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Abstract

Emerging digital tools have the potential to enable a new
generation of qualitative and quantitative assessment of
cognitive performance. Moreover, the ubiquity of consumer
electronics, such as smartphones and tablets, can be harnessed
to support large-scale self-assessed cognitive screening with
benefit to healthcare systems and consumers. A wide variety
of apps, wearables, and new digital technologies are either
available or in development for the detection of mild cognitive
impairment (MCI), a risk factor for dementia. Two categories of
novel methodologies may be considered: passive technologies

a major impact with severe medical, financial, ethical,
emotional, and physical implications at both the
individual and societal level. However, reasonable
hope exists that disease-modifying therapies currently
in late-stage clinical development can be approved
in the near future. These candidate treatments target
patients in early clinical stages of AD (i.e., mild cognitive
impairment [MCI]) before dementia symptoms manifest
and have the potential to significantly delay disease
progression. However, healthcare systems need structural

(which monitor a user’s behavior without active user input)
and interactive assessments (which require active user input).
Such examinations can be self-administered, supervised by a
caregiver, or conducted by an informant at home or outside
of a clinical setting. These direct-to-consumer tools have
the potential to sidestep barriers associated with cognitive
evaluation in primary care, thus improving access to cognitive
assessments. Although direct-to-consumer cognitive assessment
is associated with its own barriers, including test validation,
user experience, and technological concerns, it is conceivable
that these issues can be addressed so that a large-scale, self-
assessed cognitive evaluation that would represent an initial
cognitive screen may be feasible in the future.

Key words: Alzheimer’s disease, mild cognitive impairment, cognitive
screening, digital consumer.

Introduction

he incidence of age-related diseases such as
Alzheimer’s disease (AD) will increase
dramatically as the expected life-expectancy
does. The increasing incidence of AD will fundamentally
overburden healthcare institutions and services
worldwide. The exponential growth of AD represents
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and functional innovation towards early detection
and diagnosis of AD from as early as the preclinical/
prodromal stages, in order to implement disease-
modifying treatments once they will be available.

This article represents the third part of a three-
part series of an expert consensus perspective on the
screening, identification, and management of MCI, the
barriers and frictions that prevent large-scale cognitive
evaluation, and recommendations for test-makers going
forward. These recommendations were delivered by
a global panel of clinical and research experts focused
on MCI and AD. The views and recommendations
presented here represent the consensus opinion of this
group based on meetings of the expert group in April
2019. The first article of this series of three publications
covers more detail on the need for and value of testing for
MCI as well as a review of existing consensus statements
and recommendations in the literature on MCI clinical
identification. The second article examines the current
state of MCI testing in the primary care setting, key
hurdles, and recommendations for future improvements.
As described in the prior articles, we utilize the term
“MCI” to refer to the broad definition of intermediate
cognitive impairment due to a variety of etiologies and
use the term “MCI due to AD” or “MCI-AD” to refer
specifically to the MCI clinical syndrome associated
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with positive biomarkers of AD pathophysiology (1, 2).
This article will focus on direct-to-consumer detection
of cognitive impairment, intended to be conducted
by an individual or their family member, outside of a
physician’s office, such as at home or a retail pharmacy,
without direct supervision by healthcare providers.

While evaluating cognitive performance outside of a
clinical setting is less straightforward than traditional
neuropsychometric evaluation in a clinical setting, the
working group believes that the potential to leverage
technology to monitor and understand cognitive
function offers exciting possibilities. MCI screening
has historically been considered strictly as a healthcare
provider-administered assessment conducted in a clinical
setting. Several companies have developed products
and tools with an office-based clinical and commercial
model in mind, incorporating per-use licensing fees with
the expectation that the test could be reimbursed by
insurance plans such as Medicare (3). However, for
several reasons articulated in the second article of this
series, these existing tools have not been widely adopted,
prompting the need to consider alternative clinical and
commercial approaches to not only office-based tools
and assessments, but also innovative direct-to-consumer
approaches focused on at-home use by individuals and
informants. Technology-driven evaluation of cognitive
performance is of great interest, given its potential to
improve patient care, empower patients, and identify
patients who are currently undetected through traditional
healthcare avenues. At present, cognitive decline often
remains undetected for a long time, ultimately forcing
patients and families to cope with cognitive impairment
and ensuing dementia and AD with little preparation
or support. However, new digital technologies may
rectify these gaps. For example, in the future, adults
may be instructed to complete an online or telephone
questionnaire at home prior to visiting their doctor. Two
categories of novel methodologies may be considered:
passive technologies that monitor user behavior without
active user input and interactive assessments that require
the adult user of these technologies to actively engage
in the evaluation. For those individuals who proactively
seek tools to monitor their own cognitive performance,
smartphones use could be “passively” monitored for
subtle changes suggestive of cognitive decline. Such
functionality could even be incorporated into smart
homes, such that changes in an individual’s activities of
daily living can be detected and analyzed, alerting the
patient or their physician that their cognitive or emotional
state may have changed. Moreover, smart homes may
offer the possibility of multi-dimensional and dynamic
monitoring of cognitive performances, from simple to
complex tasks.

Though home-based evaluation for MCI is associated
with meaningful barriers, it will be critical to work
toward making at-home testing accessible and scalable
across a broad population to allow individuals with

MCI-AD to present to a healthcare provider to initiate the
diagnostic process, to eventually receive adequate care.
It is important to note that the goal of at-home testing
is not to replace current neuropsychometric testing
and clinical evaluation by trained healthcare providers
in the primary care setting, but to enable large-scale
cognitive screening and to optimize access to cognitive-
oriented care through a potentially more accurate and
comprehensive evaluation pathway. Within this context,
we have outlined current barriers that limit use and/
or effectiveness of home-based cognitive evaluation
and recommended potential solutions that may help
overcome these parameters. We have also outlined
parameters of an ideal home-based evaluation tool and
provided an initial perspective on how home-based
testing may be integrated with testing in a clinical setting,
as a starting point for future investigation of the optimal
care pathway for MCI individuals. Finally, we have
briefly characterized recent developments in the field of
direct-to-consumer or at-home cognitive performance
evaluation and highlighted potentially disruptive (i.e.,
transformative for the current management paradigm)
technologies in development.

Current landscape

Barriers Related to Test Validation

Currently, the quality of clinical data generated
by at-home direct-to-consumer tests conducted
by individuals and informants lags behind tests
administered by healthcare providers in an office
setting, some of which have decades of development
and validation behind them (e.g., MMSE, MoCA,
ADAS-Cog). Most direct-to-consumer tests and tools
lack the robust clinical validation and data needed to
create confidence that a test is accurate and repeatable
across a heterogeneous test population. As with other
clinical tests, at-home tools are unlikely to be approved
by regulatory agencies for clinical use without validation
in a controlled, clinical trial setting that includes study
subjects representative of the diverse demographics of
the real-world population. Lack of regulatory approval
will result in difficulties with loss of credibility and
reimbursement with patients and clinicians, further
limiting the reach, availability, and impact of at-home
tests. Investing in initial validation studies, robust
implementation studies, and large-scale studies with
long-term follow-up and a large sample size will be
essential to legitimize the clinical value of at-home testing
to physicians and, subsequently, to patients.

Barriers Related to User Experience

Potential users of direct-to-consumer cognitive
tools may face a wide variety of potential barriers
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that prevent at-home cognitive evaluation. Test users
may not be aware of any deficit in their cognitive
function, particularly given that early dementia can be
characterized by impaired self-awareness, or patients
may be in denial that a cognitive concern exists for fear
of the stigma associated with cognitive decline. In either
case, the result is that many individuals will have little
motivation to seek out and utilize at-home testing. Even if
an individual or informant is concerned about a potential
loss of cognitive function and motivated to act, they
are unlikely to be aware of home-based assessments at
their disposal. Additionally, even if a user completes a
home-based test, these tests rarely provide actionable
information about where to seek medical care given
the lack of established care and referral pathways and
lack of effective treatments for MCI due to AD. Another
critical factor is that in today’s current healthcare setting,
at-home tests designed to detect and identify potential
MCI are unlikely to be reimbursed by individual and
employer health insurance plans if they are neither
approved by regulatory agencies, robustly validated, nor
directly associated with informing clinical diagnosis and
treatment decisions. Given that reality, if a test intended
for use at home is associated with a financial cost to either
purchase the test or to take the test, widespread use is
unlikely. Additionally, insufficient engagement with
community memory screening resources (e.g., at senior
centers or pharmacies) can limit access to early detection
outside of the primary care physician’s (PCP) office.

Barriers Related to Emerging Technological
Approaches

Several technological barriers contribute to the
challenge of integrating at-home testing into the MCI
screening and identification paradigm. Most direct-
to-consumer at-home testing options will require a
minimum baseline of technological fluency that many
older adults may struggle with, which may limit both
the use and accuracy of at-home testing. Even patients
with the ability to use technology may prefer face-to-face
testing with a healthcare provider due to the sensitive
nature and potential implications of cognitive testing.
While this challenge is likely to decrease in relevance
for future generations given the ubiquity of consumer
electronics, many older adults today have little familiarity
with technology (for example, only using a computer for
email, or not at all) and may struggle with an at-home
digital test. This challenge may be compounded in
patients with comorbid behavioral and psychological
symptoms (e.g., apathy), which have been associated
with more rapid cognitive decline, higher caregiver
burden, and a higher risk of conversion to dementia (4-7).
An additional consideration for at-home testing is data
privacy concerns both in terms of users being concerned
about family members or others seeing them taking a
cognitive performance assessment, or the concern that

their test results may not stay private. Data security will
also become a more daunting issue for at-home tests as
more digital technologies gain regulatory approval in
the future and are therefore subject to more regulation.
Finally, self-administered digital tools introduce
variability in testing conditions: in addition to variation
in testing environment (e.g., level of background noise,
environmental distractions), variation associated with
the digital device itself (e.g., type of computer or tablet,
operating system and version, recency of software
updates) creates uncertainty when considering the
accuracy of a cognitive performance assessment.

Parameters of an Ideal Tool

After identifying the most critical barriers to direct-
to-consumer assessment of cognitive performance, the
working group aligned on potential features of an “ideal”
tool to help guide creation or refinement of novel tools.

Test methodology

While multiple direct-to-consumer cognitive
evaluations are available, only a minority of assessments
explore functional abilities or symptoms associated
with cognitive decline (e.g., behavioral symptoms, sleep
disorders). The potential for evaluation of functional
decline remotely through direct observation by clinicians
is certainly possible. As noted in the second publication
of this series, an ideal cognitive performance assessment
would evaluate across all of these categories. We propose
that current cognitive tests would benefit from inclusion
of a functional measure and/or questions about cognitive
change over time, directed towards a patient and/or an
informant. Notably, this robust test methodology is not
intended to create an at-home cognitive performance
assessment to replace evaluation in a clinical setting.
Instead, a well-designed at-home assessment will
empower individuals to begin discussing cognitive
performance with their PCPs and may help address
anxiety about potential cognitive decline among adults
with high cognitive performance.

Logistics

For logistics of at-home testing, flexibility is highly
favorable, given the variable aptitude and digital fluency
of the current generation of older adults. First, the option
of having a family member administer a digital or pen-
and-paper questionnaire or test to an individual who may
not be familiar with consumer electronics may be ideal to
maximize the reach and accessibility of at-home testing.
We identified relatively few currently-available tests that
allow this option; however, the COGSelfTest is designed
such that a family member or caregiver can input the
user’s answers without impacting the assessment (8,
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9). Second, early detection tools should ideally be self-
administered or able to be administered by an informant
on a range of digital devices, with results either directly
forwarded electronically to the PCP office or easily
shown to the physician at the next regular appointment.
Third, the assessment should be brief, ideally less than 10
minutes, to minimize the perception of the test as a chore
or disruptive to daily activities and to reduce attrition
of individuals abandoning the test before completion.
Many tools meet this criteria, including the BrainCheck
assessment, which incorporates multiple established
cognitive tests (e.g., Stroop interference test, immediate
and delayed recall tasks) into a single 5 — 10 minute
session (10).

Score Reporting

Test results should provide the user with information
on next steps and available resources if a cognitive
impairment is detected. Additionally, an ideal test and
score report should allow the user’s test results to be
tracked over time — for example, a score report may
include a comparison to previous results, when available.
Ideally, an at-home resources will be integrated with
primary care testing and evaluation. For example, an
ideal tool may provide the option for a patient’s score
to be sent to their PCP to promote a discussion about
cognitive performance at their next routine health visit
and to increase the ease with which patients can manage
their cognitive performance. Importantly, regardless of
performance on the test, the output should include a
directive to patients to discuss any cognitive concerns
with a PCP.

Validation

Validation of tests and tools in large, diverse
populations reflective of the demographics of a real-
world population would be ideal. Additionally,
at-home cognitive performance assessments should
seek to replicate real-world testing environments (i.e.,
asking users to complete the test at home to replicate
distractions, variation in technical ability, and variation
in equipment) to understand the accuracy of each
assessment in realistic circumstances. At minimum,
validation studies should be designed to meet regulatory
requirements for marketing authorization.

Optimal care pathway

Integrating direct-to-consumer and/or at-home tests
within a clinical care pathway that includes primary care
providers is an important step toward establishing the
clinical utility of these assessments. Given the nascent
stage of development of at-home testing and the range of
potential options for its integration with the healthcare

system, a multiplicity of viable options to ensure
appropriate crosstalk between patients and providers
may exist. Importantly, establishing standardized care
and referral pathways will be vital, even in the absence
of disease-modifying pharmacotherapies, to motivate
users, informants, and physicians alike to initiate testing
in a manner that allows for appropriate, effective care
while also remaining sensitive to the emotional and
social impact of MCI and AD. Initiation of at-home
testing might occur when an individual or their family
members or caregivers have an ongoing concern
about cognitive performance and reaches out to their
physician. At that point, the physician’s office might
provide a recommendation to conduct an at-home
test as a first step to see if the concern is warranted
without the potentially alarming suggestion to seek an
immediate medical opinion. Importantly, the healthcare
provider may remind the patient to undergo cognitive
testing on a regular basis at home so that a decline can
be noted early and can be appropriately captured and
communicated to the healthcare provider. As smart
home technology offerings expand, they may provide
an avenue for monitoring that can be communicated to
physicians. Automatic transmission of user results to
a healthcare provider would be the optimal strategy to
integrate at-home testing with the primary care office.
Additionally, artificial intelligence-based technologies
may immediately provide scores and clinical labels
without requiring transfer of data from the home device
to a general server (11). However, privacy concerns
associated with these approaches may decrease patient
willingness to undergo testing, in addition to the
significant infrastructural challenges associated with
electronic medical records that remains a persistent
challenge for healthcare systems globally. While the
pace of development suggests that these challenges can
be addressed with time, we encourage test creators to
balance potential integration into a clinical care pathway
and patient privacy when developing direct-to-consumer
or home-based cognitive evaluations.

Recent trends and potential disruptors

In recent years, interest in methods to evaluate
cognitive performance outside a clinical setting has
steadily increased, with countless cognitive performance
assessments in development across academia and
industry. At-home cognitive assessments, including
phone-based and online batteries, have shown promise in
identifying individuals who are most likely to have MCI
identified through outpatient neuropsychometric testing
(12). A variety of assessments are currently available
to consumers for at-home use, though levels of clinical
validation and interactivity vary (Table 1). Importantly,
patient registries like the Brain Health Registry have
begun incorporating at-home cognitive tests (13-16),
demonstrating that validation of at-home cognitive
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Table 1. Digital at-home cognitive performance assessments currently available (non-exhaustive)

Product Developer

BrainCheck Memory  BrainCheck, Inc

BrainTest BrainTest, Inc

COGselftest Medinteract,
LLC

MemTrax MemTrax, LLC

Description

BrainCheck Memory is a set of neurocognitive games, based on established cognitive
tests, played on a mobile device (10). An individual’s scores can be tracked over time to
identify changes, compared against other users in the same age range, and shared with
a doctor or caretaker. An ongoing clinical trial is comparing it to other cognitive tests for
assessing cognition in patients with MCI (34). It is currently marketed for personal use
($40/year or $6/month) and for organizational use.

BrainTest is a web-based version of the Self-administered Gerocognitive Examination
(SAGE) designed to be conducted on a mobile device (35). After the test is scored, the
patient’s results are explained by a physician in a video delivered in the app, and the
results can be printed and discussed with an individual’s physician. SAGE has been
analyzed in multiple academic studies and a clinical trial, which have demonstrated
high correlation with in-office assessments (36, 37).

COGselftest is a 10-minute web-based test covering orientation, verbal fluency, working
memory, and other cognitive areas (8). The test has been evaluated in multiple studies,
including in patients with AD and MCI It has been demonstrated to distinguish
cognitive impairment with accuracy as high as 96%, outperforming the conventional
Mini-Mental Status Examination (38).

MemTrax is a 3-minute mobile or web-based test assessing working memory (39). It
designed to be repeatable, allowing for longitudinal assessment of memory performance.
The test has been assessed in multiple academic studies and has been demonstrated to
be sensitive in distinguishing individuals with MCI from normal controls. MemTrax has
also been integrated into the Brain Health Registry and will be analyzed alongside other
collected patient data (13). It is currently marketed for personal use ($48/year or $4.99/
month) and for organizational use.

to novel methodologies (Figure 1). Two categories of

Figure 1. Multiple technologies are under active
investigation as methods to detect mild cognitive
impairment (MCI) and ultimately improve access to
care. Smart devices (e.g., smartphone, fitness tracker,
smartwatch, smart-home devices) provide an ideal
platform for longitudinal passive data capture on users’
habits and patterns. These data sets may then be analyzed
by mobile or online applications to detect subtle changes
that may be indicative of decline in cognitive performance.
In parallel, active assessments (e.g., virtual reality tools,
consumer genetic testing) may help empower users to
understand and monitor their own cognitive performance

Virtual Reality i 20 ) Speech Pattern
Assessments Analysis

Behavioral/ Sleep Pattern
5

Emo.nor!al Assessment
Monitoring

Activity/Vitals
Monitoring

Smartphone @

Habits Tracking

- q 3 Consumer Genetic
Gait Analysis % § Testing

assessments is an area of ongoing research. Furthermore,
a comprehensive set of additional modalities are under
active investigation, suggesting that at-home evaluation
may ultimately expand from traditional cognitive testing

novel methodologies may be considered: passive
technologies that monitor user behavior without active
user input and interactive assessments.

Passive technologies are of particular interest to the
working group given that they could ultimately provide
a low-effort, easy-to-use solution for widespread
cognitive performance monitoring. Recent academic
studies have suggested that subtle changes in behavior,
motor function, and cognitive ability are often predictive
of future MCI or MCI due to AD (17-20). Indeed,
actigraphy-based measurements of behavioral symptoms,
including apathy and sleep disorders, may precede
cognitive decline (6, 7, 21, 22). Passive monitoring of
daily activity via smartwatches, fitness trackers, and
smart-home devices could provide a means of tracking
behavioral changes over time to detect cognitive decline
(23, 24). Select examples of such technologies include
the Mindstrong Health application, NeuraMetrix
software, and the TATC algorithm. Mindstrong Health
has developed a smartphone application that monitors
smartphone use to detect behavioral changes associated
with mood disorders, with potential to expand to
cognitive decline associated with neurodegeneration
(25). Similarly, NeuraMetrix has developed software that
passively monitors user typing habits to detect changes
(e.g., reduced typing speed) associated with cognitive
decline (26). The TATC algorithm uses actigraphy to
detect behavioral changes associated with abnormal
aging and AD (27). These technologies are promising,
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given the convenient nature of passive monitoring,
which does not disrupt a user’s daily routine. Notably,
this working group agreed that passive analysis might
disrupt the cognitive performance paradigm, resulting
in large-scale changes in how we measure cognitive
performance, how we monitor patients, and how we
understand cognitive performance and aging. In the
future, we foresee multiple passive data streams (e.g.,
smartphone habits, behavioral monitoring, activity
monitoring) being integrated into a single application to
strengthen early identification of MCI as well as monitor
disease progression over time.

In parallel, interactive assessments have undergone
extensive investigation in recent years and offer great
promise. For example, multiple investigators and
companies have created assessments that utilize virtual
reality to test a user’s memory, executive functioning,
and visuospatial functioning. One notable example
is the assessment created by Altoida, in which users
navigate a virtual building through a mobile application.
Individuals’ performance in this augmented reality
environment has been closely correlated with activities
of daily living and clinical evaluation of MCI (28, 29).
Similarly, many groups have created speech analysis
tools that prompt users to perform a verbal task (e.g.,
describing a photograph) and then utilizes an Al-based
algorithm to predict whether users are suffering
from cognitive decline. The speech analysis software
developed by Winterlight Labs is an example of this
approach, which has demonstrated compelling accuracy
in detecting MCI and AD in small-scale studies (30, 31).
While we perceive these options as less disruptive than
passive analysis, we acknowledge that these technologies
represent a meaningful step forward with the potential to
meaningfully impact patient care.

While we have primarily focused on at-home
assessments, we also acknowledge that significant shifts
around evaluation of cognitive performance in primary
care could dramatically shift the interest in and need
for at-home assessments. Blood-based biomarkers of
AD are undergoing rapid development and may
ultimately be disruptive if an efficient, scalable, and cost-
effective technology can be identified and incorporated
into primary care. Indeed, there is growing optimism
regarding the potential for blood-based biomarkers to
detect distinctive AD pathophysiological mechanisms,
supported by increasing evidence that core biomarkers
and proteins associated with inflammatory and
neurodegenerative pathways can be detected in blood
(32, 33). Blood-based biomarkers are minimally invasive
and time- and resource-effective, thus allowing a
decentralized and globally accessible in-vivo biological
investigation of AD. While cognitive and functional
testing is likely to remain critical even if blood-based
biomarkers become widely available, we expect that
blood-based biomarker panels will play an increasing
central role in future diagnosis and management of AD

where disease-modifying therapies agnostic of the clinical
stage may be started on a purely biological basis.

Summary

In light of future disease modifying treatments the
early detection of MCI in an At-home setting will be
mandatory. Significant potential and promising early
data exists for at-home detection of MCIL. However, the
development of digital tools for cognitive evaluation is
ultimately still in its infancy. Many tests available today
have not yet been validated in large, controlled study
settings, thereby preventing widespread adoption and
use by concerned adults and physicians. Appropriate
regulation of these tools will require updated input
from regulatory bodies in this ever-shifting era of digital
health. Additionally, the field must carefully consider
ethical implications of any algorithm that assesses a
user’s personal data, and test creators must strive to
respect the privacy and autonomy of any individual
user. Test creators must also seek to demonstrate the
clinical utility of any at-home test to potentially skeptical
physicians and healthcare systems, as integration
with current healthcare infrastructure is a critical step
toward achieving broad population-level screening
and detection, particularly in light of future disease-
modifying therapies. Importantly, enhancing holistic
patient care and management, irrespective of the
availability of a disease-modifying pharmacotherapy,
will be equally as important as improving accuracy
and timing of the detection of MCI to equip PCPs,
patients, and their family members and caregivers with
appropriate resources and guidance to cope with MCI.

Despite select barriers that must be addressed,
electronic point-of-contact testing holds great promise
and will be a critical method to support large-scale
cognitive screening for the early detection of MCI,
particularly MCI due to AD. Supplementing in-clinic
evaluation with at-home assessment may help identify
individuals with MCI, allowing physicians to intervene
and ultimately to monitor progression, potentially
without requiring the individual to present to the
physician’s office. When combined with potential
improvements to testing in the primary care setting
outlined in the second publication of this series,
significant potential remains for improving large-
scale cognitive screening for the timely and accurate
identification of MCI due to AD in a responsible and
scalable manner that can be absorbed by healthcare
systems.
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