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Abstract

Background: Dementiaisaglobal health priority. Early identification in asymptomatic or mildly symptomatic individuals (ie,
dementia risk detection) is proposed as a clinical solution for early intervention and could support researchers to identify novel
neuropathological targets and recruit to clinical trials. Digital biomarkers of behavioral or physiological markers, including sleep,
are cited as a potential low-cost, noninvasive, and objective method for dementia risk detection. Understanding perspectives on
digital biomarkers, particularly acceptability, from potential end usersand clinical staff isrequired when considering implementation
within any clinical service. With emerging evidence of sleep asarisk marker for dementia, the efficacy of the Dementia Research
Ingtitute Sleep Index (DRI-SI), based on continuous remote monitoring of sleep patterns detected by a digital sleep mat, for
dementiarisk detection, is currently being explored by the InSleep46 study.

Objective: Thisqualitative substudy aimed to explore perspectives of potential end users and primary care physicians regarding
the use of adigital sleep mat to measure the DRI-S| and its application towards dementia risk detection.

Methods: Thirty-one potential end users (age: 31-82 years, 11 female and 20 male) from Newcastle and London, United
Kingdom, with personal or caregiving experience related to dementia, participated in qualitative focus group workshops. They
shared opinions on integrating the sleep mat into their homes, the DRI-SI’s potential for identifying dementia risk, and the
necessary information for engagement with related clinical services. Seven primary care physiciansfrom across England participated
in semistructured interviews regarding the potential application of the DRI-S| in dementiarisk detection and its integration into
current clinical practice. Inductive thematic analysis was conducted to identify key themes.

Results. Four key themes emerged from end user focus groups: (1) practical use, (2) prospective acceptability, (3) clinical
management, and (4) data concerns. Three main themes came from the semistructured interviewswith physicians. (1) prospective
acceptability, (2) health care provision, and (3) practical considerations. Common themes were identified in both groups but held
differing perspectives. End users were focused on practical aspects of integrating the digital sleep mat within their daily life, the
effect of the DRI-SI on clinical care, and privacy concerns regarding data use. Primary care physicians were concerned more
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broadly with how the DRI-SI and dementia risk detection service would integrate into current clinical practice, the impact on
clinical resources and patient well-being, and the need for clinical actionability and guidance on discussing results with patients.

Conclusions: End users would find the DRI-SI acceptable as part of their clinical care, but primary care physicians require a
more robust evidence base. Future research should explore the integration of the DRI-SI into clinical care/research pathways to
enhance clinical acceptability. Five key recommendations have been made for further development of digital biomarkers for

dementiarisk populations.

(JMIR Aging 2025;8:€74307) doi: 10.2196/74307
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Introduction

Dementia is considered a global health priority by the World
Health Organization and the leading cause of disability and
dependency amongst older adults[1]. Dementiais a syndrome
characterized by significant cognitive impairment leading to
impairments in functional abilities. Fifty-five million people
arecurrently living with the condition worldwide, with numbers
expected to rise to 139million by 2050 [2]. Dementiais not an
inevitability; the recent Lancet Commission suggested that
=45% of all dementia cases are preventable, reporting 14 known
modifiable risk factors [3]. Further risk factors, such as sleep,
are under investigation [4]. In the absence of a globaly
accessible cure or treatment, the World Alzheimer’'s Report
2023 declared dementiarisk reduction to be the most proactive
and feasible way to combat dementia[2].

Dementia risk detection, which involves screening for
dementia-causing diseases in those who are apparently well,
has been proposed to enhance identification of high-risk
individuals in asymptomatic populations [5-8]. For patients,
this would provide access to earlier treatments, such as
personalized risk reduction interventions [6], or
disease-modifying therapies for Alzheimer disease; shown to
be most efficacious when given early in the disease course [9].
From a scientific perspective, dementia risk detection may
support identification of neurodegenerative changes in
asymptomatic individuals, providing novel disease-modifying
targets, and aiding recruitment of high-risk individuals into
clinical trials [10]. There is a growing interest in “digital
biomarkers,” defined as objective, quantifiable physiological
and behavioral data measured using digital technologies, to act
aslow-cost, noninvasive methods to detect dementiarisk [5,10].
Digital deep biomarkers may be one such method [5,11].

Sleep disturbances are a common symptom of dementia,
presenting as difficulties falling or remaining asleep, excessive
daytime napping, “sundowning” whereby people become
confused and agitated during evenings, and rapid eye movement
deep behavior disorder [12-15]. Although the cause-and-effect
process is unclear, sleep disturbances may occur prior to
coghitive symptom onset as they are associated with an
increased risk of devel oping dementiain both cognitively normal
older adults and people with Parkinson disease [16,17]. Early
evidence indicates that differencesin sleep patterns, quantified
by a digital deep biomarker, known as the Dementia Research
Ingtitute Sleep Index (DRI-SI), may be able to distinguish
dementia from normal ageing [11]. The DRI-SI can be
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objectively measured through continuous remote monitoring
of sleep patterns using an under-mattress digital sleep mat
(Withings Sleep analyzer) and is now being explored in
asymptomatic individuals, with the view of assessing its utility
to detect dementiarisk prior to cognitive symptom onset.

This research is timely, given the rising interest in a “digital
first” health care system in England. Most recently, the UK’s
Digital Health and Socia Care Plan set out government-level
goalstoimprove patient accessto health care servicesviadigital
means and expand remote monitoring to manage long-term
conditions [18]. National and international policies, coupled
with significant international effortsto technically and clinically
validate digital biomarkers and endpoints, indicate that digital
dementiarisk detection tools may soon be afeasible and useful
avenue to support dementia risk reduction by identifying
high-risk individuals requiring intervention [4,5,19-24].
However, such tools and resulting digital risk scores must be
acceptableto both the potential end users (i, the general public)
and clinicians in order to be commissioned within health care
services [8,25], especialy primary care, where most screening
occurs[26]. Recent surveys of the public, including underserved
groups, have indicated that dementiarisk detection isgenerally
acceptable to the public [27]. However, there has been limited
exploration regarding their perspectives on the use of a
continuous remote monitoring digital device, such as a digital
sleep mat, for this purpose[27,28]. A recent systematic review
has indicated that primary care physicians have mixed views
on the implementation of dementia risk screening but are
interested in engaging in dementia risk reduction approaches
[29]. Negative perspectives on dementia risk screening were
largely attributed to limited time, resources, and clinicians’ lack
of education and knowledgein the area. Conversely, the review
highlighted positive perceptions of a dedicated dementia
screening service that would provide protected time and
resources to conduct screening and communicate results with
patients in a nonstigmatizing manner. Regarding digital
biomarkers, one study hasreported that primary care physicians
recognize the potential of wearable technology to detect
dementia but hold concerns regarding health inequities caused
by direct-to-consumer products[30]. Assuch, thereiscurrently
not enough literature on this topic to infer how potential end
usersand primary care physicianswould perceiveadigital sleep
mat and the DRI-SI, and their use within a potential dementia
screening service. Further research is therefore required to
identify prospective barriersto acceptability and to proactively
consider solutions prior to resource-intensive development of
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the DRI-SI, ensuring that issues around appropriateness and
uptake are addressed from the outset. The aim of this study is
to understand the perspectives of (1) potential end usersand (2)
primary care physicians regarding the use of adigital sleep mat
for dementiarisk detection.

Methods

Overview

This study is part of alarger study (InSleep46: Detecting and
monitoring dementia using dynamic digital biomarkers of
night-time behavior and sleep) with the overall aim to produce
a digital biomarker, the DRI-SI, for use in screening for
neurodegenerative pathol ogy and progression towards dementia
[11]. The purpose of the qualitative substudy wasto consult the
public and relevant professionals on the acceptability and
practicality of using digital sleep data as part of a hypothetical
dementia screening service, whereby adigital sleep mat would
be supplied to participants’ homesfor 3 months, and the DRI-S|
would be derived and communicated. An exploratory, health
services research approach was adopted, using qualitative
methods, to explore the perspectives of potential end users,
including those who were worried about their dementia risk,
with afamily history or caregiver experience of dementia, and
physicians regarding the potential implementation of the digital
deep mat for dementiarisk detection [31]. Thisapproach studies
how hedth care services are organized, delivered, and
experienced by multiple stakeholders, and seeks to understand
how these interactions affect access and outcomes of care.

Ethical Considerations

The study was approved by the Imperial College Ethics
Committee (reference number: 6554509) on May 15, 2023.
Participants were provided with written information about the
study, and their written informed consent was obtained prior to
participation. Each participant received remuneration in the
form of either shopping vouchers or financial payment in line
with National Institute for Health Research (NIHR) guidance
for their involvement after participation [32]. No identifiable
information about participantsis provided.

Recruitment

Potential end users were recruited via loca research and
community networksin the North East of England and London
using purposeful sampling, particularly advertising through
organizations inclusive to rural and low socioeconomic
communities[33]. Theinclusion criteriafor potential end users
were as follows: experience of dementia diagnosis from
perspective of a family caregiver, professional role, or recent
experience of own diagnosis; or at risk of developing dementia,
or aged 65 years, or worried about their own memory or
cognitive abilities; able to communicate effectively in English;
resident in the United Kingdom; physically able to attend and
participatein an in-person workshop or having the digital skills
and equipment to join aweb-based group meeting (Zoom/Teams
Call). Potential participants were excluded from the study if
they had moderate/advanced dementiaor if they lacked capacity
to understand the project and consent to involvement in line
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with the principles set out in the Mental Capacity Act (2005)
Code of Practice[34].

This study was also designed to capture clinical perspectives;
during end user interviews (ie, genera public), participants
highlighted that the most appropriate clinical context for
implementation would be primary care. We therefore focused
our recruitment on primary care physicians to ensure that the
clinical perspectives reflected where the tool might be applied
in practice. Primary care physicians were recruited using
convenience and snowball sampling from across England [35].
All physicians worked in the National Health Service (NHS)
in England as general practitioners, with experience of providing
health care to people with suspected cognitive impairment and
dementia. Physicians were included if they had experience in
dementiadiagnosisin aprofessional role, were residentsin the
United Kingdom, and could communicate effectively in English.

Data Collection

Data collection was conducted with potential end service users
prior to exploring physician views to allow us to structure
physician interviews based on the emergent findings from focus
groups with end service users.

Four in-person focus groupswith potential end userstook place
between September 2023 and January 2024, two in Newcastle
and 2in London, facilitated by 2 experienced (MPand LR) and
3 novice qualitative researchers (SH, MH, and RMA; 4 femae
and 1 male).

Before beginning the focus group discussion, the moderators
outlined the InSleep46 study to participants, including the
associations between sleep and dementiarisk, the practical use
of the sleep mat, an exampl e of the datareceived from the sleep
mat, and a brief explanation of the DRI-SI. A semistructured
topic guide was devel oped to exploreinitia perceptions of the
sleep mat, probing on practicalities of use and trust in the data;
willingness to use the proposed screening service and DRI-S|
to identify dementiarisk, probing on using the sleep mat for 3
months and receiving feedback following this, and the
information provided when receiving the DRI-SI score; and
where participants envisioned this service sitting within health
care or asthe consumer-based landscape (M ultimedia A ppendix
1). The topic guide evolved iteratively during data gathering
through discussions within the research team. All focus groups
were audio recorded and transcribed verbatim using a
university-approved transcription company, then checked and
anonymized by the research team (RMA).

A semistructured interview approach was used with physicians
(Multimedia Appendix 2 for interview schedule). Key themes
and considerationsidentified in the end user focus groups were
embedded into an interview schedule, which guided questioning,
with ad hoc follow-up questions used to explore salient points.
A total of 6 of 7 interviews were conducted by one of 2
researchers (MP and RMA) via one-to-one teleconferencing
call, while one interview was in person. Informed consent was
obtained in writing prior to theinterview and verbally recorded
at the beginning of the interview. All interviews were audio
recorded, transcribed verbatim, checked, and anonymized by
the research team (RMA) prior to analysis.
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Public Patient | nvolvement

Two contributors with lived experience of dementia were
involved in this substudy. One contributor supported the
development of the aimsand methodol ogy at the grant proposal
stage, before withdrawing due to changes in their condition.
The second contributor has been involved in the conduct of the
research, including but not limited to reviewing interview
schedules, supporting recruitment efforts, attending project
meetings, and contributing to the thematic analysis process and
interpretation of data, by providing insights from their lived
experience.

Data Analysis

All transcripts were analyzed using inductive thematic analysis,
aligned with a critical realism epistemology [36]. NVivo
(version 14; Lumivero) software was used for the management
of transcripts [37]. This systematic, “bottom-up,” reflexive
approach involved multiple phases, and data collection and
analysisranin parallel. A member of the research team (RMA)
familiarized herself with the data through repeated reading of
transcripts. She generated initial codes and discussed these with
the research team, including all focus group moderators (MP,
MH, SH, and LR) and a Public Patient Contributor with lived
experience of dementia, using triangulation to ensure a unified
interpretation and relevance to study aims. First-order themes
were constructed through researchers' interpretation of the coded
data; these were reviewed regularly in discussions with the
research team and refined further, ensuring credibility and
consistency in analysis and minimizing bias in interpretation.
First-order themes were clustered into a second-order series of
themes based on commonality of meaning and patterns in the
data This was further refined, with second-order themes
expanding to encompass others or shrinking for specificity.
Themes were reviewed against the coded data and the entire
dataset (either end users or primary care physicians, where
relevant) to ensure participants perspectives were accurately
captured.
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Reflexivity

The research team was multidisciplinary, including expertise
in dementia research, qualitative methods, human-centered
design, digital health, and primary care practice. Whiletheteam
collaborated with the wider InSleep46 team, thiswork package
operated independently from the team developing the DRI-SI.
The development of the end user topic guide was developed
prior to the first author (RMA) joining the team, although she
observed all end user focus groups and kept field notes, using
these to input into the interview schedule for primary care
physicians, which she conducted. She led the analysis on both
sets of data. The first author’s expertiseisin digital health and
dementia research, with prior involvement in dementia risk
detection research; this may have initially shaped expectations
around the perceived acceptability and value of the DRI-SI.
Reflexive engagement was maintained throughout analysis
through memoing, maintaining, and iteratively refining a
codebook, and regular team discussions. The codebook evolved
from an initially broad set of descriptive codes to a refined
structure that captured the conceptual relationships between
themes. Discussions with other team members were used to
challenge assumptions, refine theme definitions, and ensure
interpretations remained grounded in participants accounts
rather than disciplinary biases.

Results

Participants

Thirty-one potential end user participants (age: 31-82 years; 11
females and 20 males; 25/31, 81% White) from Newcastle and
London, United Kingdom, with personal or caring experience
related to dementia, took part in focus group workshops. Seven
primary care physicians were recruited from across England
and had a range of clinical experience and related interests,
outlined in Table 1.
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Participant Sex Practice area Common types of patients Additional expertise
GP1 Male Two practices: Urban, suburban; «  University students Academic researcher indementia
Newcastle, North East «  Older patients risk
o Families
«  Care home residents
GP2 Female Two practices: Urban, suburban; «  Care home residents Technology Lead for Clinical
Newcastle, North East «  Dementia/memory problems Commissioning Group (CCG)
previously
GP3 Female Two practices: Urban, suburban; «  University students _a
Newcastle, North East « Wideagerange
o Dementiarisk cases
GP4 Male Semirural, Northumberland, North «  Older patients Researcher focused on chronic
East «  Carehomeresidents illness in care homes
«  Lower risk profile than other areas
GP5 Male Urban, London, South East o Older patientswith cognitiveissues/de- Researcher in technology and
mentia dementia
o  Frailty management
«  Nursing home residents
GP6 Male Semirural, Bristol, South West o  Patientswith dementia Researcher in dementiadiagnos-
«  Farming communities tic tests
GP7 Female Urban, Manchester, NorthWest  «  Patientswith memory concernsand de-  Researcher on health inequity in
mentia dementiaand primary care
o  Health disparities
ot available.

Briefly, four main themes were constructed through research
interpretation from the end user focus groups: (1) practical use,
(2) prospective acceptability, (3) clinical management, and (4)
dataconcerns. Three main themeswere generated from analysis
of the semistructured interviews with primary care physicians:
(1) prospective acceptability, (2) health care provision, and (3)
practical considerations. Although common themes were
identified for both groups concerning prospective acceptability,
practical considerations, and health care management, the groups
approached these from different perspectives. End users were

https://aging.jmir.org/2025/1/e74307

primarily concerned about the practicalities of using the digital
deep mat and had privacy concerns about personal data. Primary
care physicians wanted to know how the device and
corresponding DRI-SI would fit into broader health care delivery
and decision-making processes. Tables 2 and 3 provide
definitions of themes and subthemes, with examples of common
topics, for each stakeholder group, respectively. Thematic
analysisresults are presented below for end users, followed by
the primary care physicians.
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Table 2. Themes and subthemes which were generated from focus groups with potential end users.

Theme and subtheme Definition Common topics

Practical use: consider s every day, tangible aspects of using the sleep mat

Considerations for practical use  Refersto the practicalities of using the sleep mat, which «  Bed features
an end user may consider an issue or barrier for use. « Designfeatures

« Digital connectivity
o Out-of-home activities
«  Reminders/prompts
.  Safety considerations
o Technica support
«  Time period for device use

Cost implications Refers to the costs associated with the sleep mat and o  Enduser costs
proposed dementia screening services, whether experi- «  Cost-benefit analysis
enced by end users, clinicians, or the National Health «  Supplementation of costs
Service.

Prospective acceptability: focuses on perceptions and attitudes of end user sregarding the sleep mat

General acceptability of device  Perception of acceptable componentsor usesof thesleep «  Positive perceptions
and digital technology mat and digital technology. «  Negative perceptions
«  Useof technology
«  Datamonitoring
e Trustin commercial or third-party organiza-
tions
e Trustin dataaccess
o Trustin technology

Comparison to other digital Perceptions of the sleep mat to other digital devices,such «  Competition with existing devices
products assmart watches, or experiences of using similar devices «  Information provision
to the sleep mat, that is, devices which assess sleep.
Comparison to other clinical Perceptions of how the sleep mat comparesto other clin- «  Part of theclinical toolkit
markers ical markers for dementia or health (eg, blood biomark- «  Preferential perception of the sleep mat
ers). o  Time period

Clinical management: considerstheintegration of the sleep mat into the end users' health carejourney

Service provision Considerswho thedementiarisk detection serviceshould «  Early detection
be provided to and at what clinical timepoint and stage. «  Memory impairments

«  Prevention tool
«  Sleep problems
«  Population of interest
«  Concernswith sleep
o  Sdfety device
«  Genera health and well-being
«  Monitoring disease progression

Reciprocal communication Two-way communication of information relatingtothe «  Clinical service
sleep mat/service (eg, results) from both the deviceitself «  Communication of datato the patient
or from clinical services. «  Communication of results

«  Patient to clinician communication

Postscreening actions Actions that would be taken following resultsfromthe «  Clinica support
sleep mat/clinical service. o Self-management

Data concerns.consider s data handling, access, and accur acy
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Theme and subtheme Definition Common topics
Data accuracy Experiences or confounding factors that may impactthe «  Accessibility
accuracy of the sleep data. « Alcohal

« Bedfeatures
« Bedpartners
.  Erratic deep patterns
« Medication
o Menta Heath
«  Microphone disturbances
«  Nonsleep bed behaviors
«  Sleeping outside the bed
.  Dementia subtype
o  Cultural differences
«  Toilet behaviors
«  Dementiasubtype
o  Sleep apnea
«  Hawthorne effect

Data management Management of data from aprocessing or governance  «  Patient access

perspective.

«  Societal benefit
.  Datasharing acrossclinical services
« Dataprocessing
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Table 3. Themes and subthemes generated from the semistructured interviews with primary care physicians.

Theme and subtheme Definition

Common topics

Prospective acceptability: consider swhat makesthe sleep mat acceptableto clinicians, from functionality to clinical feasibility and consequences

Feasibility, reliability, and
validity
tion.

Dementiarisk detection

tiarisk screening.

Reflects concerns regarding practical implementation and
trustworthiness of using the sleep mat for dementia risk detec-

Refers to both patient and health care providers’ challengesin
interpreting, communicating, and understanding dementia risk
scores, and concerns regarding the potential outcomes of demen-

Complexity of sleep behavior

External influences affecting dataaccuracy
Feasibility of usein end users’ homes
Behavioral changes due to Hawthorne ef-
fect

»  Patient acceptance of the mat.

o Comparison with existing digital products.

Perception of risk

Purpose of the risk score
Communication of risk

Desire for diagnosis

Patient Choice

Actionability

Negative consequences for patients

Health care provision: c onsiders broader infrastructure and logistical elements needed for risk score successful deployment

Current clinical practice
data are managed in primary care.

Service provision

Health care readiness and ac-

tionability on the dementia sleep risk score.

Requirementsfor implementa-

tion the dementiarisk score.

Refersto the existing landscape of how sleep and related digital  «

Refersto logistical aspects of implementation, such as who, .
where, and when the dementiadeep risk score should beoffered.

Refersto how equipped the current health care systemistoact

Factors required to be met to ensure successful deployment of

Sleep concerns

o Sleep management

«  Consideration of consumer digital products
in decision-making

Service delivery
Clinical timepoint
Target population

Actionability of risk score
»  Resource readiness
« Integration into current pathways

Cost and value
o  Trust and credibility

Practical considerations: focuses on how resultswill be presented and under stood by both patients and clinicians

Datavisualization

Clinical interpretation and

decision-making informed decisions.

How the report is presented and shared with end users. .

Requirements for the clinician to interpret the dataand make

Report preferences

«  Comparison with other reports for chronic
condition screening

«  Sharing the report with patients

Need for training and guidance

«  Meaningful metrics

« Identification of reasonsfor poor sleep or
anomalies

«  Standardized decision-making tool

Thematic Analysis. Potential End Users
Theme 1. Practical Use by End Users

Overview
The first theme was practical use of the device and itsusein a

dementia screening service, which has 2 subthemes:
considerations for practical use and cost implications.

Considerations for Practical Use

Participants identified practical considerations for using the
sleep mat in an optimal way. Commonly, they considered bed
(eg, mattress type, electric blanket usage, and bed size) and
design features (eg, size and robustness of the device), safety

https://aging.jmir.org/2025/1/e74307

issues such asfire hazards, and the need for digital connectivity,
such as accessto Wi-Fi. They highlighted the need for technical
support to set up the device, and reminders and prompts to
ensure the device was switched on and collecting data during
the required period.

| was just going to say, when you wrote ‘a patient
would install it, in some ways it may be better to
explicitly refer to ‘or family or friend’ because even
though they probably can install it, it'sa very simple
thing, but I know my grandma, with dementia, would
have a lot of insecurity. She would think she's done
it wrong. She wouldn’t know whereto put it. [G3P02,
female, London]
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Participantsfelt that alonger time period than the recommended
3 months would be required and suggested multiple follow-up
assessments (eg, once a year) to assess progression or identify
new risk signs. Additionally, there was someinterest in keeping
the device as apermanent monitoring feature. These perspectives
may reflect a shift towards personal responsibility and autonomy
in managing one's own health, alongside growing expectations
of continuous, data-driven engagement with health and
well-being data in the emerging digital landscape.

Cost Implications

Cost implications of the device were discussed from the
perspective of the end user, such asthe price of purchasing the
device personally and the additional expense of running the
device in one's own home. There was some advocacy for
receiving the device on prescription and having running costs
supplemented by the health care services, which may reflect an
expectation that such costs are the responsibility of a publicly
funded health care system rather than the individual. Other
participants expressed willingness to purchase the device for
their own use, reflecting a broader interest in investing in their
personal health. Differing views may be shaped by individuals
socioeconomic status, influencing whether parti cipantsregarded
cost as a barrier to participation.

It would be the same as if you had to pay to have a
medical test done. In this country, we don't. It may
take that bit longer, or whatever, but everyone has
the chanceto get treatment. Whereas, if you're having
to pay for something, people put it off. [G2P01, male,
Newcastl€]

There was also some consideration as to whether the benefit of
the device and dementia screening service would benefit the
health care service by reducing medication and care costs.

| suppose as well, if you've got doctors that realize
that early intervention is going to be better for them,
they're going to save money on their practice and
they're going to save on medication in the long term
aswell. So, if they're sold on the fact that it's going
to make a difference, well that would be a big
difference for the practicee [G1P05, female,
Newcastl€e]

Theme 2: Prospective Acceptability by End Users

Overview

The second theme was prospective acceptability of the device
and its use in a dementia screening service, with 3 subthemes:
general acceptability of the device, comparison to other digital
products, and comparison to other clinical markers.

General Acceptability of the Deviceand Digital Technology

Overdl, the device was viewed positively, considered
“unobtrusive,” “easy,” and beneficial to wider society. Possible
negative perceptions related mainly to the microphone feature
due to perceived intrusion of privacy, and anxiety over the
possible results.

https://aging.jmir.org/2025/1/e74307
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Knowing the mat is underneath you, recording this
data, might cause you anxiety in itself. Thinking, “ If
I move-” [G3P06, female, London]

Familiarity with technology was cited as an important factor
for the general acceptability of using the device. Participants
highlighted willingness to have their sleep data recorded for
use in health care services or to support health care research,
but expressed distrust in having the data stored, accessed, and
used by commercial organizations or third parties. Similarly,
some participants cited distrust in technology generally as a
barrier to use.

Comparison to Other Digital Products

The sleep mat was compared with other digital products such
as smart watches and phone apps, particularly considering the
comparative accuracy to determine sleep, the ability to capture
napping behaviors outside bed, and theincentive to usethe leep
mat rather than an existing product. Data about sleep can be
provided from existing devices, and this information was of
interest to participants. Participants considered the sleep mat
an additional tool to use to observe their sleep behaviors,
alongside existing devices, suggesting an inherent trust in
familiar technologies already used to monitor heath and
well-being Thistrust appeared linked to perceptions of visibility
and accessto data, with devices providing continuous real-time
feedback viewed asmorereliable or desirable because one could
actively observe and interpret their own data. Contrastingly, the
sleep mat’s limited scope of only capturing in-bed activity
reduced its perceived value, with concerns that it would miss
napping behaviors in other locations (eg, an armchair) and not
provide an accurate report to clinicians.

There are lots of apps that track, for example, when
you went to bed, when you woke up, and then they
can do your REM cycles. How would you incentivize
someone to see the value of putting a device under
their bed when they could actually change nothing
and still get that data for themselves? [G3P02, female,
London]

Comparison to Other Clinical Markers

Some participants suggested a preference for the sleep mat over
other clinical tests they were aware of or had experience of,
such as cognitive interviews, stool samples, blood tests, and
sleep diaries, asit is less obtrusive and stigmatizing. They felt
it could be paired with other tests to support screening efforts,
suggesting adesire for a holistic screening service.

| can see the benefits of the mat if it's used in
conjunction with other tests, rather than being a sole
determinant. [G3P01, male, London]

Theme 3: Clinical Management

Overview

The third theme was clinical management, largely focusing on
the potential dementia screening service proposed, encompassing
3 subthemes: service provision, reciprocal communication, and
postscreening actions.
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Service Provision

Participants discussed who the dementia risk detection service
would be provided to in terms of age, family history, and
existing health conditions, and at which clinical stage. They
suggested that the service might be provided when people
present with sleep problems, and that it should be considered
an early detection or preventative service. There were mixed
feelings regarding the provision of the service to those
presenting with memory problems, generally fedling this was
too late, although one participant thought it could be provided
to people with mild cognitive impairment.

One of my initial thoughts was, by the time you've
got to the memory clinic, very often that almost seems
too late. [G1P01, female, Newcastl€]

Participants al so commonly advocated the provision of the sleep
mat and serviceto those with afamily history of dementia. They
felt that younger people may be moreinclined to usethe service
and makerisk-reducing lifestyle changes accordingly, although
this may be deterred by the perception that dementiais*“for old
people’ (G1P03, male, Newcastle). Additionally, provisions
for middle-aged people and sports players were mentioned as
these groups were perceived to have an increased risk of
dementia.

Participants also suggested that the sleep mat could be used for
additional purposes, such as monitoring sleep in those with
concerns, acting as a safety device for people with dementia
(eg, detecting falls), as a general well-being device, or as a
method to monitor disease progression in dementia.

Reciprocal Communication

The communication of data and results was discussed by
participants. Participants wanted to be able to see their own
data, while expressing the need to have an expert relay what
that data means to them.

W, really, | mean, the common lay person doesn’t
know what information they're looking for, really. |
mean, at the end of the day, it seems, sleep, they don’'t
know the in depths of it, what’s good and what’s bad.
They'll be looking for the GP or the professional to
let them know the information that they thought was
important. [G2P02, male, Newcastl€]

Participants also expressed the desire to be able to bring results
from the sleep mat to the doctor if they were worried before the
3 monthswere up, or to be able to use the datato communicate
abnormalities with clinicians themselves. This reflects the
interest in actively engaging with health care services through
control of one’'s own data, rather than passively waiting for the
clinician’s decision.

Postscreening Actions

Participants expressed the need for clinical support or
self-management avenues following sleep-based dementia
screening, particularly regarding improving their deep. Referrals
to deep speciaists, talking therapies, and cognitive behavioral
therapies were proposed. Some participants expressed
willingness to adopt lifestyle changes around sleep if they
received a high-risk score or demonstrated poor sleep.
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"We don't say you're going to have dementia, but we
think you're not sleeping very well” Whether I'm
going to have dementia or not, I’m going to try and
start looking at thingsthat will help meto sleep better.
[G4P02, female, London]

Theme 4: Data Concerns by End Users

Overview

The final theme identified was data concerns, composed of 2
subthemes: data accuracy and management.

Data Accuracy

Participants highlighted multiple factors that could potentially
impact sleep and the DRI-SI results, including alcohol, erratic
deep patterns, medications, mental health, daytime sleep outside
of the bed, dementia subtypes, and sleep apnea. Additionally,
participants outlined concerns regarding characteristics or
experiences which might inaccurately be perceived as sleep
behaviorsrelating to dementiarisk, such astheinfluence of bed
partners (eg, waking up when partner gets up for the toilet) or
incorrectly detecting a bed partner’s heart rate as their own
including spouses, partners, children and pets; behaviorsin the
bed besides sleeping such aswatching TV or intimate moments;
and frequent nighttimetoilet use. They were concerned that the
microphone features may inaccurately classify white noise or
talking as deep-related noises. Finaly, they highlighted that
results may be impacted by the accessibility of the device; for
example, only collecting and comparing data from those who
could afford to use the device. Multiple participants also
suggested that end users may change their sleeping behaviors
due to a heightened awareness of sleep monitoring.

What would be disastrousisif you had this thing and
then you stopped doing whatever it is you're doing
or trying to change whatever it is, the way you
normally do things because you've got this mat.
[G4P02, female, Newcastl€]

Data M anagement

Participants generally expressed the desire to have access to
their own deep data as collected by the device. Some
participants considered wider access to their data, such as by
researchers, as acceptable if it was positively benefiting wider
society, and advocated for the data to be shared across clinical
services.

So long as it's anonymized, | don’t have a problem
with the collection of data. Also, provided that it's
doing useful research, but also that the research is
open, again, | wouldn’t mind. | wouldn’t want it being
sold to the highest bidder... | wouldn't want them
being sold to a private company to make a profit off.
I’d want any medicine that comes out of it to be open.
[G2P01, male, Newcastl€]

Partici pants questioned who would be processing the sleep data
and suggested that it should be processed by the hedlth care
servicesrather than third-party organizations. These perceptions
likely reflect wider social anxieties about data misuse and
commercia exploitation, and limited awareness of how health
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data is often managed through the commissioning of external
companies to process tests and support digital infrastructure.

But I’'m saying that, if you're saying, from a patient
point of view, “ Where'smy data being held and who's
processing it?” | would want it to be processed- |
don’'t see why, in the medium to long term- In the
short term it’s different. But in the medium to long
term, why can’t that be processed within the auspices
of the NHS? [G4P01, male, London]

Thematic Analysis. Primary Care Physicians
Theme 1. Prospective Acceptability

Overview

Physicians considered what makes the digital sleep mat
acceptable to health care professionals, from functionality and
validity of the device to clinical feasibility and consegquences
of dementia risk detection. Two subthemes were identified as
follows: (1) feasibility, reliability, and validity and (2) dementia
risk detection.

Feasibility, Reliability, and Validity

Regarding the use of the device, physicians considered how
feasible and acceptableit would befor usein potential end users.
They generally considered it noninvasive and simple, although
one mentioned that there may be concerns regarding data
privacy. They wanted to understand the benefit of the digital
sleep mat in comparison to other familiar digital devices, such
as smart watches, particularly as the digital sleep mat may not
detect napping behaviors. There were some practical concerns
about end users not using it correctly or unplugging the device.

| suppose the cables dangling around and could that
get in the way? Are people just going to say, “ Oh
that’s in the way,” or trip over it and remove the
sensor. [GP4]

Physicians highlighted sleep as a complex, multifactorial
behavior, with many different confounding factors for poor
sleep quality, including nighttime toileting, partners sleep
behaviors, low mood, chronic pain, heart problems, and sleep
apnea. They felt it would be difficult to disentangle these factors
from the DRI-SI and required more information on how these
confounders would be accounted for. Most physicians agreed
that there may be a Hawthorne effect early in the sleep
monitoring process, whereby end users would change their
sleeping behaviors due to a heightened awareness of being
monitored, but that the 3-month period would alleviate this
effect.

There's so much more about sleep than just... yeah,
and | think that would be harder to sell to patients
and clinicians. They'd belike, “ Well, actually there's
so much more to sleep than just memory and the
picking up dementia” [GP2]

Whenever a patient knows they're being monitored
for something, | suspect what they would do is they
would try to be a good, model patient. They'll go to
sleep on time and they'll try to make sure they're
sleeping above the sensor. But | think the fact that
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it's over three months means that your initial data
might seem quite pure, let’s say. But then, later on,
maybe after the first few weeks, when the patient has
got used to it, they may have forgotten about the
sensor. So, then, it becomes a much more natural
version of their routine. [GP1]

Additionally, physicians wanted information about the scientific
validity of thedeviceand DRI-SI, including the validity of seep
as arisk marker of dementia, the sensitivity and specificity of
the score to detect dementia risk, at which clinical stage or
disease subtype, and the measurement error and reliability of
the device.

And that kind of comesinto, ispoor sleep a symptom
of you're going to develop dementia, or is it a risk
factor that causes you to develop dementia? [GP7]

| just want to be knowing how it’s working and how
accurateitis. [GP4]

Dementia Risk Detection

Physicians described being familiar with communicating risk
scores for other clinical conditions, such as diabetes and heart
disease, and generally felt confident that patients understand
these concepts. However, they noted that fear and stigma of
dementiaand ageing stereotypes may reduce patients' desireto
know their dementia risk or to understand the role sleep may
play in it, although this appears to be shifting for the younger
older generation. They noted that some patients may struggle
to separate risk from diagnosis and may consider the condition
as an inevitability. This may be due to ineffective
communication, asexplaining risk requires skill and experience.

Sometimes people will have experience of dementia
and older parents or older relatives, and they'll have
almost decided. .. Well, both my parents had this, you
know. So, I'm going to get this. So, | don't know if the
score per se would be but in terms of whether they
would seethat asa modifiable thing, in the same way
that they would look at their blood pressure, their
cholesteral. I'm not sure. [GP3]

What they understand is the feelings that those
numbers trigger off in them. So, in my experience,
when | explain to someone that, “ You might have a
20% or 30% risk of having a stroke or whatever,
the patient doesn't hear 20% or 30%. What they hear
is, “ Sroke;" so that they hear the thing that they can
latch onto, which is the thing which then triggers off
an emotional response in them. [GP6]

To support discussions regarding dementia risk, physicians
highlighted that they would need to understand the rel ationship
between sleep and dementia, the components of the risk score,
and have guidance on how to explain it to patients, as is the
protocol with other common screening processes.

| think the one thing that they would want to know is,
what isthe risk of a dleep disturbance? Or what isit
that makes sleep something that puts you at risk of
dementia? [GP1]
Finally, physicians considered the provision of the DRI-SI as
acceptable only if there was a consequential positive action to
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improve health or reduce and modify risk. Without this,
physicians expressed concerns about frightening patients and
causing unintended harm by sharing a risk score without a
pathway to modification.

| wouldn’t share it with a patient and frighten them
and say that “ You're moderate risk of dementia,’
because I’m sorry until somebody can explain to me
the clear evidence for that then | would cause harm
to someone by doing that so... [GP2]

Potential interventions need to be carefully considered and
taillored to a patient’'s individualized response, as this
information may support some to make lifestyle changes, but
negatively impact others due to emotional connotations and
comorbid conditions. Some physicians questioned the need for
the DRI-SI based on the current risk reduction evidence, citing
primary population-level prevention as a simpler, effective
strategy. However, risk modification was not the only considered
benefit. Risk detection could also support advanced care
planning and trigger safety assessments, such as reviewing
driving abilities. Additionally, physicians wanted to know if
the DRI-SI could assess intervention effectiveness, with a
reduced score showing modified risk.

There'sapossibility and there'sa plausible scenario,
given that, in my opinion, a lot of it is driven by
emotion triggers, that the people that are least well
equipped to be ableto actually change their behavior,
because their response gets driven by an
overwhelming emotional response, then end up not
being able to change their behavior, even if they are,
infact, at the greatest risk of getting dementia. [ GPg]

Theme 2: Health Care Provision

Overview

Physicians considered the broader infrastructure and logistical
elements required to successfully deploy the digital sleep mat
and subsequent DRI-SI within health care, leading to four
subthemes: (1) current clinical practice, (2) health care readiness
and actionability, (3) service provision, and (4) requirements
for implementation.

Current Clinical Practice

Physiciansindicated that they often speak to peopl e about sleep
problems, usually part of alarger consultation. However, sleep
concerns do not usually occur in the context of help-seeking
for dementia-related symptoms. Physicians talked about a
variety of sleep management techniques they might use, often
involving identifying the root cause and trying to make small
changesto aleviate the impact. They indicated that they would
generaly refer peopleto social prescribersto speak about sleep
hygiene, or to websites and apps to encourage lifestyle
modifications rather than medical treatment. However,
physiciansfelt that sleep management is variable depending on
the clinician and their experience, and generally indicated that
sleep is not an area where they have great clinical expertise.

Well, | don't have any treatments for poor-quality
sleep. And | have asked the powers that be, and I'm
not convinced that there's anything that | can really
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do. So, wetalk about sleep hygiene, and exercise, and
not eating too late at night, and limiting caffeine
intake, particularly in the latter part of the day. Of
course, we do all that. e have a speculative idea of
what melatonin might do. And many people just go
buy it. We avoid benzodiazepines, in the form of
hypnotics, very firmly, but we do give them. If there's
complete deeplessness, usually, on a short-termbasis.
But what's a treatment for sleep disturbance? [GP5]

| don't have any formal training in sleep stuff |
suppose likethisso I’ mcoming back to myself. [GP4]

Physicians also indicated that an increasing number of patients
were bringing their own direct-to-consumer devices and outputs
relating to sleep, physical activity, and heart rate to a
consultation, but there were mixed views on what to do with
this data. Some physicians appreciated the role these devices
can play in empowering patients and promoting self-advocacy,
while others felt that they would not know how to interpret or
use the data, and do not allow it to impact clinical
decision-making.

| think it's a great thing. | think, if people are
interested and engaged their health, then that's
fantastic, isn't it? But | also think, yeah, it's quite
interesting to look through someone's app or their
resting heart rate. [GP6]

It wouldn't be like the main point of a consultation if
anything... And actually, | might note it down and
stuff but it doesn’t add much to the history of the
condition because | don't then go, “ Okay. So, he's
had this much REM dleep or this much non-REM
sleep” [GP1]

Health Care Readiness and Actionability

A common area of discussion amongst physicians regarding
the implementation of a dementia risk detection service based
onthedigital sleep mat was alack of resources and overburden
on primary care. Physicianswere generally concerned with their
lack of time and “the never-ending list of things that the GP
does’ (GP7). They felt that conducting the proposed dementia
risk detection service would remove resourcesfrom other critical
tasks, such as annua reviews, cognitive assessments, and
in-depth conversations about memory concerns. They also
discussed how detecting dementia risk might lead to an influx
of peoplebeing screened, |eaving fewer resourcesfor those who
require postdiagnostic support and care.

Because you haven't got... you' ve got 10 minuteswith
someone and I’m looking to see if you’'ve got a risk
of dementia. I’ m not going to be going on about sleep
for 10 minutes, I'll be looking at function and
cardiovascular risk and all thiselse. [GP2]

We already know that many people, when they are
diagnosed, experience a high degree of abandonment
and not really getting very much post-diagnostic
support at all. So, the problem is, quite
understandably, many people are really interested in
trying to widen the funnel and get more peoplein at
an earlier stage and get something done about it. But
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the problem is that that means, unless you have an
extremely effective filter and funnel at a relatively
early stage in the funnel, you have more people
progressing through. [GP6]
Physicians wanted to know how the service would integrate
into current care pathways and have clear guidance on where
to refer high-risk individuals.

“Here, by the way, here's the risk for dementia, and
it'sreally high,” therehastobea, “ Sowhat?” a,“ So
what? It'sreally high. What can | do that is going to
change that?” and in a way which is personalized to
the individual, because otherwise referring back to
the GP will mean diddly-squat. [GP6]

Service Provision

Physicians discussed where this sleep-based dementia risk
detection service would best fit and which population might
benefit the most from it. Generally, they felt it should be
commissioned as part of the NHS as opposed to a
direct-to-consumer service, citing clinicians’ *“conscious
incompetence” with unfamiliar data, exacerbating health
inequalities, and over-investigation due to the uncontrolled
provision of the digital sleep mat.

So, | think that that kind of digital health revolution

isgoing to create significant problems going forward.

The sleep mat isn't going to contribute to that if it's

done in a controlled way and it's monitored and it's

used in the right people and the right population.

[GP7]
Within the NHS, physicians advocated for the integration of
thedigital deep mat into either established health check services
or annual reviews, or to consider the DRI-S| as one marker in
a clinica toolkit for a dedicated dementia screening service.
Regarding the target population, patients with existing risk
factors such as diabetes and heart disease were commonly
mentioned, alongside peoplewith afamily history of dementia,
genetic vulnerability, or middle-aged people who chose to be
screened due to the need for future planning, such as caregivers
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for disabled children or partners. Some physiciansal so suggested
using the DRI-S| at alater clinical time point, such asin people
with suspected dementia or mild cognitive impairment, and to
increase rates of diagnosis within the care home popul ation.

You know, everybody who has heart disease, diabetes,
that kind of thing they get, you know, anywhere
between. .. sort of... one and thee review appointments
a year with the practice nurse. And again, | think the
opportunity to have a sleep mat would fit quite nicely
into that. [GP3]

If this was part of a wider NHS Dementia Health
Check, | think it could certainly fit in and | think that
service is massively needed and | think it would be a
hugely beneficial use of primary care'stime. [GP7]

Requirementsfor Implementation

To have this service integrated into the NHS, physicians
highlighted the device and DRI-SI to be trustworthy and
credible, as evidenced by empirical evidence published in
peer-reviewed journals, guidelines from credible sources, such
asthe National Institute of Clinical Excellence, and appropriate
licensing, such asacquiring aCE mark for thisuse. Additionally,
they felt that the cost-benefit must be apparent and that the
service would need to be funded with financial incentives for
service providers.

I think you just find that the reality for any practice
would be that unless there was some funding tagged
onto it that they could use, they wouldn't. [GP3]

Theme 3: Practical Considerations

Overview

The final theme focuses on how results will be presented and
understood by both patients and physicians, involving two
subthemes as follows. (1) digital sleep data report, and (2)
clinical interpretation and decision-making. These data were
largely derived from discussions with the physicians after
presenting them with the prototype clinical report (Figure 1).
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Figure 1. Example prototype of the data visualization of the Dementia Research Institute Sleep Index risk score.
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Digital Sleep Data Report

Generally, physiciansfelt thedigital sleep datareport was*“ easy
to read,” “presented nice and clear,” “helpfully color coded,”
and “simpler” than other reports. They tended to be drawn
towards the graphs. They compared the report to other clinical
reports that they were familiar with, such as echocardiograms,
DEXA scans (ie, a bone density test), or QRISK results (ie, a
risk score for developing cardiovascular disease), highlighting
that these outcomes generally have a standardized summary to
aid interpretation and support clinical decision-making.
Physicians felt more comfortable with this standardized
reporting approach as “you know what is going to come next
and you know which bitsto focus on” (GP1). They mostly felt
comfortablewith sharing thisreport with patients but highlighted
that they would need guidance and a “patient decision aid
document.”

But in terms of the presentation, it's very clear in
terms of the science for me to understand, but also
for me to communicate that to a patient; it's, it'svery,
very good, | think. [GP7]

Clinical Interpretation and Decision-Making

Regarding their use of the report to make clinical decisions,
physicians highlighted the need for meaningful metrics. They
commonly focused on the vital signsin the report, dueto their
greater familiarity with interpreting and communicating these
results. Some tried to interpret the sleep scores, such as sleep
disruption, but highlighted the need for training to use such
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metricsclinically. Physiciansalso felt that some patient feedback
or self-reporting would support their decision-making when
considering anomalies in the data. Finaly, they wanted a
standardized decision-making section within the report to guide
them on what actions to take next with the patient.

In clinical practice we're less attuned to looking at
sleep, the deep graph, so my immediate attention
would be to the vital signs because then that's data
that we're more familiar ininterpreting. [GP4]

I think a summary by the technician who's reporting
this, to say, “ These are the things it would be hel pful
to counsel the patient on;” would make our job a lot
easier. Because, otherwise, if thisis going to be used
nationally, you're going to haveto train a lot of GPs
to be able to determine that. It would take a lot of
effort to do that. [GP1]

Discussion

Principal Results

This is the first study to capture perceptions and attitudes of
potential end users and primary care physicians regarding the
use of a digital sleep mat to derive a digital sleep biomarker
(DRI-SI) for dementia risk detection. Potential end users find
both the device and the proposal of dementia risk detection
generally acceptable; their concernsfocused on the practicality
of the device, their trust in technology, and the personal impact
of sdleep monitoring and dementia risk detection. In contrast,
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primary care physicians were reluctant to provide the device or
engage in dementia risk detection without clear guidelines,
empirical evidence of benefit, and clinical actionability. Findings
from this study are informative for the development and
implementation of other noninvasive biomarkers for dementia,
particularly those using digital methods.

Comparison With Prior Work

End users and primary care physicians differed in their views
regarding the acceptability of the use and implementation of
the DRI-SI. Potentia end users largely focused on the use of
the digital sleep mat and the information it could provide,
considering how it would fit into their daily lives and how they
felt about continuous datamonitoring. Regarding dementiarisk
detection, they believed that dementiarisk reduction techniques
could be implemented early and effectively, reducing overall
health care costs and burden. These findings reflect recent
systematic reviews and surveys showing positive attitudes of
the general public around dementiarisk detection dueto beliefs
of positive outcomes, such as slowing the disease vialifestyle
changes and providing more timeto plan for the future[27,28].
Comparatively, primary care physicians were more concerned
with the clinical validation and health care system integration
of the DRI-SI, requiring a more robust evidence base for
implementation of adigital sleep biomarker for dementia. This
echoes arecent systematic review, which reported that primary
care physicians were reluctant to consider the provision of
dementiarisk detection, dueto alack of knowledge, skills, and
training on dementia, resources to provide the service, and
concerns regarding the consequences to patients [29]. While
physicians held concerns regarding the accuracy of the DRI-S|
to detect dementiarisk, they also highlighted the more general
issues of limited evidence regarding benefits versus harms of
dementia risk detection and for accessible treatments that can
slow or stop disease progression [25,38-41]. The complexity
of the issue moves beyond the development and validation of
the digital biomarker and highlights the need for good-quality
evidence on clinical actionability of dementiarisk detection and
benefit to patients and the wider health care system.

Strengths and Limitations

Strengths of this study include the recruitment of potential end
users with arange of ages and experiences related to dementia
(ie, care partner, family history, subjective memory concerns),
a high representation of males, with ethnic diversity
representative of the United Kingdom’s 2021 census [42].
Physicianswererecruited from across different clinical practices
and English regions, providing agreater diversity of professional
experiences. Physician-focused interview guideswereinformed
by the end user perspectives, reflecting real-world concerns,
and supporting alignment of stakeholder perspectives across
the proposed clinical pathway. Finally, throughout this substudy,
we have engaged meaningfully with people with lived
experience of dementiathrough our focus groupswith potential
end users and our partnership with public patient involvement
contributors. To address recently reported gaps in meaningful
end user engagement in digital health research for neurological
populations, we have reported these efforts in adherence to the
recommended minimum reporting guidelines [43].
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Clinical viewpoints in this study are limited to primary care
physicians; this decision was based on the perspectives from
end users of where the DRI-SI would best fit. However, this
limits our understanding of the broader clinical perspective of
those involved in the dementia diagnosis and care pathways,
such as old age psychiatrists, geriatricians, and neurologists.
Additionally, perspectives are limited to end users and
physiciansliving in England and may differ internationally. For
example, in the USA, the American Academy of Neurology
and the Alzheimer's Association both recommend annual
cognitive screening for older adults[44,45], which may lead to
greater willingness to uptake the DRI-SI as a dementia risk
detection tool. We also did not collect detailed demographic
data on end users, such as education level or socioeconomic
status, so it isunclear whether the participantsincluded reflected
the established dementia risk factors[3].

Implications for Policy and Practice

Digital biomarker efforts often propose value as popul ation-wide
dementiarisk detection tools, asthey are unobtrusive, objective,
usualy passive, may reduce health care burden by being
conducted remotely, and are speculated to detect dementiarisk
in “real time’ as they continuously monitor changes in
physiology and behavior [4,10,22,23,26,46]. However, the
reluctance from physicians in this study to use the DRI-S|
without its integration in clinical guidelines reflects the wider
controversy around dementiarisk detection [26,40]. No detection
tool, digital or otherwise, has yet to meet the
internationally-recognized criteria for population screening,
which require an adequate understanding of the latent stages of
the condition, an accurate and acceptable tool for both patients
and physicians, a target population, provision of an accepted
treatment, reasonablefacilitiesfor diagnosisand treatment, and
economic cost-benefit [8,10]. As such, the UK’s National
Screening Committee currently recommends against such
programs [26]. Many of these criteria go beyond the scope of
digital biomarker developers ambitions and require a
comprehensive multidisciplinary team science approach, which
would include physicians, health care commissioners, and
patient voices. Despite these significant barriers, the physicians
in this study felt strongly that, if implemented, the DRI-SI and
resulting dementia risk detection service should be integrated
into existing clinical pathways with guidance for referral in the
national health care services.

To meet this challenge, the emergence of “brain health” clinics
inthe United Kingdom could offer apotential bridgeto continue
to gather the required evidence while working with health care
providers. Brain health clinicsarejoint clinical -research services
that provide access to high-quality assessments not routinely
avallable to patients under investigation for cognitive
impairment and physicians, including biomarkers under
investigation [47,48]. Recent reports show that 93.5% of patients
consent to the use of their data collected as part of the brain
health clinic to be used for research [48]. Brain health clinics
are considered a safe and acceptable care model for the conduct
of more novel biomarker assessments, and have the resources
to implement secondary prevention interventions for high-risk
individuals [49]. They also meet the suggestion by both end
usersand physiciansto implement the DRI-SI as part of awider
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clinical toolkit and dedicated service to alleviate burden from
primary care, while alowing integration into an aready
established clinical pathway with actionable endpoints, that is,
dissemination of information to cliniciansin the memory clinic
[29,48]. The term “brain health” can also be less stigmatizing
than “dementia’ and is preferred by primary care physicians
when making referrals [50]. Further work should consider
capturing the attitudes and perspectives of brain health clinic
staff and associated memory clinics regarding the use of the
DRI-SI to support dementia risk detection.

Looking to the Future: Wider Impact for Digital
Biomarker Research

Overview

While the optimal application of the DRI-SI, like most digital
biomarkers, remains unclear, further work could develop and
validate it for a clinical service, as previously proposed, or as
atool to support identification of participantsfor clinical trials
and disease-modifying targets [10,26]. From our findings, we
have identified 5 key recommendations that should be
considered for all proposed applicationsfor the DRI-S| and are
relevant to digital biomarkers more widely, prior to any
integration into health care systems.

Clinical Staff Require Training on the Proposed
Physiology or Behavior

In both this study and the wider literature, physiciansindicated
limited knowledge and education on dementia-related risks,
particularly the association between sleep and cognitive
impairment [29]. Thisleadsto mistrust in the DRI-SI, alack of
confidence in how to explain this link to patients, and
heterogeneous intervention strategies. Any digital biomarker
will require clear and concise clinical information on the
underlying association with dementia, which can be shared with
end users.

Digital Technologies Need to Be Usable for All
Stakeholders

Both end users and physicians held concerns about the usability
of thedevice. End userswere primarily concerned about setting
up the device and ensuring its continued maintenance, while
physicians felt that setup and maintenance would be beyond
their resource abilities. Digital biomarker developers need to
develop sustainable models of technical support, should these
devicesbeintegratedinto clinical servicesor trials. Thisshould
include tailored support for individuals most at risk of digital
exclusion, to reduce further exacerbation of health inequitiesin
these groups [30,51-53].

Technical and Clinical Validity Need to Be Clearly
Communicated

Both end users and physicians worried about confounding
factors influencing data accuracy. Previous research regarding
clinical use of artificia intelligence models reports that
physiciansare morelikely to trust thesetoolsif they can readily
explain and justify them; this requirement was highlighted by
both our stakeholder groups[54]. Digital biomarker developers
need to devel op adaptive algorithmsthat account for such factors
and communicate clearly with physicians how these algorithms
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work so that they can answer concerns from end users.
Additionally, physicians need access to evidence of clinical
validation viacredible sources (eg, National Institute of Clinical
Excellence guidelines and peer-reviewed journals) to improve
confidence in the digital biomarker. Additionally, both
stakeholder groups indicated a rise in the desire of patients to
manage and advocate for their health and well-being, with an
increased ability to continuously monitor relevant outcomes
through “wellness’ consumer-based products such as smart
watches. However, both groups also highlighted a lack of
“expert” understanding of these data and the continued need
for clinical interpretation to make sense of digital health metrics.
While self-management supported through digital means is a
key principle of the NHS 10 Year Health Plan for England
[55], there is a disparity between the standards of evidence
required for commercial “wellness’ devices and those approved
for clinical use. Clearer communication of these differencesto
the general public and clinical bodies is essential to prevent
unnecessary anxiety among the “worried well” and to support
clinicians with reliable, evidence-based guidance on trusted
digital tools.

Outcomes Need to Be Meaningful and I nterpretable

End users and physicians wanted to understand and see easily
interpretable datawith meaningful outcomes, that is, aspects of
health that have personal importance for end users[56]. Thisis
not just important to our stakeholders; evidence of
meaningfulness of outcomes is now required by regulatory
bodies such asthe European Medical Association and the Food
and Drug Administration for qualification of clinical endpoints
[57]. Additionally, patient decision aids and clinical resultswith
standardized advice need to be provided through effective data
visualization tools, codevel oped with physicians and end users
to ensure effective communication and decision-making, as
seen with common screening tools such as the QRISK [58].

Transparency in Data Management and Governance

Aligned with common perspectives on digital technologies, end
users indicated that they were concerned with their data
management and governance, preferring their data to be held
and processed by trusted health services rather than third-party
providers [26]. To improve trust in these processes and meet
recent ethical guidance, digital biomarker devel opers should be
transparent about who has their data and for what use, with
guidance on how physicians can discuss this with end users
[59,60].

Conclusions

Overall, this study found contrasting perspectivesregarding the
acceptability of using a digital sleep biomarker as a dementia
risk detection tool, based on the current evidence base and
clinical practice. Further work to integrate the DRI-SI in
clinical-research pathways may support continued devel opment
and improve clinical acceptability and adoptability. Findings
from this study support broader recommendations for the
development of digital biomarkers for dementia populations,
including requirements of further training for clinical staff,
development of usable technology and meaningful digital
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outcomes, and transparency regarding technical and clinical  validation and data governance procedures.
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