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1 [ BACKGROUND

Neurodegenerative brain diseases impact areas of speech long before
overt clinical symptoms of Alzheimer’s disease (AD) and related
dementias (ADRD) appear, influencing aspects such as richness of
vocabulary, fluency, and acoustic features of speech.! Consequently,
speech-based biomarkers have been proposed as a cost-effective
method for the early identification, prognosis, and management of
ADRD.? The primary appeal of speech biomarkers lies in their ease of
use for seldom heard populations and longitudinal monitoring across
diverse cohorts and diseases.>*

Recent research has accelerated speech-based biomarkers as indi-
cators of preclinical, prodromal, and symptomatic neurodegenerative
disease. Research in this area is increasingly shifting from single-
feature acoustic analyses toward integrative models incorporating
both linguistic and paralinguistic features, reflecting the fact that neu-
rodegeneration alters multiple layers of speech production.®> While
cognitive tests administered in clinical environments have included
speech tasks such as category naming, text reading, and picture
description, speech data collection has become more feasible in natu-
ralistic settings. In one recent multi-day remote tablet-based study of
cognitively unimpaired individuals, for instance, > 90% of participants
adhered to the study protocol, and averaged acoustic features showed
good test-retest reliability and high usability scores.® The same study

observed differences in specific acoustic markers (e.g., pause-to-word

region. There is a need for more speech data sets (particularly in languages other
than English), standardization in data collection and analysis, stronger collaboration
between machine learning and neurodegenerative disease experts, unified privacy reg-
ulation, and finally, a consensus on the clinical interpretation of speech biomarker

Alzheimer’s disease, brain health, detection of cognitive decline, outcome measures, speech

* Remote speech-based biomarkers have potential as scalable tools for early neurode-
generative disease detection across varied health-care systems globally.

* We present insights from seven countries highlighting both shared benefits and
region-specific hurdles to implementation and equity of speech-based biomarkers.

* Clinical adoption depends on validation of norms, clinician training, and culturally

* Global disparities in available large language models and privacy regulation hinder
development and deployment of speech biomarkers.

* Remote assessments can increase clinical reach in rural populations, supporting
more inclusive brain health care worldwide.

ratio) between amyloid beta (Ap)-positive and -negative participants,
although the higher pause-to-word ratio in A-positive participants did
not remain significant after correction for multiple comparisons.

Similarly, Cho et al.” developed an automated language processing
framework that distinguished mild cognitive impairment (MCI) from
no impairment with high accuracy using naturalistic narrative speech.
Their approach uses transformer-based language models trained on
age-matched data, to detect subtle lexical-semantic shifts indicative of
early cognitive decline (Supporting Information).

This growing body of evidence supports the potential clinical rel-
evance of speech biomarkers for early-stage AD, though many key
aspects of their reliable use remain challenging, including determin-
ing the etiology of decline. This paper discusses the utility of speech
biomarkers in the detection, monitoring, and management of clinical
syndromes associated with ADRD in a global context, and explores
the value, risks, and future applications of using speech biomarkers to

remotely monitor cognition and brain health.

2 | THE MAIN ADVANTAGES AND
DISADVANTAGES OF SPEECH BIOMARKERS

Assessment of neurodegenerative disease typically requires testing in
person, conducted by trained and qualified team members. In contrast,

remote assessments offer a valuable alternative for both assessment
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and ongoing care in ADRD,® reducing travel burden for the person
and care partner and the need for specialist staff time. Additionally,
speech biomarkers and telemedicine widen accessibility to seldom
heard groups and increase scalability of both early detection and
monitoring of cognitive function. For instance, the DementiaBank pro-
tocol in the United States was specifically designed to be delivered
via telehealth and enables reaching participants in remote rural loca-
tions as well as population groups who are typically underrepresented
in research,? although noise-reduction and compression algorithms
associated with different platforms may impact the types of speech
acoustics analyses that can be validly and reliably extracted. More-
over, the use of everyday digital devices in remote monitoring enables
frequent, ecologically valid data collection.

The argument in favor of speech-based biomarkers in AD lies in
their sensitivity to early cognitive changes as well as the possibility of
detecting and monitoring wider well-being, such as mood disorders°
and apathy,!! which often overlap with AD. Speech biomarkers are an
area with rapidly growing evidence around their utility in both research
and clinical contexts,'2 demonstrating a demand for remote, scalable
assessment methods in neurodegenerative disease research and clin-
ical practice. The remote capability is especially valuable in countries
where there are difficult-to-access regions, but also ongoing internal
conflict where access is restricted by guerrilla activity. Additionally, in
countries like Ghana, where there are strong cultural beliefs against
blood-based approaches to screening,'® non-invasive speech-based
biomarkers present a possibly more appropriate and acceptable alter-
native for early detection and monitoring of cognitive decline. Further,
in Ghana, Colombia, Brazil, and many other low- and middle-income
countries (LMICs), remote data collection and telehealth are becoming
increasingly feasible and commonly used.!* This potential for broad-
ening access aligns with the targets of the World Health Organization
(WHO)'s global action plan for public health responses to dementia,
particularly in regard to risk reduction and diagnosis, treatment, and
care, including the target that at least 50% of countries achieve a
diagnosis rate of at least 50%, which remains far from being met.1>

Finally, speech-based assessments that predict amylog status®1¢17
would allow non-invasive screening of AD pathology and eligibility
assessment for anti-amyloid antibody treatments.'® On these grounds,
speech biomarkers appear to be a critical component in addressing the
multifaceted challenges in managing ADRD.

Despite these advantages, there are several concerns associated
with speech biomarkers, including cultural insensitivity,'? demographic
biases,?® privacy concerns,?! and the lack of interdisciplinary col-
laboration between experts in statistical methods, machine learn-
ing/artificial intelligence (Al), and clinical neuroscience. Furthermore,
there is no consensus around how to standardize data acquisition pro-
tocols, such as the volume and variety of speech data needed to ensure
the accurate tracking of pathological changes.!?

With more than half of the world’s population speaking more than
one language,?? it is critical to derive speech norms for non-European
languages?® as well as adapt and update language technology com-
ponents and models that apply in bilingual and multilingual settings,

including changes in language over time. While new technologies have
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enabled data collection on relatively large scales, there are still several
technological challenges, such as accounting for bilingualism, in which
frequent language switching in multilingual households complicates
data collection and modeling. While some of these challenges could be
tackled, in principle, by incorporating such covariates into predictive
models, doing so requires careful design.

The main limitation in studies analyzing languages other than
English is that most language models, notably large language mod-
els (LLMs), have been trained mostly on English speech data, and
very few LLMs trained primarily in other languages exist.2* Other
kinds of machine learning and signal processing models used in typ-
ical speech processing systems, such as acoustic feature extractors,
automatic speech recognition, parsers, and so forth, also struggle to
cope with low-resource languages. This is also true of foundation mod-
els that target acoustic data, 2> for which specific sounds of certain
languages are often not adequately modeled due to data scarcity.
For instance, our experience in Taiwan illustrates this issue: we have
observed that machine learning models trained on limited datasets
in Mandarin Chinese language may yield a high rate of false positive
cases when applied to broader populations, risking clinical mismanage-
ment of these false positive cases. Furthermore, for languages such
as Taiwanese or Twi (spoken in Ghana) computational methods for
automatic speech recognition and language analysis are incompletely
developed. Consequently, specific lexical units and morphosyntax phe-
nomena in these linguistic contexts are not appropriately understood
in the context of ADRD.

3 | PROTECTING PERSONALLY IDENTIFIABLE
INFORMATION AND PRIVACY

It is recognized that an audio recording may carry personal information
that the speaker may not intend or expect to disclose.?® In the context
of ADRD, speech data may incorporate acoustic speech features like
pitch (how high or low a speaker’s voice sounds), jitter (inconsistencies
or wobbles in the voice), articulation rate (speed of speaking), phone-
mic identifiability (the probability of a certain phoneme being correctly
pronounced), and semantic coherence (words making sense), 2227 mak-
ing speech data personally identifiable information, with concerns
around data storage, sharing, and the risk of re identification.3

Unlike structured numeric data, making speech data anonymous can
be complex and resource-intensive, often requiring machine learning
expertise, staff time, and appropriate programs. Some techniques used
to protect the privacy of speech data include: (1) encrypting audio files
for storage and transfer; (2) splitting data into random components,
each processed independently to reduce the risk of privacy leak-
age; (3) learning data representations, such as through auto-encoder

2829 (4) transfer

technologies that remove identifiable information;
learning, which consists of creating models that incorporate informa-
tion from different locations where data collection was performed, that
is, only transferring locally generated parameters without sharing any
recording among different hospitals or research centers;3° (5) voice

transformation to alter the person’s acoustic features while preserving
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clinically relevant speech characteristics; and (6) differential privacy,
which introduces statistical noise to the dataset.3!

Although privacy concerns can be addressed to a certain extent
with the use of privacy-preserving machine learning techniques, the
broader challenge lies in the limited regulation governing large-scale
data acquisition. For instance, current privacy legislation, which is lim-
ited to more traditional data protection principles such as minimizing
the amount of data collected and informed consent, based on the global
Fair Information Practices (FIPs), may not sufficiently consider the
depth of information that can be derived from speech data.??

There is no global standard for speech data governance, and
country- and region-specific regulations vary considerably. In Latin
American countries, while privacy regulations exist,3? they are gener-
ally more lenient than those in the EU. Furthermore, the application of
regulations can vary significantly across different nations and specific
contexts, particularly when dealing with sensitive information such as
genetic data. In Brazil, the data protection legislation (“Lei geral de pro-
tecdo de dados” [LGPD]) was introduced in 2018 and regulates rights
and access to sensitive information. There has been vigorous debate
since then on the implications of the LGPD to Al research, particu-
larly in health technology.* In Colombia, which hosts one of the largest
populations with genetic early onset AD,3> privacy concerns are par-
ticularly acute. Although initiatives like RedLat3¢ and BrainLat3” have
advanced collaborative dementia research across Latin America, data
protection remains a pressing concern in cross-border collaborations
due to the need to navigate individual countries’ privacy regulations.

A proposed solution is the increasing use of trusted research envi-
ronments (TRE), that is, platforms that both store and enable analysis
of research data, negating the need for data to be transferred out
of the secure platform and allowing access to users within the same
platform.3® Examples include the Alzheimer’s Disease Data Initia-
tive’'s (ADDI) online platform (https://www.alzheimersdata.org/), the
AD Workbench (https://www.alzheimersdata.org/ad-workbench) and
DATAMIND (https://datamind.org.uk).

4 | LEGAL, INSURANCE, AND CAPACITY
CONCERNS IN LONGITUDINAL MONITORING

The collection and longitudinal use of speech data in neurodegen-
erative disease present complex issues around data privacy and
anonymity, consent in how speech data are used, and who the data
are shared with. In the EU and UK, frameworks such as the General
Data Protection Regulation (GDPR) necessitate strict regulatory com-
pliance, including clear consent for speech data collection. In Brazil, the
LGPD defines a national framework similar to the GDPR. While there is
no federal law like the GDPR in the United States, personal information
handled in connection with speech and language services conducted
in health-care settings is covered by the Health Insurance Portability
and Accountability Act (HIPAA) as well as state laws around data pro-
tection. This situation is similar in countries like Colombia, where the
regulation is not clear and most responsibility for patients’ privacy and

data rests on the Research Ethics Committees’ criteria.

While there is no current precedent for insurance companies to
access speech data, evidence around individuals’ preferences in shar-
ing other types of AD biomarker results suggests there are concerns
around stigma and discrimination with regard to sharing AD assess-
ment results.?? It remains a gray area how much individuals would be
expected or legally obliged to disclose to insurance companies regard-
ing speech-based findings on health status, and how, if at all, insurance
companies would be able to interpret results from novel AD biomarker
assessments.

There is no consensus in the literature on how to involve partici-
pants in longitudinal speech assessments when cognitive decline may
impact capacity over time, raising ethical questions about consent and
ongoing participation in the AD population. In systems such as those
in Scotland, ascertaining and recording ongoing assent at each study
visit aligns with both the Adults with Incapacity (Scotland) Act, 2000%°

and Good Clinical Practice guidelines*!

even after capacity diminishes.
However, enrolling individuals in research when there is diminished
capacity to consent even at study entry can pose challenges, particu-
larly when communicating about complex data protection issues that
should be considered prior to study entry. Designing clear communica-
tion aids around what speech data will be collected, for what purpose,
and what safeguards are in place, to support participant and care part-
ner decision making are key. Furthermore, partnering with people with
a lived experience to design the study and participant-facing materials
can be hugely beneficial when dealing with digital technologies.*2

We argue that the decision to enroll someone who may lack capac-
ity to consent should prioritize the individual’s past wishes, personality,
and identity—even if those wishes may not align with what others per-
ceive as “best interest” for them in a generic sense.*® This approach
aligns with the underpinning system of organ donation, in which the
person makes their personal wishes known before any need for such
health-related decisions arise. Indeed, while not yet in common use
globally, the organ donor type approach could be operationalized
through advance research directives through which the personin early
stages of ADRD gives explicit directives regarding future research par-
ticipation when they still have capacity.** Efforts in this area should
ensure directives are as fully informed and as inclusive as possible
for potential future uses, accounting for emerging biomarkers, such as
speech, alongside fast-moving technological leaps in digital and remote

data collection.

5 | BARRIERS TO INCLUSION OF DIVERSE
POPULATIONS

While remote assessment methods have the potential to offer more
equitable health care across diverse populations, there are significant
challenges in bringing these scientific advances to global communi-
ties. Cultural sensitivity is particularly crucial when engaging senior
populations with varying levels of health literacy, who may hold differ-
ing perceptions of medical technology, shaped sometimes by cultural
beliefs, which impact participation in clinical studies. For instance, in

Taiwan, a rise in online scams and cybersecurity concerns has led to
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skepticism toward participating in trials and the use of new technolo-
gies. Additionally, socioeconomic disparities pose a significant obstacle,
with lower income groups being less likely to engage with advanced
technologies. Our experience with DementiaBank in the United States
suggests that online platforms, such as Zoom, and community out-
reach may yield more trusted engagement from diverse groups than
traditional passive recruitment methods.” However, technology adop-
tion within the same country, for instance in the UK, as well as across
other countries, remains variable. For example, in Colombia, people in
rural areas may be less motivated to use health-care technology due to
both a lack of technological understanding and poor connectivity, while
in Brazil underserved populations tend to be more open to receiving
care locally through public services and civil society organizations than
remotely, through telehealth systems, for instance.

What is more, the appropriateness of cognitive or reading tasks can
be heavily influenced by the literacy levels of participants. This varia-
tion in literacy can skew results, as individuals with higher literacy may
perform differently on certain tasks compared to those with lower lit-
eracy levels, potentially leading to biased outcomes in the analysis of
speech biomarkers, which is often the case in analyses conducted in
the Colombian population.*> A sustainable system of care for brain
health that includes diverse populations means not only equipping
local health-care workers with remote screening tools but also raising
awareness around healthy aging in local communities and the bene-
fits of early engagement with screening or monitoring programs for

neurodegenerative disease.

6 | TRANSLATING RESEARCH ON SPEECH
BIOMARKERS TO CLINICAL SETTINGS

Much of the current debate around speech-based biomarkers for use
in clinical settings focuses on the lack of integration between research
findings and clinical care, insufficient validation protocols for speech
biomarkers, and the lack of normative data to inform clinical deci-
sions. As a result, voice and speech assessments risk being perceived
as experimental tools rather than reliable diagnostic aids in clinical set-
tings. Arguably, a key barrier to clinical utility is limited understanding
around the output of what speech-based assessments mean, especially
compared to commonly used tools in primary or secondary care set-
tings. A feasible approach to using speech-based biomarkers in clinical
settings is therefore deploying clinician-friendly digital tools with auto-
matic scoring and presentation of results in relation to normative data
that are clear to interpret. Any patient-facing computer applications
would need to be designed with patient and public involvement to
aid adoption of this type of health-care technology among the target
disease population.

Experience in Colombia has shown that patients value easy-to-
understand immediate feedback;*® however, varying and unknown
acoustic conditions where recordings are made may generate a tech-
nical barrier for consistent output and interpretation of the results.
We present some of the practical learnings in remote speech data col-

lection and possible solutions in Table 1. Our experience in the UK

Disease Monitoring

suggests that clinician training in interpreting output from health-care
technology, such as remote speech collections tools, should be as quick
and easy as possible to fit into clinical workflows. Importantly, any
output from such digital tools would need to offer meaningful informa-
tion to the clinician regarding risk of disease or progression trajectory
on an individual level. We also see this in the United States, where
health-care professionals’ unfamiliarity with speech biomarker tech-
nology adds complexity, particularly where its benefits are unclear in
the absence of or limited access to disease-modifying therapies.
Colombia’s health-care system is confronting similar challenges, in
which professionals in rural and remote regions, where many of the
individuals who carry genetic mutations reside, are not familiar with
the use of speech-based tools, which could greatly aid in early detec-
tion and ongoing management of dementia. Similarly in Greece, where
specialized services are located mainly in the largest cities (Athens and
Thessaloniki), a major barrier is the lack of awareness and training of
general practitioners. Simple training programs could help integrate

this technology into routine care.

7 | INCORPORATING SPEECH TECHNOLOGY
INTO CLINICAL PRACTICE

In clinical practice, remote speech assessments can support traditional
care, flag individuals who need further testing based on their ongoing
monitoring, triage, and integration into workflows without requiring
additional appointments at the clinic. Clinician training on interpreta-
tion of speech assessments and the integration of these outputs that
go beyond raw scores into electronic health records should aid diagno-
sis and treatment planning. The US DementiaBank team is developing
Grand Rounds online resources to provide education to students and
clinicians on discourse-informed assessment and treatment that lever-
age the free educational resources available through TalkBank. Once
clinicians feel comfortable to communicate speech-based assessment
results on an individual basis (rather than just averages), remote tools
could offer an additional source of certainty for the clinician regarding
accuracy of diagnosis/prognosis and for the person with disease.

Itis also critical to involve family members and provide education on
speech biomarkers’ importance, so family members can facilitate con-
versations in familiar interactions that generate spontaneous speech.
This is particularly relevant in the UK, where most studies run by
research institutions include care partner involvement for monitor-
ing brain health. Evidence from research settings suggest that a dyad
approach in which both the person with disease and their partner
are involved may be preferable to some individuals when it comes to
speech biomarker assessments.*® Similarly in Greece, family may play
an even greater role in dementia care because many people with AD
rely on relatives for support. Therefore, involving caregivers in speech
assessments could make the process more natural and improve data
quality. Experience in the UK health system also suggests that opt-out
rather than opt-in consent for speech data collection with transpar-
ent communication about interpreting output of speech data may yield

better engagement than opt-in consents.



60f9 Diagnosis, Assessment

SAUNDERS ET AL.

Disease Monitoring
TABLE 1

Practical issues encountered

Researchers do not commit to data sharing from the outset; that is,
no data sharing statement in the participant informed consent form

Opt-in consent results in low recruitment numbers

Participants complete the remote study assessment multiple times,
creating multiple entries for one data point

Participants complete the remote study assessment outside the
visit window

Multiple participants may use the same e-mail address (e.g., a
couple sharing an account), creating two entries from different
individuals with the same associated e-mail address

Participants struggle with basic software navigation

Someone other than the participant performs the remote tests (e.g.,
grandchildren)

Participants find instructions hard to follow

Lack of acoustic consistency in the collected data

Acoustic descriptors, particularly those related to spectral
information, reflect the recording environment rather than to the
patient’s health state

Issues with content quality when participants fail to follow specific
prompts or instructions

No rural/remote hospitals

People prefer in-person health care

In countries such as Brazil and Colombia, which cover large geo-
graphic areas and are characterized by uneven population distributions
and regional diversity, remote assessment is also seen as an opportu-
nity for better understanding of the epidemiological profile of ADRD.
However, there may be operational difficulties in individuals complet-
ing speech-based assessments remotely, despite providing both voice
and text instructions. Across the settings with which the authors of this
paper have experience, we commonly observe that participants strug-
gle with basic software navigation, and after multiple failed attempts,

many simply give up in frustration.

Using speech assessments in remote monitoring of cognition.

Mitigation strategy

Include an explanation about data sharing in participant information
sheets and ask consent for data sharing (even if consenting to this
point is optional).

Design study protocols with opt-out consent where appropriate.

Consider disabling the data collection for each user ID after the
assessment has been completed for a limited period, for example, 1
month (but have the platform available again for future follow-up
visits). Send an e-mail confirmation after a remote visit has been
completed to avoid the participant getting confused if they have
completed the assessment already.

Define data capture timeframe (e.g., 1 month after issuing invitation)
or account for varying visit windows in longitudinal analysis (e.g.,
dynamic structural equation models).

Verify all entries with e-mail address and additional identifiers (e.g.,
initials, date of birth, phone number).

Co-develop simple set-up guides with patient or public involvement;
provide technical support; identify digital champions within remote
and rural communities.

Implement technological safeguards, such as voice-identification
algorithms. Co-design the data collection tools and instructions with
input from the target population and culture. Educate health-care
professionals about remote monitoring and how they can explain the
importance of data collection to patients under their care.

Adapt instructions to patients’ backgrounds to ensure accessibility
and comprehension. Be flexible with the battery you share with each
patient depending on their ability/background.

Ask participants to read a standardized paragraph to establish
baseline acoustics and noise profiles. Encourage consistent recording
conditions (hand out devices if possible to keep settings the same).
Collect information about the device used (e.g., sampling rate).

Apply additional pre-processing such as segmentation of the speech
data to ensure only context-independent acoustic descriptors for the
patient are included.

Co-design task prompts with the target population to ensure the
prompt is interpreted in a way that produces the appropriate
response; pilot the design prompts.

Partner urban hospitals with regional clinics, using speech biomarkers

as an early screening tool where other options are limited.

Integrate speech capture into routine doctor visits instead of relying
solely on remote methods; combine digital delivery with in-person
delivery of remote data collection and care.

On occasions when individuals have been unable to complete the
tasks themselves, individuals have asked their grandchildren to per-
form the remote tests—a well-intentioned but problematic solution
that compromises data integrity. This type of data collection there-
fore needs careful consideration around privacy and task authenticity
in shared living environments. Even when limited to assisting the indi-
vidual taking the test, dependence on grandchildren setting up the
assessment has introduced a bias and can affect the data. In Colom-
bia, when the focus is on early detection and monitoring of patients,*’

it can be hard for people with an ADRD diagnosis to follow specific
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instructions to perform appropriate data collection remotely,*> com-
pounded by noisy environments, which can degrade the quality of
speech recordings. Additionally, in the UK we have observed that many
senior couples may share a single e-mail address between two people,
which adds a layer of complication to remote data collection, partic-
ularly if platforms are designed to prevent duplicate entries with the
same e-mail address to prevent the same participant accidentally com-
pleting the assessment more than once. These practical experiences
underline a need for simple, user-friendly platforms.

8 | PATHWAY TOWARD VALIDATION OF SPEECH
BIOMARKERS

One of the limitations of speech biomarkers in AD and their limited
uptake in clinical settings is a lack of clinical validation. Develop-
ment of clinically meaningful insights from speech biomarkers would
require interdisciplinary collaboration between data analysts and clin-
ical experts, robust data collection at a large scale, and alignment
with gold-standard neurodegeneration metrics. Validation of speech
biomarkers should involve the use of established biomarkers, such as
amyloid positron emission tomography or cerebrospinal fluid analysis,
as a reference standard, though there remains uncertainty around the
psychometric properties even with gold standard biomarker assess-
ments, primarily regarding specificity of the underlying etiology of
disease pathology.*®

While standardization of how data are collected or harmo-
nized across existing data sets would ensure generalizability across
populations,*? validation strategies should also be shaped by cultural
contexts. In Taiwan, for example, where there is a strong cultural pref-
erence to receive health care in person, a window of engagement
has been during the extended waiting times for in-person appoint-
ments when speech data could be collected. In the United States, a
move toward decentralized trials has resulted in an increase in mobile-
enabled tools to reach diverse populations. In Brazil, the structure
of the public health-care system also favors decentralization. Validat-
ing speech biomarkers for AD in Greece and Colombia comes with
challenges but also exciting opportunities that complement traditional
assessment methods. Given the scarcity of non-English datasets, col-
lecting language-specific data is crucial for accurate modelling and

future results®°.

9 | EMPOWERING INDIVIDUALS TO MAKE
DECISIONS ABOUT THEIR BRAIN HEALTH

In a real-world setting, difficulties in language and communication may
be dismissed as part of normal aging, or “stress related” based on our
experience, for example, in Taiwan. However, robust speech assess-
ments in AD and comparison to normative data may result in high
ecological validity and meaningful insights regarding the likely underly-
ing causes of subtle changes observed in real-life speech. Additionally,

knowledge of underlying causes may lead to greater engagement with
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clinical services and monitoring of brain health. Despite the barriers
outlined above in adopting new health technologies, we speculate that
willingness to engage with speech-based assessments might be due to
these tools’ alignment with everyday behaviors, and that this should be
leveraged for positive engagement.

Evidence around disclosure of early brain disease like MClI suggests
clinicians require better tools to identify, disclose, and monitor clinical
syndrome and neurodegenerative disease diagnoses.”! In this regard,
insights and metrics from remotely conducted speech-based monitor-
ing could be used to support meaningful conversations about disease
status and follow-up care between the clinician and the person engag-
ing with services. We note that output from cognitive assessments
using speech-based assessments should be explained to the person in
the same manner as physical measurements (blood pressure, choles-
terol levels, etc.), with interpretation of trends over time and of what
these indicate, predict, and correlate with. It is critical that detection
and monitoring methods enable a person to make informed decisions,
whether that is the decision to enroll in clinical trials, consider taking
newly approved treatments, or modify lifestyle to reduce risk of fur-
ther decline. In cultural contexts globally, where subtle speech changes
are often normalized in older age, speech biomarkers shift perceptions
from accepting certain decline to empowering individuals to maintain
cognitive health and encourage early intervention.

There is no consensus on whether the person completing speech-
based assessments remotely should have access to their own ongoing
monitoring results, or indeed, whether their care partner should have
such access. Although there are concerns that cognitive health assess-
ments may highlight declines that could negatively impact patients’
emotional well-being if appropriate clinical management is not in place,
our experience in Colombia and Brazil has shown that older adults
want to know about their health/brain state and are likely to look for
technology to provide them with feedback and further recommenda-
tions to keep improving their health. Indeed, empowering individuals
with knowledge of their health seems most appropriate, especially as
poor performance may flag either a separate modifiable condition or
allow individuals to take action to slow down progression of the neu-
rodegenerative process. In those cases, health technology could be
used to create new speech/language tasks that motivate keeping men-
tally active. However, for such a technology to be used worldwide, it is
necessary to solve the problem of creating robust Al foundation mod-
els in different languages, especially adapted to different neurological
conditions like ADRD.

10 | FUTURE DIRECTIONS

The focus for research and development programs advancing speech
technologies in neurodegenerative disease should be on collecting data
from diverse populations, and ensuring these data are widely acces-
sible to speech biomarker researchers. Data sharing should include
not only the development of technical means of privacy protection
adequate for protection of speech data, but also ethical and legal

frameworks for data collection and sharing. Addressing these issues
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is crucial to ensure current barriers to biomarker validation are over-
come, and subsequent translation to clinical practice in enabled. To
date, no large-scale studies exist on the use of speech as a means of cog-
nitive assessment at a public and global health level. There is a need for
larger, global health research programs to be implemented to investi-
gate therole of speech in promoting effective public health approaches
to meet the WHO ADRD diagnosis targets and ultimately empowering
individuals to make decisions about their brain health.

11 | CONCLUSION

Speech biomarkers have great potential as a cost-effective and non-
invasive method for engaging individuals remotely for the detection
and monitoring of neurodegenerative disease behavioral markers. In
this paper, we draw on our experience from a range of locations across
the world to highlight the diagnostic potential, limitations, and future
directions for the speech biomarker field in neurodegenerative disease.
While our paper does not intend to be exhaustive of these areas, we
illustrate that there are shared challenges in the adoption of speech
biomarkers in monitoring cognition and brain health. The main areas
that need solutions include acquiring multilingual data sets, standard-
ization in data collection and analysis, privacy (accounting for varying
regional regulatory frameworks), and interdisciplinary collaboration. In
particular, interdisciplinary collaboration should include not only dis-
ciplines such as machine learning, signal processing, neurology, and
speech and language therapy, but also linguistics and cultural anthro-
pology to ensure that local languages and cultures are appropriately
addressed. Finally, a consensus on the clinical interpretation of speech
biomarker data is also needed.
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