
Innovations in CLINICAL NEUROSCIENCE [ V O L U M E  1 4 ,  N U M B E R  1 – 2 ,  J A N U A R Y – F E B R U A R Y  2 0 1 7 ]30

ABSTRACT
Assessment of the earlier stages of

Alzheimer’s disease requires different
strategies than those previously
developed for fully syndromal
Alzheimer’s disease . This challenge is
further magnified in very early stages,
where symptomatology may be minimal
and functional deficits very subtle to
absent. This paper reviews strategies
for performance-based assessment of
the early stages of Alzheimer’s disease ,
including assessments of cognition,
functional capacity, and social
cognition. Meetings with an
International Society for CNS Clinical
Trials and Methodology working group
served as the basis for this paper and
its companion. The current state of the
art of detection and staging-oriented
assessments is presented, and
information is provided regarding the
practicality and validity of these
approaches, with a special focus on
their usefulness in clinical trials for new
medication development.

INTRODUCTION
Cognitive and functional decline are

the hallmark signs of Alzheimer’s
disease (AD) and related conditions. In
fully syndromal AD, the detection of
memory and functional deficits can be
accomplished with clinical assessments
not requiring formal testing, as these
impairments are often quite obvious. In
contrast, there are multiple challenges in
assessing AD in the early stages of the
illness, particularly when an individual
has a high level of cognitive reserve and
compensatory abilities. As described by
Posner et al,1 developing treatments are
now targeting earlier stages of the
illness, and mechanisms are being
explored to prevent the development of
AD in individuals who are at risk. It has
become increasingly recognized that
newly developed treatments eventually
approved by the United States Food and
Drug Administration (FDA) will need to
employ outcome measures that translate
into real world impact (i.e., how a
person feels, functions, or survives).
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Observational Assessments in
Clinical Trials Across the
Alzheimer’s Disease Spectrum
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Since newer interventions will target the
early stages of disease, there has been a
focus on developing novel tests to detect
the earliest manifestations of AD. This is
because traditional neuropsychological
tests were designed to detect changes
associated with dementing conditions and
are 1) not sensitive enough to identify
subtle cognitive impairment present in
preclinical disease states, and 2) not
designed to reliably assess meaningful
change over time. Similarly, commonly
employed measures of functional abilities
are typically inventories completed by
patients and their informants. Although
there is value in this approach, subjective
judgments made by both patients and
informants may be prone to error and
response biases.

In this paper, we describe the state of
the art of objective assessment of
cognitive and functional impairment in AD
across its early stages. We particularly
focus on the following three domains:
1. Tests sensitive to early cognitive

impairments 
2. Performance-based assessment that

provides standardized, objective, and
highly portable means to assess
deficits in functional capacity

3. Direct observation measures, which
are now a more broadly viable strategy
due to technological advances,
including video observation and
ecological momentary assessment
with smartphone technology.

WHAT ARE THE “EARLY STAGES”
OF AD?

There are several different populations
who are treatment targets who do not
meet full criteria for AD. These include
individuals who meet current diagnostic
criteria for mild cognitive impairment
(MCI), the diagnosis of which is agreed
upon to an extent. Further, there are
individuals who have subtle cognitive
changes that are not substantial enough
to meet criteria for MCI; in some studies
these individuals are designated as “pre-
MCI.”2 Both MCI and pre-MCI could be
viewed as conditions that are “prodromal
AD” conditions, in that the risk for AD in
each of these populations is empirically
elevated compared to individuals without
evidence of cognitive changes.3 A final
group, which can be referred to as “pre-

clinical,” is a group that is identified on
the basis of risk factors, including either
genetic liability to AD or the presence of
biomarker changes that suggest
increased risk.4 At the current time, the
pre-clinical group is marked by the
appearance of cognitive normality,4 but
cognitive changes can be detected in
these individuals. The question is whether
more sensitive tests could identify earlier
impairments in some or all preclinical
individuals.

LIMITATIONS OF THE CURRENT
STATE OF THE ART

Current assessment methods used in
clinical trials targeted toward cognitive
and neurodegenerative disorders are
limited for use in early phases of AD. In
general, this is directly related to the
inherent nature of the features of change
that are being tracked—slow decline
possibly punctuated with acute,
unpredictable events—for which existing
tools and methods of assessment are not
optimally designed. In particular, there are
two contemporary major constraints.
First, clinical assessments are conducted
in person at distinct spaced intervals,
weeks or months apart, at the
convenience of the investigator. These
assessments often rely on recall of events
from people whose memory may be
impaired and informants whose
judgments may be prone to error or
memory impairments of their own. In
addition, contextual aspects of a
participant’s daily life (e.g., sleep hygiene,
medications, pain level) that might affect
true real-world performance are not
captured, and as a result, data collected
are at best brief snapshots that do not
fully reflect real-world situations. Second,
in treatment studies, there is often only a
modest expected difference among
cognitive and/or functional test results
between placebo and treatment
participants, as the degree of cognitive
decline prior to and during treatment is
often subtle and not dramatic in early
stages of AD. 

OVERALL GOALS OF COGNITIVE
AND FUNCTIONAL ASSESSMENT
IN EARLY PHASES OF AD

In AD prevention research, targeted at
pre-clinical and pre-MCI populations,

outcomes assessments should be
capable of, at minimum, the following:
1) bi-directional sensitivity, 2)
longitudinal tracking (sensitivity to
change), and 3) sensitivity to
impairment. Bi-directional sensitivity is
required, because some successful
interventions could eliminate
progression to more advanced clinical
states, relative to placebo-treated
participants. Thus, measures must have
the ability to detect both stability (due to
a successful intervention) and
worsening (due to treatment failures) in
clinical trial participants who might have
considerable variation in their baseline
levels of performance. A critical goal for
measures is to be sensitive to long-term
cognitive and functional stability, which
is the goal of prevention interventions.
These interventions may not improve
functioning from an apparently
unimpaired baseline, but may prevent
progression to MCI or AD. Beyond the
basic requirements of test-retest
stability of performance,5 improvements
in performance with testing might serve
to mask subtle declines in placebo
treated participants in preclinical
stages,6,7 thus rendering a true outcome
of stability in the successfully treated
pre-clinical individuals difficult to
separate from retesting effects.

A final goal is to be able to detect
developing impairments in cognition
and functioning in preclinical, pre-MCI,
and MCI populations. There are two
separate issues that bear on these
goals. One is the level of difficulty of the
assessments. Some skills that are
completely intact in preclinical cases
may be impaired in MCI and fully
deteriorated in cases with mild-to-
moderate AD. For instance, assessment
of delayed recall and delayed
recognition from multi-trial list learning
tests with 10 items (e.g., Consortium to
Establish a Registry for Alzheimer's
Disease (CERAD) neuropsychology
battery)8 may be extremely sensitive to
the detection of early-stage AD;9

however, these learning tests, while
optimal in their difficulty level for MCI
and mild AD populations, may be  too
easy for preclinical and pre-MCI
populations and too challenging for
moderate AD. 
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A second question regarding
sensitivity to decline is whether the
same aspects of cognitive and
functional impairment are even relevant
in preclinical and pre-MCI states as in
AD. It may be that different assessment
paradigms must be used to detect
cognitive or functional changes early in
the course of MCI. There are elements
of memory impairment, discussed
below, that define pre-MCI and could
provide predictive utility for identifying
cases at risk for progression to more
severe impairments. 

Similarly, performance-based
functional assessments, if feasible at
all, will need to be aimed at very subtle
aspects of impairment in preclinical and
pre-MCI cases. An example could be
measuring highly complex instrumental
activities of daily living (ADLs) such as
internet-based banking or bill paying.
Incipient signs of these deficits might
not be visible to observers or even
accessible to the awareness of the
participant. As suggested below,
ecologically valid direct observation
strategies may also yield information
that might not be easily observable,
particularly in a cross-sectional context.
In contrast, in mild-to-moderate AD,
even basic ADLs may be performed
only with difficulty and be readily
detected even by untrained or
themselves impaired observers.

SENSITIVITY TO IMPAIRMENT
AND SENSITIVITY TO CHANGE

If a cognitive or functional
assessment is not sufficiently sensitive
to detect impairment, it will not be
sensitive to improvement with
treatment. A caveat is that the
impairments detected must be related
to the incipient illness and not lifelong
premorbid limitations in functioning.10

In the case of the minimal impairments
associated with pre-MCI, detection of
impairments with historical measures
such as the ADAS-COG is challenging
due to ceiling effects,11 and detection of
improvements with such measures
may not be possible. If preclinical
study participants enter a trial
performing at a level equivalent to their
lifelong level of functioning on the
cognitive endpoints, as expected in

contemporary prevention trials, then
detection of impairment is not
important. Rather, the utility of the
assessment measures employed will be
indexed in terms of longitudinal
sensitivity to decline on the part of
untreated (i.e., placebo) participants
and separation of this subtle decline
from stabilized performance induced by
successful preventative treatment. This
is an extremely high bar to meet. 

In contrast to studies in patients
with mild-to-moderate AD, cognitive
and functional impairments in
preclinical and pre-MCI individuals will
be minimal to absent. Thus, there is
less need for concern about tasks
being too challenging and leading to
floor effects. There will also be fewer
challenges associated with participants
not understanding instructions or
having gross linguistic, perceptual, or
praxic deficits, leading to findings of
nonspecific impairment. However, the
relatively unimpaired status of the
participants at entry to the clinical
treatment trial produces several
challenges. The challenges are reduced
in inverse proportion to the level of
impairment seen at entry into the
study. A clear challenge for assessment
in prevention trials will be balancing
minimal practice effects and the
sensitivity of measures. Alternate
forms of neuropsychological tests are
often challenged by form-to-form
variance that is greater than differences
associated with practice effects.12

Potential assessment instruments to
identify effective prevention
interventions will need to meet several
criteria, such as the following:
1. Minimal and quantifiable

improvements in performance
associated with retesting alone (i.e.,
practice effects)

2. Sensitivity to the subtle declines
seen in placebo-treated patients

3. Ability to be repeated multiple times
throughout a lengthy trial.

Further, assessment of functioning,
including performance-based tasks,
could also be included as outcomes
pending regulatory decisions and
development of sufficiently sensitive
measures.

ADVANCES IN ASSESSMENT OF
EARLY COGNITIVE IMPAIRMENT

Cognitive deficits in MCI and in AD
have been widely studied. For treatment
studies of AD, the ADAS-Cog is a widely
used outcome measure. The ADAS-Cog,
although used in some studies of MCI, is
not as suited to this population because
many of the cognitive impairments
examined in the ADAS-Cog are not yet
present in MCI, thus making most of the
items uninformative. Loewenstein et al13

have found that older adults with pre-
MCI have a 6-fold to 8-fold risk of
progressing to MCI or dementia relative
to elderly cognitively normal individuals
over a two to three year period.2,13 Thus,
the question arises: When one is
attempting to identify important deficits
in pre-MCI or preclinical individuals, is a
more challenging version of the tasks
used to assess deficits in MCI required
or are the deficits different, requiring
different tests?

The general focus in assessment of
the earliest signs of AD has been on the
detection of episodic memory
impairments, both in terms of
impairments in learning/encoding and
rate of forgetting. Increasing difficulty in
standard tasks can be accomplished by
adding more stimuli to the assessment
(e.g., a longer story), modifying the
encoding potential of the stimuli,
changing the presentation rate, and
altering the recall/recognition
instructions. However, increasing the
difficulty of tests has some risks. These
include questions as to whether more
difficult tests measure the same
construct as the easier tests and
whether there are possible reductions in
the test’s psychometric properties such
as floor and ceiling effects or test-retest
reliability induced by increasing
difficulty. More difficult cognitive tests
may be more highly related to global
intelligence and therefore associated
with reduced performance in healthy, but
less educated adults. The closer the
score is to the floor of the test, the
greater the risk for reductions in test-
retest reliability due to regression to the
mean and general instability of scores at
the extremes of distributions.

Shortcomings of existing measures
and targets for modification in
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commonly used memory measures for
early AD include the following: A) they
focus on passive rather than active
encoding strategies, B) they are
susceptible to attentional issues, C) they
are influenced by level of education and
cognitive reserve, D) they do not
address vulnerabilities of AD patients to
semantic interference,14–16 and E) they do
not dissociate between memory deficits
and deficits in utilizing semantic cues.17–

18 Commonly utilized tests typically focus
on retrospective memory as opposed to
prospective memory (remembering to
remember intended actions), a type of
memory increasingly found to be
implicated in MCI.20 Measures of
prospective memory may be as
sensitive, or more sensitive than,
traditional measures of retrospective
memory in MCI patients.21,22

An alternative possibility for
prevention trials is the deployment of
novel tests to select samples in
preclinical states. To this end, there has
been a focus on the development of
neuropsychological tests that tap into
abilities such as 1) associative memory
necessary for “binding” representations
of two or more stimuli, 2) pattern
separation necessary to distinguish
between two similar memory
representations, and 3) prospective
memory required to remember a delayed
intention to act at a certain time in the
future. At least two of these types of
tests (face-name associative memory
and pattern separation) have been
shown to be related to AD imaging
biomarkers (Pittsburgh Compound B
[PiB] imaging and functional magnetic
resonance imaging [fMRI], respectively)
and are being incorporated as secondary
measures into the A4 prevention trial.23

More recent developments in biomarker
imaging data suggests that beta amyloid
deposition may have a predilection for
areas within the anterior and posterior
cingulate, precuneus, and selected
regions of the frontal, temporal, and
parietal lobes, which can be visualized
earlier than medial temporal lobe
atrophy. This may give rise to subtle
dysfunction in specific aspects of
memory, efficiency of cognitive
processing, and executive function that
may not be detectable with typical

clinical trials outcome measures.
Loewenstein et al24 recently developed

several measures sensitive to
impairments in otherwise unimpaired
preclinical individuals. One of these, the
Loewenstein-Acevedo Scales of
Semantic Interference and Learning
(LASSI-L24) has been shown to have
good psychometric properties and
robust sensitivity and specificity in
differentiating normal controls from
preclinical states identified with MRI.
The LASSI-L has high re-test reliability
in more impaired patients using National
Institute on Aging–Alzheimer’s
Association (NIA-AA) criteria for MCI
due to AD (MCI-AD24). Similar findings
were evident for mildly demented AD
patients.25,26 Discriminative validity
studies were conducted to distinguish
between 34 MCI and 47 cognitively
normal subjects using step-wise logistic
regression, yielding a sensitivity of 87.9
percent, a specificity of 91.5 percent,
and an overall correct classification rate
of 90.0 percent. This far exceeded
classification rates from traditional
neuropsychological measures, such as
delayed recall of passages and category
fluency.26 The LASSI-L also correlated
with MRI measures of medial temporal
atrophy and with high amyloid load in
the precuneus and posterior cingulate
and temporal regions.24 Recent findings
by Loewenstein et al26 have shown that
the inability to recover from the effects
of proactive interference is highly
predictive of regional and total amyloid
load among community-dwelling elders
with no clinical diagnosis of MCI and
normal scores on traditional
neuropsychological measures. 

Similarly, Parra et al27,28 have
developed a short-term visual memory
binding test (SVMB) that incorporates a
paradigm measuring the ability to
determine a change in features, such as
shape or color, or changes in shape-
color binding. They have found that the
SVMB test was able to identify
impairments among asymptomatic
carriers of the E280A single presenilin-1
mutation, which causes autosomal
dominant AD.28 Moreover, the SVMB test
is sensitive to early AD,27 and can
distinguish between early AD and other
neurodegenerative conditions, as well as

between AD and depression.27–29 A
relationship between SVMB test
performance and early changes in the
hippocampus and surrounding medial
temporal regions has been described.30

Moreover, because the shape–color
combinations in the SVMB test are
quickly overwritten in short-term visual
memory, they are not susceptible to
practice effects. Given that the SVMB
test has been shown to be able to detect
memory-binding deficits in
asymptomatic carriers of Presenilin 1
mutations, it may be sensitive to
memory changes among preclinical
subjects who have elevated amyloid
load. Finally, the use of non-verbal
information and reliance only on change
detection makes the SVMB test
promising for studies in multicultural
groups.

ASSESSMENT OF FUNCTIONAL
SKILLS AND OUTCOMES 

There is recent evidence to suggest
that subtle but measureable and
detectable functional impairment may
occur in the early phases of AD. The
traditional clinical view in the Alzheimer’s
dementia field has been that functional
impairment first emerges in the formal
dementia stage. However, the intriguing
proposition that detectable functional
change actually commences much
earlier in the AD disease process, in
MCI, and possibly as early as the
preclinical stage, is receiving increasing
attention.31–34

Prior research by several groups35–39

has shown that complex functional skills
(independent activities of daily life, or
IADLs) show impairment in patients with
MCI and continue to decline over time.36

In particular, financial capacity is a
higher order functional skill that is highly
sensitive to MCI and mild AD.36,37,39 The
vulnerability of financial capacity in MCI
and AD raises the possibility that
measurable financial decline may also
occur and is detectable in persons with
preclinical AD.34

Performance-based measures have
been found to be sensitive to treatment
effects for both pharmacological and
rehabilitation interventions in severe
mental illness. Further, several studies
have shown that performance-based
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functional capacity assessment detects
fairly substantial deficits in individuals
with MCI and that the performance of
these populations separates from both
more severe AD on the one hand and
healthy older individuals on the other.
Performance-based functional
assessment, despite being an alternative
form of cognitive assessment, is
appealing because of its immediate
clinical relevance as a direct measure of
functioning and not a distal measure
such as a word list recall. The FDA has
endorsed the use of these measures as a
functional co-primary in treatment trials
aimed at cognition in severe mental
illness and has verbally expressed
interest in these in early AD as well.

A critical factor here is the sensitivity
of the functional assessment measure
employed. Detection of functional
impairment in cognitively normal
individuals with a biomarker for AD will
require instruments sensitive to very
subtle functional changes. Global
informant report rating measures
commonly used to characterize
functional decline in late MCI and AD
type dementia are unlikely to detect
presumably very subtle functional
changes in cognitively normal persons
with an amyloid biomarker.34 In order to
maximize sensitivity, such new
assessment measures should
incorporate the following features:34

1. Assess cognitively complex functional
abilities relevant to independent living
and sensitive to early decline

2. Assess functional ability using an
interval-scaled, direct-performance
measure that evaluates performance
variables in a highly detailed and
granular manner

3. Include time limitations for
performance items in order to
enhance the item’s cognitive
complexity without changing basic
task demands

4. In addition to performance items,
include completion time variables in
order to capture subtle processing
speed changes.

As noted above, financial capacity
specifically represents an IADL critical to
independent living. In this vein, the
University of Alabama at Birmingham

group has recently developed a new
functional assessment measure, the
Financial Capacity Instrument—Short
Form (FCI-SF;40), which evaluates
performance on tasks of monetary
calculation, financial conceptual
knowledge, use of a checkbook/register,
and use of a bank statement and also
includes time to completion variables.
The FCI-SF takes 15 minutes or less to
administer to cognitively normal older
adults, and fulfills the four measure
characteristics above for functional
assessment measures in preclinical AD.
A fuller description of the development
and psychometric characteristics of the
FCI-SF can be found elsewhere.40–42 In
promising initial field testing, the
performance and timing variables of the
FCI-SF have proven sensitive to early
financial skill declines in cognitively
normal older adults in the Mayo Clinic
Study of Aging who are amyloid positive
based on C11 PiB positron emission
tomography (PET) neuroimaging.40–42

Similar promise may hold for
broader assessments like the UCSD
Performance-Based Skills Assessment.43

Several studies using the UPSA have
shown that performance on tests that
measure the ability to perform everyday
functional skills are impaired in patients
with MCI compared to healthy controls,
with MCI patients performing better than
patients with AD. Goldberg et al44 used
the UPSA to compare healthy
individuals, people with amnestic MCI,
and AD patients and found that patients
with amnestic MCI had substantial effect
size (d=0.86) impairments in UPSA
performance compared to healthy
individuals. These MCI patients were not
rated as manifesting any impairment on
the ADCS-ADL scale compared to
healthy controls (HC), while both groups
were less impaired than the AD patients.
In the sample as a whole (MCI, AD, HC)
the correlation between the ADCS-ADL
subscale and the UPSA was substantial
(Spearman rho=0.63). Thus, the UPSA
was sensitive to impairments in MCI
patients not detected by the ADCS-ADL
scale and manifested considerable
evidence of validly identifying the
correlates of real-world functional
deficits. Further, an abbreviated version
of the UPSA was developed for use in

MCI,45 which also was found to have
excellent discriminant validity and a very
brief (7–10 minute) administration time.
Given the correlations previously
published between UPSA scores and
cognitive test performance in healthy
controls,46 it would not be surprising to
see impaired functional or performance-
based skills in individuals whose
impairments do not yet meet the criteria
for MCI. 

A recent development in the
assessment of functional capacity is that
of computerized assessment strategies.
Using both virtual reality and video
technology, tasks have been developed
that realistically simulate everyday
functional tasks. Some of these tasks
have demonstrated sensitivity to age
related differences in healthy people,
substantial correlations with cognitive
test performance, and substantial
separation of the performance of healthy
people from various impaired
populations.47 Many real life functional
tasks themselves are now performed on
a computer, such as bill paying,
information-seeking, and purchasing,
rendering the task of the assessment
creator to creating simulations that are
particularly honed and relevant.
Computerized tasks are also important
because paper and pencil functional
capacity measures, including the FCI-SF
and the UPSA, have subtests that require
performance of everyday tasks that may
be becoming outdated, including writing
paper checks and making paper check
deposits. Computerized measures are
more rapidly updatable with the latest
technological innovations and have been
shown for years to be sensitive to
variation in performance in samples of
healthy older community residents.48

For example, in the study by Atkins et
al ,48 a computerized assessment
procedure called the Virtual Reality
Functional Capacity Assessment
(VRFCAT) was administered to 44
healthy younger adults (aged 18–30)
and 41 healthy older adults ( aged 55–
70). The VRFCAT is a computer-based
virtual-reality measure of functional
capacity that relies on a realistic
simulated environment to recreate
routine IADLs, with a total of 12 different
demands organized into a sequence that
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involves a shopping task. Older adults
took longer to complete the task and
made more errors, as well as performed
more poorly on a cognitive assessment.
Importantly, composite test performance
correlated r=0.66 with performance time
in older adults, with correlations
between each of the domains of the
cognitive assessment and performance
time found to be significant. Importantly
for the assessment of dementia-related
deficits, VRFCAT time scores were most
strongly correlated with verbal episodic
memory of all of the neurocognitive
domains. Thus, this test shows
significant potential for detection of
increased ADL deficits associated with
the development of new-onset MCI and
has considerable evidence of
convergence with cognition even in
healthy populations.

NATURALISTIC ASSESSMENT IN
REAL-WORLD ENVIRONMENTS

Another recent development in
assessing early stages of cognitive
change has been the naturalistic
assessment of everyday functioning
through the use of sensor-based
technology. Advancing beyond
performing realistic task simulations as
described above, these strategies
directly measure everyday activities in
the home and the community. The
advent of pervasive computing
technologies deployed direct-to-home
(e.g., embedded sensing and computing
in the home), wireless communications,
and “big data” analytics provide the
route to change the current, less
ecologically valid, episodic clinical trial
testing paradigm. This new approach
has been developed and deployed in
several hundred homes of seniors
followed for up to seven years by the
Oregon Center for Aging & Technology
(ORCATECH).48 Thus, using an in-home
array of strategically placed passive
infrared motion sensors, contact
sensors, physiologic vital signs (e.g.
pulse, body mass index [BMI])
monitoring, medication tracking with an
electronic pillbox, and telephone and
computer use assessments,
performance of key functions has been
readily derived on a continuous or near-
continuous basis. With this platform

deployed to multiple homes in the
community, frequent assessment of
relevant outcome measures could be
more sensitively assessed. These
metrics include total activity in a day by
location, such as particular areas of the
home (e.g., bedroom, bathroom), gait
speed, number of room transitions,
medication adherence, social
engagement (e.g., time on the telephone,
time out of home), cognitively
demanding functions (e.g., typical time
in computer activities, recalling to take a
medication), as well as more frequent
(weekly) self-report of activities that
cannot be simply inferred by remote
sensing (e.g., rating pain, mood, falls).
Importantly, aside from the absolute or
mean values that are derived, minute-to-
minute or day-to-day variability also
becomes inherently available. This
variability itself, which cannot be
obtained with the current sparse
measurement techniques, may be an
important indicator of early change. 

Using this approach, many key
functions have been shown to be
amenable to detecting subtle change
over time in aging cohorts and those
with MCI. This includes total activity,50

gait,51 sleep behaviors,52 socialization,53

computer use,54 and medication
adherence.55 The dense (frequently
captured), high dimensional (multi-
domain) data lends itself to building
comprehensive models of cognitive and
functional change over time. Recent
simulations using these data to develop
more sensitive trial outcomes and better
statistical approaches have been
reported.56,57 In this work, a major goal is to
develop dramatically more efficient trials
by creating new metrics sensitive to subtle
changes in cognitive and functional
outcomes using individual-specific
distributions (as opposed to conventional
group-norms). The ability to use this
approach is enabled through the
unobtrusively acquired in-home data,
which allows the collection of enough data
points (e.g., n=1,000 per subject) to
generate individual-specific distributions of
functional outcomes, such as computer
usage and walking speed/variability, within
a short duration of time (e.g., within 1–3
months). This then provides the ability to
compare sample sizes required to achieve

sufficient power to detect dementia
prevention trial effects in two scenarios: 1)
A conventional approach—annually
assessed neuropsychological test scores
modeled as a function of time using mixed
effects models, and (2) a new approach
using the continuous data —the likelihood
of hitting subject-specific low performance
thresholds modeled as a function of time
using generalized mixed effects models. In
the comparison of approaches, sample
size estimates using the conventional
approach would require approximately
2,000 subjects with a follow-up duration of
three years to achieve a 30-percent effect
size if the outcome is memory test scores
(i.e., Logical Memory scores). If the
outcome using the continuous remote
sensed data is directed toward hitting an
intra-individual-based low threshold of
walking speed (e.g., 10th percentile of
individual-specific walking speed), 263
subjects are required. For computer use
(e.g., reaching the person-specific 40th
percentile of low use), only 26 subjects
would be required. Thus, individual-
specific thresholds of low functional
performance based on high-frequency, in-
home monitoring data can distinguish
trajectories of MCI from cognitively normal
subjects with dramatically reduced sample
sizes in prevention RCTs. In particular, an
attractive advance might be to test
candidate compounds by this method in
early phases of drug development (Phases
1 and 2) to see if a clinical signal might be
apparent before proceeding to large and
more expensive Phase 3 trials. This
approach shows great promise, especially
in reducing sample sizes, which would
reduce the cost of early phase studies,
potentially resulting in the testing of more
early-phase compounds.

The technological demands of this
approach are now more minimal than ever.
Individuals use their own home computers
or smartphones, and their activities are
passively monitored. Further, physical
activity monitoring is performed through
the use of wearable devices, which are in
common use and continuously decreasing
in price. Thus, the cost of doing studies
such as these is less than the typical
current strategies in patient assessment,
which require visits (with payments) and
study coordinators and possibly
psychologists to perform the assessments.
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SOCIAL COGNITION AND
METACOGNITION

The assessment of social cognition and
metacognition—the cognitive domains
infrequently measured as part of standard
cognitive evaluations—may offer another
means of detecting and tracking change
across the AD spectrum. Social cognition
has been referred to as the means by
which individuals make sense of
themselves in relation to others and the
world around them58 and the processes
they engage to understand or interpret the
self in relation to others.59 Metacognition,
in comparison, is one’s knowledge about
his or her own cognitive functioning and
immediately proximal performance. While
theoretically different constructs,
metacognition can be considered to
contribute to social cognition to the extent
that preserved awareness of oneself and
one’s behavior promotes social
interactions. Both elements of higher-level
cognition are dissociable from general
cognitive abilities and contribute to
important functional outcomes, such as
dependence in the case of social
cognition60 and decision making capacity in
the case of metacognition,61,62 and
healthcare use.63

Historically, both social cognition and
metacognition in dementia have been
evaluated based on information gathered
from an informant or through clinical
observation. Assessment of these areas
has largely entailed evaluating elements of
personality and behavior (social cognition),
and symptom awareness (metacognition).
In recent years, however, a number of
performance-based measures have been
applied, mostly in the context of research,
to more precisely measure and understand
the specific cognitive changes that underlie
clinically observable changes in these
areas. Such measures offer a promising
means of identifying early signs of disease
in high functioning individuals who may
not yet evidence easily observable
impairment, as well as more objective
means of quantifying and tracking
impairment. Indeed, changes in social
cognition and metacognition have been
reported as early as MCI,64–67 but it is likely
that subtle changes may be detectable
even earlier. 

Social cognition is a multi-faceted,
complex construct, a characteristic that

both challenges and facilitates its
measurement. In one respect, the fact that
many elements of cognition are considered
to fall under its umbrella (e.g., perspective
taking [theory of mind], emotion
perception, knowledge of social norms,
moral reasoning, self-monitoring, and
empathy), social cognition is difficult to
quickly or comprehensively measure.68

Viewed differently, such complexity offers
many opportunities to examine the
integrity of social cognition. A number of
studies have examined elements of social
cognition in AD using performance-based
measures, revealing impairments in
abilities such as processing facial
emotions,69 making moral judgments,70 and
comprehending social situations.71 Thus
while elements of social cognition are
generally found to be preserved in AD as
compared with frontotemporal dementia,72

they are not fully preserved nor do they
appear to be fully explained by general
cognitive deficits. 

One of the most frequently applied
performance-based measures of social
cognition, the “theory of mind” (TOM)
task, examines the degree to which
individuals can attribute independent
mental and emotional states to another—
that is, to take another’s perspective.73

Aspects of TOM performance in both
AD74,75 and MCI64–66 have been reported to
be impaired in comparison with healthy
older adults. Verdon et al76 conducted a
study to more closely examine the basis
of TOM deficits in AD and to determine
whether there was a specific deficit in
reasoning about psychological intention
as opposed to causality more generally.
Results suggested that patients had
selective impairment understanding when
an individual’s deliberate actions lead to
an intended goal (i.e., the factors that
cause individuals to behave). Moreover,
this impairment was worse in individuals
with more advanced disease, and
preceded impaired reasoning regarding
causes of physical events. Recent work
has also attempted to look at TOM in a
more natural context using a referential
communication task.65 Such a task
enables examination of how speakers
take into account experiences and
perspectives shared with others through
conversation. Individuals with MCI were
found to rely less on mutually shared

experiences than did healthy older adults,
and this was not a reflection of impaired
memory for such information.
Accumulating evidence, therefore,
suggests that a variety of performance-
based tasks assessing social cognitive
processes, only a few of which were
reviewed here, may offer an important
means of detecting disease and tracking
disease progress from its earliest stages. 

The use of performance-based tasks of
metacognition is another area of potential
utility. Several groups have shown that
individuals with AD as a whole have
greater difficulty monitoring their memory
performance than healthy older adults.76–78

That is, individuals with AD are less likely
to make accurate estimations regarding
episodic memory performance when
queried in the context of metacognitive
tasks such as “feeling of knowing” (FOK)
or “judgment of learning” (JOL). Such
tasks generate objective metrics of
memory awareness, reflecting the degree
to which individuals adjust their
expectations for performance in accord
with actual memory performance (e.g.,
resolution, relative accuracy) as well as the
extent to which individuals are generally
under or overconfident in their estimations
(e.g., calibration, absolute accuracy).
Objective metacognitive tasks also enable
examination of the factors that influence
self-assessment and the conditions under
which it is best preserved. One compelling
reason to further explore the utility of
metacognitive tasks for measuring and
tracking disease is that impaired
performance on such tasks has been
shown to relate to clinically observed
deficits in self-awareness,60 a disease
symptom with important implications for
patient decision making, safety, and
independence.

SUMMARY AND CONCLUSION
It is apparent that the continued

development of novel methods of cognitive
and performance-based assessment is
needed as the focus moves toward earlier
and more reliable identification and
treatment of earlier stages of AD. It is
possible that the most viable strategies for
both early detection and sensitivity to
treatment of early-stage AD will be novel
tasks that have shown sensitivity to pre-
MCI states and have been validated against
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biomarkers. The task of measuring decline
in prevention trials is challenging, in that
subtle declines need to be differentiated
from clinical stability induced by treatment.
This task will require tools with minimal
retesting effects and measures that can be
repeated over lengthy periods of time. 

The task of functional assessment is no
less challenging, but it is potentially even
more important because of its direct
relevance to disease and disability; only
subtle deficits are likely present and the
psychometric challenges in prevention
trials are similar to those for cognitive
deficits. Innovative observational and
simulation strategies are being explored,
but these will require regulatory
endorsement for use in trials. As
discussed by Posner et al,1 functional co-
primary measures may not be required in
very early phase AD studies, but a focus
on development of sensitive functional
measures could also lead to their use as a
single outcome measure as well.

Tests of metacognition, social
cognition, and prospective memory are
also newer approaches to tapping into
different aspects of cognition than
standard tests of episodic memory.
Strategies such as controlled learning
(when subjects are used as their own
control) and optimizing initial encoding to
enhance the potential for detection of very
subtle forgetting processes appear to be
promising avenues for future research. 

It should be noted that the various
cognitive- and performance-based tasks
discussed above are not without limitation.
Many of the cognitive tasks we describe
target highly specific abilities, by definition
missing the other components of complex
cognitive constructs that may be important
to assess. Moreover, challenging cognitive
tasks demand some level of general
cognitive abilities in order for the
participant to engage in the task in a valid
manner, which may make them difficult to
apply at later stages of the disease
process. Finally, the utility of assessing
certain abilities such as social cognition
and metacognition, for example, as early
markers of impairment may be limited by
the fact that as opposed to memory, which
is quite uniformly impaired in early AD,
significant heterogeneity exists in these
abilities across individuals. Nonetheless,
measurement of these areas would fill a

current gap in assessment practice and
hold promise for predicting important
patient outcomes over the disease course.
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