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Abstract

Background: Aslife expectancy grows, so do the challenges of caring for an aging population. Older adults, including people
with dementia, want to live independently and fedl in control of their livesfor aslong as possible. Assistive technol ogies powered
by artificial intelligence and internet of things devices are being proposed to provide living environments that support the users
safety, psychological, and medical needs through remote monitoring and interventions.

Objective: This study investigates the functional, psychosocial, and environmental needs of people living with dementia, their
caregivers, clinicians, and health and social care service providers toward the design and implementation of smart home systems.

Methods: We used an iterative user-centered design approach comprising 9 substudies. First, semistructured interviews (9
people with dementia, 9 caregivers, and 10 academic and clinical staff) and workshops (35 pairs of people with dementia and
caregivers, and 12 health and social care clinicians) were conducted to define the needs of people with dementia, home caregivers,
and professional stakeholdersin both daily activities and technol ogy-specific interactions. Then, the spectrum of needsidentified
was represented via patient—caregiver personas and discussed with stakeholders in a workshop (14 occupational therapists; 4
National Health Service pathway directors; and 6 researchers in occupational therapy, neuropsychiatry, and engineering) and 2
focus groups with managers of health care services (n=8), eliciting opportunities for innovative care technologies and public
health strategies. Finally, these design opportunities were discussed in semistructured interviews with participants of a smart
home trial involving environmental sensors, physiological measurement devices, smartwatches, and tablet-based chatbots and
cognitive assessment puzzles (10 caregivers and 2 people with dementia). A thematic analysis revealed factors that motivate
household members to use these technologies.

Results: Outcomes of these activities include a qualitative and quantitative analysis of patient, caregiver, and clinician needs
and the identification of challenges and opportunities for the design and implementation of remote monitoring systemsin public
health pathways.

Conclusions. Participatory design methods supported the triangulation of stakeholder perspectives to aid the development of
more patient-centered interventions and their translation to clinical practice and public health strategy. We discusstheimplications
and limitations of our findings, the value and the applicability of our methodology, and directions for future research.
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Introduction

Background

Dementiais a syndrome that accounts for the ongoing decline
of brain functioning including problems such as memory loss,
thinking speed, mental sharpness, language, understanding,
judgment, mood, movement, and difficulty in carrying out daily
activities [1]. Around 50 million people have dementia, with
10 million new cases reported each year [1]. The psychological
and physical impacts on patients, caregivers, and families can
be devastating and life-limiting. The economic cost is aso
significant, costing over £30,000 (US $41,628) annually per
person with dementia in the UK [2]. Because of the
wide-ranging consequences of the illness, interventions need
to address health, safety, and psychological concerns.

Understanding the needs of people living with dementia is
critical and finding ways to support patient and caregiver
autonomy and well-being is an ethical imperative. During the
early stages of the illness most people with dementia want to
remain living in their own home as independently as possible.
In the advanced stages of the disease, psychiatric and behavioral
disturbances are common, and patients often require professional
medical care. Patients may suffer significant personality
changes, hallucinations, paranoid ideas, aggression, wandering,
and incontinence, so careis often provided in special facilities.
In this study we focus on care in the home environment.

It is generally agreed that participatory approaches to research
and development are essential for the design of products and
services that satisfy patients’ health and psychological needs.
Designers agree that user-centeredness helps create products
that are more useful and engaging. Interventions should be
designed based on a holistic understanding of the patient’s
values, goals, functional abilitiesaswell contextual factorssuch
asliving situation, relationships, and daily habits[3]. Including
all stakeholders, not only people living with dementia and
caregivers, can enrich participatory design activities.

This user research is particularly important when developing
artificial intelligence (Al) and the internet of things (loT)
systems. On the one hand, they offer unprecedented
opportunities to build environments that are safe for patients
and caregivers and support autonomy and well-being. At the
UK Dementia Research Ingtitute (UK DRI), Care Research and
Technology Centre (CR&T), advances in these technologies
enable our smart home system to interpret the broad range of
data input from devices and sensors in the home to infer
behavioral, physiological, and cognitive markers and create
alerts for human intervention (clinical or casual) through a
cloud-based program [4-6].

On the other, Al, sensing, and monitoring also pose major
potential threats. If they are taken as an unmitigated good and
not carefully designed, they can have a significant negative
impact on a disadvantaged community. This can go beyond
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basic requirements such as safety and accessibility. They can,
for example, reduce the privacy and individual autonomy of
patients and their families; they can be demeaning, unfair, or
biased. Ethical and social risksare asignificant barrier toamore
widespread adoption of intelligent assistive technologies (ATS)
for dementia. While concerns about autonomy are the most
prevalent in literature, issues surrounding beneficence, justice,
interdependence, and privacy have been identified [7]. A
systematic review of the ethics of ambient assistive living
technologiesfor people with dementiaidentified theinvolvement
of patients in product development, informed consent, social
isolation, and cybersecurity as sources of ethical risks[8].

More gspecifically, there is evidence that smart home
technologies can beincluded in a pattern of elderly abuse (see,
eg, [9]). Thisrisk becomes particularly relevant for peoplewith
dementia as they may inherently be in a position where smart
homes are used on them rather than by them. Moreover, their
cognitive impairments may make them unable to provide
informed consent to alterations of their privacy and agency [10].
Older adults have identified privacy issues surrounding smart
homes [11], and the psychosocia impact of feeling under
surveillance has privacy-related implications [12] that cannot
be overlooked.

These factors must be investigated through the perspectives of
end users (people with dementia and elderly caregivers) who
may have very different expectations of these technologies due
to their cognitive impairments or their cultural beliefs to those
of the designers, engineers, and health care providers devel oping
and implementing these technologies (eg, [13]). Such a
multitude of perspectives can only be captured through
participatory activitieswith the people directly involved (people
with dementia and caregivers) and with clinicians who are
experts a understanding the medical, psychosocial, and
contextual needs of the people they care for. Moreover, older
adultswho have never tried smart home systems may have very
different understandings of these technol ogies than people who
have used them. People who have lived in smart homes express
fewer concernsregarding intrusion, privacy, trust, and usability
and more concerns about their utility [14]. Participatory
activities should therefore investigate both actual use and
anticipated use by involving current smart home users as well
as members of the wider community.

This study aims to explore the development and trandlation of
such opportunities while preventing such risks through
participatory and user-centered design methods. We iteratively
define and eval uate opportunities and challengeswith end users
(people with dementia and caregivers) and a wide range of
stakeholders.

This study explores opportunities for care research and
innovation enabled by the remote monitoring of data captured
by the sensorsillustrated in Figure 1. These include tabl et-based
cognitive assessment puzzles and chat interfaces, smartwatches,
passive environmental sensors (appliances, bed, hallways,
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doors), and physiological measurement devices (blood pressure,
blood oxygen saturation, temperature). These devices are used
in householdsthat are part of larger research program at the UK
DRI CR&T. This paper describes design research studies

Figure 1. Theinternet of things technologies implemented in this study.

TheUK DRI CR&T at Imperial College L ondon and
the University of Surrey, London

The CR&T aims*“ To empower people with dementiaand their
caregivers by using friendly ‘Healthy Homes - intelligent
environments that transform and personalize care” [15]. To
achieve thisthe CR&T is developing novel devices (including
biosensors, point-of-care diagnostics, Al interfaces, sleep
monitoring) which are monitored by ateam of researchers and
clinicians. The design and development team is highly
interdisciplinary including dementia researchers, scientists,
clinicians, interaction designers, and electronic, software, and
design engineers at Imperial College London.

In this study researchers collaborated with end users and
stakeholders including (1) trial participants of the wider UK
DRI study [16] that had smart home systems installed in
participants’ households collecting, analyzing, and intervening
on behavioral and physiological data [4-6] (participants were
originally recruited from local communities and associations
to be representative of the dementia population and ableto give
informed consent); (2) patients, caregivers, and medics at the
Imperial Memory Unit, Imperial College Healthcare National
Health Service (NHS) Trust, Charing Cross Hospital; (3) the
clinical monitoring team at the Surrey and Borders Partnership
NHS Foundation Trust (SABP); (4) UK DRI CR& T members
(clinicians and researchers); (5) clinical steering groups
(clinicians and social workers); (6) people with dementia and
caregivers who are members of the Alzheimer’'s Society; (7)
managers of the West London Frailty Services; and (8) service
managers, neuropsychiatrists, clinical psychologists, and AT
managersat the Hammersmith & Fulham Cognitive |mpairment
and Dementia Services, West London NHS Trust.

First, this study explores the needs of people living with
dementia, home caregivers, and professiona stakeholders
(clinicians, researchers, and health care service providers) in
both daily activities and technol ogy-specific interactions. Based
on those needs, we identify opportunities for care innovation
in the broad design space enabled by emerging remote
monitoring technologies. Thefina substudy then explores how
to effectively trandate some of these opportunities to clinical
practice through user-centered design. We review existing
literaturein participatory design research for dementiacareand
provisions for research in this section. The design research
methods used in this study are described in the “Methods”
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conducted with the UK DRI CR&T cohort investigating their
experiences of these technologies as well as studies with
stakeholders from the wider public investigating needsin daily
activities and health and social care.

- Y

section. The “Results’” section outlines the study findings, and
the " Discussion” section discussesimplications and concludes.

Literature Review

Challengesin Designing Support Systemsfor I ndividuals
With Dementia

Designing to support peoplewith dementiaisvery challenging.
Firgt, there are declining cognitive and physical abilities that
need to be addressed to reduce risks of illness and accidents.
For example, preventabl e causes such as disease of the urinary
system, pneumonia, and lower respiratory infections account
for 20% of admissions to hospitals for patients with dementia,
and another 16% is accounted by injury and poisoning [17].
But designers also need to consider other stakeholders such as
the patients caregivers. This includes paid staff (eg,
occupational therapists [OTs] and clinical teams) who are in
short supply, and family members who are generally untrained,
often find it difficult to deal with the strain of caring, and are
at high risk of mental illness[18].

Designing for People With Dementia

Concerns about designing for people with dementia have been
addressed in different ways. Some attempt to address the
behavioral needs of people with dementia as defined by the
literature as comprehensively as possible. For example, early
studies on designing environments for people with dementia
recommended that dementia-specific residential facilities should
compensate for disability, maximize autonomy, and support
personal identity, enhancing self-esteem [19]. A more recent
study [20] takes a top—down system design approach and
identifies stakehol ders and use scenarios (eg, risk of dehydration,
isolation, night-time wandering) from dementia care literature
before defining opportunities for smart home touchpoints (eg,
inviting awareness to drink, performing communication with
acquaintances, urging caregivers to react to wandering
episodes). The authors then involve caregivers and clinicians
to qualitatively evaluate their use cases and to refine the
system’s requirements.

Alternatively, involving people with dementia and caregivers
in the design process can reveal more nuanced experiential
factors. Orpwood and colleagues[21] discussed potential smart
home features with caregivers and concluded that such systems
should have familiar appearances and affordances, could
incorporate verbal prompts and reminders, and should emulate
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caregivers when intervening to respect the person with
dementia's autonomy. For example, automated interventions
should encourage the person with dementia to resolve the issue
they forgot about (eg, “ remember, you left thetap open”) before
doing thingsfor them to support autonomy rather than conveying
helplessness [22]. However, notifying people with dementia,
caregivers, or cliniciansabout every opening or closing of doors,
taps, and appliances (eg, [23]) can be overwhelming. Machine
learning can increase the precision of activity detection and help
prioritize urgent medical and functional alerts[4].

Besides environmental sensors, passive sensing through
ubiquitous devices such as smartphones and wearables can
provide objective, rich, and granular data on clinically robust
measures [24]. For example, a variety of daily activities (eg,
boarding transport vehicles, washing dishes, or talking) of a
person with dementiacan beinferred from data sensed by higher
smartphones' microphone and accelerometer [25]. Ubiquitous
devices can achieve a context-bounded understanding of human
activity, capture users attention when an intervention is needed,
and otherwise " calmly” remain in the periphery of their attention
[26]. It follows that, to maximize their benefits, such care
systems should be designed focusing on the contextual
experiences of patientsrather than on the condition. The person
with dementia should be considered “an active participant in
everyday life rather than a passive recipient of care” [27].

Participatory Design Approaches

More recently, the call for attending to experience and
researching and designing with rather than for users and
stakehol ders of health and social care services[28,29] received
further attention in the human—computer interaction community.
For example, Morrissey et al [30] explored the potential of
collaborative, explorative, experience-centered design to more
finely understand long-stay residential care experiences and
design products that are more useful in that context. This new
approach has prompted workshops with researchers, industry
stakehol ders, and communities of peoplewith dementia[31] to
further devel op co-design processesfor dementia-friendly ATs.
They highlight the need for higher patient and clinician
involvement in design research as both participantsand leaders.
Patients and stakehol ders should also beinvolved in translating
findings to industry to commercialize less “one-size-fits-all,”
more personalized technol ogies, and to consider theimpact and
consequences of AT on how people with dementia engage with
their communities [31].

Dementia-specific participatory design approaches are
increasingly common. Topics covered include the design of
long-term care environments (reviewed by Fleming and
Purandare [32]) as well as interventions with context-specific
purposes. For example, Houben and colleagues [33] explored
therapeutic sounds with people with dementia and Jayatilaka
and colleagues [34] investigated the challenges around people
with dementia’s eating behaviorswith care workers. Conducting
co-design activities with a more comprehensive set of
stakeholder groups can help design more user-centered care
services in addition to single touchpoints or products. For
example, Goeman and colleagues [35] involved people with
dementia, care partners, aged-care service experts, policymakers,
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and academics to define the role for a new “key worker” in
community settings. Moreover, investigations can be conducted
in multiple stages to use optimal methods for each phase of
iterative design processes. For example, while co-designing a
novel 10T assistive product, focus groups may be used for
scoping, workshops for product ideation, and interviews for
prototype development and evaluation [36]. This approach led
Robinson and colleagues [36] to identify tracking devices as
stigmatizing, intrusive, and coercive before designing a smart
armband that guides people with dementia home during
wandering episodes without sharing their location with anyone
else

Personas can be co-developed with people with dementia to
enablethem to synthesize their needs and empathize with other
potential users without directly confronting their personal
relationship with their condition [37]. While developing a
self-management smart home system for people with dementia
and Parkinson disease, Bourazeri and Stumpf [37] used
persona-based workshops to (1) explore the background,
technology use, activities, and goals of users; (2) explore the
use of sensors and gain input to the computational model; (3)
design the user interface using low-fidelity prototyping; and (4)
evaluate the interface design via cognitive walkthroughs. For
example, afloorplan of a hypothetical home was used to allow
workshop participants to envision possible uses of smart home
sensors without being constrained by their persona living
situations [37]. Furthermore, the input of other stakeholders
from health and social care can complement patient co-design
activities to ensure personas are representative of the spectrum
of demographics, disease symptoms, needs, behaviors, and
attitudes of their service users.

Achieving confidence and compliance with technological
platforms that may be unfamiliar to an elderly population (eg,
smartphones, tablets, 10T devices) requires designersto ensure
accessibility, perceived privacy, and trust in both adoption and
use [38]. For example, older adults may be especially wary
about sharing persona information or obeying automated
instructions, or they may perceive such devices as stigmatizing.
Collaborative investigation therefore needs to reveal personal
and social emotional aspects (eg, perceived confidence, dignity,
independence) in addition to physical and cognitive
impairments. Focusing on smart homesfor elderly adultswithout
dementia, Curumsing et al [39] advocated the need to include
human, social, and organizational factors into smart home
engineering. They systematically related the emotions
experienced during use of a system (eg, anger, disgust, joy) to
users underlying emotional expectations when adopting the
system (eg, the elderly feeling cared for and independent, and
caregivers feeling reassured). Capturing, representing, and
evaluating both functional and emotional goals of elderly adults,
caregivers, and relatives across all touchpoints and use cases
resulted in asmart home system that alleviates health concerns
and loneliness and is perceived by end users as empowering,
caring, safe, and neither controlling, stigmatizing, nor intrusive.

Collaborating with older adults can be particularly beneficial
for designers, asthey “often challenge simplistic technological
solutionsto complex problems and help us question and critique
the values and ethics embedded in the technol ogies we set out
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to design” [40]. For example, Ghorayeb and colleagues [14]
qualitatively evaluated smart home systems both with older
adults living independently in their communities and with
participants who had been living in smart homes for 8-12
months. Anticipating the use of a technology that may be of
future rather than current value to them led the first group to
express concerns about the technology being intrusive,
noticeable, and increasing the household’'s vulnerability.
Reflecting on actual useled the second group to be more critical
about smart homes' utility but less weary about privacy, trust,
and usability. Both groups suggested making functionality
customizable and shared concerns about smart homes
affordability, their impact on relationships, and about the
engagement and competencies of those monitoring their data.
To capture this variety in perspectives, this study’s sampling
strategy should include both members of the public and people
who have decided to have a smart home installed and have
experienceliving in it.

Designing for Patient-Centered Care

Designing with rather than for patientswith dementiamaximizes
the benefits of specific technologies[28] aswell as of programs
of clinical care [41]. A shift in philosophy from traditional
medical models of care that focus on processes, schedules, and
staff and organizational needs to person-centered care was
pioneered by Kitwood [42]. He conceptualized dementiaasthe
interplay between neurological impairment and psychosocial
factors including the individua’s health, psychology,
environment, and social context.

Operationalizing person-centered care requires establishing
interpersonal relationships with people with dementia and
caregivers to identify and address the needs of individuals, as
well as commitment from everyone within care organizations,
especialy leadership [41]. Similarly, creating technol ogiesthat
support person-centered health care requires designers to
personally empathize with patientsto understand the experience
of living with specific conditions and the concerns and emotions
of vulnerable participants [43].

However, when designing for a variety of stakeholders and
analyzing data in which one group speaks for another group,
care must be taken to verify whether the second group actually
disagrees. This phenomenon has been discussed by Cajander
and Griinloh [44] and can be mitigated by acareful triangulation
of data sources [45]. We achieved this through value-sensitive
design, a theoretical and experimental framework comprising
techniquesto investigate stakeholders’ values and rel ationships
around a common phenomenon to uncover innovation
opportunities and manage value tensions through design [46].
In this study, the phenomena being investigated include
interactions with remote monitoring technologies as well as,
more broadly, life and care with dementia.

Designing with rather than for users becomes particularly
important when creating products and services for people with
dementia [28] because they inherently have very different
experiencesand abilities from those of the designers, engineers,
clinicians, and researcherswho develop such clinical tools[47].
Capturing these differences in mental model's, however, comes
with significant ethical and logistical challenges. The work by
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Waycott and Vines [40] on research ethics with older adults
addresses issues around beneficence, justice, respect, and
research merit and integrity [48].

The integrity of the research could be compromised, for
example, if an episode of cognitive decline leads a participant
with dementiato misinterpret the researcher as aloved one and
thus affects their ability to provide informed consent and alters
power balances. Ethnographic activitiesand interviewsinvolving
people with dementia in this study therefore aways involved
the accompaniment of their principal caregiver.

In addition to providing insight into their personal needs as
stakeholders of smart home systems, working with caregivers
and clinicians with expertise in the needs of people with
dementia as “surrogates’ for patients can enable researchersto
bypass some of these logistical and ethical challenges and to
achieve an understanding of people with dementia s needsmore
efficiently. Theinvolvement of stakeholdersin this study should
nevertheless complement, not replace, that of people with
dementia. Bartels and colleagues [49] found that people with
mild dementiaretain the ability and insight to accurately reflect
on their own ability to use everyday technologies.
Complementing self-reports on the use of technologies in an
individual’'s everyday life with the observation of specific
interactionswith technology and the consideration of underlying
psychological determinants thus leads to a more thorough
understanding of patients as individual technology users. The
perspectives of other stakeholders can therefore add value in
interpreting self-reported and observed needs to build a more
thorough understanding of the complex, dynamic, and comorbid
needs of peoplewith dementia. Thisbecomesespecialy valuable
when the disease’s progression may impair the cognitive abilities
required to perceive, recognize, and express such needs.

Envisioning intangible concepts, maintaining structure in
meetings, and preventing stigmatization are common challenges
in designing with older adults [50] or vulnerable people [51].
Prolonged discussions about abstract concepts are particularly
challenging to people with dementia due to their cognitive
impairments [52] and possibly distressing due to the
confrontation with their disabilities[53]. Self-expression should
be encouraged by focusing on the abilities of the person with
dementia (eg, interacting with tangible objects, creating, sharing)
rather than on their deficits [54]. Cocreation activities that are
aligned to al participants abilities and that allow them to
express their individuality can be beneficial to people with
dementia as well as designers. Successful activities can help
recently diagnosed patients to build their self-esteem, identity,
and dignity and can help keep them connected to their
community [55].

Methods

Overview

Functional and psychological human needs, and social and
organizational factors, should be addressed through
human-centered design approaches that create empathy with
users (people with dementiaand their principal caregivers) and
stakeholders (clinicians, researchers, and health care service
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managers). Our approach to user research, and building such
empathy, is through home visits, shadowing and observation,
workshops, and in-depth interviews with a diverse range of
representative users and stakeholders. Participants included
peoplewith dementia, home caregivers, clinicians (OTs, clinical
psychologists, nurses), social workers, managers of cognitive
impairment and frailty-related public health care services, and
researchersin health and technol ogy.

Such research activities informed the creation of personas that
represent the spectrum of needs and aspirations of the intended
users. A thematic analysis revealed factors affecting acceptance
of and engagement with AT as well as challenges and
opportunities related to their implementation.

We used a mixed methods approach including semistructured
interviews, focus groups, workshops, and ethnographic
observation (shadowing). The latter informed the process but
is not reported due to incomplete documentation. Each of the
methods was applied to end users (caregivers and people with

Tiersen et a

dementia) and stakeholders (clinical, research, and health care
service management teams). Interviews, visits, and workshops
were carried out by researchers at the Helix Centre, the UK DRI
CR&T, and the Dyson School of Design Engineering and
approved by the Human Research Ethics Committee of Imperial
College London.

Having different researchers (1 to 3 of the authors ran each
substudy) conducting a variety of methods to gain input from
various users and stakeholders resulted in the triangulation of
investigators, methods, and data sources[45] to develop amore
comprehensive understanding of the phenomenabeing studied.
Thediversity of methods and stakeholdersinvolved in this study
allowed researchers to alternate divergent and convergent
investigations. The tripartite approach illustrated in Figure 2
enabled researchers to iteratively develop a thorough
understanding of the design space surrounding dementia life
and care and, more specifically, interventions enabled by
remote-monitoring technol ogies.

Figure 2. Purpose and activities of each of the three phases of this study. CR& T: Care Research and Technology Centre; DRI: Dementia Research
Institute; NHS: National Health Service; SABP: Surrey and Borders Partnership.

Phase 01
Evaluating current practices and understanding people with
dementia and carers’ needs in daily life and around technology

Involvement of clinical and
research stakeholders

Semisfructured interviews evaluating people Shadowing the SABP Clinical Monitoring
with dementia and carers” experiences with Team
a smart home frial
n=3 members of the clinical team
=9 pecple with dementia, 9 carers

Shadowing people with demantia and carers Clinical Reference Group workshop

at the Charing Cross Memery Clinic -, ;
n=12 heaith and social care clinicians

n=10 people with dementia, 10 carers

Interviews evaluating the remote monitoring
pracfices of the academic and clinical
maonitering teams

Workshop with people with dementia and
their carers at the Alzheimer's Scciety

n=35 pairs of people with dementia and
carers

n=10 academic and clinical staff of the
DRI CRT

Generally, the first phase of this study focused on evaluating
people with dementia and caregivers experiences of daily
activities, clinical visits, and asmart home system. Additionally,
this phase investigated clinicians' experiences of supporting
such daily activities through such clinical and socia care
appointments and pathways as well as smart homes. The
generalization of these findings informed the definition of a
rich set of personas that not only include the person with
dementia but also his’her principal caregiver.

In a more generative second phase, these personas were used
as case studies to elicit a more comprehensive set of needs,
frustrations, and opportunities from the perspective of OTSs,
health care managers, and researchers. Focus groups with
dementia and frailty-related health care service providers
explored related topics from the perspective of a wider range
of stakeholders. This phase resulted in the definition of a set of
challenges and opportunities for innovation.

Finally, more focused interviews with users (people with
dementia and home caregivers) around their experiences of a
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Phase 02

Defining challenges
and opportunities
for care innovation

Involvement of clinical, organizational

Phase 03

Translating identified
opportunities into
innovative patient-
centered care via end-
user invelvement

Personas

Themes

and research stakeholders

Workshop with the Pan London
Occupational Therapists’ Network Involvement of people with
dementia and carers

Semistructured interviews evaluafing
people with dementia and carers'
experiences of the active monitoring
of cognitive, behavioural, and
physiclogical data

Opportunities
—

Focus groups with dementia and frailty-
related health care service providers

r=10 carsrs, 2 peopie with dementia

more intensive remote monitoring system enabled a deeper
validation and exploration of some of the challenges and
opportunities defined in the second phase from the perspectives
of people with dementia and caregivers. Namely, this smart
home system involved (1) implementing remote cognitive
assessments; (2) educating patients and caregivers to use
proposed technologies; (3) identifying and addressing causes
of psychological disturbances related to interventions; (4)
collecting objective behavioral and physiological data; and (5)
providing reliableclinical oversight to managefasealarmsand
prevent anxiety. This third user-centered design phase enables
opportunitiesthat were defined by cliniciansin Phase 02 based
on Phase 01's findings to be developed into accessible, usable,
useful, and desirable products that can be successfully trandated
in clinical practice.

Semistructured Interviews
Three sets of semistructured interviews were performed.
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Evaluating People With Dementia and Caregivers
Experiences With a Smart Home Trial

First, we visited 9 homes of participants who had experienced
the smart home technologies as part of the UK DRI trial. The
interviews occurred during visits (1-2 hourslong) and included
semistructured conversations around themes within the larger
project with 9 people with dementia and 9 caregivers.
Discussions include guided observations of people with
dementia and their caregivers within their home environment

Figure 3. Exploring the needs surrounding proposed smart home touchpoints with a home caregiver.

L/
(2
‘.

~

Evaluating the Current Remote Monitoring Practices of
the Academic and Clinical Monitoring Teams

In the second set of semistructured interviews, 2 design
researchersinterviewed 10 academic and clinical staff from the
UK DRI CR&T. Interviewswereintended to provide adifferent
perspective to that of users. Their academic training, their
expertise with methods aimed at improving people’s health,
and their experience caring for others could frequently allow
them to find patterns of problems and solutions. People with
dementiaand caregivers had highlighted that an important factor
of patient engagement is the connection they make with this
team.

Evaluating Persons Living With Dementia and
Caregivers Experiences of the Active Monitoring of
Cognitive, Behavioral, and Physiological Data

The third set of semistructured interviews (10 caregivers, 2
people with dementia; 20-50 minutes per interview) was
conducted in 10 households with patients and caregivers who
trialed a remote monitoring device and cognitive test battery
comprising a smartwatch, a tablet, a pulse oximeter, and a
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to help the design process by getting feedback on future design
solutions.

Participants were then invited to the Helix Centre to evaluate
proposed features that were being considered for the center’'s
smart home system. The Helix team used rapid cycles of
“provocative prototyping” with multiple low-fidelity concepts
of smart homeinteractions. Thiselicited end user needs specific
to particular technologies and allowed to steer the focus of
technological development at regular intervals to promote
creative problem solving. Figure 3 illustrates this activity.

)

thermometer for 2 weeks. Restrictions imposed by the
COVID-19 situation led researchersto conduct these interviews
via phone calls. Contrary to home visits observing and
discussing in situ interactions with technologies, this medium
relies on memory, self-reporting, and abstraction, and thus
excluded 8 moderate and advanced patients with dementiafrom
being active participants in these interviews. This substudy
explored some of the opportunities elicited in Phase 02. A
thematic analysisreved ed factorsthat can motivate or disengage
users when adding more active or intrusive products into a
passive smart home configuration.

Focus Groups With Health Care Service Providers

Two group discussions were held through online
videoconferencing software with stakeholders of 2 health care
services. First, 2 managers of the West London Frailty Services
discussed their experiences with remote physiologica and
activity monitoring in care homes. Discussions covered relevant
topics including patient compliance with wearables, assigning
responsibility for out-of-hours clinical monitoring, and
information sharing between support services. Second, 6
stakeholders from the Hammersmith & Fulham Cognitive
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Impairment and Dementia Services, West London NHS Trust
discussed opportunities and challenges in designing remote
cognitive assessment products and waysto collaborate to design
more inclusive services.

Wor kshops

Three workshops were carried out with different groups to
understand the needs of stakeholders within the smart home
trial and the wider dementia context.

Clinical Reference Group Workshop

A group was set up to ensure the researchers gain insight from
a range of clinicians within health and social care (n=12).
Throughout the workshop, the group collaboratively generated
a map of 19 needs that are common to people with dementia
from different perspectives, then went on to plot 3 contrasting
dementia journeys (from diagnosisto end of life care) to show
how a person with dementia and higher principal caregiver
would navigate through the UK’ s health and social care system.

Figure 4. Needs map ranking worksheet.

Tiersen et a

Workshop With People With Dementia and Their
Caregivers at the Alzheimer’s Society

A sample of people with dementiaand caregivers that does not
comprise early adopters of the CR&T's remote monitoring
systems and is therefore more representative of the genera
population was selected to investigate the prevalence of needs
in activities of daily living (ADLSs) in dementia households. As
part of aworkshop at the Alzheimer’s Society in London, pairs
of peoplewith dementiaand caregivers were asked to complete
aworksheet scoring their needs (Figure 4) on parameters defined
in the previous workshop with the Clinical Reference Group,
and 35 responses were received. The worksheetsidentified and
prioritized the perceived needs of individual sin various aspects
of daly life affected by dementia to help ensure that the
interventions of the smart home system would address the most
pressing concerns of people with dementia and caregivers.

Trusled LA a8

Person with dementia and carer needs that could be addressed with technology in the home.

Me

Please give each issue a score between 0 and 10: o ecl
| am a (tick all that apply): 9 us = : b UT
D Person with dementia 0 1 2 3 4 5 6 7 8 9 10

This issue is not This issue is quite This issue is very
E[ Family carer (cohabiting) important to us important to us important to us
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Family carer (visiti N
ily carer (visiting f ( E % 9. E% 4 ﬁ 3 .
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ew \Mmﬂ Lavey paperwork shopping Appointments about
bk D e Ane \ y, P Rt L %
L‘J&J A e I Ty ™ \ ' ™\
gy @ ¢ |lgo0 |[P v |
Loneliness & Losing items Planning for | | Managing Other:
isolation change | | technology
vy

Workshop With the Pan London Occupational
Therapists Network

OTs clinical roles and the similarities between user-centered
design and occupational screening [3] make OTs suitable for
participatory design activities aimed at (1) understanding the
needs of clinical monitoring teams as service providers and
users of remote monitoring technologies; (2) defining the
spectrum of care needs of their patients and their caregivers;
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and (3) making the scenarios (personas) ideated by design
researchers more clinically relevant and comprehensive.

A workshop with 24 participants (14 OT; 4 NHS pathway
directors; 6 researchersin occupational therapy, neuropsychiatry,
and engineering) was hosted online through Zoom, Miro, and
Quialtrics at a conference held by the UK DRI CR&T for the
Pan London Occupational Therapists Network. Because of the
nature of their roles, multiple members of the same
multidisciplinary teams cannot take half days off to participate
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in an in-depth workshop synchronously. Alternating between
group calls and 8 breakout roomsin Zoom allowed for parallel
discussions and contributions to maximize efficiency and limit
the workshop to under an hour. Qualtrics was used to record
asynchronous inputs around discussed topics both before and
after the session. Subjects covered include challenges and
frustrationswhen delivering their services, use cases of specific
ATSs, service changesimposed by COVID, factors affecting the
deployment of assistive products, and wished-for technology
developments.

The patient—caregiver personas described in this paper were
used as case studiesto systematically elicit specific desiresand
concerns while assessing, treating, evaluating, and discharging
patients. Wearables, remote physiological and behavioral
monitoring, and virtual communication technologies were
explored as solutions. For each case study, participants were
separated into groups of 3 in their breakout roomsto contribute
their desires (eg, answersto “if technology could let you see or
do anything about this person, what would you like to see or
do? Why?") and concerns (eg, answersto “do you foresee any
problems or barriers to implementation? Why?') to the
aforementioned categories in the Miro board. Breakout rooms
increased the number of contributions by enabling 8 parallel
conversations where all attendees are prompted to actively
participate. All participants regrouped at the end of each case
study to share inputs and triangulate results. The
“Patient—Caregiver Personas’ section illustrates these case
studies, while the “Current Challenges in Delivering
Professional Care Identified by Clinicians, Researchers, and
Health Care Managers” and “Technology and Service
Development  Opportunities Identified by Clinicians,
Researchers, and Health Care Managers’ sectionsillustratethis
workshop’s outputs.

Results

Overview of Outcomes from Different Activities

The interviews, focus groups, and workshops produced useful
insights about the users and their needs that we summarize here.
The outputs of Phase 01 activities that preceded the definition
of patient—caregiver personas were analyzed by transcribing
key themes arising from interviews, observations, and
workshops. Themes were organized into affinity diagrams in
collaborative design workshops at the Helix Centre to identify
patterns of end-user or stakeholder needs across all use cases.
Together with needs mapping, these activities elicited a
comprehensive understanding of personal experiences that
helped define personas for use in further studies to design
products and servicesthat better address these needs. Moreover,
the interactions that were observed between users and the
monitoring team pointed to many of the design and usability
issues within the current configuration of the UK DRI CR& T's
smart home system.

The second and third phases of this study build on findings of
the first phase through their communication as personas and
themes. Phases 02 and 03 were aimed at further exploring and
defining challenges and opportunities in delivering
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technology-enabled care through the OT workshop, the 2 focus
groups, and the last set of semi-structured interviews.

The audio from interviews and focus groups was recorded and
fully transcribed using Descript (Descript, Inc.) and workshop
outputs were exported from Miro and Qualtrics. A thematic
analysis of all transcripts and workshop contributions was
conducted by researchers using the coding and referencing
software NVivo (QSR International). An inductive analysis as
described by Elo and Kyngés [56] was conducted to derive
concepts from the data. The analysis investigated everyday
living and interactions with technology from a
phenomenological perspective, focusing on participant’s
subjective experiences of trialed or proposed technologies. The
coding process involved 3 stages but was iterative in nature.
First, researchers read the entire body of texts and defined a
codebook of all the themes that emerged while coding the
evidence with the newly defined themes in NVivo. Instances
in which the theme being discussed could encapsulate other
themesthat had emerged prompted researchersto define layers
of subthemes and reflect this architecture in NVivo. For
example, the need to “establish duty of care” in public health
services' strategy contained “clinician stress,” “determining the
appropriateness of episodic or continuous monitoring,”
“understaffing,” and “handling urgent out-of-hours data” among
its subthemes. Layers of meta-themes were also established to
organize and communicate findings. The subthemes above were
assigned to “lack of resources, infrastructures or information”
under “current challenges in delivering professional care”
Findings from this thematic analysis were communicated both
in prose for qualitative insights or in a table containing the
number of instances in which a theme was mentioned toward
amore quantitative understanding of the prevalence of different
needs.

Patient Needs as Mapped by Cliniciansand
Resear chersand Prioritized by People With Dementia
and Caregivers

Table 1 presents the breakdown of user responses from a
mapping exercise held at an event for people with dementiaand
caregivers hosted by the Alzheimer’'s Society. The categories
of patient needs had been defined by the Clinical Reference
Group workshop and their relative importance scored by people
with dementia and their caregivers in the subsequent
Alzheimer’s Soci ety workshop. The sampleincluded 35 people
with dementia at various stages of disease progression and 35
principal caregivers. Each pair of people with dementia and
their caregivers provided 1 set of responses via the needs
mapping worksheet illustrated in Figure 4.

This analysis of patient needs suggests that preventing illness
and injury is the most salient concern. Sleep, hydration,
continence, hygiene, and psychological states arerelevant targets
for interventions. Medication compliance is aso worthy of
consideration.

This activity enabled researchers to start identifying and
prioritizing areas of opportunity for intervention and to
communi cate a comprehensive spectrum of patient needsinthe
personas that were being defined. The clustering of needs (eg,
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correlations between infection and hydration, or between
security and losing items) informed the definition of personas
described below. Future needs mapping activities can anayze

Tiersen et a

the impact of the patient’ stage of disease progression on
prioritized needs.

Table 1. Needs of people with dementia as scored by 35 pairs of people with dementia and caregivers.

Needs map item Cumulative score Average? (SD) Completion
Avoiding infection, staying well 280 8.0(3.0) 35
Fallsand injury at home 269 7931 34
Getting good sleep 269 79(2.7) 34
Staying hydrated 269 7731 35
Continence and hygiene 268 7.7(3.1) 35
Mood, delirium, agitation 254 7732 33
Taking medication 244 7.4 (3.6) 33
Washing and dressing 231 7.0(3.0 33
Loneliness and isolation 223 6.6 (3.6) 34
Losing items 218 6.2 (2.9) 35
Security in the house 207 6.3(3.9) 33
Food preparation 185 5.8 (3.6) 32
Managing appointments 185 5.6 (3.6) 33
Getting out and about 177 5.7 (3.9 31
Planning for change 175 5.6 (3.3) 31
Money, bills, paperwork 155 5.0(4.1) 31
House keeping 136 4.0(2.9) 34
Managing technology 117 39(3.0) 30
Weekly shopping 114 38(3.2 30
3Blanks ignored.

Patient—Caregiver Personas

Brief Overview of Personas

Personas (fictionalized representations of observed people) are
a tool commonly used within human—computer interaction.
Concepts and ideas can be tested against the expected
requirements of each personaasan aid to ensuring theideasare
accessible to as many people as possible. The use of personas
does not replace subsequent user testing, but they can be used
inthe early stages of product devel opment as part of the creative
process, and to communicate the breadth of user requirements
to other collaborators within the technology devel opment teams
or in participatory design activitieswith service providers such
asthis study’s OT workshop.

The personas defined below comprise the spectrum of daily
activity needs outlined in the previous section as well as
psychosocial and contextual factors identified in Phase 01 of
this study. Researchers analyzed patterns and clusters in
qualitative findings and generated affinity diagrams to define
the personas. Furthermore, our engagement with a range of
different stakehol ders supported not only the primafacie content
of a persona but also what elements are included within the
persona. In the context of this project, we found that describing
personas as a combined unit of patient and caregiver was more
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valuable in representing a meaningful situation. We also
described a situation where there is no family caregiver as one
of the personas. The description of each personaincludes (1)
engagement—how much the patients and caregivers interact
with the technol ogy, data, and the clinical monitoring team and
why; (2) support needs—clinical and socia care needs; (3)
socioeconomic factors; (4) living situation; (5) support network;
(6) habitua use of technology; (7) hobbies and daily activities,
(8) main issues and challenges—the main health needs and the
barriers to interacting with care providers and the smart home.

The authors identified 6 personas that combined traits of the
people interviewed and their context but deliberately omitted
the wide range of clinical and socia care services that are
delivered to patients. Focusing only on environments, patients
and caregivers at this stage allowed researchers to use personas
as open frameworks to guide workshops with the complex
network of clinical and social care stakeholders. Pain points
and desires were defined systematically and comprehensively
to make technologies and interventionsinclusive to all patients
and use cases. | nterviewees described requirementsin waysthat
can be interpreted as needs for autonomy, competence, and
relatedness. This is an area for further exploration. The 6
personas with fictitious names and homes identified are
described and displayed below.
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Alone Together (Betty and Husband)

Betty and her husband (Figure 5) livein aquiet house and have
alarge amount of time available to participatein the smart home

Figure5. PersonaA: Alone together.

Living situation: Alane Together Use of technology. Main issues & challenges
Wite (with dementia) and husband +  Does not use a motile telephane- +  Sleep is very poo, a5 carer sleeps lightly
e f they have no childen no use of technology anyway, and is frequently needs to get up to
o chorse family. attend to his wife.
+  Entertainment mainly through TV. -
»  MNeighbours check in and help with Has & new Smart TV but does not +  Knowing Betty s safe while he catches up on
‘shopping tasks. know how to use It. sleap would be heipfl.

+  He sl drives, short distances only. «  Husband's physical health is a challenge as
he gets tired, and means there are lots of
medications throughout the &ay.

Support petwork Hobbies & daily Life +  Husband manages each day but feels

- solated and lonely, and frustrated that Betty

»  Husband is main cares, though gets . Mmmmmlsmpmm

one visit a day from social care. food for the day with Goes ROt Fecognise or appreciate him,

»  Batty is Yarly easy’ 1o look afer
physically, but needs supervision,
and reminding to do everything.

«  Neighbour helps with shopping

+ Walk to a day centre  ibrary most o Mliwects to oot Betty clows and g
doye. nl\sslehnhemnmd.mlrmﬂl

agitation and
mwvequeuamammmmum
visits

Supported Partnership (Aaron and Wife)

Aaron (Figure 6) has high levels of support from his wife,
neighbors, and community, lives in an affluent area, and has

Figure 6. PersonaB: Supported partnership.

Aaron & wife ‘Socio-economic factors

e

Health factors & care needs

Use of technology Main issues & challenges
+  Family WhatsApp group .

Connectid camera, Sensors,
thermostats and lights

Alexa device (music and rado),
1Pa, online shopping - mastly used
by wite and chikiren.

Living situstion: Supported
- High levels of restiessness, agitation and
«  Husband (PwD) and wife, e paranoid delusions — angry outbursts
together in own home.
= Daughter lives nearby but has a 3
children under 6 years

+  Doesnt trust strangers | belleves they are
stealing
. m.wmmmmmm
«  5onvisits monthly and helps
remotely.
+  He s up 3-4 times in the night, and needs to
wife,

— 0 = be encouraged back to bed by his
+ Most careis provided by the wife, + Duily wak for the wife and husband s et oo Pk te
though a daughter Ives nearty and together,
visits weeidy. Large house ~ space - but hard to
+  Often an outing to shop, garden e on things. oo
s One vist a day from a paid carer to cenitre, cdose friends.
elp wash & cress.

+  Alot of time in the garden : 2&;:9"‘“-’“‘WW history of
Evenings and Weekend (Carly and Daughter)

Carly (Figure 7) has recently moved in with her daughter who
looks after her in evenings and at night. Carly’s daughter and
family are very tech savvy and can easily engage in the

Figure 7. Persona C: Evenings & weekend.

Health factors & care nesds.

Carly & daughter

Living situation: Evenings & Weekends Main issues & challenges

+  Widowed mother (with dementia)

e day; bt looks ater mather in
evenings and at night.

. Dawmmmsmu s g bait
‘worics Gutside the home

Support network

+  Most care provided by doughter
when not at work

+  Carly goes to other daughter for
respie.

theoughout Heu
connected and high-tech, Induding
Alexa device.

+  Google Nest camera in the house 1o
allow refMate hservation

Hobbies & daily Life

« Cacly joins the famidy for breakfast
and evening meal, bt spends
much of the rest of the day on her
own.

«  Carly spends time in the garden or
goes for the walk, and naps in the
aftomaon,

Remote Relative (David and Son)

David (Figure8) isasinglefather who livesalone. Hisson lives
40 minutes away and visits every 2-3 days. Being a single
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+  Looking after mether in the home is a cause

of tension in the relationship.

+  The daughter is very tired as she doesnT
hesselt

2ot time 1o

+  Sleep is increasingly disturbed as Carly &

frequently getting up In the night and
‘wandaring arownd the house

+  Mone during the day — but incressingly going

ot and getting lost (4 times in past 2
months) help from Neighbours, pofioe and
local shop owners who know her

Appointments and ‘office-hours’ actvities re
difficut to arrange due to carer’s work
commitments.
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trial. They both suffer from declining physical health which
resultsin high care needs. Betty’shusband feelssocially isolated
which puts astrain on their relationship.

plenty of time available to engage with technology. Their big
house raises challenges with device implementation. His
technical skillsmean he may be dower inlearning to use devices
and take measurements.

technology. Because of the nature of their living situation, Carly
has restricted hours of support which causes her family to worry.
Her familiesslegpisincreasingly disturbed as Carly isfrequently
getting up in the night and wondering around the house.

occupant in the house makes it easier for the technology to
monitor behavior. David suffers from agitation and is reluctant
to receive help from technol ogy or other people. Hissonisonly
partially engaged.
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David & son

Living situation: involved relative

Widowed, lives alone in family
home. Main carer s his son who
Irves 40 minutes away and visits
every 2 - 3 days. Son likes the
idea of technology to help, but is
nat that practical at using it.

Support petwaork
David's son {main carer) visits every
2-3 days.
O visit & day from paid carer to
help with hyghene, take medications
and provide one meal.

Figure 8. Persona D: Remote relative.

Use of technology

+  David has an simple nokia mobile
phone with a few key numbers on
speed-gial.

+  No Wifi in the home

Hobbies & daily Life

+  Paid carer visits around 11am to
make sure he is up, clean and has a
meal.

+ Watches television though much of
the afternoon.

Main issues & challenges

«  David keeps imegular hours, and will forget to
g0 to bed, falling asleep in his chair.

« Hegets very frustrated and sggressive with
his s0n when he has to refy on him for help.

+  Son is worrying that David i no kinger

feeding himself well or reguiarly, despite
arranging a regular food delivery.

= Sonis often getting phone-calls at work or in
the middle of the night about trivial concerns,
but has to be available for emergencies.

«  Worry about getting scammed and
unsodicited callers on the phone or at the
doo.

+  Lonediness and kow mood.

—

Ground floor
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Floars 2
Rooms 3
Bedrooms: 1
Toile 2

. . technology and engage in the trail; however, lots of users and
Busy Home (Emily and Family) a busy house make monitoring behavior and managing care
Emily (Figure 9) livesin abusy homewith her family who share  djfficult.

the care responsibilities. The family is very keen to embrace

Figure 9. PersonaE: Busy home.

Living situation: Busy Home Use of technology Main issues & challenges.

. family home, lives with «  Family whatsapp group to +  Main challenge is persuading Emiy to accept
husband and adult children coordinate activities. help, She does not want ‘strangers” caring for
coming and going, but sharing care her.
respansibiities for both parents. «  Laptop and iPads in the house.

Chiciren help parents with email »  She gets upset when everyone asks her if

»  Family keen to embeace technology, and online banking. she has taken her medications, though she
but lats of users and busy house ‘often has fargotten.
make some tracking difficult. = Google Home for general use.

«  Emily fikes to get out the house, and be
i , though has got lost a few
times. Her abillty to use her smartphone is

Support network Habbies & daily Life omicrting,

+ Main carer is oldest daughter +  Marming walk or light gardening.

(five in) supported by o sister and «  Emily was hospitakised due to a UTI, which

brother. They use a rota and there .+ Aftemoon outing to local roup, or wars a very difficult time on the ward.
s always someone in the house. rary.
Emily "Mum' needs most help, and
el LS . m?h:n‘ﬂ‘leﬂ Fﬂr::wul::alin
but child ize and shop. 3
ren organize and shop k] e

I solated Single (Fran) caregivers for quick visits, which means she suffers from

isolation. She haslow technology engagement and worries about
Fran (Figure 10) lives alone and relies on social care and  her safety in the house (eg, afall that remains undetected).
delivered mealsto remain well fed. She has many different paid

Figure 10. PersonaF: Isolated single.

iving in Canada.

Living situation: Lsolated Single Use of technology Main issues & challenges
+  Lives akane, and refies on social = Has a basic telecare package with 3 + Safety in the house - worry arcund a fall
care for morming routine and pendant alarm and door sensor. while not wearing the pendant alarmfunable
delivered meals o remain wel fed, o activate,

«  Landine phone and terrestrial TV,
«  She's reluctant to leave her home (for a care
home) as It ks important to her remaining
memaries and identty

Getting harder for her son to assess how she
is coping a5 her recall of day-to-day events is
Support petwork Hobbies & daily Life almost gone,
«  Only relative lives in Canada, and + She finds change in carers stressful.
provides some help remotely in

«  Has a fixed routine to manage daily

life with reminders cn the wall that First fioce

financial and advocacy matters. are checked off each day. s Forgets medication
+  Neighbour looks in on Fran every +  Rarely leaves the house.
week and helps. with shopping and

= Neighbour takes her to church on
Sundays.

Personas were later used in the Pan London OT Network Current Challengesin Delivering Professional Care

workshop to communicate the needs of people with dementia | dentified by Clinicians, Researchers, and Health Care

and caregivers to health care stakeholders to prompt them to  \anagers

consider amore comprehensive set of situations while defining

the problems faced in clinical privacy and the waystechnology ~Overview of Challenges

can support their care. This section summarizes the pain points highlighted by
clinicians, researchersin related fields, and managers of health
care services in semistructured interviews, focus groups, and
the Pan-London OT Network workshop. Although these
challenges have been defined by stakeholders rather than end
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users (peoplewith dementia and caregivers), these 3 substudies
included the communication of end-user needs to said
stakeholders via the themes and personas the authors defined
in previous substudies. Moreover, involving this variety of
stakehol ders reveal ed factors that are representative of general
public health scenarios and not limited to the CR& T's early
adopters of smart home systems.

Lack of Resources, | nfrastructures, or | nformation

Access to ATs is not uniform across London services due to
limited funding, availability, or misalignment with their patients
needs. |nformation about latest innovationsis not always readily
available. It iscommon for IT systems to be unreliable and for
data to not be accessible across support services. Limited
staffing often forces teams to reduce focus on occupational
performance to work on generic assessments and provide basic
care. Continuous clinical monitoring isparticularly challenging
and raises ethical questions. round-the-clock monitoring is
resource-intensive and can be detrimental to clinicians’ stress,
while episodic monitoring may not be the best option for certain
scenarios. There are ethical questions around duty of care and
data being generated out of hours that could indicate an urgent
clinical need. Some of our clinical participants opted to turn
monitoring devices off at night.

Usability, Acceptance, and Consent

Thelack of internet connection in patient homes and of funding
for caregivers and family member to purchase assistive or
communication devices are frequently coupled with skepticism
or low abilities to engage with digital products. Similarly, it is
common for patients to be reluctant to respond to automated
alerts or notifications or to be monitored by sensors. If the
perceived value of being monitored does not exceed the burden
of participation, then alert fatigue and frustrations with devices

Table 2. Technology and service development opportunities identified in a
groups with health care service providers.

Tiersen et a

may cause the participantsto disengage. Many that could benefit
from remote monitoring are isolated and lack mental capacity
to understand its usefulness or to consent, and disengaged
families may not agree with what clinicians suggest as the
patient’s best interest.

COVID-19 Lockdown-Related Challenges

Building therapeutic rapport and completing functional
assessment are more challenging without face-to-face contact,
and increased isolation has led to the deconditioning and
deterioration of many patients. By contrast, this context
increases the importance and the rate of implementation of
remote monitoring. Despite the heightened need, social
distancing has also enhanced the challenges of providing
technical support to install and maintain devices and of
providing in-person training.

Technology and Service Development Opportunities
Identified by Clinicians, Researchers, and Health Care
Managers

Opportunities for the design and integration of assisting
technologies were identified and prioritized in Phase 02's
workshop and focus groups by OTSs, neuroscience researchers,
clinical psychologists, health care service leaders, and care home
managers through open questions (eg, “what advances in
technology would you liketo seein the next five years?’, “what
would you like to know or do [in this case study] if technology
could let you know or do anything?’). Although no end users
were involved in the definition of these opportunity aress,
prompting stakeholders’ ideation with the themes and personas
the authors defined in previous substudies has elicited great
variety of ideas based on a more comprehensive consideration
of end-users’ needs. Table 2 outlines the different categories
and the number of instances in which they were mentioned.

workshop with clinicians, researchers, and service managers and 2 focus

Technology and service development opportunity

Mentions

Efficient, accurate remote cognitive assessments which are validated against standard tests despite learning, language, education,

and cultural variationsin patients

Objective covert behavioral and physiological data (eg, fallsrisk)

Measuring and managing caregiver strain through peer and professional support regarding dealing with situations, knowing what to

expect, and planning for emergencies

Improving access to the wider network of casual and professional care and social services
Alternating between continuous and episodic measurements for optimal use of resources

Increased on-demand communication for practical, clinical, and emotional support

Informal monitoring products (eg, trackers) for caregivers

Educating patients and caregivers to use proposed technologies

Proactive medical interventions (eg, UTI prediction) to prevent further deterioration

Identifying and treating causes of psychological disturbances (eg, surveillance paranoia) before implementing intervention

Automated reminders and interventions supporting activities of daily living

Providing reliable clinical oversight to manage false alarms and prevent anxiety

Dynamic adjustment of medication administration enabled by granular monitoring of its effects

23

22
16

=
)]

w o0 o0 o0 o O N N o
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The most frequently mentioned desired technology devel opment
opportunities are related to unearthing novel, more accurate,
objective data about cognitive, behavioral, and physiological
parameters to enable clinicians to perform more informed
assessments and di stinguish between subtly different conditions
(eg, between memory, language, visual-spatial, and
sensory-motor deficiencies) in their diagnostics. Improving the
availability and the quality of support and reassurance to
caregivers through clinical, professional, and casual services
and through informal care products and automated interventions
is another priority. Having a platform over which to conduct
intensive monitoring on an episodic basis can help treat acute
conditions, counteract deterioration of preventable infections,
and titrate drug prescriptions. Educating patients and caregivers
about their prospective products and treating potential causes
of rejection can improve compliance.

Factor s Affecting Compliance and Engagement With
Active, Passive, and I ntrusive Devices | dentified by
Exploring Phase 02's Challenges and Opportunities
With People With Dementia and Caregivers

Phase 03 Findings

Our Phase 03 interviewsinvestigated 5 opportunitiesidentified
in the “Technology and Service Development Opportunities
Identified by Clinicians, Researchers, and Heath Care
Managers’ section from the perspectives of end users: (1)
implementing remote cognitive assessments; (2) educating
patients and caregivers to use proposed technologies; (3)
identifying and addressing causes of psychological disturbances
related to interventions; (4) collecting objective behavioral and
physiological data; and (5) providing reliableclinical oversight
to manage false alarms and prevent anxiety.

A thematic analysis of discussions with people with dementia
and their home caregivers regarding the addition of pulse
oximeters, thermometers, tabl et-based cognitive testing puzzles,
and smartwatches into the homes of selected study participants
revealed factorsthat can motivate or disengage users. Achieving
adeep understanding of such factorsiscrucial toward trandating
these technol ogy-enabled opportunities into clinical practice.

Preventing Anxiety and Frustration

When dealing with sensitive data such as physiological readings
and cognitive assessment results, any misunderstanding or
technical problemsmay cause anxiety or hel plessnessin patients
and caregivers. Strategies to mitigate this effect may include
providing clear feedback when atask has been completed or a
reading has been taken, avoiding time-pressured tasks,
increasing task complexity gradually and within comfort, and
using friendly, reassuring vocabulary. Moreover, systems could
be designed to fulfill caregivers wishes to monitor the person
with dementia’s location, physiological data and sleep while
preventing the anxiety that could result from *abnormal normal’
and false readings, both of which can be common in elderly
populations and in busy households.

Frustration and demotivation may also result from discrepancies
between the expected function of an AT and its perceived
usefulness (eg, caregivers not understanding why their

https://aging.jmir.org/2021/3/e27047
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smartwatch, adapted for the study, does not display the patient’s
location). Fluctuating cognition can be a significant barrier to
the remote monitoring of isolated patients as forgetting about
one’'s motivations to be monitored can lead to anxiety and
agitation for being watched and, consequently, the disablement
or destruction of equipment.

Aligning Tasks to the Patient’s Routine

Allowing patientsto perform tasks or take readings at their own
paceand intheir preferred time preventsfedings of being forced
into a routine. Completing short, finite tasks motivates people
with dementia more than partial progress toward a complex
goal, and short but frequent engagement forms both habit and
skill. Patients with advanced dementia, however, may not have
the patience, ability, or motivation to draw satisfaction from
completing tasks. They may be more compliant to sporadic,
in-depth, episodic checks than to daily routines that demand
their sustained engagement. Moreover, it is advisable to
introduce ATs that are in line with the patient’s existing habits
and entertainment activities for higher engagement.

Discussion

Principal Findings

We explored functional and psychological needs of peoplewith
dementiausing participatory user-centered design methodsthat
produced arich understanding of their experiences. Thesewere
expressed as design personas that help develop the empathy
required for design and identify the challenges and opportunities
of assistive remote monitoring technologies. Specific
opportunities can subsequently be translated into technol ogical
innovation, public health strategy, and clinical practice through
more focused user-centered design activities.

Supporting the Trandlation of Stakeholder’s
ExperiencesInto Public Health Strategy and Clinical
Practice

Public health research and innovation processes benefit from
involving patients and the public [41,57]. Our triangulation of
findingswith clinical, research, and organizationa stakeholders
enabled the definition and prioritization of care objectives,
challenges, and both wide-ranging and solution-specific
opportunities.

Moreover, the triangulation of findings with numerous
stakeholders can significantly deepen researchers' knowledge
of relevant themes and reveal new opportunities, especially
when stakeholders (eg, clinicians) are specialized in
understanding patients’ needs. There are commonalities between
the needsidentified by patients and caregiversand the priorities
identified by professional stakeholders (OT, health care service
directors, clinical psychologists, and researchers in
neuropsychiatry, behavior, and engineering). Thoroughly
investigating these perspectives through 9 substudies elicited a
wide variety of themes. The needs described by patients and
caregivers mostly referred to physical health and independence
in ADLs and started to reveal underlying values including
autonomy, dignity, competence, relatedness, and reassurance.
By contrast, cliniciansidentified more technol ogy-specific (eg,
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“filtering ‘abnormal norma’ readings before aerting
caregivers’) or medical (eg, “validated cognitive assessment
tools”) needs and value-aligned ways to address the challenges
that prevent the satisfaction of people with dementia and
caregivers ADL needs. For example, “educating older adults
to use the proposed technology” or “diagnosing and treating
paranoia before prescribing a smart home system.”

The personas and the needs map helped highlight the range of
needs within the dementia popul ation. Personas emphasi ze that
the ways users receive care and interact with smart home
systems depend heavily on their socioeconomic status, health
factors, care needs, technology usage, daily liferoutine, family
dynamics, and support network within the community. All these
factors impact how engaged they are with the technology, and
therefore how much usersvaluethe system. It ishenceimportant
for participatory activitiesto investigate not only the primafacie
content of personas, but also what elements or traits should be
included within personas. The patient—caregiver personas also
highlight the technical challenge of designing for a range of
different home environments, for example, determining how
many sensing devices are needed in each home.

Harnessing personas as case studies successfully elicited awide
range of responses from the clinicians, service managers, and
researchers participating in this study’s final workshop. In our
focus groups, some NHS service providers suggested refining
these personas into a clinicaly accurate, quantitative, and
validated spectrum of traits, contexts, health conditions, and
stages of disease progression as an opportunity for further
studies. This may be of value for researchers, designers, and
engineersin afield where variables such astechnol ogy literacy,
language, ethical and cultural differences, education, and the
types of cognitiveimpairment (which may berelated to memory,
language, special acuity, sensory-motor, executive functioning,
etc.) have an active impact not only on patient’s technology
acceptance but also on the results of the cognitive and functional
assessments upon which care plans are based. These variables
can beinvestigated in further participatory activities involving
people with dementia, caregivers, and clinicians. More precise
clinical information can be identified by health care providers
and through a review of the literature. However, the
generalization of personas into a detailed characterization of
socia groups has been criticized [58]. While communicating
fictional user archetypes can support empathy in design
workshops, personas inherent risks of stereotyping,
stigmatization, and limited diversity make them unsuitable as
accurate representations of a population.

Our dtrategy of involving both participants who are early
adopters of remote monitoring technologies and stakehol ders
more representative of the general population helped investigate
both technol ogy-specific considerations and more general needs
and objectives in ADLs. We recommend that future studies
replicate this strategy of combining evaluations of the
technology-related experiences of early adopters (selected
patients) with bottom—up investigations of the ADLs and care
needs of the general population (members of the public and
arbitrarily selected patients).

https://aging.jmir.org/2021/3/e27047
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Conducting substudies in 3 phases and structuring Phases 02
and 03 around themes and personas identified in previous
substudies allowed researchers to generalize insights elicited
by investigating specific interactions with technology into
widely relevant ADL needs and psychological factors.
Conversely, conducting generative research and ideation
activities based on previously defined patient and caregiver
needs enabled researchersto guide stakeholders and people with
dementia and caregivers to explore a wider design space and
converge into more comprehensive and relevant service design
and technology development opportunities.

Future studies continuing to combine results from a variety of
stakehol ders should ensure to eval uate findings across relevant
groups of stakeholders to account for the potential limitations
of one group speaking for another group, which may in fact
disagree (eg, [44]). Therefore, to build on our findings, future
studies can evaluate and explore each technology and service
development opportunity identified by clinicians, researchers,
and managers through the perspectives of a range of people
with dementia and caregivers. Moreover, future studies may
investigate how the prioritization of needs of people with
dementia outlined in Table 1 and in the personas is dependent
on the stage of dementiaand on who is describing the problems.

Methodological Limitations

Methodological limitations of this study should be addressed
in future activities of research and development of “Healthy
Homes.” Whilefindings of ethnographic observationsinformed
all the substudies, their documentation was incomplete due to
operational constraints. Moreover, interviewing patients before
and after they experience smart home interventions may reveal
different insights than the sasmple of early adoptersinterviewed
in this study. Comparisons would result in a more
comprehensive understanding of how users’ preconceived ideas
affect adoption and engagement with the technology.
Quantifying the occurrence of each persona straits, conditions,
and environmentswill require further studies. Although sample
numbers were small, they are considered sufficient for
qualitative analyses.

Our sampling strategy for the substudies of Phases 01 and 02
wasto include both (1) end users and stakeholderswho are early
adopters of the CR& T's smart home systems; and (2) patients,
caregivers, clinicians, researchers, and managers that are
representative of the wider public health “users,” services, and
organizational processes. Phase 03's substudy of the
implementation of amoreintensive monitoring system, however,
could only be conducted under the current UK DRI CR&T's
research ethics approval and within suited recruitment
timeframes with a cohort of self-selected UK DRI smart home
trial users. Although this cohort was representative of the general
dementia population when recruited through communities and
socia carechannelsfor the UK DRI trial, participants may now
be familiar with smart home technologies devices and inclined
to support research. The samples might not be reflective of the
common situations of disengaged, isolated people with dementia
we identified in Phase 01 substudies and communicated in the
“Patient—Caregiver Personas’ section. Future qualitative studies
investigating such intensive cognitive testing, smart home
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systems, and wearable-based monitoring may benefit from
allocating sufficient time and resources to receive ethical
approval to recruit a sample that comprises the needs of our
personas. This would enable the analysis of their needs both
before and after the implementation of smart home systems.
Capturing the values and emotional expectations of peoplewith
dementia and caregivers who are living independently but
anticipate they may need such monitoring systemsin the future
can aid researchersto address these factorsthrough design. This
could prevent the perceived utility of such systems from
decreasing with actual use [14].

Despitethis potential sampling bias, the cognitive testing tablets
and the activity tracking smartwatches we introduced for Phase
03 were very unfamiliar for 8 of the 10 households. This
unsurprisingly resulted in generally low acceptance and
compliance, as may be expected in the general dementia
population. Moreover, asthe sample (10 caregiversand 2 people
with dementia) was too small for quantitative analysis, the
richness of insight resulting from the interviews thematic
analysis was satisfactory for the purpose of our substudy.
Interviews with this sample, however, had to be conducted via
telephone due to the pandemic. This excluded 8 people with
moderate and advanced dementiato be able to directly express
their experiences. When in-person participatory design session
return to be a possibility, creative and interactive activities
during home visits can be more inclusive to people with
dementia. The presence, sounds, aesthetics, and materials of
prototypes can be used as props for creating and sharing

concepts (eg, [54]).
Limitations of Findings

Our strategy of recruiting early adopters of smart home systems
for our substudies evaluating specific interactions with such
technologies may have resulted in the underrepresentation of
disengaged, nontechnology-savvy people with dementia and
caregivers. Disengaged attitudes toward technol ogy-based care
are common in the general population of people with dementia
and elderly caregivers, asidentified in Phase 01 substudies and
communicated in our personas. The challengesthat the constant
surveillance of smart home technologies poses around privacy
[12] and agency [9] were not emphasized in our evaluative
substudies as much expected [11]. Such themes were only
touched on superficialy by 2 nontech-savvy participants of
Phase 03 interviews and by cliniciansin our persona-based Pan
London OT Network workshop.

Recruiting participants that represent the variety of attitudes
toward care and technology outlined in our personas (including,
for example, weariness toward devices, reluctance to obey
automated alerts, reluctance for anyoneto “know my business,”
and isolated living situations) should be a priority of future
sampling strategies. Best practicesin conducting research with
socialy isolated older adults [46] should be followed.
Understanding the human values (eg, dignity, autonomy) that
underlie people's attitudes toward smart homes can enable
researchers to address tensions that may arise within a person
or between stakeholders. For example, much of our cohort of
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early adopter caregiversinherently values“ supporting research”
andisinclined to data sharing, while our compliant peoplewith
dementialikely value“pleasing my caregiver.” The motivations
of the general population should be understood in more detail
for the trand ation of such productsinto public health pathways
to be successful. In a context where products are often used on
people, particular care must be taken in supporting end-users
values to prevent undesirable but plausible consequences such
as elderly abuse, loss of perceived autonomy or dignity, and
increased isolation.

Direct Implications of This Study’s Findings

Patient needs mapping results and personas are being used as
atool to communicate to thewider UK DRI research community
theissues and challenges of creating environmentsthat support
independent living in an empathetic and redlistic way. By
improving such communication, this project aims to influence
research and development on new Al and |oT technologies.

The challenges in delivering professional care and the
technology development opportunities identified in this study
are currently being addressed and prioritized by local and
nation-wide public health care partners through the depl oyment
of surveys. In parallel, our findings regarding intensive remote
monitoring have directly informed the design of anew substudy
by the CR& T and resulted in incremental improvementsin the
center’s cognitive testing app and itsunderlying clinical services.
For example, the difficulty of puzzles now gradually increases,
participants can pause tasks and repeat instructions, and
feedback about tasks being completed is more explicit.
Additionally, some of the insights that emerged from Phase 03
have been trandated into improvements in the interface and
user experience of the CR&T’s novel traumatic brain injury
assessment app for in-person clinical use.

Conclusions

Enabling communication between designers, technol ogists, and
public health care providers (the UK DRI’s stakeholders) via
participatory design processes and artifacts can foster more
effective, inclusive, and rapid innovation in public health sectors.
We aim to design and deploy remote monitoring and
intervention systems that are fully integrated into a complex
network of services, pathways, and stakehol ders. Ensuring these
systems are widely accessible yet tailored to the individual
needs, technological knowledge, and level of engagement of
individual patients and caregiversis asubstantial task. Today’s
pandemic-affected context has made it urgent to streamline
innovation in this space through participatory, user-centered,
and value-sensitive design.

Although this study focused on living with dementia, the
iterative application of qualitative research methods involving
patients, caregivers, and various stakeholders is applicable to
other medical fields. This paper exemplifies how this
methodology can reveal nuanced but critical psychosocial and
contextual factors and support the development and trandation
of more patient-centered interventions.
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Abstract

Background: Smartwatches enable physicians to monitor symptoms in patients with knee osteoarthritis, their behavior, and
their environment. Older adults experience fluctuationsin their pain and related symptoms (mood, fatigue, and sleep quality) that
smartwatches are ideally suited to capture remotely in a convenient manner.

Objective: Theaim of this study was to evaluate satisfaction, usability, and compliance using the real-time, online assessment
and mobility monitoring (ROAMM) mobile app designed for smartwatches for individuals with knee osteoarthritis.

Methods: Participants (N=28; mean age 73.2, SD 5.5 years; 70% femal€) with reported knee osteoarthritis were asked to wear
a smartwatch with the ROAMM app installed. They were prompted to report their prior night's sleep quality in the morning,
followed by ecological momentary assessments (EMAS) of their pain, fatigue, mood, and activity in the morning, afternoon, and
evening. Satisfaction, comfort, and usability were evaluated using a standardized questionnaire. Compliance with regard to
answering EMAs was calculated after excluding time when the watch was not being worn for technical reasons (eg, while
charging).

Results: A mgjority of participants reported that the text displayed was large enough to read (22/26, 85%), and all participants
found it easy to enter ratings using the smartwatch. Approximately half of the participantsfound the smartwatch to be comfortable
(14/26, 54%) and would consider wearing it astheir personal watch (11/24, 46%). Most participants were satisfied with its battery
charging system (20/26, 77%). A majority of participants (19/26, 73%) expressed their willingness to use the ROAMM app for
a 1-year research study. The overal EMA compliance rate was 83% (2505/3036 responses). The compliance rate was lower
among those not regularly wearing a wristwatch (10/26, 88% vs 16/26, 71%) and among those who found the text too small to
read (4/26, 86% vs 22/26, 60%).
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Conclusions: Older adults with knee osteoarthritis positively rated the ROAMM smartwatch app and were generally satisfied
with the device. The high compliance rates coupled with the willingness to participate in a long-term study suggest that the
ROAMM appisaviable approach to remotely collecting health symptoms and behaviorsfor both research and clinical endeavors.

(IMIR Aging 2021;4(3):€24553) doi:10.2196/24553

KEYWORDS

ehealth; mobile health; ecological momentary assessment; real-time online assessment and mobility monitor; ROAMM; older
adults; compliance; personal satisfaction; usability; smartwatch; knee osteoarthritis; pain; fatigue; wearable electronic device;

mobile application

Introduction

Mobile devices are becoming commonplace in patient-based
research [1]. Their ability to capture sensor data and enable
interaction with participants in both observational and
interventional studies makes mobile devices a powerful tool to
augment traditional data collection approaches[2]. For example,
these devices passively record activity with an accelerometer
and location via GPS sensors to track physical activity and
mobility. This information could be useful in understanding
patients symptoms in the free-living environment. Such
knowledge would be ideal for patients with osteoarthritis who
exhibit variable pain experiences that may also interact with
their mood and fatigue levels[3,4]. Coupled with sensor-based
mobility data, smart devices offer arich portrait of theinterplay
between symptoms and mobility levels.

Osteoarthritisisadegenerative and progressive disease affecting
approximately 250 million patients worldwide [5]. Pain
experiences greatly differ between patients and are often
irregular within the same patient [6]. The complexity of
symptomsis partly due to the site (knee, hip, or hand), genetic
predisposition, initial cause of damage (ie, injury), obesity status,
level of inflammation, and environmental factors [5,7].
Traditionally, patients receive treatment after reporting pain
complaints and a physical examination along with optional
imaging (eg, radiographs) [8,9]. Physical activity patterns,
mobility function, and symptoms are used by clinical
practitionersto inform treatment decisions[8,10,11]. However,
difficulty in retrospective assessment of complex experiences
like pain and the recall bias of self-assessing activity patterns
present obstacles for care management of patients with
osteoarthritis [12]. As a result, there has been considerable
interest in using smart mobile devices—phones and
wearables—for ascertaining symptoms and objective activity
measures for informing practitioners [13]. In 2019,
approximately 30 to 40 apps were designed for logging pain
symptoms, but only one-fifth of those apps engaged the patients
for which they were designed [14]. Moreover, none were solely
designed for a smartwatch interface. Mobile devices and smart
wearables have the potential to better characterize symptoms
in the free-living world, but involvement of end-users (eg,
patients) are necessary for appropriate design and long-term
adoption.

New tools are needed to collect symptoms, experiences, and
patterns of mobility and activity in real time in the free-living
environment. Ecological momentary assessment (EMA) is a
method based on data collection originally devel oped by Larson

https://aging.jmir.org/2021/3/e24553

and Csikszentmihalyi in 1983 [15] for the psychological
assessment of what activities people engage in, how they fed,
and what they are thinking during their daily lives. It was
developed because people are poor at reconstructing
psychological experiences after they have occurred [16,17].
Rather, EMA considers experiences in the moment in a
real-world environment and is potentially more representative
of reality [18]. EMAs were first collected using paper diaries,
followed by dedicated electronic diaries [19]. Recently,
however, smartphone and smartwatch apps are becoming a
pervasive means of assessing medical symptoms[20,21]. Work
by Murphy and Smith demonstrated that tracking activity
patterns with daily EMA fatigue reports yielded insights into
the manifestation of activity-induced fatiguein participantswith
knee or hip osteoarthritis [22]. Another recent report used a
custom-designed smartwatch app to prompt older adults with
knee osteoarthritis to report their pain 4 to 5 times per day for
approximately 3 months. Results demonstrated that older adults
wore the watch for 75% of the study duration and answered
50% to 60% of the twice-daily prompts to rate their pain.
Despite some drawbacks, including battery drain and technical
issues, participants generally thought the watch was convenient
and acceptable [23]. Although this previous work is
encouraging, additional researchis clearly needed to document
smartwatch satisfaction, usability, and compliance for knee
osteoarthritis symptoms.

The large increase in mobile medical apps has prompted the
US Food and Drug Administration (FDA) to release aguidance
statement [24]. The FDA is clearly supportive of evaluating
patient-reported outcomes [25]; however, the framework for
regulating medical mobile apps is still in its infancy [24].
Moreover, FDA guidance documents state that any patient-based
software should undergo evaluation for overall design, usability,
and acceptability for usein clinical care and research settings
[26]. In that regard, the objective of our study was to evaluate
satisfaction, usability, and compliance using the real-time and
online assessment and mobility monitoring (ROAMM) mobile
app designed for smartwatches. This study buildsoninitial input
from interviews about the ROAMM app interface and usability
in both patients and practitioners[27,28]. We hypothesized that
older adults with knee osteoarthritis would provide positive
satisfaction and usability ratings while being compliant with
wearing the smartwatch and answering EMA prompts over an
approximately 2-week evaluation period.
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Methods

Participant Recruitment and Visit Design

Community-dwelling older adults aged 65 years and above with
symptomatic unilateral or bilateral knee osteoarthritis were
enrolled in the study. Recruitment sourcesincluded community
advertisements and participant-based registries. Exclusion
criteriaincluded significant cognitive impairment, neurol ogical
conditions that severely inhibited mobility, inability to
communicate because of severe hearing loss or speech disorder,
terminal illnesswith life expectancy lessthan 12 months, severe
pulmonary disease, rena failure with hemodiaysis, severe
psychiatric disorder (eg, bipolar, schizophrenia), excessive
alcohol use (>14 drinks per week), drug addiction, or treatment
for cancer (radiation or chemotherapy) within the past 1 year.
All participants provided written informed consent, and the
protocol was approved by the University of Florida I nstitutional
Review Board.

Participants were asked to attend 2 clinic visits: one at baseline
and another approximately 2 weekslater. After providing written
informed consent, participants were administered the
Mini-Mental Status Examination and then instructed on how to
use the ROAMM app as previously described [27,29].
Participants were provided a simple user guide on how to use
the wireless charging station and USB cable. They were also
provided with a demographic questionnaire and an “exit”
guestionnaire that asked about their satisfaction with watch
functionality and usability (see Multimedia Appendix 1) to be
completed at the end of the second week. At the second visit,
participants were asked to return the smartwatch and completed
guestionnaires.

ROAMM App and EMA

The ROAMM app was developed at the University of Florida
to enable real-time capture of patient-generated information.

Rouzaud Laborde €t al

The smartwatch app collects wearable sensor (accelerometer
and GPS) data simultaneously with symptom EMAS, as
described previously [27]. Briefly, the ROAMM app is
composed of a server and smartwatch app that are remotely
connected through a secure https protocol. This integrated
framework is designed and devel oped to perform several tasks,
including remote data collection, storage, retrieval, and analysis.
The primary goal of this project was to evaluate usability,
satisfaction, and compliance of wearing the smartwatch and
responding to EMA prompts in freeliving conditions.
Participants were asked to wear and charge the smartwatch
every day for approximately 2 weeks during waking hours. The
ROAMM app was programed to prompt the participant three
times a day in a stratified random manner at prespecified
windows: 8:00-11:59, 12:00-15:59, and 16:00-19:59.

While wearing the watch, participants were prompted in the
morning to report their prior night's sleep quality. Thereafter,
EMA pain, fatigue, mood, and activity were assessed throughout
the day. Participants used the rotating bezel on the Samsung
Gear S3to dial in responses and then saved their responses by
pressing abutton located on top of the bezel. Rating scaleswere
chosen based on the previous literature and the ability to scale
down the content for the watch interface [30-34]. In the morning,
participants rated their previous night’s sleep quality on ascale
of 0 to 10 [35,36], with the following anchors: 0 to 1, “very
poor”; 2, “poor”; 3to4,“OK”; 5t0 8, “well”; and 9to 10, “very
well”. EMA pain was evaluated using a valid and reliable
numerical rating scale—the 11-point Box Scale (BS-11) of pain
intensity that rangesfrom 0to 10[37,38]. Thereisawidevariety
of versions of this scale and its inclusion of text anchors [39].
Because of the small watch face, we preferred to include more
anchors than the traditional numeric scales. The following text
anchorswere shown asthe participant rotated the dial: 0, “ none”;
1to3,“mild”; 4to5, “moderate’; 6to 7, “severe”’; 810 9, “very
severe”; and 10, “worst possible” A depiction of the interface
isshown in Figure 1 and in our previous publications [27,28].

Figure 1. Depiction of watch face with visual analog scale used to rate pain intensity.

Current Pain:

No . Mild

Fatigue severity was also assessed using ascale of 0to 10, using
the abovementioned anchors, according to other similar
validated scales previoudy reported [40-42]. Mood ratingswere
scaled dightly differently to more closely follow previously
validated visual analogue scales [43,44]. By default, the zero

https://aging.jmir.org/2021/3/e24553

Current Pain:

Current Pain:
Severe

value for “neutral” was placed at the bottom of the screen;
rotation to the right reported negative mood ratings, with text
anchors “negative” for —1 to —3 and “very negative” for —4 to
—5. Rotation to the left reported positive mood ratings. Finally,
participants rotated the bezel to choose an icon representing one
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of the following activity categories that they were presently
engaged in: lying down, standing, walking, sitting, and other
activities (representing other possible activities such as
gardening and exercise). Thus, participants were prompted to
report pain, fatigue, mood, and activity three times per day. To
reduce burden, prompts were delivered in a contiguous
manner—one after another. The total time to answer a set of
prompts was very short, typically <30 seconds.

ROAMM Exit Questionnaireto Evaluate Satisfaction
and Usability

A 13-item exit questionnaire was administered at the end of the
second week of the study (see questionnaire in Multimedia
Appendix 1). The questions dealt with wearing comfort (eg,
size, weight, wristband material), usability of the ROAMM app
(eg, responding to prompts, font size, battery life), ease of using
the inductive charger, and willingness to participate in future
research studies. Participants were also asked to provide
feedback to improve the app and its usability. Questions that
used a 4-point Likert scale were reduced to two categories for
statistical analysis (eg “very satisfied and satisfied” vs
“somewhat satisfied and not satisfied”). Some questions asked
participants to select as many options as possible that apply.
Participants were al so asked to provide any additional opinions
of the ROAMM app and the smartwatch. Responses to this
guestion were categorized into 4 major areas: technical issue;
usability or functionality issue; size, weight, or display issue;
and no issue (ie, positive opinion).

ROAMM EMA Compliance

Compliance with each ROAMM app prompt was calculated in
two ways. First, a raw compliance rate was calculated as the
number of actual responses divided by the total number of
possible responses assuming thewatch was deliveringthe EMAS
during programmed times:

(Total responses/ Total number of possible responses) x 100.

https://aging.jmir.org/2021/3/e24553
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Second, it was important to adjust the compliance rate to not
penalize participants for potential technical issues or for when
the watch was not being worn (ie, when charging). For this
calculation, time windows with <3 hours of sensor data (ie, the
watch was turned off during a time when an EMA could be
delivered) or if the watch was charging for >30 minutes were
flagged. Flagged time windows were not counted against the
participant for nonresponsiveness (ie, they were not included
in the denominator of the compliance rate). We considered this
form of "adjusted* compliance in the stratified analysis
described below. Only days where there were >3 hours of data,
signifying a sufficient time to judge compliance, were
considered in the analysis.

Data Analysis

Comparisons of dichotomous responses on the patient
satisfaction surveyswere described as proportions and analyzed
using Fisher exact test. Questions that contained multiple
answers or free text were talied, but formal statistica
comparisons were not performed owing to the low number of
responses. Adjusted compliances were compared using the
Student t test between two groups and one-way analysis of
variance with posthoc tests for more than two comparisons.
Differences and associations were considered statistically
significant at an a level <.05.

Results

Characteristics of the Study Population

Table 1 provides demographic characteristics of 27 of the 28
participants who completed the demographic questionnaire.
Their mean age was 73.2 (SD 5.5) years, with a total of 19
(70%) female participants, 21 (78%) White participants, and
24 (89%) participants with a college-level education.
Participants were moderately active, and most were overweight
(n=10, 37%) or obese (n=9, 33%).
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Table 1. Characteristics of study participants (N=27).
Characteristic Participants
Age (years), mean (SD) 73.2(5.5)
Sex, female, n (%) 19 (70)
Race, n (%)
White 21 (78)
Other 6(22)
Education level, n (%)
College education 24 (89)
Other 3(11)
Living status, n (%)
Lives aone 6(22)
Other 21 (78)
Housing, n (%)
Single-family home 22 (82)
Other 5(19)
M or phology
Height (m), mean (SD) 1.7 (0.1)
Weight (kg), mean (SD) 80 (21.4)
BMI (kg/m?), mean (SD) 28.3(59)
Obese (BM1 =30 kg/m?), n (%) 9(33)
Overweight (BMI 25-30 kg/m?), n (%) 10@37)
Normal (BMI 18.5-25 kg/m?), n (%) 8(30)
Physical activity, n (%)
No regular leisure-time physical activity 4 (15)
Some |eisure-time physical activity 13 (48)
Regular leisure-time physical activity 9 (33
Bill Payment, n (%)
Somewhat difficult or very difficult time paying bills 13 (48)
Not very difficult 14 (52)

ROAMM Exit Questionnaireto Evaluate Satisfaction
and Usability

Of the 26 participants, 81% (21) reported that they would be
willing to wear the smartwatch while sleeping, and 85% (22)
reported the text was large enough to read (Table 2). Moreover,
all 26 participants reported it was easy to enter ratings using
the smartwatch. About 77% (20/26) of the participants reported
that the smartwatch’ s battery life ended while they were wearing
it. A similar proportion of participants regularly wore a
wristwatch (16/26, 62% vs 10/26, 38%; P=.16) and answered
that they would wear the smartwatch as their personal watch
(1124, 46% vs 13/24, 54%; P=.77).

https://aging.jmir.org/2021/3/e24553

Approximately half of the participants (14/26, 54%) reported
the smartwatch was“ very comfortable’ or “comfortable’ (Table
3). A follow-up question asking participants how the smartwatch
comfort could be improved received the following responses:
no changes (n=7), reduce weight of the watch (n=11), improve
wristband clasp function (n=7), reduce display size (n=6),
change the material of wrist band (n=6), reduce wrist band size
(n=5), and other (size, weight, display and maotion detection)
(n=8). Despite these criticisms, a majority of the participants
reported that they were satisfied with the function of the watch
(19/26, 73%; P=.002) and charging the battery (20/26, 77,
P<.001; Table 3).
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Table 2. Rea-time, online assessment and mobility monitoring exit questionnaire.

Question Participants,? n (%) P value®
Response: yes Response: no
Do you regularly wear awristwatch? 16 (62) 10 (38) .16
Would you wear the Samsung smartwatch as your personal watch? (n=24) 11 (46) 13 (59) a7
For research purposes, would you occasionally wear the watch while sleeping? 21 (81) 5(19) <.001
Was the text large enough to read? 22 (85) 4(16) <.001
Was it easy to enter the ratings using the smartwatch? 26 (100) 0(0) N/AC
Did you charge it every night? 26 (100) 0(0) N/A
Did the watch ever run out of battery (ie, battery died) while you were wearing it? 20 (77) 6 (23) <.001
#Total number of participantsis 26, unless otherwise noted in the row header.
PFisher exact test.
°N/A: not applicable.
Table 3. Real-time, online assessment and mobility monitoring exit questionnaire (continued).
Question Participants (N=26), n (%) P value®
How satisfied were you with the function of thewatch (ie, you were ableto tell date/time easily)? .002
Very satisfied and satisfied, n (%) 19 (73)
Somewhat satisfied and not satisfied, n (%) 7(27)
How satisfied were you with the charging of the battery of the Samsung smartwatch? <.001
Very satisfied and satisfied, n (%) 20 (78)
Somewhat satisfied and not satisfied, n (%) 6 (22)
How comfortable was the Samsung smartwatch to wear on a daily basis? .78
Very comfortable and comfortable 14 (54)
Somewhat or not comfortable 12 (46)
How likely are you to participatein a 1-year research study asking you to wear the Samsung smartwatch daily? .002
Very likely, likely or somewhat likely 19(73)
Not likely 7(27)
8Fisher exact test.

Furthermore, amajority of the participants (19/26, 73%; P=.002)
expressed their willingnessto use the ROAMM app for al-year
research study. In a follow-up question that asked the
participants the reasons for responding "not likely* or
"somewhat likely* (n=11), participants cited lack of comfort
(n=5), (the watch was) not stylish (n=3), getsin the way (n=4),
screen was hard to read (n=3), screen was unresponsive (n=4),
privacy issue (n=1), technical issue (n=5), and size or weight
issues (n=1). However, some of these participants were willing
to wear the smartwatch for 1 month (n=5) or 3 months (n=1).
Only 3 participants reported not willing to wear the watch at
all.

All participants were asked to provide additional comments on
the ROAMM app and the smartwatch. Those who opted to
respond commented on technical issues (battery charging: n=10;
temperature of the watch being too hot: n=2) and usability issues
(resetting the watch: n=5; unresponsive screen: n=1; and size,

https://aging.jmir.org/2021/3/e24553

weight, or display issues: n=7). There were positive opinions
about the health monitoring aspects (n=4) and the ability to use
the device as a phone or for email and calendar use (n=2).

ROAMM EMA Compliance Rates

Twenty-eight participants wore the smartwatch for a mean of
13.9 (SD 0.4) days. When considering only those dayswith >3
hours of wear-time, participants wore the watch for a mean of
11.3 (SD 0.6) days. The accumulated total was 316 days
recorded along with atotal of 2505 smartwatch responses. The
raw compliance rate was 61% (2505/4108) and the adjusted
compliance rate was 83% (2505/3036). Specific to different
windows throughout the day, the adjusted compliance rate was
86% (1004/1161) in the morning, 79% (800/1016) in the
afternoon, and 77% (701/908) in the evening; detail s of adjusted
compliance rate according to EMA responses in each window
are shown in Table 4.
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Table 4. Adjusted compliance rates according to ecological momentary assessment responses across the three eval uation windows.

Evaluation window Sleep Pain Mood Fatigue Activity
Morning .93 .875 .873 .87 .82
Afternoon N/AZ .84 .823 .83 71
Evening N/A .815 795 .81 71

8N/A: not applicable.

Average adjusted compliance for EMA prompts were similar
for pain, mood, fatigue, activity, and sleep (P=.14), although
compliance was consistently lowest for reporting activity, which
wasthefinal question of the bundle. M oreover, average adjusted
compliance rates were similar across the three time windows
(P=.92). We explored potential reasons for compliance
differences in a stratified analysis. Adjusted compliance was
lower among those who do not regularly wear a wristwatch

(88% vs 71%; P=.03) and was better among those who thought
the text was large enough to read (86% vs 60%; P=.01) (Figure
2). No differences in adjusted compliance rates were observed
for participants who reported higher satisfaction levels, those
who were more likely to wear the watch for a 1-year study,
those who would wear the smartwatch as a personal watch, and
those who reported the smartwatch did run out of battery
(Figures 2 and 3).

Figure 2. Adjusted compliance average according to responses from the real-time online assessment and mobility monitoring app exit questionnaire
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Figure 3. Adjusted compliance average according to responses from the real-time online assessment and mobility monitoring app exit questionnaire
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Discussion

Gerontechnology is a relatively new concept that aims to
promote health and well-being through technology that considers
older adults’ needs and preferences [45]. The ROAMM app
was developed based on these guiding principles and was
designed to captureinformation about gerontological symptoms
in the free-living environment. To ensure the technology is
appropriate for this population, our research team and others
have conducted focus groups to gather feedback about
gero-friendly visualization (eg, display size) and functionality
[27,46-49]. In the next phase of this study, we evaluated the
technology inasmall target sample. In this context, the purpose
of this study was to evaluate the ROAMM smartwatch app for
usability, satisfaction, and compliance in a patient population
of older adults with knee osteoarthritis. Subsequent paragraphs
interpret the results within the framework of gerontechnology
and compare the current results to the existing literature. Based
on our exit questionnaire, a majority of participants positively
rated the ROAMM app display and functionality (eg, rotating
dial). About half of the participants felt the smartwatch was
uncomfortable, but amost three-fourths were likely to
participate in a long-term study asking them to wear the
smartwatch. Additionally, EMA complianceratesreported here
were similar to a recent meta-analysis that pooled data from
701 participants across 12 EMA studies [50]. The high EMA
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compliancerates also indicate that older adultswere ableto use
the app in free-living conditions. Participants also responded
that it was easy to enter information using the rotating bezel,
the text was sufficiently large, and they were satisfied with
charging the smartwatch and effectively charging it every night.
Theseresponses culminated in ahigh likelihood of participating
in research asking them to wear the smartwatch in a 1-year
study—a goal for research related to health monitoring.
However, it should be noted that willingnessto participate in a
long-duration study might not transfer to long-term compliance.
Overdll, our results suggest that older adults with knee
osteoarthritis were generally satisfied with the ROAMM app
and smartwatch, but the next intervention requires improved
comfort and wearability for planning long-term studies.

Battery drain was a consistent issue observed during the study.
The ROAMM app collects sensor data simultaneously with
EMA data. We previously reported that the battery is most
susceptible to the GPS sensor, with approximately 1% battery
drain per collected sample [29]. This drain is exponentialy
increased when all sensors are collected simultaneously and
further affected when the screen is activated during EMA
responses. In asimilar study, investigators from the KOALAP
(Knee Osteoarthritis, Linking Activity and Pain) study also
struggled to ensure the smartwatch battery lasted during the
day—about 15 hours. They also found that the lack of battery
life significantly impacted engagement with the smartwatch
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[51]. Additional innovation is needed on battery technology,
smart sensor triggering (eg, activate accelerometer during
movement only, activate GPS outside a geofence), and energy
efficiency to ensure that apps like ROAMM are capable of
health monitoring for an entire waking day. Advancesin sensor
technology and EMA tools for health monitoring are only
effective if sufficient compliance is demonstrated [52]. The
compliance rates reached in this study were consistent with
systematic reviews of EMA for assessing chronic pain in adults
(eg, 83% [53] and 86% [54]). However, achieving good
complianceisamultifactorial challenge, asit involvesthetype
of behavioral coaching, perceived burden, demographics of the
population, and the usability of the technology [55]. Regarding
the demographics, older adults tend to have higher compliance
(88%-90% at 75 years old) than younger adults (72%-74% at
25 yearsold) even in technol ogy-based eval uations, as reported
in a chronic pain study [50]. In fact, an EMA-based study in
older African American adultsreported over a90% compliance
rate when rating their activity and stress, four times per day, on
a smartphone [56]. There was also some evidence that fewer
questionsyielded higher compliance. We observed that asingle
deep quality question in the morning yielded the highest
compliance. In prior work, microinteraction EMAs—where
people are prompted with fast, glanceable questions that could
be answered in a few seconds similar to ROAMM—were
devel oped on smartwatches and compared to less-frequent EMA
prompts on smartphones. Researchers found that athough
prompts on the smartwatch were eight times more frequent than
those on the smartphone, participants were 35% more compliant
to short microinteraction EMAS on the smartwatch [57].
Participants also responded to EMASs in less time and reported
the EMASsto be less distracting on the smartwatch than on the
smartphone [58]. Therefore, EMAson asmartwatch might serve
as an excellent approach for longitudinal studies, which was
also conveyed by a majority of older adults in our study who
were willing to participate in a 1-year research study.

Stratified analysis of compliance rates yielded important
information for practice and for planning future research. In
general, compliance was similar between participants with
different opinions of the comfort and satisfaction with the
function of the smartwatch and ROAMM app. Unexpectedly,
compliance was similar among participants not likely to wear

Rouzaud Laborde €t al

the smartwatch as their own personal watch and those who
would not volunteer for a 1-year research study. Participants
regularly wearing a wristwatch had significantly higher
compliance than nonwearers. Furthermore, individualswho had
difficulty reading the text on the watch had lower compliance
than those who did not experience difficulties. In the focus
group study, approximately 80% of the respondents reported
the display text size was adequate [27]. In the current study the
sameresultswerefound (24/28, 79%) and participantsreported
the text was large enough. To be more inclusive and generalize
to the population asawhole, future studieswill need to consider
whether people regularly wear watches and ensure text size or
fonts are optimized for compliance.

There are strengths and weaknesses of this study that will aid
in conducting future research using smartwatch devices for
monitoring health. One of the weaknessesisthat this study was
performed on a relatively small, homogenous sample of older
adults with knee osteoarthritis. In particular, this was a
well-educated sample, and the results may not be generalizable
to individuals with lower levels of education. Furthermore, we
did not employ acommonly used ” usability* scalefor assessing
the ROAMM app, which makes comparisons to the literature
difficult. At thetime of data collection, existing scales were not
appropriate for assessing both the software and hardware of
wearable devices. Moreover, despiteinternal pilot testing, rapid
battery drainage found during wear in the freeliving
environment remained to be an issue. These weaknesses are
balanced with some strengths such asthe thorough investigation
of usability and user compliance following an extended use of
the ROAMM app in real-world settings.

In conclusion, older adults with knee osteoarthritis positively
rated and were generally satisfied with the ROAMM app on the
Samsung smart watch. Battery life remains a concern and will
need to be carefully considered in future studies. Compliance
rates were generaly high but were impacted by personal
experiences wearing a watch and text readability. After using
the ROAMM app for about 2 weeks, amajority of older adults
were willing to participate in a 1-year study requiring them to
wear the smartwatch. Overal, the results support new
opportunities to monitor health symptoms while capturing
objective sensor information from a smartwatch in older adults
with knee osteoarthritis.
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Abstract

Background: Numerousliving labs have established a new approach for studying the health, independent living, and well-being
of older adults with dementia. Living labs interact with a broad set of stakeholders, including students, academic institutions,
private companies, health care organizations, and patient representative bodies and even with other living labs. Hence, itiscrucial
to identify the types of cocreations that should be attempted and how they can be facilitated through living labs.

Objective: This study aims to scope publications that examine all types of living lab activities, exploring the needs and
expectations of older adults with dementia and seeking solutions, whether they live in the community or long-term health care
facilities (LTHFs).

Methods: This scoping review was reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) recommendations for the extension of scoping reviews. We searched six bibliographic databases for publications
up to March 2020, and a forward-backward citation chasing was performed. Additional searches were conducted using Google
Scholar. The quality of the selected papers was assessed.

Results:  Of the 5609 articles identified, we read 58 (1.03%) articles and retained 12 (0.21%) articles for inclusion and final
analysis. All 12 articles presented an innovative product, developed in 4 main living labs, to assist older adults with cognitive
disorders or dementialiving in the community or LTHFs. The objectives of these studies were to optimize health, quality of life,
independent living, home care, and safety of older adults with cognitive disorders or dementia, as well asto support professional
and family caregivers or reduce their burdens. The overall methodological quality of the studies ranged from poor to moderate.

Conclusions: This scoping review identified several living labs playing a pivotal role in research aimed at older adults with
dementia living in the community or LTHFs. However, it also revealed that living labs should conduct more better-quality
interventional research to prove the effectiveness of their technological products or service solutions.

International Registered Report Identifier (IRRID): RR2-10.2147/SHTT.S233130
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Introduction

Background

The world's population of people aged >65 years is growing
rapidly. In Europe, their proportion hasincreased from 14%in
2010 to 28% in 2020 [1]. According to the World Health
Organization, approximately 20% of people aged =65 years
have difficulties performing some of the activities of daily living
(ADL) or instrumental ADL, often due to reduced mobility,
weakened muscular strength, and disorders linked to cognitive
disorders[2]. Innovativetechnologies or servicesare being used
more frequently to provide responses to heath problems,
particularly for those affected by dementia[3]. In paralldl, health
care professionals and individual citizenswant to participatein
relevant, innovative, and implementabl e sol utions that challenge
the mainstream conceptions of the targets of health innovation
[4]. Recent years have seen numerous studies reporting the
advantages of adopting user-centered design approaches for
developing innovative solutions. These approaches question
users about their needs or observe their behavior with respect
to a product, technology, or piece of equipment [5]. More
recently, design research has evolved from a user-centered
approach, wherein users are considered experimental subjects,
to amore participatory approach, wherein users are considered
partners [6]. This perspective points to the utility of design
methods oriented toward increasing user and stakeholder
participation, whether they are nonspecialists or professionals
[7,8]. Theemergence of living lab (L L) approaches has enabled
researchers to go beyond the user-centered vision by adopting
a user-driven perspective supported by other stakeholders [6].
LLs can turn the main beneficiary of a problem’s resolution
into an actor with akey rolein ascientific process[9].

There are many different definitions of an LL depending on the
domain and the author’s research field; therefore, a widely
recognized definition is lacking [10]. Depending on the
definition, LLsare considered asamethodol ogy for user-driven
innovation; a user-driven, open-innovation ecosystem; a focus
group involving users and stakeholders; or even an experiment
in the environment [6]. This scoping review retained the
definition presented by Bergvall-Kareborn and Stahlbrost [11]:
“aliving lab is a user-centric innovation environment built on
every-day practice and research, with an approach that facilitates
user influence in open and distributed innovation processes
engaging al relevant partners in rea-life contexts, aiming to
create sustainable values” With regard to older adults with
dementia in different health care settings, Bergvall-Kéreborn
and Stahlbrost [11] also stated that an LL could be“apragmatic
research environment, which openly engages all relevant
partners with an emphasis on improving the real-life care of
people living with dementia through the use of economically
viable and sustainable innovation” [12]. LLs can be viewed as
settingsfor open innovation that provide collaborative platforms
for research, development, and experimentation in real-life
contexts using specific methodologies and tools [13]. Falstad
[14] described nine characteristics of LLs, four of which are
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discovery, evaluation, familiar contexts, and a focus on the
medium to long term. The other five contribute to the variety
of LLs asthey may or may not be displayed: the investigation
of the context, active roles for the users, technical testing,
real-world contexts, and multiple settings [14]. In the context
of ever-increasing worldwide economic competition, it is
becoming necessary for industries and companies to innovate
incessantly. However, it has been estimated that 70% of the
innovative products and services they develop cannot find a
market because they do not meet the real-world user needs[15].
Given that LL solutions are developed under conditions that
are designed to be closer to reality and that they can produce
more effective solutionsto the needs of end users, L L srepresent
a considerable advantage in many industrial and economic
sectors [16]. By using LL platforms and methodologies,
companies and health care institutions can reach beyond their
own boundaries, follow an open-innovation model [17], and
integrate outsiders into the cocreation of products [18],
experiences, designs, quality implementation strategies, and
service development [17]. LLs often act as intermediaries or
innovation facilitators for the cocreation process by providing
structure and governance [19,20]. The key components of LLs
include information and communication technology (ICT),
management, stakehol ders, research, and methods of cocreation
and product testing [12]. The ICT and infrastructure component
reflectstherolethat new and existing ICT can play in facilitating
new means of cooperating and cocreating innovations among
stakeholders. The research symbolizes the collective learning
and thinking that occursin an LL and should contribute to both
theory and practice. Technological research partners can also
provide direct access to the panels of older adult testers of new
products, which can benefit the development of technological
innovation with regard to criteria such as ease of use [12].

LLsfor Older Adults With Dementia

Dementiais a progressive, disabling, chronic disease affecting
5% of all people aged >65 years and >40% of people aged >90
years [21]. Older adults with dementia need a great dea of
support and assistance, and this need increases with the
progression of the disease [22]. Nevertheless, most older adults
prefer to live in their own homes for as long as possible, even
if they risk falls, are disabled, or are physically and mentally
impaired [23]. Although this decreases the pressure on nursing
homes and other long-term health care facilities (LTHFsS), it
increases pressure on both informa family caregivers and
community health professionals [24]. Some research and
development has been conducted on cognitive prosthetic
devices, however, there are few relevant tools, solutions, or
technologies specifically for people with dementia[25].

To the best of our knowledge, there are no clear overviews of
the research conducted by LLs either using modern assistive
technol ogy specifically designed for older adultswith cognitive
impairment or dementia or based on their observed and
expressed needs. Numerous studies have addressed the areas
of concern for aging populations in general rather than
specifically for those with dementia [26]. Some studies have

JMIR Aging 2021 | val. 4 | iss. 3 |e29031 | p.36
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

reported on the use of general memory aids that can be used by
those affected by memory problems and other cognitive
impairments [27]. These studies were often conducted in
traditional laboratory settings and did not include older adults
in their natural environments. Although laboratory studies are
easier to control, their ecological validity is limited [28].
Considering the needs of older adults with dementia in
conjunction with relevant technologies has led to the
identification of potentially innovative solutions for cognitive
reinforcement. The increasing drive to develop innovative,
cost-effective dementia care strategieswill only work effectively
if innovative technologies meet the real needs of people living
with dementia. These processes are often only discussed with
their informal or professional caregivers, yet there is evidence
that peoplewith dementiaare very capable of participating [29].
Involving them in the studies of their day-to-day life is
challenging; however, because of their impaired cognitive
abilities, studies that do not include them will face difficulty
demonstrating the potential effects of implementation in real
life[29]. LLscan involve peoplein their natural environments,
thus providing more environmentally valid evaluations in the
context of innovations for dementia [30].

Theliterature already contains attemptsto explain and analyze
the effects of LLs on technology and communication [31,32].
However, the many different and separate needs of older adults
with dementia and their respective solutions remain
underresearched [33]. This study aims to scope publications
examining al the types of LL activities, exploring the needs
and expectations of older adults with dementia, and suggesting
solutions for them, whether they live in the community or in
LTHFs. The following research question defined our search:
“What doesthe literature say about living labs whose activities
are dedicated to older adults with dementia living in the
community or in LTHFS?’ The overall outcomes of this scoping
review will provide useful insights into existing activities and
identify any remaining gaps in the services provided and the
research conducted by LLs[34]. It will summarize knowledge
on the contributions of (old age) LLs exploring needs, testing
technology, and applying user-based approachesfor improving
the lives of older adults with dementialiving in the community
and LTHFs. The specific objectivesareidentifying LL activities
linked to older adults with dementia; describing the fields of
action of LLs dedicated to older adults with dementia and the
types of research they conduct, investigating the technologies
cocreated in LLs to improve the independence and quality of
life of older adults with dementia, considering the impact of
such solutions with regard to how effectively they reduce
burdens oninformal and formal caregivers, and addressing how
LLs involve various stakeholders in identifying needs and
finding solutionsfor older adults with dementia so that they can
live more independently and with a better quality of life.

Methods

Overview

This scoping review was based on the guidelines published by
Tricco et al [35]. The research protocol for this scoping review
has been documented el sewhere [34]. Studies were included if
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they provided a description of the cocreation process; research
methodology or design; the stakeholders involved; the impact
or effects on independence or quality of life; or the impact or
effects on health status, as defined by the authors. Studieswere
included if they were conducted within LLs or by researchers
and managers (eg, health care professionals, ICT experts, and
engineers) attached to an LL and working with older adultswith
dementia living in the community or LTHFs.

Outcomes

The primary outcomeswere information on the nature, number,
and assessment of studies conducted with older adults with
dementiaperformed by or in collaboration with LLs. Secondary
outcomes were information on the documentation produced by
different types of LLs, their objectives, the location of their
interventions, and the types and methods of cocreation used for
developing technol ogies and servicesfor older adults and other
stakehol ders.

Search Strategy
The search was conducted by amedical librarian (JRA) in March
2020. Six bibliographic databases—were

searched—Embase.com, MEDLINE Ovid, PubMed (not
MEDLINE[sh]), CINAHL EBSCO, APA PsycINFO Ovid, and
the Web of Science Core Collection—with no language or date
restrictions. The detailed search strategies are available in
Multimedia Appendix 1. Additiona searches were conducted
in Google Scholar in French and English, and the Journal of
Engineering and Technology Management (ISSN 0923-4748),
Technol ogy I nnovation Management Review (ISSN 1927-0321),
and the Journal for Virtual Organization and Networks (ISSN
1741-5225) were manually searched. A forward citation search
based on key articleswas conducted in the Web of Science Core
Caollection and Google Scholar in January 2021. Two members
of theresearch team (HV and EP) performed reference screening
and reviewed the bibliographies of the selected studies.

Study Screening, Data Collection Process, and Data
Items

Two reviewers (HV and EP) independently reviewed the
abstracts and full text papers. In cases of disagreement, a
consensus was reached through discussions and consultations
with the coauthors. The research team developed Microsoft
Excel spreadsheets to tabulate data on the studies and
interventions and on their study quality assessments. The
following information was extracted from each relevant study
included and put into an appropriate usable form: (1) study
authors, year of publication, and country where the study was
conducted; (2) study characteristics (including research
guestions, study setting and design, sample size, instruments
used, duration of follow-up, and stakeholders involved); (3)
participants’ characteristics (including age, sex, health status,
and place of living); and (4) types of outcome measures [36].

M ethodological Quality

The quality assessment of the selected papers was conducted
using the Joanna Briggs Institute’s critical appraisal tools for
guantitative, qualitative, and mixed methods studies [37].
Studies were not excluded based on their quality assessment as
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we wanted to provide an overview of the available information

and its extent. Results

Data Synthesis Search Strategy

The resultsare summari zed using descriptive narrative synthesis, - Our strategy of searching bibliographic databases retrieved 5609
All dataon LLswereintegrated into atable. articles after eliminating duplicates. On the basis of their titles

and abstracts, 58 articles were retained as potentially eligible,
and their entire texts were evaluated. A total of 12 studies
satisfied the selection criteriaand wereincluded (Figure 1 [38]).

Figure 1. Flow diagram summarizing the results of the search strategy based on the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) recommendations [38].

Records identified through
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Characteristics of Studiesand Participants 1 quasi-experimental study, and 1 quantitative, iterative pilot
The 12included studieswere conducted in Canada, France, and  ysahility study. All these studies presented an innovative product
the Netherlands and were published between 2009 and 2020  to assist older adults with cognitive disorders or dementia.
(Tables 1-3; Multimedia Appendix 2 [39-50]). These included
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Table 1. Characteristics of the included study from the Médéric Alzheimer Foundation living lab in France.

Study Product Design Setting and sample  Method Results Quadlity of life; inde-
pendence; caregivers
Charras  “Danceintervention”: Mixed « Day-carecen- .« Quantitative data: Immediately enhanced  Strengthened physi-
eta [44] amodernandclassicad methods ter: o Get-UpandGo  well-being of 86% of  cal condition and
dance teacher witha  study o n=23o0ld- test; Stop Walk-  participants, shorter ex-  well-being
nursing background er adults ing when Talking ecutiontimeinthe Get-
led a50-minute dance with test; one-leg bal-  Upand Gotest for 66%
intervention Alzheimer ance test of participants, varia-
disease «  Balance Confi- tionsin participants
(12 wom- dence Scale social behaviors
enand 11 « Quality of Lifein
men) Alzheimer Dis-
« Meanage ease
83.47 (SD «  Wdl-being: partic-
5.4) years ipant’s feedback

Quadlitative data: verbal-
ization, behaviors, and
attitudes noted in a
logbook
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Table 2. Characteristics of the included studies from the Innovate Dementia living labs in four regions of northwest Europe (Belgium, Germany, the
Netherlands, and the United Kingdom).

Study Product Design  Setting and sample Method Results Quiality of life; inde-
pendence; caregivers
Brankaert e “Qwiek Play":a Case « Long-term care Sequence of activi- Thesystemhada .  Reductionof agi-
and den media system study units: ties: consderablepoten- tation and aggres-
Ouden [45] that creates an o  Study 1: « Systemand tial for people sion
ambient experi- n=14 resi- research with dementia: «  Improvement of
ence through vi- dentswith method ex- could reduce need quality of care
sual projection advanced de- plained to for medication and and reduction of
and sounds mentia; n=6 staff could help with burden onformal
care staff in o Staff mem- better sleep. The caregivers
care home bersinvited system increased
for 29 days touseand ex- the efficiency of
periment care provision by
»  Sudy2 with the sys- giving nurses
S;Lti U\ﬁh tem during more time to en-
thest i- ein care prac-
advar_lced de- od mLcjidE/eEgrd tgl ?:g% P
mentia, n=4 their experi-
carestaffina ence on an
care home evaluation
for 33 days form
«  Sudy3 . Afterthe
n=28 resi- study period,
dents with additional in-
moderate de- sightscollect-
mentia, n;3 ed during the
care staff in focus group
day-carecen- discussions
ter for 35 with care
days professionals
Suijkerbuijk . “Aangenaam”: Qualitae «  Community: 12 Aangenaam: two Aangenaam re- « Improved sleep
et a [46] personal evalua tive households; 5 methods—8 sults: helped to quality
tion gamewith  study women and 7 men households re- capture first-per-
question cards with dementia, ceived personal Son perspectives;
.  “Vitadlicht”: dy- and their partners evaluation game amore appropriate
namic light sys- « Meanage74.92 and 4 received a research tool for
temthat positive- years (SD 6.17; tablet-based ques- peoplewith demen-
ly influences the range 66-87 years) tionnaire tia; enabled de-
sleep and wake e Semistruc- tailed capture of
cycle tured reflec- participants’ daily
tion and lives dueto the di-
questionnaire verse types of in-
administered put
at start and Vitaalicht results:
after first and slight increase of
second week mean subjective
sleep quality over
Participants used 2 weeks

Vitaallicht for 3

weeks

o Question-
naireto as-
sess sleep
quality
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Study Product Design  Setting and sample Method Results Quiality of life; inde-
pendence; caregivers
Brankaertet o “GoLivePhone’: Qudita= « Community:n=10 « 3homevisitsover Device data: o  Strengthened
a [47] smartphoneapp tive older adults with 3 weeks phones were used personal safety
for communica  study dementiaand their « GPSdaa ac- very irregularly and independent
tion, personal informal care- tivity levels Questionnaire: walking
navigation, and givers datato see half of participants «  Helped to reas-
sending out an how oftenthe had positive expe- sure informal
emergency sig- phone was riences caregivers
nal to caregivers used Reflection session:
e Question- most comments
naire: evalu- pertained to posi-
ate experi- tive experiences,
ences and some difficulties
perspectives related to techno-
of partici- logical errors
pantsor care-
givers
« Reflection
sessions: on
technology
and study
Brankaert o “PhysCAL":ac- Case «  Community:n=4 «  For 1week, 4 cou- All the older o  Stimulation of
and den tivity reminder  study couples (1 older ples used Physi- adultswith demen- independence
Ouden, [48] calendar toim- adult with demen- CAL at home. tiasaid they did « Reduction of in-
proveday’s tiaand 1 informal Perceptionscollect- not need the de- formal caregiv-
structure and in- caregiver) ed through inter- vice, but half of er's burden
dependence views the caregiversnot-
ed that it was
valuable

https://aging.jmir.org/2021/3/€29031

RenderX

JMIR Aging 2021 | vol. 4 | iss. 329031 | p.41
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Verloo et a
Table 3. Characteristics of the included studies from DOMUS (Laboratoire de Domotique et informatique Mobile a I’ Université de Sherbrooke) in
Canada.
Study Product Design  Setting and sample  Method Results Quality of life; indepen-
dence; caregivers
Imbeaultet “AP@LZ": Quasi- Community: 3older « Measuresat 0, 3, 6, Podtintervention: partic- «  Stimulated indepen-
al [49] electronicorga- experi-  adultswith and 12 months ipants continued to use dence
nizer tosupport mental  Alzheimer disease « Impact on daily the system for manag- «  Reduced informal
day-to-day activ-  study (aged 71 years, 58 living: Multifac- ing appointments and caregiver's burden
itiesand help years, and 78 years) torial Memory making phone calls.
people to com- Questionnaire Depressive symptoms
pensate for and Prospective did not significantly
memory prob- and Retrospec- changein intensity.
lems tive Memory Decrease in perceived
Questionnaire; caregiver burden ob-
personalized ob- served for one partici-
servation jour- pant
nals
e  Impact on psy-
chological com-
ponents: Geri-
atric Depression
Scale and Care-
giver Burden In-
ventory
Bier et a “SemAssist”: a Case Community: one68- «  Therapy comprised Generated semanticat- «  Stimulated indepen-
[50] computer pro-  study year-old woman preparing a target tributes of ingredients dence
gram to assist with semantic de- recipe. The partici- pertaining to thetarget,

people with se-
mantic aphasia
perform differ-
ent steps of an
activity

mentia

pant was asked to
generate semantic at-
tributes of ingredients
found in one target,
one control, and two
no-therapy recipes.
The study took place
over al-year period

and control recipesin-
creased significantly
(P<.001) as compared
with no-therapy recipes
(P=.79). The propor-
tion of cooked meals
was increased signifi-
cantly (P=.02)

Of the 147 older adults who participated in these studies, 28
(19%) presented with mild cognitive impairment (MCl), 39
(26.5%) had Alzheimer disease, 12 (8.2%) presented with
early-stage dementia, 42 (28.6%) presented with moderate
dementia, 25 (17%) presented with advanced dementia, and 1
(0.7%) presented with semantic dementia. The participants
ages ranged from 66 to 96 years. All studiesincluded men and
women. There were eight studies that were conducted in
community settings, three in LTHFs, and one in a day-care
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center. Finally, 27 family caregivers—the partners of older
adults affected by cognitive disorders or dementia—and 13
health care professionals were also included in these studies.

M ethodological Quality of the Studies

Measured using the Joanna Briggs I nstitute's critical appraisal
tools, the overall methodological quality of the studiesincluded
in this review was poor to moderate [37]. Only the study by
Bier et a [50] was evaluated as having high methodological
quality (Table 4).
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Table4. Critical appraisal results for included studies using the Joanna Briggs Institute's Critical Appraisal Checklists.

Verloo et al

Study design Appraisa questions
Question1l Question2 Question3 Question4 Question5 Question Question Question Question Question
6 7 8 9 10
Mixed methods study
Quantitative analysis®
Charraset  Yes Yes Yes Yes No No Yes Yes _b —
al [44]
Wu et a Unclear Yes Yes Yes No No Yes Yes — —
[39]
de Yes Unclear Yes Yes No No Yes Yes — —
Sant’ Anna
et a [43]
Qualitative analysis®
Charraset  n/ad Yes Yes Yes Yes No No No Yes Unclear
al [44]
Wu et a N/A Yes Yes Yes Yes No No Yes Yes Yes
[39]
de N/A Unclear Unclear Unclear No No No No Unclear Yes
Sant’ Anna
et a [43]
Quasi-experimental study®
Imbeault et al Yes No Yes No Yes Yes Yes Yes Yes —
[49]
Quantitative studyf
Boulay et &l No Yes Yes Unclear No No Uncler Uncler — —
[42]
Qualitative study?
Suijkerbuijk et N/A Yes Yes Yes Yes No No Yes No Unclear
al [46]
Brankaertetal  N/A Yes Yes Yes Yes No No Yes No Unclear
[47]
Wu et a [40] N/A Yes Yes Unclear Unclear No No No Yes Unclear
Case studyh
Brankaert and  Unclear No Unclear Yes Yes N/A Yes Yes — —
den Ouden [45]
Brankagrtand  No No No Unclear Yes N/A Yes Yes — —
den Ouden [48]
Biereta [50] Yes Yes Yes Yes Yes Yes Yes Yes — —
Faucounaueta Yes No Yes Unclear Yes N/A Yes Yes — —
[41]

&Joanna Briggs Institute's Critical Appraisal Checklist for analytical cross-sectional studies [37].
bNo appraisal question.

CJoanna Briggs I ngtitute’s Critical Appraisal Checklist for qualitative research [37].

IN/A: not applicable.

€Joanna Briggs Institute’s Critical Appraisal Checklist for quasi-experimental studies [37].
fJoanna Briggs Institute's Critical Appraisal Checklist for analytical cross-sectional studies[37].
9Joanna Briggs I nstitute's Critical Appraisal Checklist for qualitative research [37].

hJoanna Briggs Institute's Critical Appraisal Checklist for case reports [37].
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Description of the Included Studies

The studies included in our evaluation were conducted in four
LLs playing pivotal roles in developing innovations aimed at
older adults with MCI or dementia and at their family or
professional caregivers. These projects al aimed to contribute
to optimizing the health, quality of life, independence, home
care, and safety of older adults with MCI or dementia and to
support their family and professional caregivers or reduce their
burdens (Tables 1-3; Multimedia Appendix 2).

The LUSAGE (Laboratoire danalyse des Usages en
Gerontechnologies) LL, affiliated with the Geriatrics Department
of the Broca Hospital and Paris Descartes University in France,
specializesin the design, development, and supply of products
and services providing assistive technologies to older adults
with cognitive impairment (eg, MCI, Alzheimer disease, and
related dementias) as well as their family and professional
caregivers (MultimediaAppendix 2) [51]. LUSAGE isapartner
laboratory of the National Expert Center in Cognitive
Stimulation, launched by the National Solidarity Fund for
Autonomy, whose main objective isto promote the devel opment
and use of innovative cognitive interventions. The European
Network of Living Labs (ENoLL) certified LUSAGE in 2012,
which has a flexible architectural configuration that can be
adapted to conduct in situ observations (eg, home-like settings)
according to each project’s requirements. LUSAGE devel ops
solutions in assistive technologies in collaboration with their
primary end users and stakeholders, which represents a
multidisciplinary team comprising specialists from numerous
fields such as researchers in geriatrics, technology, cognitive
sciences, public hedth, law, and ethics, in addition to
psychologists, physicians, engineers, designers, sociologists,
and health economists. LUSAGE's primary end users are older
adults with cognitive disorders (recruited from the Broca
Memory Clinic, Centersfor Loca Information and Coordination,
and local Alzheimer associations), healthy older individuals,
their families, and their informal and professional caregivers.
These end users are involved in every stage of the product
development cycle (eg, needs gathering, usability testing,
monitoring studies, evaluation of technology acceptance, and
ethical issues) [51].

One of LUSAGE's primary activities is to test the utility and
acceptability of personal assistance robots in older adults
everyday lives (MultimediaAppendix 2). In2014, Wu et a [39]
simulated participants homes and compared how using the
Kompai robot (Kompai Robotics, Robosoft) to complete daily
tasks affected the lives of 6 older adults with MCI and 5 others
in good cognitive health. Participants with MCI were able to
use Kompai just as well as those with good cognitive health.
However, despite the robot’s positive attributes, such asits ease
of use and playful dimension, participants reported that they
had no intention of using a personal assistance robot in their
daily life as they had negative perceptions about this type of
device, associated with negative representations of dependence
linked to aging [ 39]. With the aim of improving the acceptability
of personal assistance robots for the homes of older adultswith
MCI, LUSAGE subsequently ran the Robadom project [40].
The objective of Robadom was to define an idea robot, in
appearance and functionality, that would meet the expectations
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of older adultswith MCI. The most appreciated functionswere
cognitive stimulation, object finding, and diary reminders about
upcoming events, such as the need to take medication or go to
an appointment. Most of the participants had negative
perceptions of robots with human characteristics and preferred
short robots with stylized, rounded, discrete, and yet familiar
shapes [40].

Another innovation developed by LUSAGE was using GPS to
improve the independence, quality of life, and safety of
home-dwelling older adults with dementia and to help their
family caregivers[41]. A maobiletelephone attached to the ol der
adult’s belt provided standard telephone functionalities, but it
also transmitted geolocation data to the family caregiver by
SM Stext messages and could send numerous alarms. Faucounau
et al [41] tested this device for a month in the daily life of an
84-year-old man with Alzheimer disease and his wife. The
couple' sgenera impressionswere that the device wastoo bulky,
sometimes gave imprecise location coordinates, and had a poor
battery life [41].

Finally, LUSAGE has aso been used to develop and test
innovations in LTHF settings [42,43]. In 2011, Boulay et al
[42] tested their MINWIi device with 7 older adults with
Alzheimer diseaseingtitutionalized in anursing home. MINWii
mixes music therapy and cognitive stimulation by allowing
players to improvise or play songs of their choice by pointing
at a virtual keyboard with a Wii remote control. Numerous
benefits of the MINWii, such as positive stimulation of cognitive
function, participants ability to reminisce, and easier
interactions with the care team, have been reported [42].
Sant’ Annaet al [43] evaluated the impact of using a seal -shaped
robot named Paro on the capacity to communicate and the
behaviors of 5 nursing home residents with severe Alzheimer
disease. Quantitative results indicated that using Paro led to a
significant reduction in disturbed behaviors (P=.04), especially
anxiety, aggressivity, irritability, and dleep disorders. A positive
change in communication skills and abilities was also noted in
4 of the 5 patients. Thus, Paro seemed to be an excellent
facilitator of communication for older adults with Alzheimer
disease, inciting verbal and tactile communication as well as
the expression and transfer of feelings by voice and touch [43].

A second French LL working on projects aimed at older adults
with dementiawas set up in Versaillesin 2017 by the Médéric
Alzheimer Foundation (Table 1). It focuses on developing and
evaluating innovative responses in this field to improve the
integration and quality of life of older adults with Alzheimer
disease or related illnesses [52]. This LL collaborates in a
coparticipative manner with older adults and their family
caregivers, treating them as both actors and experts in their
disease. It also workswith health care professionals, researchers,
and entrepreneurs. The central focus of the Foundation’sLL is
evaluating the impact of various psychosocial interventions,
such as cognitive stimulation, art therapy, music therapy, or
reminiscence, on the quality of life of older adults with
Alzheimer disease.

In 2020, Charras et a [44] evaluated the impact of a dance
therapy intervention on 23 older adults with Alzheimer disease
who regularly attended a day-care center. The study’s results
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revealed that 86% of participants (P<.001) experienced a
significant increase in well-being immediately after a dance
session, and 66% of them (P=.04) also showed a tendency
toward faster timesin abalance test [44].

A third European grouping of LLs focuses on developing
innovative solutions for older adults with dementia. The
Innovate Dementia Project comprisesten partnersin four regions
of Northwestern Europe (Belgium, Germany, the Netherlands,
and the United Kingdom), and they collaborate via more than
25 LLs to explore, develop, test, and evaluate innovative,
sustainable solutionsthat consider the socioeconomic challenges
linked to aging and dementia (Table 2) [53]. Their goal isto
improve the quality of life and independence of older adults
with dementia and to facilitate the support given to them by
their close family caregivers. This project began in 2012 and
became amember of the ENoL L network in 2014, concentrating
onfour issues: intelligent lighting systems, nutrition and physical
exercise, living environments, and models of assistance. The
Innovate Dementia Project allows end users (persons living
with dementiaand their family caregivers), whoseroleiscentral,
to collaborate with different stakeholders (care professionals,
businesses, academic and knowledge institutes, and local
governments) to devel op and test innovative productsin real-life
conditions, notably in the homes of older adultswith dementia.
To date, this project has involved 500 end users, more than 200
health care professionals, and more than 25 business partners,
and these partnerships have alowed them to bring more than
15 innovative solutions to the market.

In 2013, Brankaert and den Ouden [48] presented the results of
the first product to be tested at the Eindhoven LL: PhysiCAL,
apersonal activity reminder calendar that promotes older adults

independence. All of the participating ol der adultswith dementia
stated that they did not need such a device, whereas 3 of the 4
family caregivers thought that it had helped [48]. In 2014,
Brankaert et al [47] triadled a second product, GoL ivePhone, in
the homes of 10 older adults with dementia and their family
caregivers. The phone had three main functions: communicating
with other people, providing support when out in the community
via a personal navigation system, and sending an emergency
signal to a family caregiver. Family caregivers were able to
monitor and consult their partners’ smartphones viaaweb-based
app, GoLiveAssist. Although the app was used irregularly and
several technical errorsoccurred during thetrial period, dlightly
more than half of the participants reported having had a very
positive experience and that the device had been helpful . Family
caregivers reported that they were reassured by the device as it
improved their partner’s support and safety [47]. A 2016 study
by Suijkerbuijk et al [46], conducted in the homes of 12 couples
where one of the pairs had dementia, managed to test two
innovative products at the same time: the Aangenaam personal

evaluation game and the Vitaallicht dynamic light system. The
Aangenaam system enablesinformal datacollection onthedaily
lives of older adults with dementia, and as it takes the form of
a game, it has a minimal risk of disturbing their ADLs. The
older adult picksacard from adeck and can answer the question
in different ways, by writing in anotebook, by answering orally
to make an audio recording, or by taking photographs with the
camera provided. The questions explored four categories of

https://aging.jmir.org/2021/3/€29031

Verloo et al

data: experiences linked to the ADLSs, the participant’s social
and physical context, their personal objectives and significant
life events, and a category adaptable to the product or device
being tested. Ascompared with using aquestionnaire on atabl et
computer, the findings revealed that the Aangenaam system
was better suited and more appreciated by participants; however,
thanks to the different potential means of response, it also
allowed the researchers to gather more details about their daily
lives [46]. The Vitadllicht product, for its part, is a dynamic
lighting system that uses blue light to positively influence
sleep-wake cycles by suppressing melatonin production during
the day. After only 2 weeks of use, this system induced a
subjective increase in the quality of the participants’ sleep [46].
One of the latest products devel oped by the Innovate Dementia
Project isthe Qwiek Play mediasystem, which createsacalming
ambient experience in aroom by projecting images and sound
(awalk through the woods, looking up at a starry sky, visiting
a farm, or viewing a custom dlideshow of family photos
accompanied by music). This product was used in 2017 by
Brankaert and den Ouden [45], with 25 patients with severe
dementia living in nursing homes and 28 older adults with
moderate dementia attending aday-care center. Theimpressions
of the 13 health care professionals were also explored. The
results reported very positive perceptions about the product,
mentioning its potential for use in nonmedicated interventions
to reduce stress and agitation in older adults with moderate to
severe dementia, thus giving care staff more time to engage in
their care practices [45].

Our scoping review identified afinal LL aimed at hel ping older
adults with dementia: DOMUS (L aboratoire de Domotique et
informatique Mabile a I’ Université de Sherbrooke) in Canada
(Table 3) [54]. Set up in 2014, this LL represented the first
project of its type in Canada, and it is equipped with a rich,
multipurpose infrastructure for the design, implementation, and
evaluation of different types of cognitive orthotics. Theresulting
set of orthotics support awide variety of ADLs(eg, medication,
meal preparation, or budgeting), fostering greater independence
at home for people with cognitive impairments (Alzheimer
disease, mental retardation, schizophrenia, or traumatic brain
injury). DOMUS operates three variants of the LL concept: a
smart apartment on its campus that is controlled by a home
automation system enabling short-term  studies in
technology-rich simulated housing; an LL in an alternative
housing unit for people with traumatic brain injury, enabling
long-term ecological studies in a technology-rich real house;
and the LL at home that can be installed in older adults' places
of residence (apartments and houses), enabling long-term
ecological studies in a mobile, agile-technology environment.
From the beginning of each project, developing cognitive
orthoses involves implicating end users (older adults with
cognitive disorders and people with traumatic brain injury) with
other stakeholders (clinical researchers, engineers, health care
professionals, gerontologists, occupational  therapists,
neuropsychologists, and researchersin ergonomics and design)
to ensure that assistive technologies are focused on users and
fully satisfy their needs [54].

In 2011, Bier et a [50] tested a cognitive assistance product
named SemAssist with a 68-year-old woman living alone and
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who had semantic dementia. This device helps people with
semantic aphasia in performing different stages of an activity.
Findings showed that thistherapy, involving following the same
targeted recipe several times over a year, helped this woman
reduce the number of errors she made while preparing that
recipe. The intervention stimulated her memory function as
food preparation devel oped new episodic memories surrounding
the following recipes. Thanks to SemAssist, the participant’s
self-confidence in being able to cook also grew, which
encouraged her to do so more often. The proportion of meals
that she cooked for herself increased significantly (P=.02) [50].
Finaly, in 2018, Imbeault et a [49] tested the AP@LZ
smartphone app in the homes of 3 older adults with Alzheimer
disease. The goalswereto optimizetheir independencein ADLs
by compensating for their memory problems, further supporting
family caregivers and aleviating their burdens. The AP@LZ
works like a personal assistant or organizer and has five main
functions, namely appointment reminders, apersonal database,
amedical database, alist of contacts, and a notepad for jotting
down shopping lists. The 3 participants had different profiles
with respect to age, cognitive status, and social status.
Participant 1 was a 71-year-old married man diagnosed with
Alzheimer disease 1 year earlier, who had language problems
and both verbal and visual memory deficits. Participant 2 was
a 58-year-old married man diagnosed with atypical Alzheimer
disease 1 year earlier, dominated by dysexecutive syndrome
and constructive and ideomotor apraxia. Participant 3 was a
78-year-old singlewoman living alonein sheltered housing and
diagnosed with Alzheimer disease 1 year earlier, which mainly
manifested amemory disorder. The findings underlined that all
3 participants, despite their different profiles, could use the app
intheir everyday lives. Indeed, they all continued to use it after
the study ended as they found that the system helped them, and
they especially appreciated the appointment reminder function.
Using AP@L Z also reduced the burden on family caregivers.
The authors concluded that the app might havelong-term utility,
despite Alzheimer disease being a progressive disease and that
it could be used by people with different profiles and degrees
of cognitive impairment [49].

Discussion

Principal Findings

This review aimed to identify publications examining all types
of LL activities, exploring the needs and expectations of older
adults with dementia and looking for solutions, whether they
were living in the community or in LTHFs. We discovered 12
studies that met our inclusion criteria (quantitative, qualitative,
or mixed methods) involving 147 older adults with MCI or
dementia, 27 informal caregivers, and 13 formal caregivers.
These studies originated from three European LLs and one
Canadian LL playing key roles in research in this field. Their
work has allowed the development, testing, and evaluation of
aseries of innovative products aimed not only at optimizing the
health, quality of life, independence, home care, and safety of
older adultswith MCI or dementia but also at supporting formal
and informal caregivers and reducing their levels of burden.
Most of the studies in this scoping review reported promising
findings, and the LL approach highlighted both positive and
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negative pointsin all the devices, products, and services, which
will be open to improvements through future testing.

Limitations

This scoping review has some limitations. Our literature search
strategy may have omitted some studies as they did not meet
all our inclusion criteriaor asresearchersfailed to identify them
in the study selection process. Some bias might have also been
present in the reporting of findings by the investigators in the
analysis of the selected studies. It isimpossibleto exclude some
bias in the selection of studies as al the included studies had
very limited sample sizes. Indeed, only one of the studies was
evaluated as having a high methodological quality. The limited
number of participants and the overrepresentation of European
LLs means that generaizing these findings to a broader
population or other countries should be done with great care.
Finally, the limited number of recent studies revealed by this
scoping review raises questions about whether any LL activities
are ongoing and whether LLs are sustainable.

To the best of our knowledge, there are no previous, clear
overviews of the research conducted by LLs with respect to
older adultswith cognitiveimpairment or dementia. Our scoping
review has allowed usto understand the services, research, and
clinical activities developed in different LL settings for older
adultswith dementia. Therefore, it providesvauableinformation
to nurses, general practitioners, policy makers, and other
stakeholders involved in LLs dedicated to older adults.
Furthermore, the diversity of the research projects that we
included managed to test theinnovative solutions using avariety
of methodologies.

Comparison With Previous Wor k

LLsrepresent a promising approach for devel oping innovative
solutions to the numerous challenges of an increasingly older
population [3]. Indeed, it can offer an ideal, pragmatic
framework for research involving a realistic, real-life setting,
multiple stakeholder participation, multi-method approaches,
and cocreation [55].

To the best of our knowledge, there are no best practices for
design-driven LLs. The lack of consensus on the practices,
methods, tools, and boundaries of LLs raises several obstacles
to the adoption of this approach as well as creating confusion
about the definition and components of an LL [56]. Thus, some
research groups claim to be using an LL approach, athough
they really are not. In contrast, some research groupsusing LL
approaches are not labeled as such. For example, the ENoLL
label isso new that it has not yet been classified asan LL [15].
Furthermore, the complexity and diversity of what is going on
withinan LL can blur the boundaries among research, industry,
and other economic market sectors [15]. Multifactorial
difficultiesin finding financing for LLs are another frequently
reported problem (instability over the medium to long term,
problems balancing representativity between stakeholders in
decision-making, and investors different expectations with
regard to returns on investment, and the absence of social
capital). Managing intellectual property is also problematic
because of the lack of aconsensus model for doing this and the
ad hoc nature of contractual dealings and agreements [15,56].
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Finally, several difficulties have been reported concerning the
sustainability of LLs[57]. Primarily because of the notable lack
of sustainable financing or nondiversified financing (whether
from private or public sources), it is common for LLs not to
survive beyond the time needed to conduct their first financed
research project [57]. Thus, it seems essential that to have
sustainable LLs, they should be developed within solid,
dynamic, long-term, strategic frameworks that continuously
evaluate financing, new target audiences, and potential revenue
streams. They should involve multiple stakeholders and have
the capacity to evolve over time, moving from one innovation
category to another [57].

With regard to projects aimed at older adults, numerous studies
conducted in LLsaim to find solutionsto the pressing problems
facing older populations in general [26]. However, there are
still few innovative tools, solutions, or technologies that are
especially adapted for older adults with dementia [25]. It will
be essential to promote more research and experimentsin LLs
aimed at populations with dementia as these approaches are
promising and encourage the cocreation of innovative solutions
to maintain or improve their heath, quality of life, and
independence [58,59]. Although integrating older adults with
dementia into the LL process—from product design to
evaluation—isalso essential, it remains sporadic, unfortunately,
because of the inherent difficulties of collaborating with
individuals with an impaired cognitive function and the ethical
issuesthat thisraises[29]. LL approachestoo often only include
formal and informal caregivers when older adults are till
capable of participating, and innovative solutions will never be
optimally effective if they fail to fully meet their needs and
expectations[29]. Severa studieshave reported that older adults
with dementia would be happy to actively participate in the
development processes seeking innovative solutionsthat would
benefit them in the future. They are enthusiastic about the idea
of contributing to these solutions by bringing their unique and
precious experiential knowledge [60]. The LL approach
represents an ideal research and experimental framework for
older adults with dementia as studies that fail to include them
as coparticipantswill not be able to meet their real-world needs
and reliably show the effects of innovative solutions on this
population’s daily lives [29]. There are numerous strategies to
ensurethe voluntary participation of older adultswith dementia
and overcome the challenges of cognitive impairments and
ethics, such as the concepts of fluctuating consent, process
consent, or rolling consent. These strategies promote effective
communication between all stakeholders involved so that the
vulnerable person’swillingnessto participate can be monitored
continuously [61]. A complete LL approach must necessarily
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involve formal and informal caregivers as innovative solutions
must meet the needs and expectations of end users and those
who look after them [54]. The LL approach also requires the
points of view, expertise, and collaborations of all the involved
stakeholders (eg, students, academic institutions, private
companies, health care organizations, and patient representative
bodies) [62]. Given that most L Lsfocusing on older adultswith
dementia appear to be in Europe, this approach requires
development on other continents [63]. We do not know of any
best practices for design-driven LLs, and it may be necessary
to develop guidelines on the LL approach to direct and support
the establishment and sustainability of innovative solutions, and
to facilitate relationships and engagement with stakeholders
and end users [45].

Conclusions

To the best of our knowledge, there are no clear views of the
research conducted by LLs with respect to older adults with
cognitiveimpai rments or dementia. This scoping review enabled
usto draw together the few but varied existing research findings
and contributed to consolidating knowledge in this field. This
allowed usto identify 4 LLsthat play acentral rolein research
testing and eval uating innovative productsto optimizethe hedlth,
quality of life, independence, home care, and safety of older
adults with dementia, whether they live in their homes or in
LTHFs. This research also supports and reduces the burden on
formal and informal family caregivers. Furthermore, thisscoping
review could be used as a reference for anybody interested in
using LLs with older adults with cognitive impairments or
dementia. It provides valuable information to nurses, general
practitioners, policy makers, and other stakeholders involved
in LLs dedicated to older adults on the practices, methods, and
tools that can be used with older adults with cognitive
impairment or dementia. To date, very few studies using the
LL approach have focused on older adult populations with
dementia, notably because of the difficulties associated with
their lower cognitive abilities and the ethical challenges this
raises. By allowing older adults with dementia to experience
cocreation within a well-defined environment and influence a
potential product’s design, ease of use, or acceptability, the
other stakeholders should be better able to address their needs
and expectations. Therefore, it is essential that more LL
experiments integrate both older adults with dementia, their
formal and informal caregivers, and al other pertinent
stakeholders. This will assist in the development of more
appropriate, better adapted, sustainable, innovativeinterventions,
services, and products to meet the growing societal challenges
brought on by dementia.
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Abstract

Background: Barriersto assessing depression in advanced dementiainclude the presence of informant and patient recall biases.
Ecological momentary assessment provides an improved approach for mood assessment by collecting observations in intervals
throughout the day, decreasing recall bias, and increasing ecological validity.

Objective: Thisstudy aimsto evaluatethefeasibility, reliability, and validity of the modified 4-item Cornell Scalefor Depression
in Dementiafor Momentary Assessment (MCSDD4-MA) tool to assess depression in patients with advanced dementia.

Methods: A intensive longitudinal pilot study design was used. A total of 12 participants with advanced dementiawere enrolled
from an inpatient psychogeriatric unit. Participants were assessed using clinical depression assessments at admission and discharge.
Research staff recorded observations four times a day for 6 weeks on phones with access to the mCSDD4-MA tool. Descriptive
data related to feasibility were reported (ie, completion rates). Statistical models were used to examine the interrater reliability
and construct and predictive validity of the data.

Results: Overall, 1923 observations were completed, representing 55.06% (1923/3496) of al rating opportunities with 2 raters
and 66.01% (1923/2913) with at least one rater. Moderate interrater reliability was demonstrated for all items, except for lack of
interest. Moderate correlations were observed between observers and patient-reported outcomes, where observers reported fewer
symptoms relative to participants’ self-reports. Several items were associated with and able to predict depression.

Conclusions. The mCSDD4-MA tool was feasible to use, and most items in the tool showed moderate reliability and validity
for assessing depression in dementia. Repeated and real -time depression assessment in advanced dementia holds promise for the
identification of clinical depression and depressive symptoms.

(IMIR Aging 2021;4(3):€29021) doi:10.2196/29021

KEYWORDS
dementia; depression; ecological momentary assessment; tool performance
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Introduction

Background

Dementia and Depression

Dementia and depression are the most common psychiatric
conditions in aging, and there is considerable overlap between
them, with the prevalence of depression between 5% and 77%
in people with dementiaand between 7% and 54% in people at
the advanced stage of dementia [1-3]. This wide range
demonstrates the chalenge in identifying depression in
individualswith dementia, including individual swith advanced
dementia, a group frequently excluded from studies [3]. The
overlap between symptoms of depression and symptoms of
dementia (eg, concentration difficulties and apathy) can aso
confound the diagnosis of depression, making it difficult to
assess [4,5]. Many clinical interviews and assessments for
depression in dementia include both informant reports and
self-reports, and informant reports can be affected by
confounding depressive symptoms for symptoms of dementia,
mood-congruent biases (eg, related to caregiver burden projected
onto the person with dementia), and recall biases [6,7].
Self-reports of people with dementia are limited by memory
impairment, poor insight, and language impairment [8-10].
Although validated criteriaand tools exist, such asthe 19-item
Corndll Scalefor Depressionin Dementia-19 (CSDD-19) [4-11],
thereisan opportunity to improve the detection and assessment
of depression in people with advanced dementia[12,13]. People
with dementia and comorbid depression are at risk for negative
outcomes, such as hastened cognitive decline and higher rates
of morbiditiesand mortality [14,15]. Detecting depression where
it might otherwise be missed provides an opportunity for greatly
enhanced patient care in this vulnerable population.

Ecological Momentary Assessment

Novel data collection methodologies provide promising
opportunities for improving the measurement of depression in
peoplewith dementia. Ecological momentary assessment (EMA)
encompasses a range of longitudinal data collection methods
that capture momentary symptomsrepeatedly over timeand are
typically registered on mobile devices [9]. Real-time and
repeated measurements of behaviors and emotions can provide
valuableinformation related to an individual’s dynamic internal
state and fluctuations in the expression of symptoms. EMA
helps to address various methodological limitations of
conventional tools, such as reducing recall bias and enhancing
the ecological validity of the data collected [9]. EMA studies
in older adults have demonstrated its feasibility, enhanced
precision of outcome measurement, and the ability to identify
clinicaly significant depressive symptoms, although most
studies exclude people with dementia and are typically
self-reported [16-18]. Informant-rated EMA studies are less
common than self-reported EMA studies but have been used in
the population of people with dementia. For example, daily
self-reports of emotional well-being in people with dementia
have been compared with informant reports, and internal
consistency was found between the two data sources [19]. The
use of an observational affect scale wasexaminedinindividuals
with dementia using EMA. The scale demonstrated excellent
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reliability among activity therapists aswell asfamily members
and nursing assistants and good validity [20]. EMA has thus
been used to monitor daily life behaviors and well-being in
people with dementia, and these studies have demonstrated the
validity of informant ratings and the ability to capture individual
differences over time [20-23]. However, no EMA depression
screening tools have been devel oped for people with advanced
dementia.

Objective

This study seeks to address these gaps in a pilot intensive
longitudinal EMA study of people with advanced dementiain
an inpatient psychogeriatric unit. The aim of this study is to
evaluate the psychometric performance of an EMA tool for
assessing depression in people with advanced dementia. The
first objective is to test the preliminary feasibility outcomes of
an observer-rated EMA tool by examining the completion rates
and observations of participant acceptability. The second
objectiveisto test thereliability of an observer-rated EMA tool
in advanced dementia by examining the reliability of
within-person changes and interrater reliability. The third
objective is to explore the construct validity and ability of the
tool to predict clinical depression and depressive symptomsin
patients with advanced dementia. To address these objectives,
we conducted a pilot intensive longitudinal study using a
modified 4-item Cornell Scale for Depression in Dementia for
Momentary Assessment (mMCSDD4-MA) tool.

Methods

Participants and Sample Size

Participants were patients admitted to the Specialized Dementia
Unit at the Toronto Rehabilitation Institute. For study inclusion,
participants should be aged >65 years and have a diagnosis of
moderate-to-severe dementia based on a Mini-Mental State
Examination [24] score of <20 [3]. Substitute decision makers
provided informed consent, and participants were excluded if
they showed signs of dissent to the study procedures, had a
previous history of bipolar disorder or schizophrenia, were
receiving palliative care, or were unableto understand and speak
English (ie, required to self-report).

In keeping with previous pilot EMA studies [16,25,26], the
sample comprised 12 participants. Recommendations for
determining sample size in intensive longitudinal designs are
based on the power of both the within- and between-person
sample sizes [27,28]. Despite our smaller between-person
sample size (n=12), the within-person sample size (ie, number
of repeated observations) isimportant in detecting the reliability
of the random effects and within-person variability and typically
requires >50 observations per individual and >1000 observations
in total [29-31]. With our study design, we aim to achieve a
large number of observations well above this cutoff (ie, eight
observations per day for 6 weeks, totaling approximately 336
observations per participant), providing sufficient power for
our primary within-person analysis [32]. Our third objective,
which involved a between-person analysis, was exploratory in
nature and no sample size cal cul ation was compl eted.
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Design and Setting

We used apilot observational study design. Observers consisted
of 4 trained research staff members. The study was set on the
Specialized Dementia Unit at the Toronto Rehabilitation
Institute, apsychogeriatric unit caring for people with behavioral
and psychological symptoms of dementia. This study was
approved by the research ethics board of the University Health
Network (Coordinated Approval Processfor Clinical Research
ID: 19-5132).

M easures

Participant Characterization

At baseline, demographic data collected included sex, age, and
dementia diagnosis. The Mini-Mental State Examination was
completed by aresearch assistant to assess cognition [24].

Niculescu et al

Outcome Variables

mCSDD4-MA Tool

The mCSDD4-MA tool (Table 1 and Textbox 1) was used as
the primary data collection tool. The tool measures depressive
symptoms collected by observers, modified for the purposes of
thisstudy from the 4-item CSDD (CSDD-4) [13]. Modifications
included changing the retrospective language in the CSDD-4
tool to refer to the present, as is necessary for momentary
assessments. Thefinal tool consisted of five observationa items:
sadness, anxiety, irritability, and lack of interest (ie, from the
original tool). Negativity was added as it is common in other
assessments, including the CSDD-19 tool, and has good
specificity in distinguishing between individuals with and
without depression in dementia (Table 1) [1,11,33]. In addition
to the observational component, a patient-reported component
was added, which was unique to the tool (Textbox 1).
Pati ent-reported outcomesincluded sadness and anxiety asthey
were central symptoms of depression in older adults[34], were
relatively simple conceptsto communicate[35], and have shown
to be discordant between informants and patients[7].

Table 1. Developed observational items in the modified 4-item Cornell Scale for Depression in Dementia for Momentary Assessment tool for people

with advanced dementia.

Original cSDD? ~ Question mCSDD4-MAP tool items  Response scale

item

Introduction | am going to ask you questions about how your relative has been Looking at the personright  n\/aC
feeling during the past week. now and reflecting on their

mood today

Sadness Hasyour relative been feeling down, sad, or blue® this past week?Has Doesthepersonseemsad «  No sadness
shelhe been crying at all? How many days out of the past week hasshe  ©F blue? +  Some sadness
been fedling like this? + Aot of sadness

« Unableto evaluate

Lack of interest If apleasant event were to occur today (ie, going out with spouse, Isthe person showingen- «  Nolack of interest
friends, or seeing grandchildren), would your relative be ableto enjoy  joyment or pleasurein o  Somelack of interest
it fully, or might his’/her mood get in the way of hisher interestinthe whatisgoingonaround .  Lackingalot of inter-
event or activity? Does your relative’smood affect any of thefollowing:  them? est
his/her ability to enjoy activities that used to give him/her pleasure, . Unableto evaluate
his’her surroundings, his/her feelings for family and friends?

Anxiety Hasyour relative been feeling anxiousthis past week? Has she/lhebeen  Doesthepersonseemanx- «  No anxiety
worrying about things she/he may not ordinarily worry about or rumi-  ious or worried? o  Some anxiety
nating over things that may not be that important? Has your relative o Alotof anxiety
had an anxious, tense, distressed, or apprehensive expression? « Unableto evaluate

Irritability Hasyour relative felt short-tempered or easily annoyed thispast week? Doesthe personseemirri- «  Noirritability
Has she/he been feeling irritable, impatient, or angry this week? table, annoyed, or angry? .  Someirritability

o Alotof irritability
« Unableto evaluate

Negativity Has your relative felt pessimistic or discouraged about his’her future  Isthe person discouraged «  No negativity
this past week? Can your relative see his/her situation improving? Can  or expressing pessimistic  «  Some negativity
your relative be reassured by others that things will be okay or that or negative thoughts? « Alot of negativity
hig/her situation will improve? « Unableto evaluate

8CSDD: Cornell Scale for Depression in Dementia.
bCSDD4-MA: 4-item Cornell Scale for Depression in Dementiafor Momentary Assessment.

°N/A: not applicable.

9italicization indicates the words that were taken from the original tool and used directly in the 4-item Cornell Scale for Depression in Dementia for
Momentary Assessment tool.
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Textbox 1. Developed self-reported itemsin the modified 4-item Cornell Scale for Depression in Dementiafor Momentary Assessment tool for people

with advanced dementia.

4-Item Cornell Scalefor Depression in Dementia for Momentary Assessment Tool Patient-Reported Items and Scoring

o  Sef-reported sadness
. Areyoufeding sad?
e Yes
« No
o Unableto evaluate

o  Self-reported anxiety
« Areyou feeling worried?
e Yes
. No
« Unableto evaluate

Observationa itemswere scored on a 3-point scale where no=0,
some=1, and a lot=2. Originally, the CSDD-4 tool included
none=0, mild/iintermittent=1, and extreme=2 [11,13].
Patient-reported items were scored as yes or no. For the
self-report items, raters were encouraged to take time to engage
with the participants with the intention of asking these items
naturally. Where there would be any inclination toward a yes
(ie, including maybe), yes would be chosen, whereas only a
clear no was scored as a no in the tool. If participants were
asleep or receiving care, raters would select unable to evaluate
for eachitem. A total scorewasgenerated for itemsthat formed
part of the CSDD-4 tool. As the other items were novel in the
tool, it was not yet known if these could be included in the total
score.

Provisional Diagnostic Criteria for Depression of
Alzheimer’s Disease

The Provisional Diagnostic Criteria for Depression of
Alzheimer's Disease (PDC-dAD) [4] was used to diagnose
clinical depression based on the presence of at least three core
symptoms (one of which must be depressed mood or decreased
positive affect) within a2-week period that represented achange
from previous functioning. These criteria have been validated
in people with dementia. Overall, the findings support the
criterion, content, and convergent validity of the PDC-dAD
[36]. Specifically, the PDC-dAD has shown greater sensitivity
to depression in dementiacompared with other common clinical
interviews, such as the Diagnostic and Statistical Manual of
Mental Disorders [3,4,37]. The PDC-dAD was also able to
discriminate group differences on the Hamilton Depression
Rating Scale and the Neuropsychiatric Inventory (NPI),
highlighting its convergent validity [36].

The Improved Clinical Global Impressions Scale

The Improved Clinical Global Impressions (iCGI) scale [38]
comprisesthe 7-item (normal, not ill at all=1 to among the most
extremely ill patients=7) Severity subscale and the 13-item
(ideal improvement=6 to maximum deterioration=—6)
Improvement subscale. The iCGIl has demonstrated good to
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excellentinterrater reliability (ie, intraclass correlations[ICCs)
ranging from 0.62-0.94) and large effect sizes in measuring
sensitivity to change (ie, Cohen d values of 0.76-1.02) and has
been validated in people with depression [38,39].

NPI Dysphoria Subscale

The NPI dysphoria item was rated on a 3-item severity scale
(mild=1, moderate=2, and marked=3) and a 4-item frequency
scale (occasionally=1, often=2, frequently=3, very frequently=4).
The dysphoriasubscal e has been shown to correl ate significantly
with the Hamilton Depression Rating Scale and has shown
strength as a stand-alone measure, demonstrating good interrater
reliability and strong convergent validity with the CSDD-19
[40Q]. ICCs by items ranged from 0.54-0.89 [40,41]. The NPI
has also been validated in people with dementiaand was chosen
asit was familiar to clinical staff [42,43].

Procedures

At basdline and at 6 weeks, diagnostic assessments for
depression were completed by a geriatric psychiatrist using the
PDC-dAD scale[4], theiCGlI scale[38], and the NPI dysphoria
subscale [42]. Participants were observed by trained research
staff for up to four times a day, 7 days a week, over a 6-week
period, and their symptoms were recorded using the
mCSDD4-MA tool on a mobile phone.

Before the commencement of data collection, observer training
for the research staff was undertaken. This consisted of guidance
related to detecting and interpreting depressive symptoms based
on affective and behavioral cues and explaining the technical
aspects of themCSDD4-MA tool [20]. Preliminary trial ratings
were completed and discussed with ratersto ensure that the tool
was being used correctly and toimproverater consistency. Four
raters recorded depressive symptoms exhibited by participants
in pairson arotating basis, four timesaday (ie, 10-11 AM, 1-2
PM, 4-5 PM, and 7-8 PM) using the tool. The pairs of raters
responsiblefor observing participants on any given day observed
al of the enrolled participants within the 1-hour observation
period at each timeslot. Theraterswere blinded to the depression
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diagnosis for all participants and their co-rater's depressive
symptom ratings.

Statistical Analyses

A large number of observations (approximately 4 observations
x 12 participants x 2 raters x approximately 7 days x
approximately 6 weeks) were undertaken. Descriptive analyses
were completed for the demographic and EMA data, including
feasibility data(ie, completion rates, unableto evaluate ratings,
and observations of participant acceptability). Completion rates
included unable to eval uate ratings as compl eted observations,
whereas missing datawere defined as the absence of areported
observation during the assigned timeslot. Having reported a
participant as unable to be evaluated was thus not classified as
a missed observation and instead indicated feasibility data
related to observing participants.

Separate cross-classified mixed effects ordina logistic
regression models (ie, cumulative link mixed models) were fit
for each item of the mCSDD4-MA tool as the dependent
variable, with day and hour variables asfixed effects, participant
and observer variables as crossed random effects, and a fixed
interaction between day and participant [44]. These models
provided estimates of the variances of the random intercepts
for participants and observers. The |CC values were generated
from these variances [45]. A higher participant ICC would
suggest that the variability of the random intercepts was
accounted for largely by mood changes in the participants and
less because of the sources of error related to the observers[44].

Polychoric correlations (r) were generated to examine the
interrater reliability between pairs of raters for each item [46].
Krippendorff a values were also generated for each item, given
that they evaluate the agreement between multiple raters and
multiple time periods and have shown to handle missing data
well [47]. Consistent with previous literature, avalue of a>.67
is used to denote moderate agreement and a>.80 for excellent
agreement [48]. Pairwise polychoric correlations and the level
of incongruency between observers and self-reports were
generated to examine the relationship between groups of ratings.

To establish construct validity, participants were categorized
into clinically depressed and nondepressed groups at baseline,
as determined by the PDC-dAD. Total scores for each
MCSDD4-MA item and atotal scorefor the baseline week were
generated by averaging each participant’s first week data.
Wilcoxon rank-sum tests between the 2 groups were run for
each item and for the total score, and Cohen d effect sizeswere
generated for each item.

Additional ordinal logistic regression models were fit (ie,
cumulative link models) to establish if EMA datacould predict
clinical depression at the start and end of the study. These
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models were generated for each item individually, with the
mCSDD-4MA symptom ratings and the interaction of the
mCSDD-4MA symptom ratings and day inserted as fixed
effects. A model was also generated using thetotal score at each
time point and the interaction of the total score and day asfixed
effects. The presence of clinical depression on the PDC-dAD
admission and discharge assessments wasthe dependent variable
for all models. This processwas repeated for thei CGl admission
and discharge as dependent variables. All statistical tests were
analyzed with P>.05.

Results

Feasibility and Completion Rates

The demographic characteristics of the participantsare presented
in Table 2. A total of 1923 observations were completed. This
represented a 55.06% (1923/3496) compl etion rate across the
6-month study, based on 2 raters present at each timeslot, 7 days
aweek. When excluding weekends and the 7 PM timeslot, the
completion rate was 92.01% (1923/2090), with 2 raters present.
If at least one rater was present at any point in time, the rate
was 66.01% (1923/2913) for 7 days a week. Once weekends
and evenings were excluded, the completion rate increased to
98.01% (1923/1962), with at least onerater present. Acrossthe
day, 29.02% (558/1923), 31.98% (615/1923), 30.99%
(596/1923), and 8.01% (154/1923) of all reported observations
occurred at the 10 AM, 1 PM, 4 PM, and 7 PM timedlots,
respectively. The mgjority of the data were skewed toward
reporting the absence of symptoms. The most to least frequent
itemsreported were lack of interest, sadness, anxiety, irritability,
and negativity (Multimedia Appendices 1 and 2).

Overall, the rating unable to evaluate was selected at 26.99%
(519/1923) of the observations, 41.03% (789/1923) of the
self-reported sadness, and 43.52% (837/1923) of the
self-reported anxiety items. The 7 PM-8 PM timedl ot resulted
inthe greatest inability to eval uate participants where more than
half of all observations (83/154, 53.9%) and self-reports during
this time were reported as unable to be evaluated, usualy
because the participants were already asleep. The 10 AM-11
AM timeslot was next, where 32.9% (184/558) of each
observational rating could not be evaluated during that time
(Multimedia Appendix 3). Overall, participants experiences
with being assessed were positive, and many expressed
appreciations for visits from the observers.

Onthebasis of the random intercept variances of the participant
and the observer, the participant |CCs ranged from 0.13-0.48
for the different symptoms, whereas the observer |CC ranged
from 0.00-0.06. Thus, the variability in random intercepts was
accounted for primarily by the participants, rather than the rater
for most symptoms (Multimedia Appendix 4).
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Table 2. Demographic characteristics of patient participants (N=12).

Niculescu et al

Characteristics Total sample (N=12)

Depressive symptoms (n=4)2 No depressive symptoms (n=8)

Age (years), mean (SD) 77.4(8.2)
Dementia type, n (%)
Alzheimer 9(75)
Vascular 2(17)
Parkinson dementia 1(8)
MMSE®, median (IQR) 0(25)
Sex (female), n (%) 5 (42)
Duration in study (days), mean (SD) 38.1(8.3)
NPI € admission, mean (SD) 42.3(22.3)
NPI dysphoria admission 2.83(4.7)
NPI discharge, mean (SD) 18.9 (15.3)
NPI dysphoria discharge 2.00 (3.6)
PDC-dADY depressed admission, n (%) 2(17)
PDC-dAD depressed discharge, n (%) 1(8.3)
iCGI® admission, mean (SD) 292(14)
iCGl discharge, mean (SD) 2.08(1.2)
iCGI improvement score, mean (SD) 1.00 (2.0

81.3(9.3) 75.5 (6.7)
3(75) 6 (75)
0(0) 2(29)
1(25) 0(0)
0(4.8) 0(2.5)
3(75) 2(25)
35.5 (11.9) 39.4 (6.4)
51.5 (13.6) 37.6 (25.1)
8.50 (4.1) 0(0)

24.8 (6.6) 16.0 (18.0)
4.00 (4.6) 1.00 (2.8)
2 (50) 0(0)
1(25) 0(0)
4.25(1.7) 2.25(0.7)
2.75(1.3) 1.75 (1.0)
150 (3.1) 0.75 (1.4)

@Defined by a Neuropsychiatric Inventory cutoff >4.
PMMSE: Mini-Mental State Examination.
°NPI: Neuropsychiatric Inventory.

dPDC-dAD: Provisional Diagnostic Criteriafor Depression of Alzheimer’s Disease.

& CGl: Improved Clinical Global Impressions.

Interrater Reliability

For all pairsof raters, interrater reliability ranged from 0.67-0.92
for sadness, 0.57-0.83 for anxiety, 0.41-0.90 for irritability,
-0.07 to 0.82 for negativity, and 0.24-0.79 for lack of interest
(Table 3). These analyses identified that the fourth rater was
consistently lessreliable, given the differences in their scores.
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Thus, separate reliability analyses were conducted using all
raters and only raters 1-3.

Krippendorff o values across al raters were generated and
showed moderatereliability for sadness (a=.74) and irritability
(a=.67) but lower reliability for negativity (0=.62), anxiety
(a=.61), and lack of interest (a=.45). Once the fourth rater was
excluded, the a values increased, but the trends remained the
same (Table 4).
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Table 3. Polychoric correlations (r) of the observational data comparing pairs of the 4 researchers for each of the items.

Raters 1 2 3
Sadness

2 0.91 _a —

3 0.86 0.67 —

4 0.75 0.59 0.57
Irritability

2 0.87 — —

3 0.90 0.72 —

4 0.66 0.50 0.41
Negativity

2 0.75 — —

3 0.82 0.62 —

4 0.28 -0.07 0.71
Anxiety

2 0.82 — —

3 0.83 0.71 —

4 0.75 0.59 0.57
Lack of interest

2 0.69 — —

3 0.79 0.50 —

4 0.34 0.27 0.24

3N/A: not applicable.

Table 4. Krippendorff a values for ecological momentary assessment item data by research staff.

Item Krippendorff a
Raters1-4
Sadness 74
Anxiety .61
Irritability .67
Lack of interest 45
Negativity .62
Raters1-3
Sadness .78
Anxiety .65
Irritability a7
Lack of interest .54
Negativity .62

Concor dance Between Observational and Self-reported
Items

Patient—self-reported symptoms were moderately correlated
with observer-rated sadness (r=0.68) and anxiety (r=0.57).
When parti cipants reported feeling sad or anxious, raterswould
observe sadness 88.1% (730/829) of thetime and would observe
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anxiety 78.9 % (601/761) of the time. When raters reported
observed depressive symptoms, participants would confirm
feeling sad in 90.97% (968/1064) of the cases and would
confirm feeling worried in 93.83% (1081/1152) of the cases.
Overall, 72.95% (1403/1923) of the ratings showed agreement
between observers and self-reports of sadness and anxiety
(Multimedia Appendix 5).
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Construct Validity

Observer-rated sadness, anxiety, and total symptom score in
the first week of assessment were significantly associated with
the presence of clinical depression at baseline, as determined
by the PDC-dAD (Wilcoxon-rank sum, W=20, P=.04, Cohen
d=1.00 for sadness, W=20, P=.04, Cohen d=0.49 for anxiety;
and W=20, P=.03, Cohen d=1.00 for the total score).

Observationa and sdlf-reported measures of sadnessand anxiety
over the course of the study were associated with clinical

Niculescu et al

depression diagnosis over time, as determined by the PDC-dAD
at baseline and at 6 weeks. Scoring at least some (vs no)
observational sadness and anxiety increased the log odds of
clinical depression diagnosis by 2.74 and 1.51, respectively.
Likewise, scoring a lot (vs no) of observational sadness and
anxiety increased the log odds of clinical depression diagnosis
by 5.37 and 3.13, respectively. Finally, answering yes (vs no)
on the sadness and anxiety self-reports increased the log odds
of clinical depression diagnosis by 2.20 and 2.58, respectively
(Table 5).

Table 5. Association between items in the modified 4-item Cornell Scale for Depression in Dementia for Momentary Assessment tool and clinical
depression, as determined by the Provisional Diagnostic Criteriafor Depression and Dementia, over the course of the study.

Items and item score Estimate (SE) P value 95% ClI
Sadness

2 2.74(0.62) <.0012 152t03.95

3 5.37(0.73) <.0012 3.93t06.80
Anxiety

2 1.51(0.32) <0012 0.87t02.15

3 3.13(0.58) <.0012 2.00t04.26
Irritability

2 0.44 (0.62) A7 -0.77 t0 1.67

3 0.61 (0.79) 44 -0.95t02.17
Lack of interest

2 -0.46 (0.54) 40 -1.52t00.60

3 0.74 (0.85) .86 -0.94t02.42
Negativity

2 0.74 (0.58) 20 -0.39t01.88

3 1.61(1.93) 40 -2.16 t0 5.40
Self-reported sadness

2 2.20(0.47) <.0012 1.07t02.94
Self-reported anxiety

2 2.58(0.51) <.0012 1.59t03.58

3P=04.
In addition to sadness, anxiety, and self-reported anxiety, Discussion

negativity over the course of the study also predicted depressive
symptom severity, as measured by the iCGl Severity scale.
Scoring alot of sadness and anxiety relative to no increased the
log odds of severe depressive symptoms by 4.49 and 4.81,
respectively. Scoring some anxiety and negativity compared
with no increased the log odds of severe depressive symptoms
by 1.93 and 1.13, respectively. Finaly, answering yes compared
with no for the anxiety self-report decreased the log odds of
severe depressive symptoms by 0.63 (MultimediaAppendix 6).

The total CSDD-4 score generated at each observation point
did not predict clinical depression diagnosis or depressive
symptoms as determined by the PDC-dAD or iCGI over the
course of the study.
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Principal Findings

Our study evaluated the performance of the mCSDD4-MA tool
for assessing depression in people with advanced dementia.
EMA ratings of depressive symptoms show potential for
identifying clinical depression and can contribute to a wider
understanding of depression assessment in thispopulation. EMA
approach showed preliminary feasibility, and the items
demonstrated moderate reliability, with the exception of lack
of interest. Moderate correlations were observed between the
observational and patient-reported items. In addition, the tool
showed construct validity across several items and for the total
score and promising predictive validity for several items.
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The mCSDD4-MA tool was feasible and acceptable to the
participants, with the participants enjoying engagement by the
research staff. Overall, 7 PM-8 PM and 10 AM-11 AM timeslots
accounted for the lowest proportion of observations based on
both observer completion rates and their ability to observe
participants. In terms of observing participants, these times may
occur when participants are sleeping or receiving personal care.
From afeasibility perspective, it may be appropriate to cut down
to 2 observations per day in the afternoon. However, the next
steps require comparing the sensitivity of the tool when
observing participants two times versus four times a day to
conclude if two observations are sufficient.

Capturing observational ratings of depressive symptoms
repeatedly in real time was found to be a reliable method for
assessment. Item-level analyses demonstrated that sadness and
irritability were the most reliable and that anxi ety and negativity
were less reliable. Thisis consistent with previous research in
which observers who repeatedly rated effect in people with
dementia in rea time found high interrater reliabilities for
sadness and irritability [20]. Sadness and irritability may be
easily recognizable because of their intensity and are thought
to be biologicaly hard-wired emotions [20,49]. Ratings of
anxiety were less reliable between raters, which may berelated
totheir high heterogeneity in the presence of emotional disorders
[20].

Although four out of fiveitemsdemonstrated good psychometric
properties, lack of interest displayed clear psychometric
problems for which there are several possible explanations.
These relate to the time taken to assess the item, the definition
of theitem, and the overlap of lack of interest with apathy. First,
it is possible that insufficient time was spent observing
participants to properly assess their degree of interest. The
evaluation of interest requires both the presence of engaging
activities to stimulate interest as well as the time to observe
whether an individual is deriving any enjoyment from the
activity [20]. Evenin awell-resourced inpatient unit, there may
still be moments throughout the day of low activity or
understimulation for participants. Second, the adaptation of the
lack of interest item for real-time assessment was: “Isthe person
showing enjoyment or pleasure in what is going on around
them?’ with options, “No lack of interest,” “Some lack of
interest,” and “Lacking a lot of interest.” Studies have shown
that although pleasure and interest are highly correlated, there
isheterogeneity in the definition of anhedonia[50]. Aspleasure
and enjoyment were included in the question, and interest was
used in the response, this may have affected the understanding
of the item. Finally, symptom overlap with apathy (ie, loss of
interest and motivation, fatigue, and low social engagement)
may have confounded the item [51]. Overall, thereisaneed to
develop a more reliable lack of interest item for real-time
assessment. Thiswould require modifications such as wording
the item to be more closely related to the concept of anhedonia
and more distinct from apathy, recommending longer
observation periods for evaluating the presence of symptoms,
and improving rater training [20,52].

Using EMA to measure depressive symptoms in advanced
dementia also shows construct and predictive validity, as
demonstrated by its association with depression at baseline and
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over time. Our analyses confirmed the validity of several items,
including observed sad and anxious affect, which have been
previoudy reported to predict and correl ate with depression and
depressive symptoms in people with dementia [19,20]. In this
study, we were also able to demonstrate a rel ationship between
patient-reported symptoms in a population with advanced
dementiaand clinical depression and symptoms. Thisisaunique
finding, as self-reporting is not typicaly included in
observer-rated depression assessments. Thislends some support
to the inclusion of patient self-reports, in keeping with
patient-centered care approaches. Negativity was al so shown to
be associated with depressive symptoms; however, the rating
of negativity was contingent on the participants ability to
communicate negative cognitions. Although negativity is a
highly specific depressive symptom in advanced dementia, it
has poor sensitivity given its low frequency. Overall, several
itemsinthemCSDD4-MA tool demonstrated apromising ability
to detect clinicaly significant depression and depressive
symptoms.

Discrepancies between informant and patient-reported symptoms
are well documented in the literature and were found in this
study, illustrating the importance of collecting both types of
reports. Low patient-proxy agreement in mood can be attributed
to subjectivity in observing these items and raters attributing
depressive symptoms to dementia or vice versa[10,53,54]. In
this study, the majority of ratings (1403/1923, 72.95%)
completed by participants and observers were concordant. In
57% (12/21) and 78% (21/27) of the discordant ratings, the
participants self-reported the presence of sad and anxious mood,
respectively, whereas observers rated the symptoms as absent.
This differs from the literature in which people with dementia
have reported fewer symptoms than their informants, athough
some studies have shown similar results [7,8]. Again, this
underscorestheimportance of including patient-reported ratings,
although it is important to ensure the reliability of these
self-reports. In this study, the severity of cognitive impairment
may have affected the reliability of patient-reported outcomes.
Some participants agreed to feeling sad or anxious, despite not
showing any outward sign of negative affect, leading the
observersto doubt whether the participants had understood the
question. Thus, there is a need to improve the reliability of
self-reports, which could be done by combining some neutral
and positively worded questions, in addition to the questions
about symptoms to ascertain the consistency of the responses
[35].

This study had several limitations. As this was a pilot study,
the between-person sample size affected the power and
generalizability of the results to a larger population of people
with advanced dementia. However, we aimed to compensate
for this by achieving a large within-person sample size. In
addition, although intensive longitudinal designsare limitedin
their generalizability to other individuals, they are strengthened
by their ability to generalize across situations within individual s
[32]. Although certain patient-related (ie, cognitiveimpairment
and level of awareness) and observer-related (ie, quality of
training and internal mood states) factors can have an impact
on the interpretation of mood, our study did not specifically
examine these effects on depression ratings. Future studies can
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address the psychometric issues with the assessment of interest  Conclusions
in peoplewith dementiain real timeand develop EMA protocols 5 odified CSDD4-MA tool for momentary assessment of
toimprovethe overall psychometric properties of thetool. Given depression in people with advanced dementia is feasible and

the previousfindings on caregiver biases, itisimportant tonote .5 moderate reli ability and validity. Repeated and real-time
that research staff ratings may differ from caregiver ratings,  assacgment of mood in these individuals holds promise to
which may limit the generalizability of these findings [6,7].  onitor depressive symptoms and clinical depression.
Therefore, future studies should al so examine the performance

across different categories of observers.
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Abstract

A disproportionate number of COVID-19 cases affect older, minority populations. Obese older adults are at higher risk of
developing severe COVID-19 complications and lower survival rates, and minority older adults often experience higher rates of
obesity. A plant-based diet intervention may improve COVID-19-related modifiable risk factors for obesity. Encouraging the
consumption of plant-based diets comprising vegetables, fruits, whole grains, legumes, seeds, and nuts by utilizing community

outreach strategies and digital technology can contribute to improving COVID-19 risk factors among this population.

(IMIR Aging 2021;4(3):625327) doi:10.2196/25327
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Introduction

The risk of severe illness with COVID-19 increases with age,
with older adults at the highest risk of hospitalization or death
[1]. Certain underlying medical conditionsincrease these risks,
including hypertension, heart disease, cancer, type 2 diabetes,
chronic kidney disease, and obesity [2]. Minority populations
areat higher risk for devel oping these chronic diseases, thereby
increasing their risk of contracting COV1D-19 and consegquent
death. Many factors place minority individuals at risk of
contracting the virus, including health care access,
socioeconomic status, and frontline worker occupational
exposure [3].

The Centers for Disease Control and Prevention reports
COVID-19 cases, hospitalizations, and deaths of people of
various ethnicities in comparison to White, non-Hispanic
persons [3]. American Indian or Alaska Native non-Hispanic
persons are high-risk groups for COVID-19, with 1.6 times
higher cases, 3.5 times higher hospitalization rates, and 2.4
times higher death rates reported. Black, non-Hispanic

https://aging.jmir.org/2021/3/€25327

individuals are also disproportionately affected by the pandemic,
with 1.1 times higher likelihood of contracting COVID-19, 2.8
times higher hospitalization rates, and 1.9 times higher death
rates reported. For example, in the District of Columbia, Black
individuals congtitute 47% of the popul ation, yet they accounted
for 74% of COVID-19—~elated deaths [4]. Hispanic or Latino
individuals were 2 times more likely to contract COVID-19,
had 3 times higher hospitalization deaths, and were 2.3 times
more likely to die [3]. Moreover, Hispanic individuals living
in the District of Columbia make up 11% of the population but
accounted for 29% of all COVID-19—related deaths[4]. In Texas
as well, disparities were noted, as 39% of the population is
Hispanic but accounted for a higher COVID-19 death rate of
54%.

The United States is plagued with an obesity epidemic, which
has worsened over the recent decades [5]. Obesity and severe
obesity are defined as a BMI of 30 kg/m? and =40 kg/m?,
respectively. Therate of obesity in the period from 1999 to 2000
was 30.5%; during 2017-2018, thisrate had increased to 42.4%.
The trend for severe obesity nearly doubled in 10 years,
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increasing from 4.7% in 1999-2000 to 9.2% in 2017-2018.
Obesity and severe obesity rates have increased, placing a
disproportionate burden among communities of color.
Non-Hispanic black individuals had the highest prevalencerates
of obesity (49.6%), followed by Hispanic individuals (44.8%).
By gender, US-born Hispanic or Latino men have the highest
obesity rate compared to men of other ethnicities, including
those who are foreign-born [6].

Ageisalso arisk factor known to increase the devel opment of
severeillness related to COVID-19, including increasing rates
of hospitalization and lowered prognosis of survival [1].
Individuals 65 years and older with a positive COVID-19
laboratory test were noted to have higher hospitalization rates
(13.8%) than younger individual s, and those 85 years and ol der
were at even greater risk, with a hospitalization rate of 17.2%
[7]. The COVID-19 crisis has highlighted how the cumulative
impact of multiple risk factors, such as being older, obese, and
a member of a minority group, dramatically increases the
probability of hospitalization and death due to COVID-19. For
example, older, minority men who smoke and have aBMI =35

kg/m? require increased oxygenation while hospitalized [1].

Support for Plant-Based Diets: Role in
Managing Obesity and Related Risk
Factors

Reducing obesity and severe obesity is a complex process,
including behavior change, diet modifications, and increased
in physical activity. Dietary changes that reduce the amount of
trans and saturated fat consumed, as well as refined or simple
carbohydrates, support healthy weight loss.

Although only 2.4% of the general US population has adopted
a plant-based diet, there is a growing interest toward
incorporating a more plant-based diet for different reasons,
including a healthy lifestyle [8]. Dietary modification is an
accessible, measurable, and trandatable health behavior.
| dentifying achievabl e self-management behaviorsthat promote
and maintain a plant-based diet has been shown to decrease
adiposity, BMI, and hemoglobin A, levelsin certain minority

groups and older adults [9,10].

A plant-based diet refers to a pattern of food intake that
emphasizes consumption of vegetables, fruits, whole grains,
legumes, seeds, and nuts, excluding the intake of all animal
products or including some animal-based foods such as milk,
dairy products, and eggs. Cumulative evidence shows the
benefits increasing consumption of plant-based diets has on
several chronic diseases such as obesity [11-13]. Healthy
plant-based dietary patterns include consumption of foods low
in total saturated fat and high in fiber, antioxidants, and
phytochemicals [14]. As a result, a number of health and
nutrition organizations, as well as evidence-based weight loss
programs, recommend foods that are more plant-based. The
American Ingtitute for Cancer Research recommends that
two-thirds of the total dietary intake include vegetables, fruits,
whole grains, and beans [15]. The Academy of Nutrition and
Dietetics statesthat “ appropriately planned vegetarian, including
vegan diets are healthful, nutritionally adequate, and may
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provide health benefits for the prevention and treatment of
certain diseases’ [14]. These diets, the Academy notes, can be
appropriate for older adults when balanced to meet
recommended daily requirements. A concern with plant-based
dietsisthelack of vitamin B,,, whichisonly availablein animal
foods. Older adults can have decreased absorption of vitamin
B4, and may require vitamin B, supplementation, regardless
of their overall eating patterns.

Additiona support for plant-based diets can be found in the
Dietary Guidelines for Americans, 2020-2025, which reports
that increasing consumption of vegetables, fruits, and whole
grains and adopting vegetarian and Mediterranean eating
patterns is healthful for al ages [16]. The Mediterranean Diet
and the DASH (Dietary Approach to Stop Hypertension) diet
have been linked to healthy dietary patterns focusing on higher
consumption of plant-based foods. These dietary plans aso
recommend a moderate intake of milk and dairy, decreased
consumption of red and processed meat, and increased
consumption of fish [17,18].

The PREDIMED (Prevencion con Dieta Mediterrdnea) study,
comprising a prospective cohort with more than 7000 older
participants, associated a preference for plant-derived foods
with reduced mortality among older adults with high
cardiovascular risk [19]. Although the PREDIMED study shows
the benefits of shifting food patterns to a more vegetarian diet
in an older population, adherence to the diet, especialy in this
population, may pose a challenge.

Transition to a plant-based diet may be easier when the foods
are consistent with the individual’s culture, religious beliefs,
and food preferences. In astudy of middle-aged to older South
Asian participants in the United States, those who had strong
traditional South Asian cultural beliefs maintained their
vegetarian diet [20]. In a previous study by Ramal et al [10],
Latino patients with type 2 diabetes living in medicaly
underserved areas were educated on the benefits of foods rich
infiber, low infat, and derived from mostly plant-based sources.
Group sessionswere used to help participants shift their dietary
patterns to a more plant-based one, also helping them to
implement and comply with the dietary recommendations. The
intervention had a significant impact on the participants
hemoglobin A;c levels, a reduction in fat intake, and hip
circumference. This study showed plant-based foods can be
successfully implemented in the Hispanic culture when the
individuals and families are aware of the benefits and are
supported by their families, community, and health care
professionals. Research has shown that Latino or Hispanic
participants who followed amore plant-based dietary approach
had lower adiposity rates, BMIs, and hemoglobin A, values
with reduced cardiovascular risk [9,10]. Given the growth of
and high prevalence of obesity among US Hispanic or Latino
populations, especially in older adults with underlying
cardiometabolic conditions, achangein dietary patternshasthe
potential to make a great public health impact and reduce
COVID-19 risk and mortality rate [10,21].

The Adventist Hedth Study 2 sampled members of the
Seventh-day Adventist church [22]. A large sampling of

JMIR Aging 2021 | vol. 4 | iss. 3 |€25327 | p.66
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

non-Hispanic Black adults showed that the absence of obesity
improved life expectancy and that a plant-based diet promoted
healthy weight, which was associated with increasing longevity.
Such positive study findingsindicate that thistype of nutritional
approach is a healthy lifestyle behavior in underserved racial
or ethnic subpopulations [23,24].

Increasing Adoption of Plant-Based Diets

Plant-based nutrition education programs in the United States
are scarce. However, there is enough scientific evidence
supporting plant-based diets to help combat obesity and
associated diseases [11-13], and such programs should be
considered for large-scale implementation and effectiveness
testing. Community outreach programs and other strategies can
help minority older adults adopt plant-based diets to increase
consumption of vegetables, fruits, whole grains, and legumes.

Nutrition education is often effective when delivered through
the grocery shopping process. Yet, this routine activity may
congtitute aburden and barrier for older people, especially older
adultsliving in food deserts and poverty-stricken areas. During
the COVID-19 pandemic, there has been an increased use of
online and curbside pickup for grocery shopping. Nutrition
education tips and recommendations can beincluded in grocery
store websites that support increasing plant-based food
consumption. Thismay include highlighting weekly salesitems
that fit into a plant-based diet as well as simple recipes for
preparing these foods, wherelocal cultures and food preferences
are considered. Moreover, in situations where the older adult
may get assistance from family memberswith grocery shopping,
this information may not only influence the dietary intake of
the older adult but may also positively influence the nutritional
intake of the family in general.

Community gardens are effective outreach programs
implemented in neighborhood community centers and can be
tailored to local cultural preferences [25,26]. These programs
often increase accessto avariety of affordable and healthy foods
to older adults, aswell asthe community at large[27-30]. This
concept representsa“farm-to-table” resourcefor fresh produce,
which may be at lower cost or no cost to older adults. Social
distancing restrictions during the COVID-19 pandemic have
limited opportunities for socia interaction at community
gardens, as well as contributions to garden development. As
more people are immunized against COVID-19, and these
opportunitiesopen up, itislikely that participation in community
gardens may increase followed by improved vegetable
consumption, increased physical activity, and reduced obesity
rates [31].

In 2001, the US Department of Agriculture began a Seniors
Farmers Market Nutrition Program (SFMNP) [32]. The
program serves low-income older adults, generally defined as
individuals who are at least 60 years old and who have
household incomes of not morethan 185% of thefederal poverty
income guidelines with sites located typically at centers and
housing locations for older adults. In fiscal year 2017, the
SFMNP assisted 811,809 |ow-income ol der adultswith benefits.
SFMNP awards grants to US states, US territories, and Indian
Tribal Organizations to provide fresh, nutritious, unprepared,
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and locally grown fruits, vegetables, herbs, and honey through
farmer’'s markets, roadside stands, and community-supported
agriculture programs [32]. Older adults who qualify for the
program should be encouraged to utilize the coupons to help
increase their consumption of eligible foods. Transportation
may be abarrier for some older adults, thereby decreasing their
ability to utilize SFMNP coupons in their community. If
available, ride-share programs (eg, Uber and Lyft) may be an
option.

The Older American’s Act (OAA) funds 39% of the Meals on
Wheedls program and isthe primary federal |egidation supporting
social and nutritional needs of vulnerable persons who are 60
years and older [33]. Meals on Wheels America supports over
5000 community nutrition centers for older adults and the
delivery of meals to homebound older adults [34]. One myth
about the programisthat meal choicesare not allowed; however,
in 2016, Meals on Wheels provided an executive summary that
dispelled this myth. The OAA allows food choices and should
be promoted among the older adult population. However, each
US state devel ops their own policies and procedures based on
the OAA, making interpretations difficult. Older adults should
be encouraged to make menu choicesto accommodate personal
preferences, and plant-based options could be included,
especialy in forms that are in harmony with the participant’s
culture, beliefs, and religion. Encouraging older adults to eat
fruits and vegetabl es through outreach programs such asMeals
on Wheels can improve their adoption of a plant-based diet.

Leveraging Digital Technologies to
Promote Plant-Based Diet Intake

The COVID-19 pandemic has significantly increased the use
of technology in a broad range of activities such as health care
(eg, telemedicine and telehealth); sourcing foods, both
ready-to-eat as well as to be prepared (eg, restaurant delivery,
curbside grocery pickup); and social and work interactions
through platforms such as Zoom and Microsoft Teams.
Advancesin digital health technologies, telehealth, and internet
access can facilitate the delivery of effective plant-based diets
and behavioral programs safely to minority, aging popul ations.
These types of modalities decrease the risk of COVID-19
exposure, provide waysto deliver education, and enhancelocal
and community support.

When considering the use of eHealth and technology by older
adults, including minority older adults, in general, it isimportant
to realize that many may lack or have low levels of eHealth
literacy [35]. Norman and Skinner [36] defined eHealth literacy
as “the ability to seek, find, understand, and appraise health
information from electronic sources and apply the knowledge
gained to addressing or solving a health problem.” eHealth
literacy is a combination of six core skills (or literacies):
traditional literacy, health literacy, information literacy,
scientific literacy, media literacy, and computer literacy.
Although proficiency is not needed in all six skill areas, a
minimum competency across all skillsis considered essential
to promote eHealth literacy.
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Reducing barriers to technology use among older adults,
including those representing minorities, isimportant to improve
uptake and use of available resources. Many older adults face
low vision challenges; therefore, understanding how to enlarge
text or images on a computer screen can help address this
barrier. For those older adultswho haveless experiencein basic
computer or smartphone use (eg, how to access the internet,
how to access or download an app), having a trusted friend or
family member provide a“guided tutorial” on how to complete
these steps can help build both knowledge and confidence in
the ability to use available technology. Instruction via distance
(such as Zoom or Facetime on smartphones) makes this
instruction possible even when physically separated. Those
older minority adults who are not comfortable with or fluent in
English, may find apps and sites that are available in different
languages. Although multilanguage websites and applications
are more frequently available, some minorities may still find
barriers resulting from cultural variations in spelling or word
usage. In these cases, a family member, friend, or local public
librarian who can navigate these idiomatic challenges may be
needed.

Telehealth can enhance digitally delivered education through
behavioral coaching with aremote health care provider, dietitian,
and/or nurse either individually or by utilizing ashared medical
appointment (SMA) approach. SMA isagroup patient visit and
may last 120 minutes long. An SMA can provide group
education by the health care team to help reduce costsand allow
moretimewith the health care team; it has been overwhel mingly
supported by the patient [37]. For instance, a group of 10
patients with the same medical diagnoses could have an
appointment at the same time with the health care provider, a
nurse, and a dietitian, thus allowing more time to be spent with
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the patient than a typical one-on-one appointment tailoring to
each specific condition.

User-friendly, low-literacy apps and online community support
platforms are available in variouslanguages to support nutrition
behavior modification. These appstypically allow food tracking
through capturing pictures and easy accessto lifestyle coaches.
Such apps can help track cal orie-counting, provideinformation
on plant-based meal preparation, and calculate macro and
micronutrients. In addition, there are apps to help search for
local plant-based diet restaurants, stores, and markets, thus
aiding the individual in achieving healthy decision-making.
These types of apps are becoming more popular to support the
adoption of plant-based diets.

Conclusions

Promoting plant-based diets by using technology can be
beneficial in decreasing modifiable COVID-19 risk factors for
minority older adults. Consumption of a mostly plant-based
dietary pattern promotes healthier BMI and hemoglobin A;c
levels. Community outreach programs such asMeals on Wheels,
community gardens, Seniors Farmers Market Nutrition Program
and other strategies are critically important to help improve
obesity and related health considerations. Implementing
technology into patient treatment plans by using low-literacy
apps and either individua or group virtual health visits could
significantly improve heath disparities among vulnerable
populations and benefit future generations. Emphasizing
plant-based diet consumption is promising and needs to be
further explored, which may reduce COVID-19-—related health
disparities and promote healthier weights in minority older
adults.
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Abstract

Background: Sociodemographic variables may impact decision making regarding safety measures. The use and selection of
adequate face masks is a safety and health measure that could help minimize the spread of COVID-19 infection.

Objective: Thisstudy aimsto examine sociodemographic variables and factorsrelating to COVID-19 that could impact decision
making or the choice to use or not use face masks in the prevention and care of a possible COVID-19 infection among a large
sample of younger and older Brazilian people.

Methods: An online survey composed of 14 closed-ended questions about sociodemographic variables and COVID-19 was
used. A total of 2673 participants consisted of Brazilian people (aged 218 years) from different states of Brazil and were grouped
according to age (<59 years and =60 years). To compare the variables of interest (associated with wearing a face mask or not),
chi-square and likelihood ratio tests were used (with P<.05 being significant).

Results: Most of the participants in both groups were women from the southeast region who had postgraduate degrees.
Approximately 61% (1452/2378) of individuals aged <59 years and 67.8% (200/295) of those aged =60 years were not health
professionals. In the group aged <59 years, 83.4% (1983/2378) did not show COVID-19 signs and symptoms, and 97.3%
(2314/2378) were not diagnosed with COVID-19. In the older adult group, 92.5% (273/295) did not show signs and symptoms
of COVID-19, and 98.3% (290/295) were not diagnosed with the disease. The majority of the participantsin both groups reported
using face masks, and their decision to use face masks was influenced by the level of education and their occupation as a health
professional.

Conclusions:  Younger and older adults have worn face masks during the COVID-19 outbreak. It is difficult to measure how
much of a positive impact this attitude, habit, and behavior could have on the degree of infection and spread of the disease.
However, it can be a positive indicator of adherence to the population’s security and safety measures during the pandemic.
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Introduction

COVID-19 is an infectious disease caused by SARS-CoV-2,
which mainly affects the functioning of the pulmonary system
[1]. Current evidence shows that the COVID-19 pandemic has
amuch higher mortality rate in older adults due to morbidities
and bad lifestyle (poor diet and physical inactivity) associated
with aging [2]. Factors associated with increased risk of
mortality in COVID-19 include comorbidities related to aging,
such as obesity, insulin resistance, and cardiovascular disorders,
and individuals, especially older adults, are at risk of having
lower functional capacity and physical activity levels [3-5],
which makes them more vulnerable to the infection [2,4].

During periods of social isolation and physical distancing for
a pandemic, coping strategies (physical activity and adequate
diet) and safety measures (use of face masks) that promote
well-being and improve or maintain the general state of health
should be performed and encouraged among the general
population to mitigate the negative impacts of the disease [6].

The COVID-19 pandemic has had an unprecedented impact on
the global health, economy, and functioning of societies [7].
Latin American countries with a high level of social and
economic inequality have experienced worse effects of the
pandemic. For example, Sdo Paulo, Brazil hasahigh population
density and great disparity in demographic and epidemiological
profiles, social and economic levels, and accessibility to health
services and protection and safety measures, such as the use of
face masks [§].

Therefore, understanding the sociodemographic variables and
adherence to mask useis essential to auxiliary health decisions
by public and health authorities to minimize the effects and
negative consequences of the COVID-19 pandemic on public
health [9]. The assessment of sociodemographic variables
determines the impact of population diversity on the effects of
the pandemic [10] and how choices regarding safety, security
measures, and adherence could affect the consequences and
outcomesin the field of public health.

It isknown that a population’s profile and social characteristics
can impact safety measures, hygiene, social distance, outcomes,
and possible changes in timing of pandemics [11]. Due to the
risk and characteristics of the professional practice and health
literacy, it is quite plausible that health professionals, because
of their frequent contact with the public, are more sensitive
regarding adherence to safety measures [12]. Moreover, the
physical and social distancing, use of face masks, and eye
protection devicesin public and health carefacilities are needed
for the public and health professionals to control COVID-19
transmission [13].

However, in low-income countries like Brazil, the lack of
literacy and accessto health care, the spread of fake newsamong
the general population, and the lack of proper management by

https://aging.jmir.org/2021/3/e28989

the government can make a difference in the results and
outcomes of such complex health scenarios[14]. Unfortunately,
this is what we observed in Brazil during the COVID-19
pandemic. Brazil has been one of the countries with the worst
management of the public health crisis; it is on the brink of a
progressive social and economic collapse. Thus, studies that
aim to check the popul ation’s sociodemographic profileand the
choices related to security and protective measures during a
pandemic are essential to make more precise decisions based
on technical and scientific knowledge.

An online-based cross-sectional study involving 12 Bangladeshi
residents 64 years of agerecruited viasocial mediainvestigated
the influence of factors related to perception, knowledge,
attitudes, and practicesregarding COV1D-19 and found that the
factors that impact perception and choices were female sex,
older age, higher education, higher family income, and urban
area residence [15]. A cross-sectional survey conducted by
telephone or mobile phone with older individuals living in the
state of Minas Gerais, Brazil showed that older individualswere
knowledgeable and had good hedth literacy regarding
COVID-19, but those that did not implement all the preventive
measureswere older adult maleindividualsliving by themselves
with alow educational level, and they are more vulnerable to
COVID-19 [16].

Importantly, individual s 60 yearsand older are morevulnerable
to COVID-19, and the use of face masksis a protective, safety,
and health care measure to decrease the risk and spread of
infection [13]. In addition, older people have ahigher peak viral
load and, especialy those with comorbidities, have higher
mortality rates related to COVID-19 than young people. This
would be associated with chronic inflammation present in ol der
people who are frail, which could allow a “more effective”
action from SARS-CoV-2 leading to serious infection-related
complications [17].

Currently, epidemiol ogists emphasize that the use of face masks
covering the mouth and nose effectively stops arborne
infections. In general, health and government officialsfollowed
the World Health Organization recommendations and, in some
cases, forced the population to wear face masksin public places.
However, in some countries like Brazil, there is a low rate of
health literacy among government officials at al levels.
Research showsthat using theright type of face mask, according
to location and profession, protects and reduces the infection
risk [18]. Our aim is to present the sociodemographic and
economic profile and health features (about COVID-19) and
compare the individual determinants of face mask use during
the COVID-19 outbreak among younger and older Brazilian
people.
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Methods

Study Design

Thisonline and cross-sectional survey was conducted between
May 1, 2020, and May 31, 2020, and was approved by the
Research Ethics Committee of the Federal University of Sdo
Paulo (Certificate of Presentation of Ethical Appreciation -
CAAE: 31540620.9.0000.5505). The study was conducted
according to the guidelines of the Declaration of Helsinki. We
enrolled Brazilian citizens living in Brazil who were 18 years
or older (to compose the groups <59 years vs =60 years), and
the consent to participate was obtained from all participants.
Participantswho did not answer all the research questionswere
excluded to minimize discrepancies in the number of answers.
However, the exclusion of unanswered questionnaireswas low,
as al the questions on the Google Forms were mandatory.
Furthermore, minors were excluded because the aims and
procedures were designed for adults.

Participants

The sample was selected using a nonrandom method and
comprised of 2673 participants (mean age40.0, SD 13.8 years).
These participants were divided into two age groups: <59 years
(n=2378, 89%) and =60 years (n=295, 11%).

Procedures

Participants wereinvited to answer the questionnaire voluntarily
through posts made on social media (Facebook and Instagram)
and WhatsApp using a standard text that publicized the study
and drew attention to the importance of understanding the
behavior of the population in relation to COVID-19, which
could provide subsidies to implement awareness actions,
reducing the spread of the disease.

A link to the informed consent form was provided to each
participant. Upon consent and agreement to voluntary
participation, the participants were directed to the mandatory
study questions. The questionnaire was developed by the
researchers; corrected and adjusted by apanel of health experts,
including a professional statistician; made available on the
online platform Google Forms; and disseminated through social
networks. The online questionnaire [19] was composed of 14
closed-ended questions about the following variables: age, sex,
origin, marital status, religion, family income, education,
presence of signs or symptoms or confirmed diagnosis of
COVID-19, and occupation asahealth professiona (yesor no).
In addition, multiple-choice questions about COVID-19included
the following: knowledge about the forms of transmission of
COVID-19; risk groups, signs and symptoms, and what to do
if they were present; preventive measures (hand hygiene, use
of masks, and cleaning of surfaces) to be taken in case of
traveling; and information on popular beliefs regarding the
prevention, transmission, and treatment of COVID-19.
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Statistical Analysis

For the descriptive analysis of categorical variables, frequency
and percentage were calculated. For continuous variables, mean,
SD, median, minimum, and maximum were calculated. To
compare the variables of interest (associated with mask use),
chi-square and likelihood ratio test (only for comparisons
regarding thelevel of education) were used. A significancelevel
of 5% (P value<.05) was used. The data were analyzed using
SPSS, version 19 (IBM Corp).

Results

Our sample consisted of the adult Brazilian population from
different states of Brazil: Acre (n=1), Alagoas (n=3), Amapa
(n=3), Amazonas (n=1), Bahia (n=23), Ceara (n=36), Distrito
Federa (n=22), Espirito Santo (n=32), Goias (n=31), Maranhdo
(n=23), Mato Grosso (n=31), Mato Grosso do Sul (n=13), Minas
Gerais (n=109), Par4 (n=13), Paraiba (n=12), Parani (n=52),
Pernambuco (n=2), Piaui (n=2), Rio de Janeiro (n=73), Rio
Grande do Norte (n=8), Rio Grande do Sul (n=24), Rondbnia
(n=1), Roraima (n=5), Santa Catarina (n=30), Sdo Paulo
(n=2117; in the state of Sdo Paulo, the use of facia masks
became mandatory on May 7, 2020), Sergipe (n=2), and
Tocantins (n=4). The mgjority of participants were from Sdo
Paulo.

Table 1 shows that most of the 2673 individuals in the study
were aged <59 years (n=2378, 88.9%), were female (n=2039,
76.3%), werefrom the city of Sdo Paulo (n=2331, 87.2%), were
married (n=1261, 47.2%), were Catholic (n=1241, 46.4%), had
a monthly family income of 4 to 7 minimum wages in R$
(n=813, 30.4%), and had completed or were currently doing
postgraduate studies (n=1181, 44.2%). In addition, 61.8%
(n=1652) were not health workers, 84.4% (n=2256) did not
show symptoms of COVID-19, and 97.4% (n=2604) had no
confirmed diagnosis of the disease. The studied age groups (<59
years and =60 years) were not homogeneous regarding the
following variables: sex, Brazil region, marital status, religion,
total family income, professional type, and health characteristics
and status (Table 1).

Table 2 compares the profiles of participants with regard to the
use of masks between the groups in terms of sex (male vs
female), education level, occupation as a health worker (yesvs
no), and presence of signs and symptoms or a confirmed
diagnosis of COVID-19 (yes vs no).

On the use of masks, there were significant differences in sex
(female vs male; P<.001), level of education (P<.001), and
occupation as a health professional (P=.001). Females, health
professionals, and those with ahigher level of education adhered
to the use of masks more than others.
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Table 1. Characteristics of sociodemographic variables of younger and older people during the COVID-19 outbreak.
Variables Age group (years) Total (N=2673), n (%)
<59 (n=2378), n (%) 260 (n=295), n (%)

Sex
Women 1833 (77.1)2 206 (69.9) 2039 (76.3)
Men 545 (22.9) 89 (30.2) 634 (23.7)
Brazil region
North 22 (0.9) 6(2) 28 (1)
Northeast 108 (4.5) 3(1) 111 (4.2)
Midwest 93 (3.9) 4(1.4) 97 (3.6)
Southeast (Sio Paulo is located) 2060 (86.6) 271 (91.9) 2331 (87.2)
South 95 (4) 11(3.7) 106 (4)
Marital status
Married 1093 (46) 168 (56.9) 1261 (47.2)
Divorced 153 (6.4) 49 (16.6) 202 (7.6)
Single 894 (37.6) 23(7.8) 917 (34.3)
Stable union 225(9.5) 24 (8.1) 249 (9.3
Widowed 13(0.5) 31(10.5) 44.(1.6)
Religion
Catholic 1080 (45.4) 161 (54.6) 1241 (46.4)
Evangelical 401 (16.9) 17 (5.8) 418 (15.6)
Spiritism 386 (16.2) 60 (20.3) 446 (16.7)
Agnostic and atheist 274 (11.5) 21(7.2) 295 (11)
Others 237 (10) 36 (12.2) 273(10.2)
Total family income in minimum wages (R$ monthly)
<1 99 (4.2) 1(0.3) 100 (3.7)
1-3 620 (26.1) 56 (19) 676 (25.3)
47 730 (30.7) 83(28.1) 813 (30.4)
810 339 (14.3) 50 (16.9) 380 (14.6)
>10 590 (24.8) 105 (35.6) 695 (26)
Education level according to the Brazilian standard
Incomplete elementary school 5(0.2) 1(0.3) 6(0.2)
Complete primary education 15 (0.6) 2(0.7) 17 (0.6)
Incomplete high school 26 (1.1) 5(.7) 31(1.2)
Complete high school 245 (10.3) 47 (15.9) 292 (10.9)
Higher education (or studying) 1025 (43.1) 121 (41) 1146 (42.9)
Postgraduate studies 1062 (44.7) 119 (40.3) 1181 (44.2)

Areyou a health professional?

No 1452 (61.1) 200 (67.8) 1652 (61.8)

Yes 926 (38.9) 95 (32.2) 1021 (38.2)
Have you experienced symptoms of COVID-19?

No 1983 (83.4) 273 (92.5) 2256 (84.4)

Yes 395 (16.6) 22 (7.5) 417 (15.6)

Did you have a confirmed diagnosis for COVID-19?
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Variables Age group (years) Total (N=2673), n (%)
<59 (n=2378),n (%) =60 (n=295), n (%)
No 2314 (97.3) 290 (98.3) 2604 (97.4)
Yes 64 (2.7) 5(L7) 69 (2.6)

8Data in italics were the most frequent.

Table 2. Characteristics of mask use according to the variables of interest during the COVID-19 outbreak.

Variables Mask use, n (%) Total, n (%) P value
No Yes
Age (years) .80
<59 121(5.0) 2257 (94,92 2378 (100)
260 14(4.7) 281 (95.3) 295 (100)
Total 135(5.1) 2538 (94.9) 2673 (100)
Gender <.001°
Female 87 (4.3) 1952 (95.7) 2039 (100)
Male 48 (7.6) 586 (92.4) 634 (100)
Total 135(5.1) 2538 (94.9) 2673 (100)
L evel of education <.001¢
Incompl ete elementary school 0(0) 6 (100) 6 (100)
Complete primary education 3(17.6) 14 (82.4) 17 (100)
Incomplete high school 7 (22.6) 24 (77.4) 31 (100)
Complete high school 32(11) 260 (89) 292 (100)
Higher education (or studying) 51 (4.5) 1095 (95.5) 1146 (100)
Postgraduate studies 42 (3.6) 1139 (96.4) 1181 (100)
Total 135 (5.1) 2538 (94.9) 2673 (100)
Areyou a health professional? 001P
No 101 (6.1) 1551 (93.9) 1652 (100)
Yes 34(3.3) 987 (96.7) 1021 (100)
Total 135 (5.1) 2538 (94.9) 2673 (100)
Have you experienced symptoms of COVID-19? .99
No 114 (5.1) 2142 (94.9) 2256 (100)
Yes 21 (5) 396 (95) 417 (100)
Total 135 (5.1) 2538 (94.9) 2673 (100)
Did you have a confirmed diagnosisfor COVID-19? a7
No 131 (5) 2473 (95) 2604 (100)
Yes 4(5.8) 65 (94.2) 69 (100)
Total 135 (5.1) 2538 (94.9) 2673 (100)

@Datain italics were the most frequent.
bFound to be statistical ly significant by the chi-square test.
CFound to be statistically significant by the likelihood ratio test.
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Discussion

Principal Findings

The main ams of this study were to describe the
sociodemographic variables, determine the profiles of
individuals compliant to the use of face masks, and compare
them between younger and older people. The majority of the
2378 participants in the group aged <59 years were women
(n=1833, 77.1%), were living in the southeast region (n=2060,
86.6%), and had postgraduate degrees (n=1062, 44.7%). In the
case of the 295 individuals aged =60 years, the mgjority were
women (n=206, 69.8%), were living in the southeast region
(n=271, 91.9%), and had completed or were still completing
higher education (n=121, 41%). In addition, the majority of
participants in both groups have been using face masks; this
was significantly influenced by sex, level of education, and
whether the participant was a health professional or not.

This study has two major findings. Nearly 30% to 40% of the
participants were health professionals, and 80% to 90% were
from Sdo Paulo, that is, people who have good health literacy
and educationa level and those who are living in regions with
the highest socioeconomic level in Brazil. Bambra et a [20]
reported that social, economic, demographic differences and
inequalities, and lack of accessto health care haveimplications
in any pandemic recorded in history, including COVID-19.
Dowd et al [9] pointed out that understanding the profile of
sociodemographic variables are important for all governments
to rapidly make policies to mitigate the negative effects of the
COVID-19 pandemic. Through sociodemographic studies, it
was possible to verify that the most serious cases and desths
were prevalent among older adults and those with comorbidities.
Thisisimportant information for health care systemsworldwide.

Hence, tracing the sociodemographic profile of different
populations worldwide to outline short-, medium-, and long-term
positive coping strategies (eg, focused on improving physical
and mental health) to help mitigate the COVID-19 pandemic
will help decrease inequalities in access to social and health
services for future generations. It is interesting to note that
hospitalizations and mortality are higher in men thanin women
and that men are more inclined to smoke and thus have the
potential for poorer respiratory outcomesin COVID-19 infection
[21].

Regarding the use of face masks, in general, the mgjority of the
participantsin this study, both the general population and health
professionals, reported adherence to this measure during the
course of the COVID-19 pandemic. Thefactorsthat significantly
influenced this relevant control measure were sex, level of
education, and whether the participant is a health professional
or not. We highlight three clinical trials, but only one of them
isdirectly related to the use of facial masksasacentral measure
to control the spread of COVID-19 infection. Bundgaard et &l
[22] conducted a nonblind, randomized, controlled trial to
investigate whether the use of facial masks could reduce the
risk of SARS-CoV-2 infection. They included adults (aged >18
years, n=6000) without previously confirmed COVID-19 or
symptoms suggestive of COVID-19 who spent more than 3
hours a day outside the home with exposure to other people.
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The authors concluded that the use of aface mask could be a
protective factor for the user against SARS-CoV-2 infection.
However, more evidenceis needed through robust clinical trials
to provide consistent scientific evidence for recommendations
from health authorities worldwide and in the future. Liang et a
[23] through a meta-analysis concluded that the use of masks
isan auxiliary method and measure of health and preventionin
relation to the outbreak of COV1D-19 and highlighted that these
protective health measures are impacted by the level of
knowledge and health literacy, [24] and different beliefs, moral
values, and even conditions of access to health.

Final Considerations

In this study, women (P<.001), health workers (P=.001), and
people with a higher level of education (P<.001) had greater
adherencein relation to the use of masks. A potentia correlation
was found between gender, where there was a higher incidence
of diseasein men, and there has been aglobally observed shorter
life expectancy in men as compared to women [25].

Determining sociodemographic profiles and identifying the
factors that favored the use of face masks, especialy in Sdo
Paulo, does not reflect the actual scenario in Brazil, whichisa
country with many social inequalities, but provides subsidies
to study other regions from the same point of view, which can
assist in facing the current scenario and future health crises.

Study Limitationsand Practical Applications

This study has limitations. Using socia media to collect the
datamay haveinfluenced the study sample, as many participants
are health workers and living in the state of So Paulo, the most
economically developed regionin Brazil. Nevertheless, wewere
able to gather an expressive sample. In view of the results of
our study, we believe that the implementation of health care
policies aimed at certain age groups, such as older adults, and
populations, for example, men and people who are not health
professionals, can increase the complianceto disease prevention
measures, for example, the use of face masks, since these
populations are heterogeneous from the health care point of
view.

Other limitations were the absence of some items in our
guestionnaire regarding family size (number of people living
inthe same house), the type of mask used (which can be difficult
information to access for those people who are not health
professionals), evaluation of the proportion of infected men and
women, and a larger sample of people 60 years or older. One
of the difficulties of our study was to obtain alarger sample of
older participants. Our expectation wasto have amore equalized
sampl e size between younger and older groups, which was not
possible. It is necessary to understand why older adultstend to
answer questionnaires less than younger people despite the
massive dissemination of the instrument to this audience.
Finally, we did not include questions regarding the smoking
habits and alcohol consumption (and other health habits) of
younger and older people. These arefactorsthat can impact the
genera health status and outcome of a COVID-19 infection in
cases of abuse and excessive or constant use. Despitethis, these
are areas of study that need to be further explored and may be
the focus of future studies.
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Finally, education actions, carried out by health workers, for  carried out increasing the health literacy of the population, which
health promotion and disease prevention can be stimulated and ~ will provide individualized and effective actions.
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