of
ADL being assessed. We propose that alterations in complex ADL may already be present
when an individual is at the stage of preclinical AD and is minimally symptomatic.

With more than 5 million people in the USA carrying a diagnosis of AD dementia, and 20
million more being at risk for developing dementia over the next 30 years, early detection
and treatment is desperately needed [52]. The field is moving towards finding more sensitive
clinical measures for early diagnosis that are associated with biomarkers of AD, but are easy
and inexpensive to administer by primary care physicians, who perform the initial medical
evaluation of the majority of these patients. Such clinical measures can be used as screening
tests and, if positive, followed-up with a biomarker test such as an MRI, amyloid PET, or
cerebrospinal fluid amyloid-β1–42 and tau. Impairments in ADL are the everyday
manifestation of cognitive and behavioral deficits in AD that relentlessly change the lives of
patients and their caregivers. Currently, there are reliable, subjective and performance-based
scales for instrumental ADL at the stage of MCI and AD dementia that have been linked to
AD biomarkers, but there are very few scales that have the potential to detect the earliest
functional deficits in preclinical AD and its transition to MCI. Therefore, developing more
sensitive, ecologically valid scales for complex ADL is vital to the goal of improving the
detection of preclinical AD and the prediction of progression to MCI and AD dementia. This
in turn will help lead to earlier treatment once disease-modifying drugs are available.
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Practice Points

▪ Impairment in activities of daily living (ADL) is a required element for the
diagnosis of dementia.

▪ Impairment in instrumental ADL has conventionally been thought to appear
at the transition from mild cognitive impairment (MCI) to mild Alzheimer’s
disease (AD) dementia.

▪ Some sensitive scales of instrumental ADL have detected significant
functional impairment in individuals with MCI when compared with
clinically normal elderly individuals.

▪ Most scales of ADL are subjective and informant-based. Subjective self-
report scales or performance-based scales are not used as widely.

▪ Impairment in ADL has been associated with biomarkers of AD at the stage
of dementia and MCI, but not in clinically normal elderly.

▪ The recently proposed revised criteria for AD included a new stage of
preclinical AD, consisting of clinically normal individuals at risk for AD
based on the presence of a positive biomarker (this construct is currently
meant to be used only in the research setting).

▪ It is possible that more challenging scales of ADL will demonstrate very
early functional impairment in preclinical AD, as well as an association with
biomarkers of AD.
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Figure 1. Hypothetical model of timing of the development of activities of daily living
impairment along the Alzheimer’s disease spectrum compared with cognitive impairment and
pathologic changes
Instrumental ADL impairment has conventionally been thought to appear in the transition
from MCI to mild AD dementia. The authors suggest that more complex ADL impairment
appears earlier in the transition from preclinical AD (in which individuals are asymptomatic
or minimally symptomatic) to MCI, similarly to the earliest signs of cognitive impairment.
AD: Alzheimer’s disease; ADL: Activities of daily living; MCI: Mild cognitive impairment.
Adapted with permission from [48].
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