JMIR Aging

Journal Impact Factor (JIF) (2023): 5.0
Volume 5 (2022), Issue 3 ISSN 2561-7605 Editor in Chief: Yun Jiang, PhD, MS, RN, FAMIA; Jinjiao
Wang, PhD, RN, MPhil

Contents

Original Papers

Mitigating Feelings of Loneliness and Depression by Means of Web-Based or Print-Based Physical Activity
Interventions: Pooled Analysis of 2 Community-Based Intervention Trials (e36515)
Sonia Lippke, Tiara Ratz, Franziska Keller, Dennis Juljugin, Manuela Peters, Claudia Pischke, Claudia Voelcker-Rehage. . . .................... 4

Objectively Measured Physical Activity Levels and Associated Factors in Older US Women During the
COVID-19 Pandemic: Cross-sectional Study (e38172)

Renoa Choudhury, Joon-Hyuk Park, Ladda Thiamwong, Rui Xie, Jeffrey Stout. . . ... ... e 26

Implementing Affordable Socially Assistive Pet Robots in Care Homes Before and During the COVID-19
Pandemic: Stratified Cluster Randomized Controlled Trial and Mixed Methods Study (e38864)

Hannah Bradwell, Katie Edwards, Rhona Winnington, Serge Thill, Victoria Allgar, Ray JONes. . .. ... . e 42

Mobile Videoconferencing for Occupational Therapists’ Assessments of Patients’ Home Environments
Prior to Hospital Discharge: Mixed Methods Feasibility and Comparative Study (€24376)

Karine Latulippe, Dominique Giroux, Manon Guay, Dahlia Kairy, Claude Vincent, Katia Boivin, Ernesto Morales, Natasa Obradovic, Véronique
POV NN T, o e 61

Advance Planning for Technology Use in Dementia Care: Development, Design, and Feasibility of a Novel
Self-administered Decision-Making Tool (€39335)
Clara Berridge, Natalie Turner, Liu Liu, Sierramatice Karras, Amy Chen, Karen Fredriksen-Goldsen, George Demiris. ... ........ ... ... ... .... 92

A Web-Based Platform (CareVirtue) to Support Caregivers of People Living With Alzheimer Disease and
Related Dementias: Mixed Methods Feasibility Study (e36975)

Justin Boutilier, Priya Loganathar, Anna Linden, Eleanore Scheer, Sofia Noejovich, Christian Elliott, Matthew Zuraw, Nicole Werner. . ........... 106

Identifying Caregiver Availability Using Medical Notes With Rule-Based Natural Language Processing:
Retrospective Cohort Study (e40241)

Elham Mahmoudi, Wenbo Wu, Cyrus Najarian, James Aikens, Julie Bynum, V Vydiswaran. . .. ......... .ttt 129

A Social Media—Based Intervention for Chinese American Caregivers of Persons With Dementia: Protocol
Development (e40171)

Y Hong, Kang Shen, Huixing Lu, Hsiaoyin Chen, Yang Gong, Van Ta Park, Hae-Ra Han. . . . ... .. e 140
App-Based Evaluation of Older People’s Fall Risk Using the mHealth App Lindera Mobility Analysis:
Exploratory Study (e36872)

Nicole Strutz, Hanna Brodowski, Joern Kiselev, Anika Heimann-Steinert, Ursula Miller-Werdan. . . . .......... . . i 149

JMIR Aging 2022 | vol. 5 | iss. 3 | p.1

RenderX


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

An Unsupervised Data-Driven Anomaly Detection Approach for Adverse Health Conditions in People Living
With Dementia: Cohort Study (€38211)

Nivedita Bijlani, Ramin Nilforooshan, Samaneh KoucChaki. . . ... ... ... e e e e e e 159

Understanding the Experience of Geriatric Care Professionals in Using Telemedicine to Care for Older
Patients in Response to the COVID-19 Pandemic: Mixed Methods Study (e34952)
Wenwen Chen, Ashley Flanagan, Pria Nippak, Michael Nicin, Samir Sinha. . .. ... .. .. . 180

Implementing Technology Literacy Programs in Retirement Homes and Residential Care Facilities:
Conceptual Framework (€34997)
Karen Li, Nathan Nagallo, Erica McDonald, Colin Whaley, Kelly Grindrod, Karla Boluk. . . . .. ... ... s 196

Examining Structural Disparities in US Nursing Homes: National Survey of Health Information Technology
Maturity (e37482)

Gregory Alexander, Jianfang Liu, Kimberly Powell, Patricia StONe. . . . .. ... .t 208

The Effects of a Digital Well-being Intervention on Older Adults: Retrospective Analysis of Real-world User
Data (e39851)

Eliane Boucher, Ryan Honomichl, Haley Ward, Tyler Powell, Sarah Stoeckl, Acacia Parks. . . . ... e 218

Scaling Up Citizen Workshops in Public Libraries to Disseminate and Discuss Primary Care Research
Results: Quasi-Experimental Study (e39016)

José Massougbodii, Hervé Zomahoun, Evehouenou Adisso, Jasmine Sawadogo, Valérie Borde, Cynthia Cameron, Héléne Moisan, Jean-Sébastien
Paquette, Zamzam Akbaraly, Léa-Kim Chateauneuf, Geneviéve David, Bibliotheques2 Group, France Légaré. .. ........... ... i 231

A Smartwatch Step-Counting App for Older Adults: Development and Evaluation Study (e33845)
George Boateng, Curtis Petersen, David Kotz, Karen Fortuna, Rebecca Masutani, JOhn Batsis. . . . ...t 245

Validation of a Remote and Fully Automated Story Recall Task to Assess for Early Cognitive Impairment
in Older Adults: Longitudinal Case-Control Observational Study (e37090)

Caroline Skirrow, Marton Meszaros, Udeepa Meepegama, Raphael Lenain, Kathryn Papp, Jack Weston, Emil Fristed. . ..................... 256

Evaluating Web-Based Automatic Transcription for Alzheimer Speech Data: Transcript Comparison and
Machine Learning Analysis (€33460)

Thomas Soroski, Thiago da Cunha Vasco, Sally Newton-Mason, Saffrin Granby, Caitlin Lewis, Anuj Harisinghani, Matteo Rizzo, Cristina Conati,
Gabriel Murray, Giuseppe Carenini, Thalia Field, Hyeju JANQ. . . . .. ..ot e e e e e 272

Shared Decision-Making Training for Home Care Teams to Engage Frail Older Adults and Caregivers in
Housing Decisions: Stepped-Wedge Cluster Randomized Trial (€39386)

Eveéhouénou Adisso, Monica Taljaard, Dawn Stacey, Nathalie Briére, Hervé Zomahoun, Pierre Durand, Louis-Paul Rivest, France Légaré. . .
3 4 9

Reviews
A Conceptual Model of Experiences With Digital Technologies in Aging in Place: Qualitative Systematic

Review and Meta-synthesis (€34872)
Mareike Hechinger, Diana Hentschel, Christine Aumer, Christian Rester. . . ... ... e e e 74

mHealth Interventions to Support Caregivers of Older Adults: Equity-Focused Systematic Review (e33085)
Anna Garnett, Melissa Northwood, Justine Ting, RUNEENa SANGIar. . . . .. .. ..ttt e e e e e e s 286

JMIR Aging 2022 | vol. 5 | iss. 3 | p.2

RenderX


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

Online Peer Support for People With Parkinson Disease: Narrative Synthesis Systematic Review (e35425)
Esther Gerritzen, Abigail Lee, Orii McDermott, Neil Coulson, Martin Orrell. . .. ... ... e e 310

Short Paper

Automatically Identifying Twitter Users for Interventions to Support Dementia Family Caregivers: Annotated
Data Set and Benchmark Classification Models (€39547)

Ari Klein, Arjun Magge, Karen O'Connor, Graciela Gonzalez-Hernandez. . . . .. ... ... e 123

Viewpoint

Capturing Cognitive Aging in Vivo: Application of a Neuropsychological Framework for Emerging Digital
Tools (e38130)

Katherine Hackett, Tania GIoVaNNetti. . . . . .. ..ottt et e e e 327

Corrigenda and Addendas

Correction: Web-Based Delivery of the Caregiving Essentials Course for Informal Caregivers of Older
Adults in Ontario: Mixed Methods Evaluation Study (e42215)
Shelley Rottenberg, AllISON WillIams. . . . . .. oo e 344

Correction: The Effect of Cognitive Function Health Care Using Artificial Intelligence Robots for Older
Adults: Systematic Review and Meta-analysis (€42312)
Hocheol Lee, Min Chung, Hyeji Kim, EUN NamM. . . . ..o et e e e e e e e e e e e e 345

Correction: A Web-Based Platform (CareVirtue) to Support Caregivers of People Living With Alzheimer

Disease and Related Dementias: Mixed Methods Feasibility Study (€41912)
Justin Boutilier, Priya Loganathar, Anna Linden, Eleanore Scheer, Sofia Noejovich, Christian Elliott, Matthew Zuraw, Nicole Werner. ... ......... 347

JMIR Aging 2022 | vol. 5 | iss. 3 | p.3

RenderX


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

JMIR AGING Lippkeet al

Original Paper

Mitigating Feelings of Loneliness and Depression by Means of
Web-Based or Print-Based Physical Activity Interventions: Pooled
Analysis of 2 Community-Based Intervention Trials

SoniaLippke', PhD; TiaraRatz?, PhD; FranziskaMariaKeller', MSc; Dennis Juljugin®, BSc; Manuela Peters’, M Sc;
Claudia Pischke®™, PhD; Claudia Voelcker-Rehage®, PhD

1Psychol ogy & Methods, Jacobs University Bremen, Bremen, Germany

2Department of Reproductive Endocrinology, University Hospital Zurich (USZ), University of Zurich (UZH), Zurich, Switzerland
3chho|ogy, Universitaet Bremen, Bremen, Germany

“4Leibniz Ingtitute for Prevention Research and Epidemiology—BIPS, Bremen, Germany

SInstitute of Medical Sociol ogy, Centre for Health and Society, Medical Faculty, Heinrich Heine University Duesseldorf, Duesseldorf, Germany
6Department of Neuromotor Behavior and Exercise, Institute of Sport and Exercise Sciences, University of Muenster, Muenster, Germany
*these authors contributed equally

Corresponding Author:

Sonia Lippke, PhD

Psychology & Methods

Jacobs University Bremen

Campus Ring 1

Bremen, 28759

Germany

Phone: 49 421200 ext 4730

Email: slippke@jacobs-university.de

Abstract

Background: Physical activity (PA) is associated with benefits, such as fewer depressive symptoms and loneliness. Web- and
print-based PA interventions can help older individuals accordingly.

Objective: We aimed to test the following research questions: Do PA interventions delivered in a web- or print-based mode
improve self-reported PA stage of change, social-cognitive determinants of PA, loneliness, and symptoms of depression? Is
subjective age a mediator and stage of change a moderator of this effect?

Methods: Overall, 831 adults aged =60 years were recruited and either allocated to a print-based or web-based intervention
group or assigned to await-list control group (WLCG) in 2 community-based PA intervention trial s over 10 weeks. Missing value
imputation using an expectation-maximization algorithm was applied. Frequency analyses, multivariate analyses of variance,
and moderated mediation analyses were conducted.

Results. The web-based intervention outperformed (47/59, 80% of initially inactive individuals being adopters, and 396/411,
96.4% of initially active individuals being maintainers of the recommended PA behavior) the print-based intervention (20/25,
80% of adopters, and 63/69, 91% of maintainers) and the WLCG (5/7, 71% of adopters; 141/150, 94% of maintainers). The
pattern regarding adopters was statistically significant (web vs print Z=—1.94; P=.02; WLCG vs web Z=3.8367; P=.01). The
pattern was replicated with stages (x,=79.1; P<.001; contingency coefficient 0.314; P<.001); in the WLCG, 40.1% (63/157) of
the study participants moved to or remained in action stage. This number was higher in the groups receiving web-based (357/470,
76%) or print-based interventions (64/94, 68.1%). A significant difference was observed favoring the 2 intervention groups over

and above the WLCG (Fg 70;=4.778; P<.001; n2=0.098) and asignificant interaction of time and group (F19,701=2.778; P<.001;

n2=0.070) for predictors of behavior. The effects of the interventions on subjective age, loneliness, and depression revealed that
both between-group effects (F3 71;=8.668; P<.001, n2=0.018) and the interaction between group and time were significant (Fs,

+17=6.101; P<.001, n2:0.025). In amoderated mediation model, both interventions had a significant direct effect on depression

in comparison with the WLCG (web-based: ¢’ path —0.86, 95% CI —-1.58 to —0.13, SE 0.38; print-based: ¢' path —1.96, 95% ClI
-2.99to0 -0.92, SE 0.53). Furthermore, subjective age was positively related to depression (b path 0.14, 95% CI 0.05-0.23; SE
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0.05). Anindirect effect of the intervention on depression via subjective age was only present for participants who were in actor
stage and received the web-based intervention (ab path —0.14, 95% CI —-0.34 to -0.01; SE 0.09).

Conclusions: Web-based interventions appear to be as effective as print-based interventions. Both modes might help older
individuals remain or become active and experience fewer depression symptoms, especialy if they feel younger.

Trial Registration:

International Registered Report Identifier (IRRID):

(IMIR Aging 2022;5(3):€36515) doi:10.2196/36515

KEYWORDS

German Registry of Clinical Trials DRKS00010052 (PROMOTE 1); https://tinyurl.com/nnzarpsu and
DRK S00016073 (PROMOTE 2); https://tinyurl.com/4fhcvkwy

RR2-10.2196/15168

physical activity; older adults; intervention; loneliness; depression; eHealth; mobile health; mHealth

Introduction

Web-Based and Printed I ntervention Material

Loneliness is a key element, along with lifestyle factors such
as physical activity (PA), which isinterrelated with health and
well-being [1-3]. Although the concept of loneliness hasalong
history, many concerns exist that modern times increase social
isolation among older people [3,4]. Since the beginning of the
COVID-19 (SARS-CoV-2) pandemic, socia isolation and
loneliness have received heightened attention [1-4]. Reasons
for elevated concernsrelated to loneliness during the COVID-19
pandemic were seen because of the required social distancing
(ie, because of distancing rules, citizenswere not allowed to be
in close physical contact with others or generaly to come
together). In addition, people limited their personal contacts
and followed stay-at-home orders and face mask mandates in
public [2-4]. Steps are needed to bridge the gap between the
necessary actions for public health, individual health, and
well-being. Such bridging can be done by means of web-based
and print-based interventions in comparison with no support
(ie, await-list control group [WLCG]).

Dickenset a [5] performed asystematic review of interventions
targeting social isolation among older adults. They found that
86% of the interventions aimed at supporting activities (social
activities and PAs) were effective [5]. Specifically, these
activities were comprised of group and psychosocial
accomplishments and included besides exercise and PA aso
arts, discussion rounds, therapeutic writing, group therapy,
reading to children, lectures, assistance with organizing social
behavior, outings, mutual help networks as well as leisure and
cultural eventswith different durations[5]. Activities, especially
social componentsand PA, arekey to preventing or overcoming
socia isolation and loneliness [4,6]. However, only 25% of
internet training interventions have revealed a successful
reduction in social isolation among older adults [5].

In conclusion, the evidence demonstrates that interventions
fostering physical exercise and PA can improve mood; increase
physical, social, and cognitive activities; and decrease social
isolation [7]. However, little is known about the delivery mode
of theintervention (eg, the comparison of internet-based training
interventions and traditional print-based interventions), aswell
asthe mechanismsthat may explain possible differential effects.
Therefore, this study addressed this open question. Theresearch
guestion was whether more adults reported changing their PA

https://aging.jmir.org/2022/3/e36515

behavior if they received the web-based or print-based
intervention than those who received the control condition.

A previous study by Boekhout et al [8] revealed the benefits of
aprinted delivery method compared with aweb-based version.
Specifically, the authors found higher participation and lower
attrition rates in this group [8]. Golsteijn et a [9] compared
printed materials with web-based materials in terms of
cost-effectiveness and cost-utility to promote PA among adults
aged =50 years. Theresultsreveal ed that the print-based material
was most cost-effective in terms of increasing PA and could
also contribute to better overall health at the population level
[9]. However, little is known about the effectiveness in terms
of loneliness and social-cognitive predictors, what actually
explains the effects of the intervention, and in whom and how
the intervention works [10]. Depression can be an important
component of mental health [1], whereas a central factor of
well-being and successful aging is feeling subjectively fit [7].
Thus, this study investigated whether aweb-based or print-based
PA intervention improved outcomes such as social-cognitive
predictors of PA behavior change, subjective age, feelings of
loneliness, and symptoms of depression in comparison with a
control group. Furthermore, we examined whether mediating
and moderating mechanisms exist. Conceivable mechanisms
will be outlined in the following sections to set the stage for
this study.

Potential of PA Interventions

PA is imperative for health and well-being at any age and is
increasing inimportance with older age[11,12]. Approximately
half of the population will be aged >60 years by 2030 [13].
Consequently, it is important to improve the health of this
population. Regular PA, particularly cardiovascular training
(also called endurancetraining), is considered to have enormous
potential for maintaining and improving the health and
well-being of older adults[14,15]. Following the World Health
Organization (WHO) recommendations, PA should be conducted
for 2150 minutes per week with moderate to vigorous PA
(MVPA) in bouts of at least 10 minutesto improve and maintain
health [13].

Cross-sectionally, more PA is related to better health and vice
versa, and the improvement of a healthy lifestyle has been
demonstrated to pay off in terms of increasing or recovering
health [16,17]. Olson and McAuley [18] demonstrated the
effectiveness of an intervention, including walking exercise
(endurancetraining) and theory-based group workshops, aimed
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at improving the PA level of older adultsin the short and long
term.

An important limitation of PA programs for older adultsisthat
they are often unattractive to older adults [19]. This might be
overcome by addressing theindividual-level characteristicsand
(technol ogy-based) preferences of participants[20]. Concerning
the overall uptake of PA and sports offerings, demographic and
socioeconomic individual-level differences have been shown
to be relevant in past studies [21-23]. Those who are already
actively involved in PA and sports are more likely to participate
[23-25]. However, some people may also experience that being
active operates as a barrier to adopting activities such as a new
physical exercise program [26], showing that previous behavior
is yet another predictor that depends on individual
circumstances. A study of older adults' specific requirements
for PA class meetings also revealed sex-specific differences.
For example, men, in contrast to women, were more critical of
group activities [27]. Further identification of how and why
interventions work can help the devel opment and organization
of attractive future health interventions [19,20]. A theoretical
framework that might explain the differences based on baseline
characteristics such as previous experience is described in the
following section.

Theory-Based I nterventions and Social-Cognitive
Predictors of PA Behavior Change

Research comparing the effectiveness of theory-based and
non-theory-based health behavior change interventions has
demonstrated a higher potential for theory-based approachesto
effectively promote PA [28-30], although not consistently [31].
However, overall, it should be noted that health behavior change
interventionsto improve PA are very heterogeneouswith regard
totheoretical approaches, designs, and effectiveness. In addition,
some interventions have only been found to produce small to
moderate effects [32-34]. For example, an aggregated effect of
Cohen d=0.27 was determined by Rhodes et ad [34] in a
high-level overview of published reviews of theliterature, which
has been interpreted as small but meaningful. This shows that
theoretical frameworks that take further relevant parameters
and pathways into account are needed for the design of PA
interventions.

Social-cognitive variables are imperative for predicting active
behavior change[35]. Knowledge of such variables enablesthe
design of interventions. For example, key social-cognitive
variables are described in the Health Action Process Approach
(HAPA) [35]. The HAPA is a theory that organizes different
social-cognitive variablesinto ameaningful structure[35]. The
HAPA hastwo layers. a continuum layer with social-cognitive
variables and astage layer with the stages of change. The HAPA
assumesthree different stages of change: the nonintenders stage
with its processes that lead to a behavioral intention, the
intenders stage with postintentional volition processesthat lead
to the actual health behavior, and the action stage where the
goal behavior is performed.

Within different stages, different patterns of social-cognitive
predictors may emerge. In the nonintenders stage, a person
develops the intention to act. In this phase, risk perception is
seen as adistal antecedent (eg, “1 am at risk for cardiovascular

https://aging.jmir.org/2022/3/e36515
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disease”). Risk perception in itself is insufficient to enable a
person to form an intention. Rather, it sets the stage for a
contemplation process and further elaboration of thoughts on
consequences and competencies. Similarly, positive outcome
expectancies(eg, “If | exercisefivetimes per week, | will reduce
my cardiovascular risk”) are chiefly seen as important in the
motivation phase when a person balances the pros and cons of
certain behavioral outcomes. Furthermore, one needsto believe
in one's capability to perform the desired action (perceived
self-efficacy; eg, “1 am capable of adhering to my exercise
schedule despite the temptation to watch TV”). Perceived
self-efficacy operates in concert with positive outcome
expectancies, both of which contribute substantially to the
formation of intention. Both beliefs are needed to form
intentions to adopt difficult behaviors, such as regular physical
exercise.

After forming anintention, the volitional phaseisentered. Once
a person is inclined to adopt a particular health behavior, the
good intention must be transformed into detailed instructions
on how to perform the desired action. As soon as an action is
initiated, it must be maintained. Thisis not achieved through a
single act of will but involves self-regulatory skills and
strategies. Thus, the postintentional phase should be further
broken down into more proximal factors, such as planning,
action control, social support, and recovery self-efficacy.

Social support isafactor that reflects the barriers and resources
part of the HAPA model: support represents aresource, and the
lack of it can be a barrier to adopting or maintaining health
behaviors. Instrumental, emotional, and informational social
support can enable the adoption and continuation of behaviors
[35]. The theoretical assumptions not only improve the
prediction of behavior but also alow for designing of
interventions more effectively by tailoring the intervention
components to the needs of the recipient and, finally, enhance
participation. The relevant factors are described in thefollowing
sections.

Tailored Web-Based | ntervention

Tailoring isakey aspect of making interventions more effective,
not only by considering the users' stage of change but also by
matching the users' needs. For instance, such needs can be that
participants prefer self-monitoring and activity tracking as
components of their intervention (eg, by digital formats, as
found by Powell et a [36]).

Digital modes have much more potential than paper-based
intervention modes as they provide more options for
personalization. At the sametime, information can be delivered
in different forms, including textual, visual, and audiovisual
information to suit individual preferences and abilities [37].
However, when preferences are considered, older people in
particular like print formats better [38] and accordingly might
benefit more from it. However, this requires more systematic
research.

Thetailoring of interventionsis amethod that aimsto meet the
needs of al individuals more appropriately. However, meeting
all these different needs is typically challenging. Therefore, it
is necessary to evaluate whether all individuals benefit equally.
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For instance, in a previous study [39], it was found that
participants who were not sufficiently physically active before
the study (nonintenders and intendersin comparison with actors)
found theintervention useful. In another study [40], the printed
method was more effective than the internet method in
participants with a high baseline intention for PA (intenders).
Thus, the question remains of whether the intervention is
moderated by the stage of changein endurance activities. Other
needs may beinterrel ated with sociodemographic characteristics
such as age, which necessitates further elaboration, as will be
described in the following sections.

Aging, Loneliness, and Subjective Age

Aging is typically stereotyped as feeling lonely. However,
lonelinessis not related to older age but the opposite—younger
cohorts feel more lonely than older cohorts [1]. The aging
population is at higher risk of other health-related challenges
[1,3,4]. Aging processes and the health of older adultsare highly
important. Many older adults experience more health limitations
and an increased burden, such as falling upon their caregivers
[41]. In addition, older adults might have the highest risk of
inactive lifestyles because of their reduced functioning [42].

Aging theories posit that older adults prefer to exercise with
other individualsinstead of exercising alone[43]. Accordingly,
blended web-based and print interventionsfor older individuals
promoting PA proved to be effective [44-46] as web-based
materials would typicaly be used more for unaccompanied
modes. However, whether print and web-based materials are
beneficial for older adults’ health (eg, symptoms of depression),
well-being (or the opposite, eg, loneliness), health behavior,
and its predictors requires further investigation.

Typicaly, calendrical and subjective ages are distinguished
[47,48]. Calendrical ageisdetermined by the date of birth [38].
In contrast, if a person is asked how old they feel, then the
perceived or subjective age can be determined [47]. The latter
is associated with health status and well-being, as well as with
behavioral, cognitive, and biological processes, including frailty

[47].

Although calendrical age cannot be changed, subjective age
contains many options for interventions: individuals who feel
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younger are better off and more optimistic [48]. Previous studies
have demonstrated that interventions can improve subjective
age and general health status or even reverse frailty [47]. The
guestion remains whether the effect of a PA intervention is
mediated by subjective age; thus, this study investigated thisin
further detail.

Interrelations and Stage of Change

Loneliness and mental health issues, such as depression, are
interrelated [1]. Fortuna et al [10] summarized that older adults
can benefit from digital servicesto overcometheir mental health
limitations (such as loneliness and depression). Moreover, PA
can help reduce depression and loneliness using mastery
experience and self-regulation with regard to physical
perceptions and repairing interpersonal skillsand relationships
[6]. Accordingly, the PA intervention group (IG) allocation
should reduce the likelihood of depressive symptoms and
loneliness.

However, much is still unresearched, such as whether
internet-based services are asgood as, or better than, traditional
services for older individuals mental health. Although the
advantages are obvious, the effects on outcomes such as
loneliness and symptoms of depression still need more
systematic attention, which will be addressed in this study.

With respect to intervention studies, it is assumed that the
assignment of participantsto specific study arms with different
forms of content would have an effect on symptoms of
depression and that this effect is mediated by subjective age
and moderated by the stage of change in endurance training
(Figure 1).

Furthermore, the question remains as to whether the same
relationship with loneliness as a dependent variable would be
feasible (Figure 2). Accordingly, research isrequired regarding
the key question of whether theintervention effects onloneliness
and symptoms of depression depend on subjective age and
whether the stage of change for endurance activities affectsthis
effect. Thus, the hypotheses described in the following sections
were investigated.
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Figure 1. Proposed moderated mediation model for depression. CES-D: Center for Epidemiologic Studies Depression; TO: time point O; T1: time point

1
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Figure 2. Proposed moderated mediation model for loneliness. TO: time point O; T1: time point 1.
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Goals of This Study

The goal of this study was to test the following research
guestions: do interventions delivered in a web or print mode
improve self-reported PA stage of change, social-cognitive
determinants of PA, feelings of londiness, and symptoms of
depression, and in this effect, does subjective age act as a
mediator and stage of change act as a moderator?

The following hypotheses were tested:

1. The proportion of older adults who self-report a PA
behavior changeishigher in the web-based and print-based
PA interventions than in the respective control conditions.

2. Compared with the control condition, the web-based and
print-based PA interventions improve social-cognitive
predictors of PA behavior change, subjective age, feelings
of loneliness, and symptoms of depression.

3. The intervention’s effect on feelings of loneliness is
mediated by subjective age, and thismediation is moderated
by the stage of change for endurance activities (moderated
mediation).

https://aging.jmir.org/2022/3/e36515
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4. Theintervention effect on symptoms of depression (Center
for Epidemiologic Studies Depression [CES-D] score) is
mediated by subjective age, and this mediation ismoderated
by the stage of change in endurance activities (moderated
mediation).

Methods

Overview

The PROMOTE study comprised 2 cohorts: PROMOTE 1 and
2. In this study, web- and print-based programs to promote PA
in community-dwelling older adults were devel oped, analyzed,
and evaluated according to multiple theoretical models and
intervention effects using randomized intervention trials[49-54].
These were conducted as part of the interdisciplinary Physical
Activity and Health Equity: Primary Prevention for Healthy
Aging research network [55].

Thefirst trial (2015-2018, PROMOTE 1) compared the effects
of 2 web-based interventionswith await-listed control condition,
whereas the second trial (2018-2021, PROMOTE 2) compared
adapted versions of the web-based interventions (the program
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was adapted toinitially inactive ol der adults) with a print-based
PA intervention. For the analyses in this study, the groups
receiving the web-based intervention in PROMOTE 1 and 2
were combined. The plan for pooling the data of the 2
intervention studies is described in the study protocol of
PROMOTE 2[51]. Accordingly, measureswith theintervention
design were taken to synchronize the different interventions
from the beginning of PROMOTE 2: interventions did not
significantly differ in their content and with the levels of
recommended activity levels [51]. Measures were matched for
PROMOQOTE 1 and 2 to pool datafrom both trial periodsfor the
overarching analyses.

Ethics Approval

PROMOTE 1 was approved by the Ethics Committee of the
Technical University of Chemnitz, Faculty of Behavioral and
Social Sciences, on July 14, 2015, with the ethics approval
number:  V-099-17-HS-CVR-PROMOTE-03072015. Ethics
approval for PROMOTE 2 was obtained from the Medical
Association in Bremen on July 3, 2018, with the ethics approval
number 635. The trials were conducted in accordance with the
ethical principles of the American Psychological Association
and the 1964 Declaration of Helsinki and its later amendments
of comparable ethical standards. All participants were fully
informed about the study and provided informed consent.

Recruitment

Detailed information regarding data collection (recruitment and
randomization strategies) can be obtained from the studies by
Muellmann et al [49] and Pischke et al [51]. Briefly, in 2016
(PROMOTE 1) and 2018 (PROMOTE 2), random samples of
n=8299 older adults aged 65 to 75 years and n=3492 ol der adults
aged =60 years and living independently (without assisted
living) were selected by the residents’ registration offices from
municipalities in the Bremen metropolitan region and invited
to participate by mail. In addition, both study phases were
promoted in thelocal press, aswell asviaprior discussionswith
the research staff with an offer to enroll voluntarily. Eligibility
for study participation, which is described in detail in the
published study protocols [49,51], was determined through
computer-assisted telephone interviews with trained study
Nurses.
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The main inclusion criteria were being aged 65 to 75 yearsin
PROMOQOTE 1 and 260 yearsin PROMOTE 2, aswell asliving
independently, having basic knowledge of German, being able
towalk without awalking aid, participation in study assessments
and weekly group meetings without external assistance, and
providing informed consent.

The exclusion criteria were as follows: a medical condition or
diagnosis prohibiting PA, severe visual or other impairments,
implanted cardiac devices, or occasional syncopa episodes
leading to exclusion or cognitive impairment (Mini-Mental
State Examination [MMSE] <25 in PROMOTE 1 and MM SE
second edition: MM SE-2: Brief Version [MMSE-2:BV] score
<13in PROMOQTE 2). Individuals were excluded from the study
if they were planning avacation during theintervention period,
had certain medical conditions or severe health impairments,
or did not have amobile device or internet access. Astheresults
of the first study indicated that predominantly already active
individuals participated in the study, the exclusion criteria for
PROMOTE 2 were modified, and individuals were excluded if
they reported being regularly physically active for at least 2.5
hours per week for >1 year beforethe start of the study. Potential
study participants for PROMOTE 2 were excluded if they had
already participated in PROMOTE 1 [52].

Finally, participants were randomly assigned to the following
study arms:

1 In PROMOTE 1 (N=589), to either a web-based
intervention with subjective PA self-monitoring (211/589,
35.8%), web-based intervention with subjective and
objective PA self-monitoring (198/589, 33.6%), or WLCG
(180/589, 30.6%) [49]

2. In PROMOTE 2 (N=242), to a print-based intervention
with subjective PA self-monitoring via a printed PA
pyramid (113/242, 46.7%) and web-based intervention with
subjective PA self-monitoring viaaweb-based PA pyramid
(129/242, 53.3%); approximately 29.5% (38/129) of the
latter were randomly selected and received a PA tracker
(objective PA self-monitoring) in addition [51]

Intotal, 831 individual swere randomized into one of thesethree
groups: web-based PA intervention, print-based PA intervention,
or WLCG. Further detailsare outlined in theflow chart in Figure
3.
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Figure 3. Study flow chart.
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Procedure and I nterventions

The PA interventions in this study were developed on the basis
of the self-regulation theory [56,57]; behavior change techniques
(ie, goal setting, planning, social support, and feedback) [58];
and (in PROMOTE 2) in a cocreative process with individuals
of thetarget group and stakeholders, such asexerciseinstructors,
leaders of older adults' facilities, and managers of older adults
homes. The intervention aimed to improve overal
self-monitoring capabilities regarding PA and enable transfer
for the time after the intervention.

According to the PA recommendations of the WHO and the
American College of Sports Medicine [13], older adults
randomized to the IGs were advised to engage in physical
exercises. The recommendations included suggestions to
improve balance (twice per week), flexibility (twice per week),
and strength (twice per week for the 8 major muscle groups).
In addition, the participants wereinstructed to engagein at least
150 minutes per week of moderate endurance training or 75
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minutes per week of vigoroustraining or acombination of both
moderate and vigorous training intensities [59].

After randomization, a baseline assessment (time point 0 [TO])
was conducted. Following TO, the IGsin PROMOTE 1 received
aprint-based intervention in the form of a booklet, which was
tailored to the individual baseline PA levels. Feedback was
tailored to the baseline motivational stage (nonintention,
intention, or action) to engage in the recommended PA. In
addition, the material wastailored based on sex: picturesof men
for male participants and pictures of women for female
participants were used to model the recommended exercises.
The web-based materials offered in the corresponding study
arms in PROMOTE 1 and 2 included access to web-based
materialsthat contained and displayed the same information on
exercises for balance, flexibility, endurance, and strength, as
for the print-based version. In addition, for PROMOTE 2, a
print-based PA diary was developed in the form of an
expert-driven approach and contained all exercises; provided
the option to enter data on performed exercises; and, thus,
visualize personal progress. The web-based intervention from
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PROMOTE 1 was adapted based on feedback obtained during
the first study period. An additional web-based option (PA
tracker) to capture the daily step count was included for the
randomly selected subgroups in both study arms (PROMOTE
1land 2).

All 1Gs were encouraged to use the material and engagein the
recommended PA over 10 weeks. These were accompanied by
weekly group meetings conducted and moderated by trained
staff members. During these meetings, questions concerning
the program could be raised. In addition, theoretical inputs for
healthy aging were provided. Moreover, physical exerciseswere
performed together with feedback from the participants
regarding their exercise practice. At the same time, social
interactions among the participants and their contacts with the
study team were facilitated. After 10 weeks of group meetings,
afollow-up assessment for time point 1 (T1) was conducted 12
weeks after the baseline assessment. Several collected variables
served as the basis for this study. More information on the
interventions and procedures can be found in previous
publications [49-51,53].

Used I nstruments

Adherence was measured according to the WHO
recommendations of =150 minutes per week of MV PA in bouts
of at least 10 minutes. The daily minutes for PA in terms of
MVPA were assessed by asking the study participants what
activitiesthey performed in bouts of at least 10 minutes. Minutes
per week for MV PA in the bouts were derived by multiplying
the daily average minutes in the 10-minute bouts by 7.
Subsequently, this measure was dichotomized as meeting or
not meeting the WHO recommendations. This resulted in a
dichotomous variable with 1=does not meet 150 minutes of
MVPA recommendation and 2=meets 150 minutes of MVPA
at TO and T1. To determine adherence over time, a categorical
variableregarding the change in meeting the recommended 150
minutes of MVPA was computed by subtracting the baseline
value from the 12-week follow-up value. The resulting variable
indicated whether study participants remained active or inactive
(0), fell back into not meeting the recommendation anymore
(-1), or became active (1).

To assess the stage of PA behavior, participants were asked
whether they had performed =150 minutes of endurance exercise
per week (eg, fast walking, walking, biking, and swimming) at
2 measurement time points (TO and T1). Participantswere asked
torespond on a5-point Likert scale: 1="No, and | do not intend
to start” (precontemplation stage or nonintenders); 2="No, but
| am considering it” (contemplation stage or nonintenders);
3="No, but | seriously intend to start” (preparation stage or
intenders); 4="Yes, but only for abrief period of time” (action
stage or actors); and 5="Yes, and for a long period of time’
(maintenance stage or actors).

The stage item is based on items used by Lippke et a [60]. For
this study, participants in the precontemplation and
contemplation stages were categorized as nhonintenders,
participants in the preparation stage were categorized as
intenders, and participants in the action and maintenance stage
were categorized as actors.
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Intention to engage in regular endurance and strength training
was assessed with 2 items (“1 intend to engage in strenuous
endurancetraining for at least 75 minutes per week and strength-
and balance training twice aweek” and “I intend to engage in
moderate endurance training for at least 150 minutes per week
and strength- and balance training twice a week”).

These items were based on previous literature [60,61]. Both
items were measured at TO and T1 on a 7-point Likert scale
ranging from 1=completely disagree to 7=completely agree.
The 2 itemswere kept separate asthey had discriminant validity
(Spearman p at T0=0.410; Spearman p at T1=0.467; P<.001).
The retest reliability was Spearman p TO to T1 of 0.531 and
0.378, respectively (P<.001).

Outcome expectancies, as suggested by Lippke et a [62] and
Schwarzer et a [63], were measured using 4 items in total at 2
measurement time points. A total of 2 items measured positive
outcome expectancies (“If | engage in 150 minutes of
moderately strenuous or 75 minutes of strenuous endurance
exercise of strength and balance training twice per week, it is
good for my health” and “If | engage in 150 minutes of
moderately strenuous or 75 minutes of strenuous endurance
exercise of strength and balance training twice per week, it
makes me feel better afterwards.”).

The remaining 2 items focused on negative outcome
expectancies (“If | engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise of
strength and bal ance training twice per week, it takestoo long.”
“If | engage in 150 minutes of moderately strenuous or 75
minutes of strenuous endurance exercise of strength and balance
training twice per week, it is too costly.”). All 4 items were
measured on a 7-point Likert scale ranging from 1=completely
disagree to 7=completely agree.

The 2 items measuring positive outcome expectancies were
kept separate asthey had rather discriminant validity (Spearman
p at T0=0.693; Spearman p at T1=0.703; P<.001). The retest
reliability was Spearman p TO to T1 of 0.425 and 0.508,
respectively (P<.001). The 2 items measuring negative outcome
expectancies were also kept separate as they had rather
discriminant validity (Spearman p at T0=0.474; Spearman p at
T1=0.443; P<.001). The retest reliability was Spearman p TO
to T1 of 0.339 and 0.441, respectively (P<.001).

Sif-efficacy was measured with 5 items, in total, at both
measurement time points TO and T1 [61,64]. A singleitem was
used to assess task self-efficacy (“1 am confident that | can
engage in 150 minutes of moderately strenuous or 75 minutes
of strenuous endurance exercise and strength and balance
training twice aweek, even if it gets difficult.”).

A total of 2 items assessed maintenance self-efficacy (“1 am
confident that | can engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise and
strength and balance training twice aweek, evenif it takeslong,
until it isahabit.” and “1 am confident that | can engage in 150
minutes of moderately strenuous or 75 minutes of strenuous
endurance exercise and strength and balance training twice a
week, even if | am worried or face problems, e.g., scheduling
difficulties”).

JMIR Aging 2022 | vol. 5 | iss. 3 |e36515 | p.11
(page number not for citation purposes)


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

JMIR AGING

In addition, recovery self-efficacy was measured by 2 items (“I
am confident that | can engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise and
strength and balance training twice aweek, even if | postponed
my plans several times.” and “| am confident that | can engage
in 150 minutes of moderately strenuous or 75 minutes of
strenuous endurance exercise and strength and balancetraining
twice aweek, even If | suspended several times.”).

All 5 items were measured on a 7-point Likert scale ranging
from 1=completely disagree to 7=completely agree. For this
study, the sum of all 5 items was calculated (Cronbach a at
T0=.884; Cronbach a at T1=.897). The retest reliability was
Spearman p at TOto T1 of 0.475 (P<.001).

To further assess social-cognitive predictors, planning was
measured using 6 items. The items were adapted for this study
from those used in previous studies on PA [65].

Three items measured action planning: “For the next month, |
have already planned where | will be physically active,” “For
the next month, | have already planned how | will be physically
active,” and “For the next month, | have already planned when
and how often | will be physically active.”.

Furthermore, three items assessed the construct of coping
planning, respectively: “For the next month, | have aready
planned when | have to take care not to suspend,” “ For the next
month, | have already planned what | can do in difficult
situations to stick to my intentions,” and “For the next month,
| have already planned how | can remain physically active even
if there are barriers”

All 6 items were measured on a 7-point Likert scale ranging
from 1=completely disagree to 7=completely agree. For this
study, the sum of all 6 items was calculated (Cronbach a at
T0=.932; Cronbach o at T1.899). The retest reliability was
Spearman p TO to T1 of 0.492 (P<.001).

Habits were measured using two items at two measurement
time points [66]: “Engaging in the recommended endurance,
strength and balance training is something that has become my
habit.” and “ Engaging in the recommended endurance, strength,
and balance training is something that | do without thinking
about it.”

Both items were measured on a 7-point Likert scale from 1
completely disagree to 7 completely agree (Spearman p at
T0=0.474; Spearman p a T1=0.443; P<.001). The retest
reliability was Spearman p TO to T1 of 0.339 and 0.441,
respectively (P<.001).

Symptoms of depression were measured using the CES-D [67]
scale both at TO and T1. The scale comprises 20 items with a
possible sum score range of 0 to 60. Each item was measured
on a 5-point Likert scale ranging from O=rarely or never (<1
day) to 1=some or little of the time (1-2 days), 2=often or a
moderate amount of time (3-4 days), and 3=most of the time
(5-7 days).

For the purpose of analysis, the mean score of all 20 itemswas
calculated for all participants (Cronbach a at T0=.605, Cronbach
o at T1=.587). The retest reliability was Spearman p TOto T1
of 0.759 (P<.001).
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To assess perceived loneliness at TO and T1, the item | felt
lonely was used from the CES-D scale [67]. The item was
measured on a4-point Likert scale from O=rarely or never (<1
day) to 1=some or little of the time (1-2 days), 2=often or a
moderate amount of time (3-4 days), and 3=most of the time
(5-7 days). The retest reliability was Spearman p TO to T1 of
0.597 (P<.001).

Sociodemographic data were collected using a questionnaire
administered beforetheintervention (at the baselinelevel). The
guestionnaire was formulated according to the German Health
Interview and Examination Survey for Adults[68]. The collected
variables included date of birth, sex of the participants (male
or female), height (in cm), and weight (in kg).

In addition to the date of birth, perceived age was measured
using an open-ended question. The participants were asked,
“How old do you feel 7’ Perceived age was assessed at TO and
T1. The retest reliability was Spearman p TO to T1 of 0.826
(P<.001). Furthermore, country of birth, mother tongue, family
status, living alone, number of children, qualification,
educational level, and employment status were assessed.

Employment status was measured with asingleitem taken from
aquestionnaire assessing demographi c and sociostructural data
from German older adults and adapted for this study [69].
Qualification and educational level were measured with 2 items
and aggregated based on the 2016 version (volume 17) of the
International Standard of Education [70].

BMI was calculated using height and weight and categorized
into underweight, normal weight, overweight, and obese,
according to the WHO BM I classification for adults aged =20
years[71].

All the used instrumentswere validated before and are described
inthe study protocols[49,51], aswell asin previous publications
[50,52-54].

Analysis Sample

IG dlocations from PROMOTE 1 and 2 were summarized
within a pooled 1G variable that included the following three
categories. a=WLCG from PROMOTE 1 (reference),
b=web-based |G from PROMOTE 1 and 2, and c=print-based
|G from PROMOTE 2.

Only the participants who completed the baseline assessment
(TO) were included in the analysis. In PROMOTE 1,
participants’ cognitive status was assessed using the MM SE
[72] 1 week before the start of the intervention phase. In
PROMOQOTE 2, participants’ cognitive status was assessed using
MMSE-2:BV [73] during the first weekly group meeting (ie,
the start of theintervention phase). Participants who scored <25
points on the MM SE or <13 points on the MM SE-2:BV were
excluded from the analysis. Amendments to the cutoff values
for exclusion because of cognitive impairment have been
discussed in previous publications [50,52].

After excluding individual swith cognitive impairment (37/831,
4.5%; Figure 3) and missing information on baseline
demographic characteristics (73/831, 8.8%), theanalysissample
included 721 older adults (see Data Exclusion section and Figure
3). To determine adherence, a variable regarding meeting the
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recommended 150 minutes of MVPA was computed by
subtracting the baseline measure from the T1 measure. The
resulting variable thereby indicated whether study participants
remained active or inactive (0), fell back into not meeting
recommendations anymore (-1), or became active (1).

Statistical Analysis

Preparation

All analyses were performed using SPSS (version 27; IBM
Corp). The Little missing completely at random test (P>.05)
suggested that datawere not missing completely at random (ie,
it suggested that data were missing systematically). Assuming
that existing data could be used to produce an estimate of the
missing information (ie, assuming that data were missing at
random) [ 74], single dataimputation wasimplemented by using
the expectation-maximization algorithm.

Test of Hypotheses

To assess whether the 2 1Gs outperformed the WLCG
(hypothesis 1) on self-reported behavior and stage of change,
frequency analysesand chi-squaretests, Z tests, and contingency
coefficient tests were used to test the number of participants
who adopted or maintained an active lifestyle.

Changes in socia-cognitive predictors (hypothesis 2) were
analyzed with repeated-measures multivariate analysis of
variance (MANOVA) via mixed-effects generalized linear
models with group and time as factors. For the F values, the
Roy largest root was reported.

The primary aim of the moderated mediation analyses was to
investigate whether the |G alocation (independent variable or
predictor) had an effect on perceived symptoms of depression
(CES-D score) at T1 (dependent variable or outcome), which
ismediated by subjective age at T1 and moderated by the stage
of changein endurancetraining at TO (hypothesis 3; see Figure
1 for the proposed model).

The secondary aim of the moderated mediation analysiswasto
investigate the same relationship with loneliness as the
dependent variable (hypothesis 4; see Figure 2 for the proposed
model). These associations were investigated using moderated
mediation models within the PROCESS macro (version 3.0;
Hayes, The International Association of Applied Psychology
mediation analysis).

The models were adjusted for the following baseline variabl es:
lonelinessand CES-D score, aswell as subjective age, sex, age,
educational status (International Standard of Education), family
status, and BM1 (all at TO). A bootstrapping approach of 10,000
samples and a specific seed (seed=1) was applied to ensure
robust and replicable results. The effect sizes were represented
by unstandardized regression coefficients. To calculate the
heteroscedasticity-robust SE, the HC3-Option in the process
function was used. Accordingly, the assumption of
homoscedasticity could be avoided.

Data Exclusion

The analyses were conducted following the intention to treat
principle; that is, participantswereincluded in primary analyses
according to their original group allocation and disregarding
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study completion. This was managed by missing value
imputation using an expectation-maximization algorithm.

In addition, according to the study protocol, participants with
cognitiveimpairmentswere excluded (37/831, 4.5%; Figure 3).
In addition, missing baseline demographic information was not
imputed; thus, participants with missing information on sex,
age, educational status, family status, or BMI were excluded
from the analyses (73/831, 9%).

Results

Hypothesis 1

To test whether the 2 interventions outperformed the WLCG
(hypothesis 1), the study participants who adopted or maintained
an activelifestylewere analyzed, as recommended by the WHO.
First, those who did not meet the recommendation regarding
PA at TO based on self-reported adherence were investigated;
of those individuals, more individuals became adherent if they
were exposed to the web-based intervention (47/59, 80%; Table
1) or received the print-based intervention (20/25, 80%) than
thosewho were not treated (WL CG; 5/7, 71%). At adescriptive
level, the numbers indicate the favoring of the IG over the
control group.

Second, those who met the recommendation regarding PA
before the study were investigated; of these, 600 individuals
self-reported to be adherent at T1. More individuals remained
adherent if they were exposed to the web-based intervention
(396/411, 96.4%) or not treated (WLCG; 141/150, 94%) than
those receiving the print-based intervention (63/69, 91%).

The difference in the proportion of adopters between the
web-based and print-based interventions was statistically
significant (Z=-1.94; P=.02); aswell asthe differences between
the 1Gs and the WLCG were significant (WLCG vs print
Z=2.3967 and WLCG vs web Z=3.8367; both P=.01).

Thisfinding wasreplicated by the stages of changein endurance
training. In Table 2, the number of study participants in the 3
intervention conditions moving from the nonintenders, intenders,
or actor stage to another stage or remaining in the former stage
is reported.

Inall stage groups, the percentage of individuals moving astage
forward (from nonintentional stage to intentional or action, and
fromintentiona to action) or maintaining the stage when starting
as an actor was higher in the web-based or print group than in
the WLCG (Table 2). In contrast, in the WL CG, the percentage
of individuals remaining in the nonintentional or intentional
stage was higher than that in the |Gs (Table 2). The patternin
Table 2 was statistically significant (x%=79.1; P<.001;
contingency coefficient 0.314; P<.001). Z testswere performed
to test whether group differences in the stage of change
movements were statistically significant, which was the case
for initia intenders who moved to the actor stage (WLCG vs
web-based 7=-4.2325; P=.01 and WLCG vs print-based
Z=-5.349; P=.01) and initial actors who remained in the actor
stage (WL CG vs print Z=-3.1853; P<.01).

Summarizing the findings regarding hypothesis 1 that the
web-based and print-based interventions outperformed the
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control condition in terms of PA behavior change, we can of remaining in or arelapseinto not meeting recommendations
conclude that our results suggest this direction. The web-based
intervention seemed to work better in terms of the prevention

(Table 1) and adopting or remaining in the intender or actor

stage (Table 2).

Table 1. Numbers and percentages of study participants assigned to 1 of 3 experimental groups regarding who met or did not meet the recommended

physical activity level at T0?and T1P.

At TO AtTL, n (%) Total, N
Not meeting the recommendation  Meeting the recommendation

Not meeting the recommendation
WLCGE 2(28.6) 5(71.4) 7
Web-based 12 (20.3) 47 (79.7) 59
Print-based 5 (20) 20 (80) 25
Total 19 (20.9) 72 (79.1) 91

M eeting the recommendation
WLCG 9(6) 141 (94) 150
Web-based 15 (3.6) 396 (96.4) 411
Print-based 6(8.7) 63 (91.3) 69
Total 30 (4.8) 600 (95.2) 630

4T0: time point O.
bT1: time point 1.
“WL CG: wait-list control group.

Table 2. Cross-tabulation of nonintenders, intenders, and actors at TO* moving to or remaining nonintenders, intenders, and actors at T1P depending

on the experimental group they werein.

TOand T1 Nonintenders, n (%) Intenders, n (%) Actors, n (%) Total, N
Nonintenders
WLCGE 36 (59) 16 (26.2) 9(14.8) 61
Web-based 35(16.7) 46 (22) 128 (61.2) 209
Print-based 9(17.6) 13(25.5) 29 (56.9) 51
Intenders
WLCG 7(23.3) 11(36.7) 12 (40) 30
Web-based 5(4.8) 11 (10.6) 88 (84.6) 104
Print-based 4.(16) 2(8) 19 (76) 25
Actors
WLCG 16 (24.2) 8(12.1) 42 (63.6) 66
Web-based 9(5.7) 7(4.5) 141 (89.8) 157
Print-based 2(11.1) 0(0) 16 (88.9) 18
All stages together
WLCG 59 (37.6) 35(22.3) 63 (40.1) 157
Web-based 49 (10.4) 64 (13.6) 357 (76) 470
Print-based 15 (16) 15 (16) 64 (68.1) 94
Total 123(17.1) 114 (15.8) 484 (67.1) 721

&70: time point O.
bT1: time point 1.
SWLCG: wait-list control group.
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Hypothesis 2

A tota of 2 MANOVAs with 19 predictors (Multimedia
Appendix 1, Table S1) and 3 outcomes (Multimedia A ppendix
1, Table S2) were calculated to test hypothesis 2.

The first MANOVA revealed a significant difference between
the 3 groups, favoring the 2 IGs over and above the WLCG

(F1o, 70.=4.778; P<.001; n2=0.098), as well as a significant
interaction between time and group (Fyg, 70;=2.778; P<.001,

n®=0.070).

This effect was mainly based on intention, negative outcome
expectancies, planning, and habit (see Multimedia Appendix 1,
Table S1, for the means, SDs, and statistics). Figure 4 outlines
the development, indicating that the WLCG dropped slightly
with its intention over time, whereas the 2 1Gs improved over
time. Figure 4 shows that the WLCG retained its negative
outcome expectancies, whereas the 2 | Gsimproved in terms of
perceiving fewer negative outcomes. Figure 4 a so demonstrates
that the WLCG dropped with its self-efficacy, whereas
sel f-efficacy remained stablein the web-based |G and increased
in the print-based IG. Finally, Figure 4 shows that the WLCG
remained stable in terms of habit strength, whereas the 2 IGs
improved over time.

With the second MANOVA testing the outcomes, the effects
of the interventions on subjective aging, loneliness, and
symptoms of depression were tested (Multimedia Appendix 1,

Lippkeet a

Table S2). Both the between-group effect (F; ,,,=8.668, P<.001,

n2=0.018) and theinteraction of group and time were significant
(F3,71776.101,; P<.001, n®=0.025). The group effect was mainly
based on subjective age and symptoms of depression, and the
interaction effect was based on symptoms of depression with
regard to group and time on loneliness (see Multimedia
Appendix 2, Table S1-S3 with means, SDs, and statistics).

Figure 5 highlights that the effect of loneliness comes from
regression to the mean, with the WLCG increasing in its
loneliness, the web-based |G maintaining its previouslevel, and
the print-based 1G decreasing in its loneliness over time. With
subjective age, al groups showed an increase over time (Figure
5). Differences from baseline values remained. Figure 5 also
shows that all groups started off at amost the same level of
depressive symptoms. However, over time, the WL CG increased
with regard to the reported symptoms of depression, whereas
the 2 | Gs decreased, with an even better effect of the print-based
intervention than that of the web-based intervention.

Overdl, the effect sizes were rather small, ranging from
n2=0.098 to 0.018.

Summarizing the findings regarding hypothesis 2, we found
overall support. The web-based and print-based interventions
improved the social-cognitive predictors of PA behavior change,
subjective aging, loneliness, and depression compared with the
control condition. The web-based and print-based interventions
were significantly different from the control condition.

Figure4. (A) Intention, (B) negative outcome expectancies, (C) self-efficacy, and (D) habit. TO: time point O; T1: time point 1; WLCG: wait-list control

group.
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Figure5. (A) Loneliness, (B) subjective age, and (C) symptoms of depression. CES-D: Center for Epidemiologic Studies Depression; TO: time point

0; T1: time point 1; WLCG: wait-list control group.
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Hypothesis 3

To test the mechanisms and hypothesis 3, we conducted a
moderated mediation analysis. The results are shown in Figure
6 and Tables S1 and S2 in Multimedia Appendix 2.

None of the interventions had a significant direct effect on
loneliness compared with the WL CG (web-based: ¢’ path -0.01,
95% CI —-0.11t0 0.08, SE 0.05; print-based: ¢’ path —0.09, 95%
Cl -0.24 to 0.06, SE 0.08). Regarding the mediator subjective
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age (subjective age), asignificant positive relationship between
subjective age and loneliness at T1 was found (subjective age:
b path 0.01, 95% CI 0.001-0.02; SE 0.01). However, the effect
size was very small, and no significant indirect effects of the
interventions on loneliness through subjective age werereveal ed.
To summarize, the results suggest that subjective age could not
account for asignificant proportion of the relationship between
the 1Gs and loneliness. Furthermore, there was no significant
interaction, suggesting that there was no moderation of the stage
of change in endurance activities.
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Figure 6. Moderated mediation model results for loneliness. The interaction between the intervention group and the stage of change in the a path is
shown in parentheses. The first value represents the intention stage, and the second val ue represents the actor stage. The moderation of the ab path is
shown on the upper right. The first val ue represents the nonintenders stage, the second val ue represents the intenders stage, and the third value represents
the actor stage. The model was adjusted for the following baseline variables: loneliness, subjective age, sex, age, educational status (International
Standard Classification of Education), family status, and BMI (all at time point 0). The wait-list control group was used as a reference. * Statistically

significant value. T1: time point 1.

Web-basedp g =0.003/~0.01/-0.01
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Hypothesis4

To test hypothesis 4, another moderated mediation model was
tested.

The results are shown in Figure 7 and Tables S3 and $4 in
Multimedia Appendix 2.

Validating the previous analyses, both interventions had a
significant direct effect on the symptoms of depression at T1
compared with the WLCG (web-based: ¢’ path —0.86, 95% Cl
-1.58 to -0.13, SE 0.38; print-based: ¢' path —1.96, 95% CI
-2.99 to —-0.92, SE 0.53). Furthermore, subjective age at T1
was positively related to depressive symptoms (subjective age:

https://aging.jmir.org/2022/3/e36515

RenderX

Print-based.. ,,4=-0.09

b path 0.14, 95% CI 0.05-0.23; SE 0.05). An indirect
relationship between the intervention and the symptoms of
depression via subjective age was only present for participants
who were both in the actor stage of change for endurance
activities and received the web-based intervention (web-based:
ab path —0.14, 95% CI —-0.34 to —0.01; SE 0.09).

Summarizing the findings regarding hypothesis 4, only older
adultsin the actor stage of endurance training who received the
web-based intervention were associated with lower symptoms
of depression at T1, which was partially mediated by subjective
age at T1. Thus, the existence of moderated mediation was
confirmed, athough al other mediation pathways were not
significant, and the effect sizes were small.
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Figure 7. Moderated mediation model results for depression. The interaction between the intervention group and the stage of change in the a path is
shown in brackets. Thefirst value represents the intention stage, and the second val ue represents the actor stage. The moderation of the ab path is shown
in the upper right. The first value represents the nonintenders stage, the second value represents the intenders stage, and the third value represents the
actor stage. The model was adjusted for the following baseline variable: depressive symptoms (CES-D), subjective age, sex, age, educational status
(International Standard Classification of Education), family status, and BMI (all at time point 0). The wait-list control group was used as a reference.
*Statistically significant values. CES-D: Center for Epidemiologic Studies Depression; T1: time point 1.
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Discussion

Principal Findings

Thisstudy aimed to compare the effects of web- and print-based
PA interventions on self-reported PA, stage of change,
determinants of PA, loneliness, and depression. Moreover, the
goal was to investigate whether subjective age is a mediator
and whether the stage of change is a moderator of the
effectiveness in 831 older individuals participating in the
PROMOTE 1 or PROMOTE 2 study.

The main finding was that the print-based and web-based
interventions both worked well and helped a higher proportion
of individuals meet the recommendations for PA and move
forward with their stage of change compared with the WLCG.
Support for the effectiveness of theinterventionswas a so found
regarding the social-cognitive predictors of PA behavior. None
of the interventions had a significant direct effect on loneliness
compared with the control group. Thus, the main assumption
that a PA intervention always helps reduce loneliness does not
hold true. It seems more important to take mastery experience
into account: the results of our moderated mediation analyses
suggest that compared with the WL CG, receiving the web-based
intervention was associated with lower symptoms of depression
a T1 and that subjective age could explain a substantial
proportion of variance. However, this holds true only for
participantsin the actor stage of change for endurance activities.
The mechanisms are in accordance with the assumption that
mastery experience and self-regulation—operationalized with
subjective age—help the study participants who are already
physically active at the baseline to reduce their symptoms
because of maintained or improved physical perceptions and
repairing or maintaining interpersonal skills and relationships
[6]. In this group, the PA 1G allocation reduced the likelihood

https://aging.jmir.org/2022/3/e36515

¢’ path
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of depressive symptoms and loneliness if they actually felt
younger.

However, compared with the wait-list control, the intervention
did not help older adults feel less lonely, perhaps because of 2
aspects. We revealed afloor effect (ie, generally low loneliness
levels). Moreover, one should also keep in mind that the
intervention was not designed to reduce loneliness but to
increase PA; accordingly, the relationship between the
intervention and feeling lonely was not strong enough to be of
statistical importance. Nevertheless, the effects in the 1Gs
underlined the importance of supporting active older adults to
remain physically active to feel fit and subjectively young, as
well as to lower symptoms of depression. In the following
paragraphs, the hypotheses are reviewed in more detail, followed
by more discussion.

Hypothesis 1, assuming that web-based and print-based
interventions outperform the control condition in terms of
self-reported PA behavior change, was confirmed by our data.
The interventions seemed to work better in terms of preventing
a relapse into not meeting recommendations anymore and
moving study participants into the actor stage. Without any
intervention, 71% (5/7) of the previously inactive participants
became active at the recommended level. This percentage was
higher in the web-based (47/59, 80%) and print-based groups
(20/25, 80%). Without any intervention, 94% (141/150) of the
previously active study participants remained active at the
recommended level. This percentage was slightly higher in the
web-based group (396/411, 94%).

When replicating thisfinding with the stages of behavior change,
the effects clearly demonstrated the benefits of theinterventions;
inthe untreated WL CG, individualswere morelikely to remain
in or relapse to the nonintentional stage than the individualsin
the 2 1Gs.
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Our results also support hypothesis 2: participation in web-based
and print-based PA interventions was associated with
improvementsin the social-cognitive predictors of PA behavior
change, self-reported PA behavior change, subjective age,
loneliness, and depressive symptoms compared with the WL CG.
Theweb-based and print-based interventions were significantly
different from the WLCG, which matched expectations.

Hypothesis 3 was not supported by our results, aswe found that
the results were not consistent with the assumption that
individuals in the 1G would benefit from fewer feelings of
loneliness as they would experience a decrease in subjective
age. Regarding hypothesis 4, only older adults who werein the
actor stage regarding endurance training and who received the
web-based intervention revealed an intervention effect on
depressive symptoms (CES-D score), partially mediated by
subjective age at T1. Thissubgroup reported alower subjective
age than that of the WL CG, which was further associated with
reporting lower symptoms of depression at T1.

Limitations and Suggestions for Future Work

In this study, only subjective data were included as most of the
variables such as social-cognitive variables, stage of change,
loneliness, subjective age, and symptoms of depression could
only be measured in this form. However, the behavior should
be assessed using objective measures (such as an activity
tracker). Accordingly, validation studies are required to better
understand behavior changes more thoroughly.

In addition, the included study participants were not
representative samples, as many individuals had already met
the behaviora criteria, especialy in the first study phase
(PROMOTE 1). Despite the adaptation of theinclusion criteria
for the second phase of the study, thetarget group of individuals
with low activity was till not sufficiently reached, and their
needswere not adequately addressed. Thisisacommon problem
in public health intervention research, which requires further
effort (eg, to improve the recruitment of nonactive and
low-motivation individuals). Therefore, future studies should
attempt to overcome this problem. Therefore, to address the
needs of these individuals more effectively, need-based
assessments (ie, tailored to current circumstances and hindering
factors) should be conducted in future studies.

Another limitation is access to, and availability of, web-based
technology, particularly among the studied age groups. Thus,
in this context, on the one hand, some of the respondents
interested in the study invitation had to be excluded from
participation as they did not meet the inclusion criterion of
owning a PC or did not have accessto the internet.

On the other hand, personal affinity for and acceptance of
modern technology services, which in part becomes apparent
over the course of the study, might affect the success of
information technology interventions and, therefore, should not
be overlooked. These dligibility criteria partly exclude
disadvantaged groupswith different psychologica preconditions
and developmental possibilities. In the future, such limitations
should be overcome by making study participation more
accessible to individualswith low computer or internet literacy
and technology affinity.

https://aging.jmir.org/2022/3/e36515
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Nevertheless, although it is helpful to compare rather
conventional print alternatives with web-based interventions,
it should also be considered that future senior populations are
likely to have moredigital competence. Web-based interventions
offer inclusionary benefitsthat can be of particular interest when
dealing with an older adult population (eg, text-to-speech options
and variable font sizes). Therefore, the design, content,
formatting, and acceptance of digital or internet interventions
should be further researched and tailored when implementing
interventions for older adults.

In addition, a critical point is selective dropout (eg, higher
attrition in either the web-based |G, in the groups that received
only print-based material, or the WL CG). Thiswas particularly
evident in the first phase of the study among the groups with
high technol ogy requirements (web material and activity trackers
that had to be synchronized with the website). Accordingly,
future projects should support those at risk of dropping out of
the intervention to remain in the study.

A further shortcoming of this study is that the interventions
were designed to improve PA and did not explicitly reduce
loneliness or symptoms of depression directly. Asthe findings
are promising, future studies should follow up on this as PA
can aso be avery effective tool to address these emotions and
cognitions. Parts of the data have aready been published, such
as the effects of the interventions on the stages of change in
PROMOTE 1[50,53]. Consequently, when using these datafor
asystematic review or meta-analysis, thisneedsto betakeninto
account.

In general, whether older adults benefit from improved health
(other indicators in addition to symptoms of depression) or
well-being (other indicators in addition to loneliness), health
behavior, and its predictors from print-based material or
web-based interventions still requires more attention, and future
studies should follow up on the mechanisms that explain how
the interventions work.

Process Analysis

The results of the moderated mediation analysis revealed that
there is not only a simple linear effect of the intervention on
symptoms of depression but also that the effects of the
intervention on symptoms of depression are modeled in amore
complex way. Therefore, it can be hypothesized that
interventions generally tend to affect target variables in a
nonlinear fashion and that, in general, interventions and health
should be understood as complex systems. With the actor stage
as amoderator, the conceivable conclusion is that only people
who were physically active before the intervention benefited
from it with regard to the symptoms of depression. Therefore,
the HAPA theory isahelpful tool in designing interventions as
it can assist in identifying a person’s current stage of change
and aid them in moving to the actor stage.

Li et a [47] found that subjective ageisrelated to various health
benefits. In their study, subjective age acted as a mediator
between the intervention and symptoms of depression. With
thisin mind, the following can be assumed: in interventions, a
set of variables that can act as potential mediators exists, as
these variables are linked to several health benefits. However,
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it is easy to overlook these mediators when only focusing on
linear and bivariate effects, when, in fact, a mediation might
only apply to a subgroup of individuals. Future research needs
to identify this set of variables and implement it effectively in
intervention frameworks. Subjective age might be one of these
variables, although there might be more underlying components.

Comparison With Prior Work

Loneliness and mental health in the aging population are
important topics, and our data match previous work showing
that physical exercise is akey factor in addressing these issues
[4,6]. However, the effects of the intervention were stronger
regarding behavior adherence and stage (contingency coefficient

0.314), as well as behavioral habits (n2=0.025-0.026), than

regarding loneliness and depression (n?=0.005-0.024). The
finding of stage-specific effects (only actors benefited) with
regard to depression matches the previous finding that
interventions improving PA can also improve mood [7].

To date, little research has been conducted on whether
web-based or print-based interventions are more likely to result
in successful behavior change regarding PA, which can
simultaneously affect feelings of loneliness and depression. By
matching the findings of Golsteijn et al [9], this study revealed
some benefits of the print-based intervention for this age group
[9]. However, in general, the web-based and print-based
interventions were more effective than the WLCG.

Aspects assumed to affect participation in, and effectiveness
of, interventions have been previously studied. With respect to
the uptake of PA offerings and intervention modalities,
sociodemographic differences have emerged in the past.
Accordingly, women, those with higher levels of education,
and those who are aready physically active are more likely to
participate [23,75]. Physical inactivity, being overweight, and
having a low educational status were indicators of
discontinuation of theintervention beforeit was completed [22].
Furthermore, it isknown that younger individual s seem to prefer
web-based services [8,76], whereas older adults or women
appear more likely to favor print-based offerings[76].

This and former analyses of the PROMOTE 1 study [50]
identified higher attrition ratesin the IGsthanin WLCG, which
isin linewith other similar intervention studies[77]. This may
be explained by the fact that the participants were more
motivated to stay in the study as they received the program
afterward. However, those who obtained the intervention later
also predominantly maintained their behavior over the course
of the intervention. Cunningham et al [78] found that wait-list
groupsinterrupt effortsto change and pointed to theimportance
of activities toward changing different psychological
preconditions and developmental possibilities. Therefore, to
reduce the dropout rate in the WL CG, individual s randomized
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to this group should be informed about the progress and
expected time of participation. As previous studies have
indicated that longer waiting times are associated with higher
dropout rates, the study design should be adapted to decrease
the waiting time for the WLCG [8,22,54].

In addition, in the first phase of the study, the problem of
increased dropout or greater dissatisfaction in the study arms
with a need for greater technical skills and information
technol ogy acceptance became relevant [50]. Thishasalso been
reported by other authors[79]. As areaction, the study design
for PROMOTE 2 was adapted such that participants could
change the type of materials provided at a defined time point
on a preference basis, which could improve the loss of
participants because of this aspect, as well as the satisfaction
with the intervention in a recognizable way [52].

Conclusions

In times of physical distancing, for instance, during the
COVID-19 pandemic, aternative forms of support, such as
print- and web-based PA exercise content for individual
implementation at home, are essential and in high demand. As
users are very heterogeneous, tailoring PA interventions
according to their specific needs (including differing motivations
to engagein PA) and previous experiences (captured by stages),
as well as according to their individual technology-based
preconditions, could be an effective approach to initiating
behavior change with regard to PA. Particularly, for digital
interventions, the varying availability and use preferences of
digital devices should be considered.

Toolsfor individual use, including activity monitoring (such as
exercise diaries) and exercise instructions, are highly relevant
for location- and time-independent use. Finally, but importantly,
the relevance is determined by the reduced mobility in old age
and, thus, the possibility or need for exercise at home.

Successful aging in terms of helping older adults feedl fit to
perform PA should be considered more explicitly, which can
help to ensure that a PA intervention actually translatesinto the
reduction of symptoms of depression. At the sametime, taking
the stage of change-specific aspects into account can benefit
the knowledge that, similar to this study, the interventions
worked well in intenders and actors for successful aging and
symptoms of depression but not in nonintenders. Nonintenders
might need other support such as just-in-time adaptive
interventions and more instant social support, not only through
print-based and web-based modes. However, the delivered
interventions appeared to be supportive of intenders and actors
and improve the predictors of behavior. Ingredients of the
intervention’s behavior change techniques (ie, goal setting,
planning, social support, and feedback [58]) paid off.
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Multimedia Appendix 1

Effect of the web and print interventions in comparison to the wait-list control group on social-cognitive variables (Table S1),
and on loneliness, perceived age and symptoms of depression (Table S2).
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Multimedia Appendix 2

Ordinal least squares regression model results for subjective age (Table S1), loneliness (Table S2), subjective age (Table S3) and
depressive symptoms (Table $4).

[DOCX File, 29 KB - aging_v5i3e36515_app2.docx |

References

1.  Groarke JM, Berry E, Graham-Wisener L, McKenna-Plumley PE, McGlinchey E, Armour C. Lonelinessin the UK during
the COVID-19 pandemic: cross-sectional results from the COVID-19 psychologica wellbeing study. PLoS One
2020;15(9):e0239698 [ FREE Full text] [doi: 10.1371/journal.pone.0239698] [Medline: 32970764]

2. NooneC, McSharry J, SmalleM, BurnsA, Dwan K, Devane D, et al. Video callsfor reducing social isolation and loneliness
in older people: arapid review. Cochrane Database Syst Rev 2020 May 21;5:CD013632 [EREE Full text] [doi:
10.1002/14651858.CD013632] [Medline: 32441330]

3. SavageRD, WuW, Li J, Lawson A, Bronskill SE, Chamberlain SA, et al. Loneliness among older adultsin the community
during COVID-19: a cross-sectional survey in Canada. BMJ Open 2021 Apr 02;11(4):e044517 [FREE Full text] [doi:
10.1136/bmjopen-2020-044517] [Medline: 33811054]

4.  Macy JT, Owens C, MullisK, Middlestadt SE. Therole of self-efficacy and injunctive normsin hel ping older adults decide
to stay home during the COVID-19 pandemic. Front Public Health 2021;9:660813 [FREE Full text] [doi:
10.3389/fpubh.2021.660813] [Medline: 34150704]

5.  Dickens AP, Richards SH, Greaves CJ, Campbell JL. Interventions targeting social isolation in older people: a systematic
review. BMC Public Health 2011 Aug 15;11:647 [FREE Full text] [doi: 10.1186/1471-2458-11-647] [Medline: 21843337]

6. PelsF Kleinert J. Loneliness and physical activity: a systematic review. Int Rev Sport Exerc Psychol 2016 Jun
07;9(1):231-260. [doi: 10.1080/1750984x.2016.1177849]

7. AlvesGS, Casadi ME, Veras AB, Carrilho CG, Bruno Costa E, Rodrigues VM, et al. A systematic review of home-setting
psychoeducation interventions for behavioral changesin dementia: some lessons for the COVID-19 pandemic and
post-pandemic assistance. Front Psychiatry 2020;11:577871 [FREE Full text] [doi: 10.3389/fpsyt.2020.577871] [Medline:
33132937]

8.  Boekhout MM, PeelsDA, Berendsen BA, Bolman C, Lechner L. A web-based and print-delivered computer-tail ored physical
activity intervention for older adults: pretest-posttest intervention study comparing delivery mode preference and attrition.
JMed Internet Res 2019 Aug 28;21(8):e13416 [FREE Full text] [doi: 10.2196/13416] [Medline: 31464186]

9. Golsteijn RH, Peels DA, Evers SM, Bolman C, Mudde AN, de VriesH, et al. Cost-effectiveness and cost-utility of a
web-based or print-delivered tailored intervention to promote physical activity among adults aged over fifty: an economic
evaluation of the Active Plusintervention. Int JBehav Nutr Phys Act 2014 Sep 28;11:122 [FREE Full text] [doi:
10.1186/s12966-014-0122-7] [Medline: 25262435]

10. FortunaKL, Torous J, Depp CA, Jimenez DE, Arean PA, Walker R, et a. A future research agendafor digital geriatric
mental healthcare. Am JGeriatr Psychiatry 2019 Nov;27(11):1277-1285 [ FREE Full text] [doi: 10.1016/j.jagp.2019.05.013]
[Medline: 31196619]

11. Paggi ME, Jopp D, Hertzog C. Theimportance of leisure activitiesin the rel ationship between physical health and well-being
in alife span sample. Gerontology 2016;62(4):450-458 [ FREE Full text] [doi: 10.1159/000444415] [Medline: 26974682]

https://aging.jmir.org/2022/3/e36515 IMIR Aging 2022 | vol. 5 |iss. 3 [e36515 | p.21
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=aging_v5i3e36515_app1.docx&filename=507403593acdab3970e0e247fbbc4d1a.docx
https://jmir.org/api/download?alt_name=aging_v5i3e36515_app1.docx&filename=507403593acdab3970e0e247fbbc4d1a.docx
https://jmir.org/api/download?alt_name=aging_v5i3e36515_app2.docx&filename=b1d8e156c41d1075a8c970cee76c77b7.docx
https://jmir.org/api/download?alt_name=aging_v5i3e36515_app2.docx&filename=b1d8e156c41d1075a8c970cee76c77b7.docx
https://dx.plos.org/10.1371/journal.pone.0239698
http://dx.doi.org/10.1371/journal.pone.0239698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32970764&dopt=Abstract
http://europepmc.org/abstract/MED/32441330
http://dx.doi.org/10.1002/14651858.CD013632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32441330&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33811054
http://dx.doi.org/10.1136/bmjopen-2020-044517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33811054&dopt=Abstract
https://doi.org/10.3389/fpubh.2021.660813
http://dx.doi.org/10.3389/fpubh.2021.660813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34150704&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-647
http://dx.doi.org/10.1186/1471-2458-11-647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21843337&dopt=Abstract
http://dx.doi.org/10.1080/1750984x.2016.1177849
https://doi.org/10.3389/fpsyt.2020.577871
http://dx.doi.org/10.3389/fpsyt.2020.577871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33132937&dopt=Abstract
https://www.jmir.org/2019/8/e13416/
http://dx.doi.org/10.2196/13416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31464186&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-014-0122-z
http://dx.doi.org/10.1186/s12966-014-0122-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25262435&dopt=Abstract
http://europepmc.org/abstract/MED/31196619
http://dx.doi.org/10.1016/j.jagp.2019.05.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31196619&dopt=Abstract
https://www.karger.com?DOI=10.1159/000444415
http://dx.doi.org/10.1159/000444415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26974682&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Lippkeet al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Sala G, Jopp D, Gobet F, Ogawa M, Ishioka 'Y, Masui Y, et al. The impact of leisure activities on older adults' cognitive
function, physical function, and mental health. PLoS One 2019;14(11):e0225006 [FREE Full text] [doi:

10.1371/journal .pone.0225006] [Medline: 31703115]

Global recommendations on physical activity for health. World Health Organization. URL : https.//apps.who.int/iris/bitstream/
handle/10665/44399/9789241599979_eng.pdf [accessed 2022-07-12]

Hupin D, Roche F, Gremeaux V, Chatard J, Oriol M, Gaspoz J, et al. Even alow-dose of moderate-to-vigorous physical
activity reduces mortality by 22% in adults aged =60 years: a systematic review and meta-analysis. Br J Sports Med 2015
Oct;49(19):1262-1267. [doi: 10.1136/bjsports-2014-094306] [Medline: 26238869]

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Can Med Assoc J 2006 Mar
14;174(6):801-809 [FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

Sodergren M, McNaughton SA, Salmon J, Ball K, Crawford DA.. Associations between fruit and vegetable intake, leisure-time
physical activity, sitting time and self-rated health among older adults: cross-sectional datafrom the WELL study. BMC
Public Health 2012 Jul 25;12:551 [FREE Full text] [doi: 10.1186/1471-2458-12-551] [Medline: 22830932]

Abdelbasset WK, Alsubaie SF, Tantawy SA, Elyazed Tl, Elshehawy AA. A cross-sectional study on the correlation between
physical activity levels and health-related quality of life in community-dwelling middle-aged and older adults. Medicine
(Baltimore) 2019 Mar;98(11):€14895 [FREE Full text] [doi: 10.1097/M D.0000000000014895] [Medline: 30882705]
Olson EA, McAuley E. Impact of a brief intervention on self-regulation, self-efficacy and physical activity in older adults
with type 2 diabetes. JBehav Med 2015 Dec;38(6):886-898 [ FREE Full text] [doi: 10.1007/s10865-015-9660-3] [Medline:
26162648]

Seguin RA, Economos CD, Palombo R, Hyatt R, Kuder J, Nelson ME. Strength training and older women: a cross-sectional
study examining factors related to exercise adherence. J Aging Phys Act 2010 Apr;18(2):201-218 [FREE Full text] [doi:
10.1123/japa.18.2.201] [Medline: 20440031]

Dolansky MA, Stepanczuk B, Charvat IM, Moore SM. Women's and men's exercise adherence after a cardiac event. Res
Gerontol Nurs 2010 Jan;3(1):30-38 [FREE Full text] [doi: 10.3928/19404921-20090706-03] [Medline: 20128541]

Elzen H, Slaets JP, Snijders TA, Steverink N. Do older patients who refuse to participate in a self-management intervention
in the Netherlands differ from older patients who agree to participate? Aging Clin Exp Res 2008 Jun;20(3):266-271. [doi:
10.1007/BF03324777] [Medline: 18594195]

Jancey J, Lee A, Howat P, Clarke A, Wang K, Shilton T. Reducing attrition in physical activity programs for older adults.
JAging Phys Act 2007 Apr;15(2):152-165. [doi: 10.1123/japa.15.2.152] [Medline: 17556782]

Chinn DJ, WhiteM, Howel D, Harland JO, Drinkwater CK. Factors associated with non-participation in aphysical activity
promotion trial. Public Health 2006 Apr;120(4):309-319. [doi: 10.1016/j.puhe.2005.11.003] [Medline: 16473376]
Picorelli AM, PereiraLS, PereiraDS, Felicio D, Sherrington C. Adherenceto exercise programsfor older peopleisinfluenced
by program characteristics and personal factors: a systematic review. J Physiother 2014 Sep;60(3):151-156 [FREE Full
text] [doi: 10.1016/j.jphys.2014.06.012] [Medline: 25092418]

Lakerveld J, ljzelenberg W, van Tulder MW, Hellemans IM, Rauwerda JA, van Rossum AC, et a. Motives for (not)
participating in alifestyle intervention trial. BMC Med Res Methodol 2008 Apr 10;8:17 [FREE Full text] [doi:
10.1186/1471-2288-8-17] [Medline: 18402683]

Justine M, Azizan A, Hassan V, Salleh Z, Manaf H. Barriersto participation in physical activity and exercise among
middle-aged and elderly individuals. Singapore Med J 2013 Oct;54(10):581-586 [ FREE Full text] [doi:
10.11622/smedj.2013203] [Medline: 24154584]

Wichmann F, Pischke CR, Jiirgens D, Darmann-Finck |, Koppelin F, Lippke S, et a. Requirementsfor (web-based) physical
activity interventions targeting adults above the age of 65 years - qualitative results regarding acceptance and needs of
participants and non-participants. BMC Public Health 2020 Jun 11;20(1):907 [FREE Full text] [doi:
10.1186/s12889-020-08927-8] [Medline: 32527251]

Gourlan M, Bernard P, Bortolon C, Romain AJ, Lareyre O, Carayol M, et a. Efficacy of theory-based interventions to
promote physical activity. A meta-analysis of randomised controlled trials. Health Psychol Rev 2016;10(1):50-66. [doi:
10.1080/17437199.2014.981777] [Medline: 25402606]

van Genugten L, Dusseldorp E, Webb TL, van Empelen P. Which combinations of techniques and modes of delivery in
internet-based interventions effectively change health behavior? A meta-analysis. JMed Internet Res 2016 Jun 07;18(6):€155
[FREE Full text] [doi: 10.2196/jmir.4218] [Medline: 27268104]

Wilson TE, Hennessy EA, Falzon L, Boyd R, Kronish IM, Birk JL. Effectiveness of interventions targeting self-regulation
to improve adherence to chronic disease medications: a meta-review of meta-analyses. Health Psychol Rev 2020
Mar;14(1):66-85 [FREE Full text] [doi: 10.1080/17437199.2019.1706615] [Medline: 31856664]

McEwan D, Beauchamp MR, KouvousisC, Ray CM, Wyrough A, Rhodes RE. Examining the active ingredients of physical
activity interventions underpinned by theory versus no stated theory: a meta-analysis. Health Psychol Rev 2019
Mar;13(1):1-17. [doi: 10.1080/17437199.2018.1547120] [Medline: 30412685]

Johnson BT, Scott-Sheldon LA, Carey MP. Meta-synthesis of health behavior change meta-analyses. Am J Public Health
2010 Nov;100(11):2193-2198 [FREE Full text] [doi: 10.2105/AJPH.2008.155200] [Medline: 20167901]

https://aging.jmir.org/2022/3/e36515 JMIR Aging 2022 | vol. 5 | iss. 3 |e36515 | p.22

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0225006
http://dx.doi.org/10.1371/journal.pone.0225006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31703115&dopt=Abstract
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf
http://dx.doi.org/10.1136/bjsports-2014-094306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26238869&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-551
http://dx.doi.org/10.1186/1471-2458-12-551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22830932&dopt=Abstract
https://doi.org/10.1097/MD.0000000000014895
http://dx.doi.org/10.1097/MD.0000000000014895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30882705&dopt=Abstract
http://europepmc.org/abstract/MED/26162648
http://dx.doi.org/10.1007/s10865-015-9660-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26162648&dopt=Abstract
http://europepmc.org/abstract/MED/20440031
http://dx.doi.org/10.1123/japa.18.2.201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20440031&dopt=Abstract
http://europepmc.org/abstract/MED/20128541
http://dx.doi.org/10.3928/19404921-20090706-03
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20128541&dopt=Abstract
http://dx.doi.org/10.1007/BF03324777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18594195&dopt=Abstract
http://dx.doi.org/10.1123/japa.15.2.152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17556782&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2005.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16473376&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(14)00080-0
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(14)00080-0
http://dx.doi.org/10.1016/j.jphys.2014.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25092418&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-8-17
http://dx.doi.org/10.1186/1471-2288-8-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18402683&dopt=Abstract
http://www.sma.org.sg/UploadedImg/files/SMJ/5410/5410a6.pdf
http://dx.doi.org/10.11622/smedj.2013203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24154584&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-08927-8
http://dx.doi.org/10.1186/s12889-020-08927-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32527251&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2014.981777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25402606&dopt=Abstract
https://www.jmir.org/2016/6/e155/
http://dx.doi.org/10.2196/jmir.4218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27268104&dopt=Abstract
http://europepmc.org/abstract/MED/31856664
http://dx.doi.org/10.1080/17437199.2019.1706615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31856664&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2018.1547120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30412685&dopt=Abstract
http://europepmc.org/abstract/MED/20167901
http://dx.doi.org/10.2105/AJPH.2008.155200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20167901&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Lippkeet al

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of physical activity interventionsin
achieving behaviour change maintenance in young and middle aged adults: a systematic review and meta-analysis. Soc Sci
Med 2017 Nov;192:125-133. [doi: 10.1016/j.socscimed.2017.09.021] [Medline: 28965003]

Rhodes RE, Janssen |, Bredin SS, Warburton DE, Bauman A. Physical activity: health impact, prevalence, correlates and
interventions. Psychol Health 2017 Aug;32(8):942-975. [doi: 10.1080/08870446.2017.1325486] [Medline: 28554222]
Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior changein personswith chronicillness or disability:
the Health Action Process Approach (HAPA). Rehabil Psychol 2011 Aug;56(3):161-170. [doi: 10.1037/a0024509] [Medline:
21767036]

Powell SM, Larsen CA, Phillips SM, Pellegrini CA. Exploring beliefs and preferences for reducing sedentary behavior
among adultswith symptomatic knee osteoarthritis or knee replacement. ACR Open Rheumatol 2021 Jan;3(1):55-62 [FREE
Full text] [doi: 10.1002/acr2.11216] [Medline: 33400397]

Nguyen MH, Smets EM, Bol N, Loos EF, Van Weert JC. How tailoring the mode of information presentation influences
younger and older adults' satisfaction with health websites. J Health Commun 2018;23(2):170-180. [doi:
10.1080/10810730.2017.1421729] [Medline: 29345531]

Quittschalle J, Stein J, Luppa M, Pabst A, Lobner M, Koenig H, et al. Internet usein old age: results of a German
population-representative survey. JMed Internet Res 2020 Nov 23;22(11):e15543 [FREE Full text] [doi: 10.2196/15543]
[Medline: 33226351]

Neil-Sztramko SE, Smith-Turchyn J, Richardson J, Dobbins M. A mobility-focused knowledge trandlation randomized
controlled trial to improve physical activity: process evaluation of the MovedAge study. J Med Internet Res 2019 Jun
20;21(6):€13965 [FREE Full text] [doi: 10.2196/13965] [Medline: 31223121]

Peels DA, Bolman C, Golsteijn RH, de VriesH, Mudde AN, van Stralen MM, et al. Long-term efficacy of a printed or a
web-based tailored physical activity intervention among older adults. Int JBehav Nutr Phys Act 2013 Sep 02;10:104 [FREE
Full text] [doi: 10.1186/1479-5868-10-104] [Medline: 24228862]

Tkatch R, Bazarko D, Musich S, Wu L, MacLeod S, Keown K, et al. A pilot online mindfulness intervention to decrease
caregiver burden and improve psychological well-being. JEvid Based Complementary Altern Med 2017 Oct;22(4):736-743
[FREE Full text] [doi: 10.1177/2156587217737204] [Medline: 29228806]

Annear M, Keeling S, Wilkinson T, Cushman G, Gidlow B, Hopkins H. Environmental influences on healthy and active
ageing: a systematic review. Ageing Soc 2012 Nov 06;34(4):590-622. [doi: 10.1017/50144686x1200116x]

Beauchamp MR, Carron AV, McCutcheon S, Harper O. Older adults' preferences for exercising alone versusin groups:
considering contextual congruence. Ann Behav Med 2007 Apr;33(2):200-206. [doi: 10.1007/BF02879901] [Medline:
17447872]

MehraS, van den Helder J, Visser B, Engelbert RH, Weijs PJ, Krose BJ. Evaluation of ablended physical activity intervention
for older adults: mixed methods study. JMed Internet Res 2020 Jul 23;22(7):€16380 [FREE Full text] [doi: 10.2196/16380]
[Medline: 32459652]

Volders E, de Groot RH, Coumans JM, Bolman CA, Lechner L. A randomized controlled trial into the cognitive effects
of acomputer-tailored physical activity intervention in older adults with chronic disease(s). Eur Rev Aging Phys Act 2021
Feb 25;18(1):3 [FREE Full text] [doi: 10.1186/s11556-021-00259-9] [Medline: 33632130]

Wentzel J, van der Vaart R, Bohimeijer ET, van Gemert-Pijnen JE. Mixing online and face-to-face therapy: how to benefit
from blended carein mental health care. IMIR Ment Health 2016 Feb 09;3(1):€9 [FREE Full text] [doi: 10.2196/mental.4534]
[Medline: 26860537]

Li Y, LiuM, Miyawaki CE, Sun X, Hou T, Tang S, et al. Bidirectional relationship between subjective age and frailty: a
prospective cohort study. BMC Geriatr 2021 Jun 29;21(1):395 [FREE Full text] [doi: 10.1186/s12877-021-02344-1]
[Medline: 34187378]

Wiener J, Kuhlmann T, Fink S, Hambrecht R, Lippke S. Subjective age and planning strategies for physical activity: brief
report about a domain-specific example from a cross-sectional observation study. Int J Sport Psychol 2017;48(4):448-458.
Muellmann S, Braginal, Voel cker-Rehage C, Rost E, Lippke S, Meyer J, et al. Devel opment and eval uation of two web-based
interventions for the promotion of physical activity in older adults: study protocol for a community-based controlled
intervention trial. BMC Public Health 2017 May 25;17(1):512 [FREE Full text] [doi: 10.1186/s12889-017-4446-x] [Medline:
28545506]

Muellmann S, Buck C, Voelcker-Rehage C, Braginal, Lippke S, Meyer J, et al. Effects of two web-based interventions
promoting physical activity among older adults compared to adelayed intervention control group in Northwestern Germany:
results of the PROMOTE community-based intervention trial. Prev Med Rep 2019 Sep;15:100958 [FREE Full text] [doi:
10.1016/.pmedr.2019.100958] [Medline: 31410347]

Pischke CR, Voelcker-Rehage C, Peters M, Ratz T, Pohlabeln H, Meyer J, et al. Implementation and effects of information
technology-based and print-based interventions to promote physical activity among community-dwelling older adults:
protocol for arandomized crossover trial. IMIR Res Protoc 2020 Apr 27;9(4):e15168 [ FREE Full text] [doi: 10.2196/15168]
[Medline: 32338622]

https://aging.jmir.org/2022/3/€36515 JMIR Aging 2022 | vol. 5 | iss. 3 [e36515 | p.23

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.socscimed.2017.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28965003&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&dopt=Abstract
http://dx.doi.org/10.1037/a0024509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21767036&dopt=Abstract
https://doi.org/10.1002/acr2.11216
https://doi.org/10.1002/acr2.11216
http://dx.doi.org/10.1002/acr2.11216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33400397&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2017.1421729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29345531&dopt=Abstract
https://www.jmir.org/2020/11/e15543/
http://dx.doi.org/10.2196/15543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33226351&dopt=Abstract
https://www.jmir.org/2019/6/e13965/
http://dx.doi.org/10.2196/13965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31223121&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-104
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-104
http://dx.doi.org/10.1186/1479-5868-10-104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24228862&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2156587217737204?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2156587217737204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29228806&dopt=Abstract
http://dx.doi.org/10.1017/s0144686x1200116x
http://dx.doi.org/10.1007/BF02879901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17447872&dopt=Abstract
https://www.jmir.org/2020/7/e16380/
http://dx.doi.org/10.2196/16380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32459652&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-021-00259-9
http://dx.doi.org/10.1186/s11556-021-00259-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33632130&dopt=Abstract
https://mental.jmir.org/2016/1/e9/
http://dx.doi.org/10.2196/mental.4534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26860537&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02344-1
http://dx.doi.org/10.1186/s12877-021-02344-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34187378&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4446-x
http://dx.doi.org/10.1186/s12889-017-4446-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28545506&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(19)30129-9
http://dx.doi.org/10.1016/j.pmedr.2019.100958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31410347&dopt=Abstract
https://www.researchprotocols.org/2020/4/e15168/
http://dx.doi.org/10.2196/15168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32338622&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Lippkeet al

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Pischke C, Voelcker-Rehage C, Ratz T, Peters M, Buck C, Meyer J, et a. Web-based versus print-based physical activity
intervention for community-dwelling older adults: crossover randomized trial. IMIR Mhealth Uhealth 2022 Mar
23;10(3):€32212 [FREE Full text] [doi: 10.2196/32212] [Medline: 35319484]

Ratz T, Lippke S, Muellmann S, Peters M, Pischke CR, Meyer J, et al. Effects of two web-based interventions and mediating
mechanisms on stage of change regarding physical activity in older adults. Appl Psychol Health Well Being 2020
Mar;12(1):77-100. [doi: 10.1111/aphw.12174] [Medline: 31332957]

Ratz T, Voelcker-Rehage C, Pischke CR, Muellmann S, Peters M, Lippke S. Health-related lifestyle and dropout from a
web-based physical activity interventiontrial in older adults: alatent profile analysis. Health Psychol 2021 Aug;40(8):481-490.
[doi: 10.1037/hea0001091] [Medline: 34472906]

Forberger S, Bammann K, Bauer J, Boll S, Bolte G, Brand T, et al. How to tackle key challengesin the promotion of
physical activity among older adults (65+): the Aequipa network approach. Int J Environ Res Public Health 2017 Apr
04;14(4):379 [EREE Full text] [doi: 10.3390/ijerph14040379] [Medline: 28375177]

FleigL, Lippke S, Pomp S, Schwarzer R. Intervention effects of exercise self-regulation on physical exercise and eating
fruits and vegetables: alongitudinal study in orthopedic and cardiac rehabilitation. Prev Med 2011 Sep;53(3):182-187.
[doi: 10.1016/j.ypmed.2011.06.019] [Medline: 21784096]

Pomp S, Fleig L, Schwarzer R, Lippke S. Effects of a self-regulation intervention on exercise are moderated by depressive
symptoms: aquasi-experimental study. Int JClin Health Psychol 2013 Jan;13(1):1-8. [doi: 10.1016/S1697-2600(13) 70001-2]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

Nelson ME, Regjeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et a. Physical activity and public health in older
adults: recommendation from the American College of Sports Medicine and the American Heart Association. Med Sci
Sports Exerc 2007 Aug;39(8):1435-1445. [doi: 10.1249/mss.0b013e3180616aa2] [Medline: 17762378]

Lippke S, Ziegelmann JP, Schwarzer R, Velicer WF. Validity of stage assessment in the adoption and maintenance of
physical activity and fruit and vegetable consumption. Health Psychol 2009 Mar;28(2):183-193 [FREE Full text] [doi:
10.1037/a0012983] [Medline: 19290710]

Nigg CR. Thereis moreto stages of exercise than just exercise. Exerc Sport Sci Rev 2005 Jan;33(1):32-35. [Medline:
15640718]

Lippke S, Ziegelmann J, Schwarzer R. Behavioral intentions and action plans promote physical exercise: alongitudinal
study with orthopedic rehabilitation patients. J Sport Exerc Psychol 2004;26(3):470-483. [doi: 10.1123/jsep.26.3.470]
Schwarzer R, Schuz B, Ziegelmann JP, Lippke S, Luszczynska A, Scholz U. Adoption and maintenance of four health
behaviors: theory-guided longitudinal studies on dental flossing, seat belt use, dietary behavior, and physical activity. Ann
Behav Med 2007 Apr;33(2):156-166. [doi: 10.1007/BF02879897] [Medline: 17447868]

Luszczynska A. An implementation intentions intervention, the use of a planning strategy, and physical activity after
myocardia infarction. Soc Sci Med 2006 Feb;62(4):900-908. [doi: 10.1016/j.socscimed.2005.06.043] [Medline: 16095786]
Lippke S, Fleig L, Pomp S, Schwarzer R. Validity of a stage algorithm for physical activity in participants recruited from
orthopedic and cardiac rehabilitation clinics. Rehabil Psychol 2010 Nov;55(4):398-408. [doi: 10.1037/a0021563] [Medline:
21171799

Verplanken B, Orbell S. Reflections on past behavior: a self-report index of habit strength. J Appl Social Pyschol 2003
Jun;33(6):1313-1330. [doi: 10.1111/].1559-1816.2003.tb01951.x]

Radloff LS. The CES-D Scale: aself-report depression scalefor research in the general population. Applied Psychol Measure
1977;1(3):385-401. [doi: 10.1177/014662167700100306]

Goel3wald A, Lange M, Kamtsiuris P, Kurth BM. DEGS: studie zur Gesundheit Erwachsener in Deutschland. Bundesweite
Quer- und Laengsschnittstudie im Rahmen des Gesundheitsmonitorings des Robert Koch-Instituts. Bundesgesundheitsbl
Gesundheitsforsch Gesundheitsschutz 2012;55:775-780. [doi: 10.5414/dbx00211]

Fragebdgen nach Themenfeldern. Sozial planung fur Senioren. URL : http://www.sozia planung-senioren.de/
frageboegen-baustei ne/frageboegen-nach-themenfel dern/index.html [accessed 2022-01-12]

UNESCO United Nations Educational, Scientific and Cultural Organization. International Standard Classification of
Education, ISCED 1997. In: Hoffmeyer-Zlotnik JHP, Wolf C, editors. Advancesin Cross-National Comparison. Boston,
MA: Springer; 2003.

Body massindex - BMI. World Health Organization. URL: https://www.euro.who.int/en/heal th-topi cs/di sease-prevention/
nutrition/a-healthy-lifestyle/body-mass-index-bmi [accessed 2022-01-12]

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975 Nov;12(3):189-198. [doi: 10.1016/0022-3956(75)90026-6] [Medline: 1202204]
Baek MJ, Kim K, Park YH, Kim S. The validity and reliability of the mini-mental state examination-2 for detecting mild
cognitive impairment and Alzheimer's disease in a Korean population. PLoS One 2016;11(9):e0163792 [FREE Full text]
[doi: 10.1371/journal.pone.0163792] [Medline: 27668883]

Rubin DB. Inference and Missing Data. Biometrika 1976 Dec;63(3):581-592. [doi: 10.2307/2335739]

https://aging.jmir.org/2022/3/e36515 JMIR Aging 2022 | vol. 5 | iss. 3 |e36515 | p.24

(page number not for citation purposes)


https://mhealth.jmir.org/2022/3/e32212/
http://dx.doi.org/10.2196/32212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319484&dopt=Abstract
http://dx.doi.org/10.1111/aphw.12174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31332957&dopt=Abstract
http://dx.doi.org/10.1037/hea0001091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34472906&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14040379
http://dx.doi.org/10.3390/ijerph14040379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28375177&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2011.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784096&dopt=Abstract
http://dx.doi.org/10.1016/S1697-2600(13)70001-2
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e3180616aa2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17762378&dopt=Abstract
http://europepmc.org/abstract/MED/19290710
http://dx.doi.org/10.1037/a0012983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19290710&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15640718&dopt=Abstract
http://dx.doi.org/10.1123/jsep.26.3.470
http://dx.doi.org/10.1007/BF02879897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17447868&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2005.06.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16095786&dopt=Abstract
http://dx.doi.org/10.1037/a0021563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21171799&dopt=Abstract
http://dx.doi.org/10.1111/j.1559-1816.2003.tb01951.x
http://dx.doi.org/10.1177/014662167700100306
http://dx.doi.org/10.5414/dbx00211
http://www.sozialplanung-senioren.de/frageboegen-bausteine/frageboegen-nach-themenfeldern/index.html
http://www.sozialplanung-senioren.de/frageboegen-bausteine/frageboegen-nach-themenfeldern/index.html
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0163792
http://dx.doi.org/10.1371/journal.pone.0163792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27668883&dopt=Abstract
http://dx.doi.org/10.2307/2335739
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Lippkeet al

75.

76.

77.

78.

79.

Noar SM, Benac CN, Harris M S. Does tailoring matter? Meta-analytic review of tailored print health behavior change
interventions. Psychol Bull 2007 Jul;133(4):673-693. [doi: 10.1037/0033-2909.133.4.673] [Medline: 17592961]
Vandelanotte C, Duncan MJ. Individual characteristics associated with physical activity intervention delivery mode
preferences among adults. Int JBehav Nutr Phys Act 2014 Feb 25;11(1):25 [FREE Full text] [doi: 10.1186/1479-5868-11-25]
[Medline: 24568611]

Spittaels H, De Bourdeaudhuij I, Vandelanotte C. Evaluation of a website-delivered computer-tailored intervention for
increasing physical activity in the genera population. Prev Med 2007 Mar;44(3):209-217. [doi: 10.1016/j.ypmed.2006.11.010]
[Medline: 17197015]

Cunningham JA, Kypri K, McCambridge J. Exploratory randomized controlled trial evaluating the impact of awaiting list
control design. BMC Med ResMethodol 2013 Dec 06;13:150 [FREE Full text] [doi: 10.1186/1471-2288-13-150] [Medline:
24314204]

OenemaA, Brug J, DijkstraA, deWeerdt |, de VriesH. Efficacy and use of an internet-delivered computer-tailored lifestyle
intervention, targeting saturated fat intake, physical activity and smoking cessation: arandomized controlled trial. Ann
Behav Med 2008 Apr;35(2):125-135. [doi: 10.1007/s12160-008-9023-1] [Medline: 18363076]

Abbreviations

CES-D: Center for Epidemiologic Studies Depression
HAPA: Health Action Process Approach

I G: intervention group

MANOVA: multivariate analysis of variance

MM SE: Mini-Mental State Examination

MM SE-2: BV: Mini-Mental State Examination second edition: Brief Version
MVPA: moderate to vigorous physical activity

PA: physical activity

TO: time point O

T1: time point 1

WHO: World Health Organization

WL CG: wait-list control group

Edited by T Leung, J Wang; submitted 18.01.22; peer-reviewed by A Joseph, M Leslie, K Wall; comments to author 24.02.22; revised
version received 20.04.22; accepted 25.05.22; published 09.08.22.

Please cite as:

Lippke S, Ratz T, Keller FM, Juljugin D, Peters M, Pischke C, \oel cker-Rehage C

Mitigating Feelings of Loneliness and Depression by Means of Web-Based or Print-Based Physical Activity Interventions. Pooled
Analysis of 2 Community-Based Intervention Trials

JMIR Aging 2022;5(3):e36515

URL: https://aging.jmir.org/2022/3/e36515

doi:10.2196/36515

PMID: 35943790

©SoniaLippke, TiaraRatz, FranziskaMariaKeller, DennisJuljugin, Manuela Peters, Claudia Pischke, Claudia Voel cker-Rehage.
Originally published in IMIR Aging (https://aging.jmir.org), 09.08.2022. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Aging, is properly cited.
The complete bibliographic information, alink to the original publication on https://aging.jmir.org, as well asthis copyright and
license information must be included.

https://aging.jmir.org/2022/3/€36515 JMIR Aging 2022 | vol. 5 | iss. 3 [e36515 | p.25

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1037/0033-2909.133.4.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592961&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-11-25
http://dx.doi.org/10.1186/1479-5868-11-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24568611&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2006.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17197015&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-150
http://dx.doi.org/10.1186/1471-2288-13-150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24314204&dopt=Abstract
http://dx.doi.org/10.1007/s12160-008-9023-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18363076&dopt=Abstract
https://aging.jmir.org/2022/3/e36515
http://dx.doi.org/10.2196/36515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35943790&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Choudhury et a

Original Paper

Objectively Measured Physical Activity Levels and Associated
Factors in Older US Women During the COVID-19 Pandemic:
Cross-sectional Study

Renoa Choudhury*, M Sc; Joon-Hyuk Park™?, PhD; Ladda Thiamwong®, PhD; Rui Xie*, PhD; Jeffrey R Stout®, PhD

1Department of Mechanical and Aerospace Engineering, University of Central Florida, Orlando, FL, United States

2Di%\bility, Aging and Technology Cluster, University of Central Florida, Orlando, FL, United States

3College of Nursing, University of Central Florida, Orlando, FL, United States

4Department of Statistics and Data Science, University of Central Florida, Orlando, FL, United States

5school of Kinesiol ogy and Physical Therapy, College of Health Professions and Sciences, University of Central Florida, Orlando, FL, United States

Corresponding Author:

Joon-Hyuk Park, PhD

Department of Mechanical and Aerospace Engineering
University of Central Florida

4000 Central Florida Blvd

Orlando, FL, 32816

United States

Phone: 1 407 823 1227

Email: Joonpark@ucf.edu

Abstract

Background: Physical activity (PA) isvital for attenuating the aging-related physiological and functional declines in women
aged 60 years or above. However, littleis known about the objectively assessed PA behavior in older women during the COVID-19
pandemic and its association with sociodemographics, health and physical function, and COVID-19 related factors.

Objective: This study aimsto examine the objectively measured PA levels and associated factors among older US women who
were living under the physical distancing guidelines during the second year of the pandemic.

Methods: In this cross-sectional study, we collected free-living PA data from 94 community-dwelling older women aged
between 60 and 96 years (mean age 75.1 years, SD 7.3) using wrist-worn ActiGraph GT9X accel erometers between February
and August 2021. We examined whether their daily duration spent in sedentary behavior (SB), light-intensity physical activity
(LPA), and moderate-to-vigorous-intensity physical activity (MVPA) varied by sociodemographic characteristics, health and
physical function, and COVID-19 related factors.

Results: On average, participants accumulated 12.4 (SD 1.9) hours/day in SB, 218.6 (SD 64.3) minutes/day in LPA, and 42.4
(SD 31.0) minutes/day in MV PA, exhibiting overall reduced PA levelsthan previously published pre-COV1D-19 norms of older
USwomen. Among participants aged >80 years, sedentary time was 7.5% (P=.003) higher and the time spent in LPA and MV PA
was, respectively, 13.3% (P=.03) and 44.9% (P<.001) lower than those aged 60-79 years. More MV PA participation and aless
sedentary lifestyle were observed in those who had a higher self-rated health score (MVPA: P=.001, SB: P=.04) and lower fear
of faling (FOF, MVPA: P=.003, SB: P=.04). Poorer performance in the 30-second sit-to-stand (STS) test was independently
associated with more SB (P=.01) and less LPA (P=.04) and MVPA (P=.001) time among participants. In addition, sedentary
time was 5.0% higher (P=.03) in frail and prefrail participants than their healthy counterparts.

Conclusions: During the pandemic, older women spent the majority of their waking time being sedentary, while LPA accounted
for alarger portion of their daily PA. Therefore, replacing SB with LPA (rather than MV PA) might provide a more feasible PA
target for older women, particularly those aged =80 years or who have reduced physical function. In addition, targeted interventions
might be beneficial in promoting an active lifestyle for those who live alone, are prefrail or frail, and have a high FOF in older
age.
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Introduction

Background

The worldwide outbreak of COVID-19, caused by anovel type
of coronavirus (SARS-COV-2), was declared aglobal pandemic
by the World Health Organization (WHO) in March 2020. As
of March 22, 2022, there were 470,839,745 COVID-19 cases
confirmed worldwide, resulting in approximately 5,944,342
deaths [1]. Age and immune-compromised states are directly
linked to the severity and fatality of COVID-19, making older
adults the most significantly afflicted, particularly those with
pre-existing health conditions (eg, chronic respiratory diseases,
diabetes, hypertension, cardiovascular diseases, chronic kidney
diseases) [2]. Hence, the Centers for Disease Control and
Prevention (CDC) has been recommending strong adherence
to physical distancing guidelines (previously known as social
distancing guidelines) to the older adult population [3]. Despite
the easing of stay-at-home order restrictions and advancement
in the rapid, safe production and distribution of authorized
vaccines, the physical distancing recommendations were till
effective in the United States during the second year of the
pandemic (ie, 2021), accompanied by the ongoing vaccination
process and the emergence of new variants of concern (eg, Delta,
Omicron).

However, practicing physical distancing may cause many older
adultstolimit their social interactions and out-of-home activities
in community settings, which, in turn, is likely to affect their
habitual physical activity (PA) level. Concerns regarding
reduced PA levels resulting from COVID-19 mitigation
strategies are particularly relevant for women aged 60 years or
above, asthey aretheleast active segment of the US population
when evaluated against the current PA guidelines (ie, =150
minutes’'week of moderate-to-vigorous-intensity physical
activity [MVPA]). Federal monitoring data show that less than
20% of older US women were engaged in insufficient MVPA,
even prior to the pandemic [4].

Therefore, it is important to examine the factors that may
influence PA behavior in older women during the pandemic so
that age- and gender-appropriate interventions can be tailored.
To date, many studies have reported the factors associated with
PA participation in older adults across different regions of the
world during different phases of the pandemic, but the majority
of these studiesrelied on self-report questionnaires and surveys
for PA assessment [3,5-10]. Despitelarge and statistically robust
sample sizes, these prior studies should be interpreted with
caution because they can often be subjected to measurement
biases (eg, socia desirability bias and recall bias) and may not
accurately capture the lower end of the PA spectrum (ie,
light-intensity physical activity [LPA]) [11]. Objective PA
measures can overcome these limitations of self-report
guestionnaires and provide continuous evaluation of 1 or more
dimensions of PA (eg, frequency, intensity, and duration) in
free-living conditions [12]. So far, a small humber of studies

https://aging.jmir.org/2022/3/€38172

have investigated objectively measured PA levels among
Japanese, Swedish, and Brazilian older adults during the
pandemic [13-16]; however, no study has yet reported
objectively measured PA levels among older US people in the
context of the pandemic.

Identifying nonmodifiable factors (eg, age, race/ethnicity,
educational attainment, living alone) [17] associated with PA
participation can help usin recognizing and targeting subgroups
of older women who have been at higher risk of negative health
conseguences resulting from physical distancing adherence and
are in most need of tailored PA interventions. Conversely,
understanding the role of potentially modifiable risk factors (eg,
overweight status, prefrail symptoms, fear of faling [FOF],
upper and lower extremity strength) for reduced PA level during
the pandemic might aid in devel oping evidence-based programs
to enhance PA behavior in older women. Studies have reported
obesity [18,19], frailty incidence [20], and decline in physical
function (eg, upper and lower body strength) [21,22] to be
associated with lower PA levels in older adults in the
prepandemic period. In addition, FOF has been previoudly linked
with more sedentary time and less duration in all other PA
domains (both light and moderate-to-vigorous intensity) in a
large cohort of older British men [23]. During the pandemic,
older adults have been more vulnerable to social isolation and
disconnectedness compared to the prepandemic time, due to
changes in their lifestyle under the physical distancing
guidelines. Given that social isolation poses a higher risk of
frailty progression [24,25], increased FOF [26], and reduced
physical functioning [27], it is important to understand how
these factors are associated with different PA intensities among
older adultsin thelight of physical distancing recommendations.
This, in turn, will allow us to learn from this COVID-19
pandemic regarding PA strategiesfor older adults during social
distancing and pandemic-related regulations in order to better
prepare us for any similar instances possible in the future.

Goal of This Study

This study aims to examine PA levels among a diverse sample
of older US women who were living under the physical
distancing guidelines during the second year of the COVID-19
pandemic using wrist-worn accel erometry-based analysis. More
specifically, we investigated whether their daily time spent in
sedentary behavior (SB), LPA, and MVPA differed by (1)
sociodemographic status (ie, age, race/ethnicity, education level,
and household composition), (2) health and physical function
(ie, BMI, sdlf-rated health, frailty, FOF, grip strength, and
sit-to-stand [STS] performance), and (3) COVID-19—related
factors (ie, history of being COVID-19 positive, fear of
COVID-19, and perceived severity of COVID-19 in their
community).
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Methods

Study Design and Participants

In this cross-sectional study, an opportunistic sasmple of 94
community-dwelling older women aged 60-96 years was
recruited from the region of Central Florida, USA, between
February and August 2021. Participantswererecruited viaword
of mouth and flyers distributed in their communities. The
inclusion criteriawere that participants must be aged =60 years,
be able to walk (with or without assistive devices but not
requiring assistance from another person), have no marked
cognitive impairment, live in their own homes or apartments,
and be fluent in English or Spanish. The exclusion criteriawere
(1) having amedical condition that may preclude engagement
in PA (eg, shortness of breath, dizziness, tightness or pain in
the chest, and unusual fatigue at rest or with light exertion) and
(2) currently receiving treatment from a rehabilitation facility.
This cross-sectional assessment required 1 visit tothe study site
during which participants completed the informed consent, a
self-report questionnaire, the Fatigue, Resistance, Ambulation,
IlInesses, and Loss of weight (FRAIL) scale, and Short Falls
Efficacy Scale-International (short FES-1), followed by the
assessment of grip strength and STS performance. At the end
of the visit, each participant was fitted with a wrist-worn
accelerometer and given instructions on how to wear it during
the PA-monitoring period.

Ethical Considerations

The study protocol was approved by the Institutional Review
Board of the University of Central Florida (Protocol No. 2189;
September 10, 2020). All procedures were approved by the
University of Central Florida's Institutional Review Board
(#00003029). All experimental procedures were performed in
accordance with the University of Central Florida COVID-19
Human Subject Research Standard Safety Plan.

Objective M easurement of PA

ActiGraph GT9X Link (ActiGraph LLC., Pensacola, FL, USA)
was used to measure PA levels among participants. It isasmall
(3.5 x 3.5 x 1 cm), lightweight (14 g) wrist-worn device and
contains a triaxial accelerometer with a dynamic range of +8
gravitational units (g). Participants were required to wear it on
the nondominant wrist for 7 consecutive days in free-living
conditions. They were instructed to remove it only during
sleeping, showering or swimming, and medical imaging tests.
The accelerometer was initialized to record data at a sampling
rate of 30 Hz. After 7 daysof PA datacollection, the ActiGraph
devices were collected from the participants. At least 6 valid
days of data were required for a participant to be included in
theanalysis, and only days during which the accel erometer was
worn for at least 14 hours were counted as valid days.

Raw acceleration data from the ActiGraph devices were
downloaded and converted to “.csv” files using ActiLife 6
v6.13.4 (ActiGraph LLC.). Next, dataprocessing was performed
in R datistical software (R Foundation for Statistical
Computing) using the GGIR package (version 2.4-0) [28]. Data
processing steps in GGIR include (1) autocalibration of
acceleration signa saccording to local gravity [29], (2) detection
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of nonwear time, and (3) calculation of the average magnitude
of dynamic acceleration corrected for gravity (ie, Euclidean
Norm Minus 1 gravitational unit [g; ENMQ]) over 5-second
epochs, with negative values rounded to 0 [30]. ENMO was
expressed in milligravitational units (mg) and defined as[31]:

ENMO (mg)=r,—1000

where|E isthei-th vector magnitude at each time point and 1
g=1000 mg.

Nonwear time and sustained abnormally high accelerations (ie,
>5.5 g) were imputed using the default settings, described in
detail elsewhere [30]. ENMO cut-off points were used to
estimate the total time spent in SB, LPA, and MVPA among
the participants. The following cut-off points for nondominant
wrist-worn accelerometry for older adults were adopted from
theliterature[32,33]: (1) SB<30 mg, (2) 30 mg<LPA<100 mg,
and (3) MVPA=100 mg. In addition, to understand the impact
of the pandemic on PA levels among older women, our data
were compared with 2 pre-COVID-19 observational studies
that had large-scal e older women population samples and used
asimilar protocol and data processing methods as ours[34,35].

Assessment of Factors

A self-report questionnaire was used to obtain sociodemographic
characteristics of participants. Based on age, they were
categorized into 2 groups, 60-79 yearsand >80 years. According
to race/ethnicity, participants were grouped into White and
non-White groups, where the non-White category included
African American, Asian, and Hispanic older women. Thelevel
of education was divided into 2 categories, high school or lower
and college or higher. Household composition was defined as
living alone or living with family. Height was measured using
a stadiometer, and weight was measured using a digital scale.
The BMI was calculated as weight (kg) divided by the square
of height (m?). Based on BMI, the participants were categorized
into normal weight (BMI1<25 kg/m?), overweight (BM1=25-29.9
kg/m?), and obese (BM 1230 kg/m?) [36]. Self-rated health was
obtained using a 5-point Likert scale, and participants were
classified into health status categories of excellent (score=1),
very good (score=2), and good or fair (score<3). Frailty was
assessed using FRAIL scale, a5-item self-report tool measuring
fatigue, resistance, ambulation, illnesses, and loss of weight
[37]. Based on the FRAIL score, participants were screened as
healthy (score=0), prefrail (score=1-2), and frail (score=3-5).
FOF was assessed using short FES-1, a 7-item self-administered
tool measuring the level of concern about falling while
performing 7 activities on a 4-point Likert scale (1=not at all
concerned to 4=very concerned) [38]. A short FES-| score
between 7 and 10 indicated a low concern of falling, while a
score between 11 and 28 indicated a high concern of falling.

Grip strength, an indicator of hand and forearm muscle strength,
was measured using a hydraulic hand dynamometer (JAMAR
5030J1, Patterson Medical), following the procedures adopted
by the American Society of Hand Therapists, described in detail
elsewhere [39]. Participants were categorized into low and
regular grip strength groups based on the revised sarcopenia
cut-off point (ie, <16 kg) recommended by the European
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Working Group on Sarcopenia in Older People (EWGSOP)
[40]. The 30-second STS test (also known as the chair-stand
test) was used to assess lower limb muscle strength, endurance,
and balance among participants [39]. STS performance was
divided into below average, average, and above average based
on the age- and gender-specific normative scores provided by
Rikli and Jones [41].

In addition, participants were asked whether they had ever tested
positive for COVID-19. They also rated their perception of
COVID-19 severity in their community over the past month on
a4-point Likert scale (1=extremely high, 2=moderately high,
3=severe, 4=not severe). Fear of COVID-19 among the
participants was assessed using the Fear of COVID-19 Scale
(FCV-19S), a 7-item, 4-point Likert scale adapted from Ahorsu
et al [42]. An FCV-19S score between 7 and 21 was defined as
normal fear of COVID, while a score between 22 and 35
indicated elevated fear of COVID.

Statistical Analysis

All datistical analyses were performed using R statistical
software (version 4.1.2) with a significance level (a) of .05.
According to the Shapiro-Wilk test, SB and LPA among the
participants were normally distributed, but MVPA showed
nonnormal distribution. Descriptive statistics of PA variables
(expressed as % of total wake time) were presented as means
and SDsfor normally distributed dataand as medians and |QRs
for nonnormally distributed data. For normally distributed PA
variables, differences across 2 categories and more than 2
categories were examined, respectively, using independent t
tests and 1-way ANOVA, with Bonferroni adjustment for post
hoc comparisons. For nonnormally distributed variable, we
performed the Mann-Whitney U test and the Kruskal-Wallis
test, which are nonparametric equivalences of independent t
tests and ANOVA, respectively.

Multiple linear regression analysis was performed on each PA
outcome variable (ie, SB, LPA, and MVPA, expressed in
minutes/day) to examine their adjusted associations with
different independent variables. The independent variables
included age, household composition, self-rated health score,
frailty status, FOF score, and STS performance. For each PA
outcome, model 1 was adjusted for the BMI and total wear time
and model 2 was adjusted for the BMI and other 2 PA
intensities. A priori sample size calculation reveaed that the
minimum required sample size for 9 explanatory variables at a
statistical power level of 0.8 and a medium effect size (Cohen
£2=0.2) would be 87; therefore, our sample size (ie, N=94) was
sufficient for multiple regression. Before conducting the
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regression, multicollinearity was checked by examining the
correlation matrix of independent variables for any correlation
coefficient value >0.8. In addition, log;, transformation was
performed on MVPA (minutes/day) in order to meet the linear
regression assumption of normality of residuals. To aid
interpretation, while presenting outcomes for MVPA models,
regression coefficientswere back-transformed using theformula
100><(exp‘3 — 1) to indicate the percentage change in MVPA
(minutes/day) for 1-unit change in the corresponding
independent variable [43].

Results

Participant Details

The mean age of participants was 75.1 (SD 7.3) years, and 23
(25%) participantswere aged 80 years or above. The mean BMI

was 26.85 (SD 5.42) kg/m?, and 39 (42%) participants were
screened as prefrail. The mean grip strength was 19.0 (SD 5.6)
kg, and the mean 30-second STS scorewas 14 (SD 6) repetitions
(reps). The median accelerometer wear period for participants
was 16.5 (IQR 15.5-17.6) hours/day. In addition, 85 (90%)
participants had valid data (ie, =14 hours/day) on al 7 days.
For the remaining participants (n=9, 10%), valid data were
available for 6 days. All participants were included in the
analysis. Among participants, the mean time spent in SB, LPA,
and MVPA was 12.4 (SD 1.9) hours/day, 218.6 (SD 64.3)
minutes/day, and 42.4 (SD 31.0) minutes/day, respectively.
When expressed as a percentage of total waking time, the mean
time accumulated in SB, LPA, and MVPA was 74.0% (SD
7.9%), 21.8% (SD 6.0%), and 4.2% (SD 3.0%), respectively.

Table 1 summarizes the descriptive statistics and the results
from univariate analyses (parametric: independent t tests and
1-way ANOVA; nonparametric: Mann-Whitney U test and
Kruskal-Wallis test) between PA variables and all factors. The
average sedentary time was significantly higher (P=.003) in
participants aged 80 years or above compared to those aged
60-79 years (78.10%, SD 7.49%, vs 72.70%, SD 7.54%), as
shownin Figure 1. In addition, participantsin the >80 yearsage
group accumulated significantly less time in LPA (19.50%,
P=.03) and MVPA (2.12%, P=.001) than those in the 60-79
years age group (LPA: 22.50%; MV PA: 3.85%). We observed
that time spent in MV PA was significantly higher (P=.001) in
participantswho lived with their family compared to thoseliving
alone. However, no significant group differenceswere observed
across race, education level, and BMI categories for any of PA
variables in the current sample.
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Table1. Timespentin SB? LPAb, and MVPA® (expressed as % of total waketime), stratified by sociodemographic characteristics, health and physical
function, and COVID-19-related factors.

Participant characteristics  Participants, n (%) SB (%), mean (SD) LPA (%), mean (SD) MVPA (%), mean (SD)
Total 94 (100) 73.98 (7.85) 21.79 (6.04) 3.54 (3.53)
Age (years)
60-79 71(75) 72.70 (7.54) 22.50 (5.84) 3.85 (3.50)
280 23(25) 78.10 (7.49) 19.50 (6.18) 2.12 (2.76)
P vaue N/AD .003 .03 <.001
Race
Non-White 23(25) 76.06 (7.73) 20.68 (6.03) 3.27 (1.61)
White 71(75) 73.31(7.82) 22.14 (6.04) 3.90 (3.74)
P value N/A 15 32 .07
Education
College or higher 67 (71) 73.73(7.39) 21.71 (5.44) 3.54 (3.69)
High school or lower 27 (29) 74.62 (9.01) 21.97 (7.42) 3.36 (3.24)
P value N/A .63 .85 .08

Household compaosition

Living alone 45 (48) 75.58 (8.58) 20.70 (6.5) 3.31(3.07)
Living with family 49 (52) 72.52 (6.87) 22.78 (5.46) 3.97 (343)
P value N/A .06 10 .001
BMI®
Normal weight 38 (40) 72.23(7.12) 22.67 (5.21) 3.94 (2.80)
Overweight 32(34) 74.24 (8.84) 22.00 (7.11) 3.21(3.83)
Obese 24 (26) 76.41 (7.11) 20.10 (5.59) 2.96 (3.15)
P value N/A a2 .26 .06
Self-rated health
Excellent 14 (15) 70.07 (7.98) 23.64 (5.46) 5.02 (5.13)
Very good 36 (39) 73.18 (8.28) 22.04 (6.64) 3.98 (3.25)
Good or fair 44 (47) 75.88 (6.99) 20.98 (5.67) 3.26 (2.29)
P vaue N/A .04 34 .001

Frailty status

Prefrail or frail 39 (42) 76.10 (7.70) 20.23 (5.79) 3.15(3.57)
Healthy 55 (58) 72.48 (7.66) 22.88 (6.02) 3.65(3.22)
P vaue N/A .03 34 .06

FOF'
High 36 (38) 76.12 (8.76) 20.70 (7.20) 2.60 (3.80)
Low 58 (62) 72.66 (6.97) 22.45 (5.14) 3.94 (3.45)
P vaue N/A .04 .28 .003

Grip strength
Low (<16 kg) 40 (43) 73.21 (8.02) 22.77 (5.77) 3.46 (2.77)
Regular (=16 kg) 54 (57) 74.56 (7.74) 21.05(6.18) 3.56 (3.55)
P vaue N/A 42 A7 .39

STSY performance
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Participant characteristics

Participants, n (%)

SB (%), mean (SD)

LPA (%), mean (SD)

MVPA (%), mean (SD)

Below average 13 (14) 80.42 (7.22) 17.72 (6.12) 1.13(157)
Average 39 (41) 73.40 (8.15) 22.39 (6.60) 3.58 (3.46)
Above average 42 (45) 72.56 (6.87) 22.48 (5.03) 3.99 (3.30)
P value N/A .004 .03 <.001

History of being COVID-19 positive
No 87(93) 74.01 (8.03) 21.66 (6.13) 3.54(3.83)
Yes 7(7) 73.60 (5.37) 23.28 (4.84) 2.65 (1.15)
P value N/A .89 .50 42

Fear of COVID-19
Elevated fear 8(9) 74.01 (5.48) 23.0(4.73) 3.21(1.26)
Normal fear 86 (91) 73.98 (8.06) 21.67 (6.16) 3.57 (3.84)
P value N/A .99 .56 .26

Per ceived severity of COVID-19 in community
Severe or moderately 42 (45) 74.69 (7.54) 21.29 (6.01) 3.38 (2.54)
severe
Not severe 52 (55) 73.41 (8.11) 22.18 (6.09) 3.62 (4.13)
P vaue N/A 48 .60 51

83B: sedentary behavior.

BLPA: light-intensity physical activity.

°MVPA: moderate-to-vigorous-intensity physical activity.
IN/A: not applicable.

®BMI: Body Mass Index.

fFOF: fear of falling.

9STS: sit-to-stand.

Figure 1. Distribution of mean PA levelsby age group. LPA: light-intensity physical activity; MVPA: moderate-to-vigorous-intensity physical activity;

PA: physical activity; SB: sedentary behavior.
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The average sedentary timefor participantswith excellent health
status was significantly lower than those rating their health as
fair or poor (mean 70.07%, SD 7.98%, vs mean 75.88%, SD
6.99%, P=.01), as shown in Figure 2. Conversely, the mean
time accumulated in MV PA was lower in participants with fair
or poor health status (mean 3.26%, SD 2.29%) compared to
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those with excellent (mean 5.02%, SD 5.13%, P=.001) and very
good (mean 3.98%, SD 3.25%, P=.04) health. We also found
that sedentary time accumulated in prefrail and frail participants
was significantly higher than that of participants with robust
health (mean 76.10%, SD 7.70%, vs mean 72.48%, SD 7.66%,
P=.03).
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In the current sample, older women with low FOF participated
morein MV PA (P=.003) and spent lesstimein being sedentary
(P=.04) than their high-FOF counterparts (Figure 3). Regarding
physical function, significant group differences were observed
for STS performance but not for grip strength. Participantswith
below-average STS scores accumulated more sedentary time
(mean 80.42%, SD 7.22%) and less MV PA time (mean 1.13%,
SD 1.57%) than those with average (SB: mean 73.40%, SD
8.15%, P=.01; MVPA: mean 3.58%, SD 3.46%, P=.001) and
above-average scores (SB: mean 72.56%, SD 6.87%, P=.001,
MVPA: mean 3.99%, SD 3.30%, P<.001), as shown in Figure

Choudhury et a

4. In addition, time spent in LPA was significantly higher in
participants with above-average ST'S scores compared to those
with bel ow-average scores (mean 22.48%, SD 5.03%, vs mean
17.72%, SD 6.12%, P=.01).

However, none of the COVID-19—elated factors showed
significant group differences for any of the PA variables. This
might be attributed to the fact that only a small proportion of
our study participants had ahistory of being COVID-19 positive
and showed elevated fear of COVID-19 (ie, n=7, 7%, and n=8,
9%, respectively).

Figure2. Timespentin(a) SB and (b) MV PA across categories of the self-rated health score. * P<.05 and ** P<.01. MV PA: moderate-to-vigorous-intensity

physical activity; SB: sedentary behavior.
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Figure3. Timespentin (a) SB and (b) MV PA according to the FOF. *P<.05 and ** P<.01. FOF: fear of falling; MV PA: moderate-to-vigorous-intensity

physical activity; SB: sedentary behavior.
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Table 2 presents the multiple regression models for sedentary
time (minutes/day). In model 1, STS performance showed
significant negative association (3=—3.92, P=.008) with thetime
spent in SB. This indicates that, in this current sample, an
increase of 1-unit in STS score would result in a decrease of
sedentary time by 3.92 minutes/day, after adjustment for total
wear time and other variables. In model 2, after controlling for
LPA and MVPA time, STS score did not show significant
association with SB; however, FOF score was significantly
positively associated with more time spent in SB (3=8.99,
P=.01).

Resultsfrom multiple regression analysisfor LPA (minutes/day)
are reported in Table 3. In model 1 (adjusted for total wear
time), STS performance had a significant positive association
(P=.04) with LPA, indicating an increase of 2.39 minutes/day
of LPA timefor each 1-unitincreasein the STS score. However,

Choudhury et al

in model 2 (adjusted for SB and MVPA), no significant
associations were observed between LPA and any independent
variable.

Table 4 presents the back-transformed regression coefficients
for MVPA models. In model 1, STS performance was
significantly positively associated (P=.001) with MVPA,
indicating a 5.13% change in MVPA time (minutes/day) for
each 1-unit increasein the STS score. In modd 2, after adjusting
for SB and LPA time, the self-rated health score (3=20.92,
P=.04) and STS performance (3=34.99, P=.02) showed a
significant positive association with MVPA time.

Multimedia Appendix 1 reportsthe correlation matrix between
all independent variables used in the linear regression analysis.
All correlation coefficients were less than 0.8; therefore, no
multicollinearity was detected.

Table 2. Association with SB? (minutes/day): results from multiple regression analysis.

Participant characteristics Mode 1P Mode 2¢

Y (SE) Pvdue B (SE) P value
Age (years) 0.60 (1.14) .60 —0.99 (1.84) .59
Household composition (Ref.% living alone)

Living with family —12.27 (16.42) 46 18.82 (26.36) 48
Self-rated health score -0.37 (10.67) 97 8.42 (17.35) 63
Frailty status (Ref.: prefrail or frail)

Robust health —11.02 (16.78) 51 —25.02 (26.62) 35
FOF score 252 (2.32) 28 8.99 (3.57) 01
STSI score (reps) -3.92 (1.44) 01 0.25 (2.42) 92

83B: sedentary behavior.
bAdjusted for the BMI and total wear time (minutes/day).

CAdjusted for the BMI, light-intensity physical activity (LPA; minutes/day), and moderate-to-vigorous-intensity physical activity (MV PA; minutes/day).

dB: standardized regression coefficient.
CRef .: reference.

"FOF: fear of falling.

9STS: sit-to-stand.
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Table 3. Association with LPA? (minutes/day): results from multiple regression analysis.
Participant characteristics Mode 1P Mode 2¢
Bd (SE) Pvalue B (SE) P value
Age (years) -0.13(0.92) .89 0.53 (0.83) .53
Household composition (Ref. living alone)

Living with family 11.12 (13.20) 40 2.74 (11.93) .82
Self-rated health score -8.03 (8.58) 35 ~12.60 (7.72) 11
Frailty status (Ref.: prefrail or frail)

Robust health —12.72 (13.49) 35 9.08 (12.04) 45
FOF score —2.12(1.87) 26 1.28 (1.67) 44
ST score (reps) 2.39 (1.16) 04 0.50 (1.09) 65

3_PA: light-intensity physical activity.
bAdjusted for the BMI and total wear time (minutes/day).

“Adjusted for the BMI, sedentary behavior (SB; minutes/day), and moderate-to-vigorous-intensity physical activity (MVPA; minutes/day).

dB: standardized regression coefficient.
CRef..: reference.

"FOF: fear of falling.

9STS: sit-to-stand.

Table 4. Association with MVPA? (minutes/day): results from multiple regression analysis.

Participant characteristics Mode 1° Model 2¢

Bd (SE) Pvalue B (SE) P value
Age (years) —1.98 (1.00) 10 —1.78 (0.95) .06
Household composition (Ref.%: living alone)

Living with family 31.0 (17.35) 11 22.14 (15.03) 14
Self-rated health score 15.03 (11.63) 20 20.92 (9.42) 04
Frailty status (Ref.: prefrail or frail)

Robust health —1.00 (18.53) 94 -10.42 (15.02) 43
FOF score -3.92(2.02) 1 -1.39(1.92) 46
STSI score (reps) 5.13 (1.00) .001 34.99 (1.21) 02

3V PA: moderate-to-vigorous-intensity physical activity.
bAdjusted for the BMI and total wear time (minutes/day).

CAdjusted for the BMI, sedentary behavior (SB; minutes/day), and light-intensity physical activity (LPA; minutes/day).

dB: standardized regression coefficient.
CRef .: reference.

"FOF: fear of falling.

9STS: sit-to-gtand.

Discussion

Principal Findings

This is the first study, to the best of our knowledge, to report
the factors associated with objectively measured PA levels
among a diverse sample of older US women during the
COVID-19 pandemic. Our study findings indicate that
participants spent the majority of their day being sedentary,
confirming the high prevalence of a sedentary lifestyle among
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older adults reported in the literature [44]. Evidence suggests
that a higher level of sedentary time remains associated with
greater all-cause mortality risk among older adults, even among
those who meet the nationa MVPA guidelines of 150
minutes’week [45]. We also observed that participants
accumulated more time in LPA compared to MVPA, which
confirms that LPA is the predominant form of PA behavior
among women aged 60 years or above and accountsfor alarge
portion of their daily activities [34]. Therefore, to combat a
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sedentary lifestyle, replacing SB with LPA (rather than MV PA)
could be amore achievabletarget for older women, particularly
those with chronic conditions and low cardiorespiratory fithess.
Studies have reported LPA to be associated with reduced
mortality risk, more favorable cardiometabolic biomarkers, and
reduced incident mobility disorders in older adults [46-48].
Therefore, future studies should focus on identifying the optimal
amount of LPA that may elicit health benefits in older women,
irrespective of their engagement in MVPA, and developing
LPA recommendations for the heterogeneous older adult
popul ation.

Compared to the previously published literature reporting
normative PA levels of older US women in the prepandemic
period using accelerometry-based analysis [49], our study
participants’ PA levels were observed to be lower. Evenson et
al [49] reported the average sedentary timein older USwomen,
measured by hip-worn accelerometers, to be 510.6 (SD 98.8)
minutes/day in the Women’s Headth Study (WHS) cohort
(n=16,726, mean age 71.5 years, SD 5.7 years, age range 62-89
years) and 555.6 (SD 99.4) minutes/day in the Women’'sHealth
Initiative/Objective Physical Activity and Cardiovascular Health
(WHI/OPACH) cohort (n=6126, mean age 78.7 years, SD 6.7
years, age range 63-97 years), which is less than the sedentary
time among our participants (ie, mean 744, SD 114
minutes/day). Similarly, the average time accumulated in LPA
(ie, mean 218.6, SD 64.3 minutes/day) and MVPA (ie, mean
42.4, SD 31.0 minutes/day) in our study sample was found to
be less than the prepandemic PA norms reported in the WHS
(LPA: mean 287.8, SD 54.63 minutes/day, MV PA: mean 91.9,
SD 45.4 minutes/day) and WHI/OPACH cohorts (LPA: mean
286.9, SD 61.48 minutes/day, MVPA: mean 50.4, SD 34.4
minutes/day). These findings might qualitatively reflect the
trend in PA and SB among older US women before and during
the pandemic, despitethe differencesin accelerometer placement
and PA intensity cut-off points. Previously, several studieshave
reported the negative impact of the pandemic on PA levels of
older adults across different geographical regions during various
phases of the pandemic [10]. Our resultsimply that despite the
easing of stay-at-home ordersin the United States, thistrend of
reduced PA participation among older women persisted during
the second year of the pandemic, due to their adherence to the
physical distancing guidelines. Previous findings suggest that
physical distancing poses a risk of diminished social
connectedness and can disproportionately impact older adults
whose social interactions used to take place mostly outside the
home (eg, community centers, volunteering services, places of
worship), affecting their habitual PA level [50]. However, in
this study, we were unable to quantify the longitudinal changes
in PA behavior among our participants, since we did not have
their free-living PA data from the prepandemic period.

Thisstudy also investigated the factors aff ecting the objectively
measured PA and SB among ol der women during the pandemic.
Our findings indicate that the time spent in SB increased with
older age in our study sample. In general, older adults spend
more time being sedentary than any other age groups[51], and
our results support that even among older adults, older age is
associated with a more sedentary lifestyle [52]. Prior studies
have reported that age-related physiological and functional
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declines, as well as the prevalence of chronic diseases, may
limit one’s ability to participatein MV PA in older age [53,54].
Therefore, it is important to identify the barriers to PA
participation (eg, poor health, lack of knowledge, lack of
motivation) in older women, particularly those aged 80 years
or above, and provide individual-specific MVPA
recommendations based on their aerobic capacity. For older
women who cannot achieve 150 minutes/week of MVPA due
to poor health and limited functional capacity, PA interventions
incorporating both LPA and MVPA might provide a more
feasible and sustainable approach in maintaining an active
lifestyle [52].

In our study sample, lower MVPA time was observed in
participants living alone compared to those living with family.
During the pandemic, older women who live alone have been
more susceptible to socia isolation than in the prepandemic
time, and the associations between socia isolation and lower
self-reported MVPA among older adults have been noted
previously [55]. In addition, a recent study in Japan reported
that during the third wave of the pandemic (ie, January 2021),
recovery in the total PA time since the first wave (ie, April
2020) was observed among most Japanese older adults, except
those who were living alone and were socialy inactive [56].
Thisindicatesthat living with family might contribute to better
resilience against the negative impact of the pandemic on the
PA behavior of older women, because they are more likely to
obtain val uable knowledge, support, and motivation from family
members for maintaining a healthy lifestyle. In addition, this
highlightsthe need for increasing social support for older women
living alonein order to effectively promote MV PA participation
among them.

Our findings suggest that better self-rated health was positively
associated with less SB and more MVPA engagement in our
study sample. Previoudly, existing studies have identified the
bidirectional associations of SB and MVPA with self-rated
health [57-59]. A study on middle-aged US adults reported that
poor self-rated health is linked with adverse longitudinal shifts
toward a more sedentary lifestyle and less MVPA time [58].
Conversely, Beyer et a [59] found that older individuals with
positive self-perceptions of aging are more likely to participate
in PA, which, inturn, improvestheir self-rated health. Therefore,
PA intervention programs for older women should foster
positive self-perceptions of aging, in conjunction with healthy
lifestyle behaviors (eg, proper nutrition and diet intake, adequate
sleep, no/reduced smoking and alcohol intake) for enhancing
their PA participation so that they can achieve favorable
self-rated health in later life.

Regarding frailty, our finding is consistent with the previous
evidencethat irrespective of MV PA participation, ahigher level
of SB is associated with the increased odds of being frail or
prefrail in older age [60-62]. This also emphasizes the need for
developing targeted interventions to reduce sedentary time
among prefrail and frail older women, with a particular focus
on decelerating or possibly preventing further functional loss
in prefrail individuals.

FOF causes older adultsto limit their habitual PA level, which,
in turn, may increase their risk of falling more [23], and our
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result is in agreement with the existing literature [63,64].
Therefore, it isimportant to identify the barriers (both physical
and psychological) to PA participation in older women with
high FOF so that tailored interventions can be developed for
those having irrational FOF despite having alow physiological
risk of fall [65]. In addition, to reduce sedentary time in older
women with high FOF and a high physiological risk of fall,
focus should be given on integrated intervention approaches
combining both cognitive behavioral therapy and balance
eXercises.

Our key findings indicate that STS performance was
independently associated with all 3 PA variables (ie, SB, LPA,
and MVPA time) in the regression analysis after adjusting for
total wear time. The 30-second STS test is a widely used,
well-validated functional performance measure in clinica
research and practice, having good test-retest and interrater
reliability [66]. STS performance is considered an indicator of
lower limb strength among ol der adults and has been correlated
with objective strength testing methods, such as leg-press
resistance [67] and power rigs [68]. In our study, participants
with below-average STS scores showed reduced PA levels
compared to those with average and above-average scores.
Previous findings have reported the bidirectional associations
between SB and PA with lower body muscle strength [69],
which is in agreement with our findings. In addition to lower
body strength, STS scores have also been associated with
dynamic balance and mobility [70] and are considered a proxy
measurefor physical performancein sarcopeniadiagnosis[66].
These highlight the need for devel oping home-based multimodal
intervention strategies during the pandemic to promote PA
participation among older women, which will include (1)
strength training for improving lower limb muscle mass and
strength and (2) balance exercises for reducing the risk of falls.

Our focus was to identify the factors that were associated with
higher sedentary time and less PA participation in our study
sample during the pandemic. Based on our findings,
considerations should be taken about an older individua’'s age
and health status and whether the person lives alone, is frail,
and has high FOF and poor STS performance while providing
PA prescriptions. For instance, if an older person has high FOF
but good dynamic balance (ie, STS performance), the study
result informs that the PA intervention should integrate
approaches to reduce this irrational FOF for promoting PA
participation. Again, if an older woman is more than 80 years
old and has multiple chronic diseases, then PA intervention
focusing onincreasing L PA might be more effective and feasible
(rather thanincreasing MV PA) to combat the sedentary lifestyle.
These examplesindicate how thisknowledge of different factors
associated with PA participation can contribute to individually
tailored PA prescriptions for older women, rather than a
one-size-fits-all approach, even during their transition to the
postpandemic lifestyle.
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Strengthsand Limitations

A strength of our study isthe accel erometry-based measurement
of the PA level during the pandemic, providing an objective
and detailed description of SB, LPA, and MV PA patternsamong
women aged 60 years or above. In addition, identifying the
factors associated with PA behavior provided evidence to
develop informed strategies for maintaining or improving PA
participation among older women in the context of the
pandemic.

There are some recognized limitations of wrist-worn
accelerometry-based studies, which apply to our study aswell.
For instance, wrist-worn accelerometers cannot accurately and
reliably detect nonambulatory activities, such as resistance
training or cycling. In addition, in some cases, a wrist-worn
accelerometer can overestimate the PA level of the user while
they perform activitiesthat are primarily upper limb movements
with low energy expenditure (eg, cleaning or sewing in a seated
position). Furthermore, the cut-off pointsto classify PA intensity
for wrist-worn accelerometers for older adults have not been
firmly established yet. The nondominant wrist ENMO cut-off
points for older adults, reported in the existing literature, range
from 18 to 57 mg for the LPA threshold and 60 to 104 mg for
the MVPA threshold [71-73], which limits the comparability
of results among studies with different cut-off points. Moreover,
due to the cross-sectional study design, we were not able
quantify the change in PA behavior in our participants between
the prepandemic period and the pandemic time, since we did
not have their objectively measured pre-COVID-19 PA data.
Another limitation of this study wasthe small, nonrepresentative
nature of the sample. This sample was predominantly White,
educated, relatively healthy, and active (75.6% meeting the
national MV PA guidelines), which limits the generalizability
of our findings.

Conclusion

This study investigated objectively measured SB and PA in a
sample of older US women during the COVID-19 pandemic.
When compared to pre-COVID-19 norms of older USwomen,
it was observed that the total time spent in LPA and MV PA was
lower during the pandemic, while the average sedentary time
was higher. A more sedentary lifestylewasfound in participants
who were aged 80 years or above, had poorer self-rated health,
werefrail or prefrail, and had high FOF. The time spent in LPA
was significantly lower among women aged 80 years or above.
Participation in MVPA was higher for those who were aged
60-79 years, lived with family, had better self-rated health, and
had low FOF. In addition, it was observed that STS performance
was independently associated with increased PA levels among
participants after adjustment for total accelerometer wear time.
These findings can help design more sustainable and
behavior-changing PA interventionsfor older women to promote
healthy aging and mitigate long-term health consequences of
the pandemic.
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FES-I: Falls Efficacy Scale-International

FOF: fear of falling

FRAIL: Fatigue, Resistance, Ambulation, Illnesses, and Loss of weight
0: gravitational unit

LPA: light-intensity physical activity

mg: milligravitationa unit

MV PA: moderate-to-vigorous-intensity physical activity

PA: physical activity

SB: sedentary behavior

STS: sit-to-stand

WHI/OPACH: Women’'s Health Initiative/Objective Physical Activity and Cardiovascular Health
WHO: World Health Organization

WHS: Women's Health Study
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Abstract

Background: Robot pets may assist in the challenges of supporting an aging population with growing dementia prevalence.
Prior work hasfocused on the impacts of the robot seal Paro on older adult well-being, but recent studies have suggested the good
acceptability and implementation feasibility of more affordable devices (Joy for All [JfA] cats and dogs).

Objective: We aimed to address the limited effectiveness research on JfA devices.

Methods. We conducted an 8-month, stratified, cluster randomized controlled trial in 8 care homesin Cornwall, United Kingdom.
Over 4 months, 4 care homes each received 2 A devices (1 cat and 1 dog; intervention group), and 4 homes received care as
usua (control group). Psychometrics were collected before and after the intervention to compare the change from baseline to
follow-up between the groups. In the final 4 months, all 8 care homes received devices, but only qualitative data were collected
owing to COVID-19 and reduced capacity. The primary outcome was neuropsychiatric symptoms (Neuropsychiatric Inventory
[NPI] Nursing Home version). Care provider burden was a secondary outcome (occupational disruptiveness NPI subscale),
alongside the Challenging Behavior scal e, the Holden communication scale, the Campaign to End Loneliness questionnaire, and
medication use. Qualitative datawere collected through care staff observation calendars and end-of-study interviewsto understand
use, experience, and impact. We a so collected demographic data and assessed dementia severity. In total, 253 residents had robot
interaction opportunities, and 83 were consented for direct data collection.

Results: There was a significant difference in the total change from baseline to follow-up between the intervention and control
groups for NPI (P<.001) and occupational disruptiveness (P=.03). Neuropsychiatric symptoms increased in the control group
and decreased in the intervention group. No significant difference was seen for communication issues or challenging behavior.
For NPI subdomains, there were significant differences from baseline to follow-up in delusions (P=.03), depression (P=.01),
anxiety (P=.001), elation (P=.02), and apathy (P=.009), al of which decreased in the intervention group and increased slightly
in the control group. The summative impact results suggested that most residents (46/54, 85%) who interacted with robots
experienced a positive impact. Those who interacted had significantly higher dementia severity scores (P=.001). The quaitative
results suggested good adoption, acceptability, and suitability for subjectively lonely individuals and lack of a novelty effect
through sustained use, and demonstrated that the reasons for use were entertainment, anxiety, and agitation.

Conclusions. Affordablerobot petshold potential for improving the well-being of care home residents and people with dementia,
including reducing neuropsychiatric symptoms and occupational disruptiveness. This work suggests no novelty effect and
contributes toward understanding robot pet suitability. Moreover, interactions were more common among residents with more
moderate/severe dementia and those subjectively lonely.
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Introduction

Background

Robot pets may offer a psychosocial method of improving
well-being in older adults and people with dementia. The most
well researched robot pet is Paro, the robot seal [1,2]. The use
of Paro for individuas in care homes or those with dementia
suggests benefits of reduced agitation and depression [3], more
adaptive stress responses [4], reduced loneliness [5], reduced
care provider burden [4,6], and reduced psychoactive and
analgesic medication use [7]. However, Paro is expensive at
approximately GBP 5000 (approximately US $6000) per robot,
and this limits the number of people able to benefit from
interactions[8]. Theimpact of thiscost isevident in the limited
number of real-world implementations of Paro. Additionally,
robot pet alternatives to Paro have received much less research
interest, creating further requirement for work such asthis study.

The Joy for All (JfA) cat and dog seem to be preferred over
Paro by older people in the United Kingdom, are more
affordable[9-12], and are now widely used [ 13], although there
is relatively little forma research on their benefits. A
longitudina 6-month staff diary study suggested that JfA devices
had potential benefits of reduced agitation, increased
communication, positive experiences, and de-escal ated situations
[14]. Other studies of JA devices suggested possible positive
impacts[15], including for communication, with conversations
being facilitated [16,17], as well as providing companionship
[18,19] and improving loneliness, mental well-being, and
purpose [20]. However, there were someincidences of negative
responses, such asjeal ousy and over-attachment [ 14], or dislike
and rejection [16]. Much of the prior work with JfA deviceshas
been conducted with community-dwelling older adults
[16-18,20] and ismainly qualitative, with small samples[17,18].

Wexler et al [21] conducted arandomized controlled trial (RCT)
with a JfA cat and dog in older adults who were hospitalized.
A total of 160 older adultstook part, with 80 receiving animals
for the duration of their hospitalization and 80 receiving
15-minute visits from a nursing student (control group).
Participants who received the JFA robot pet experienced less
delirium and loneliness, and fewer falls. Therewas no significant
effect found for cognition or depression. However, the study
was conducted within a hospital rather than a care home, and
each participant received a robot, which would be costly for
care homes, even at the more affordable price. The study also
did not measure impacts on symptoms, such as agitation and
anxiety, which are commonly reported outcomes for people
receiving robot pets [2,14]. It is unclear at present why the
participants had been hospitalized, if any participants had
dementia, or if the participantsusually resided in the community
or in care facilities. The duration of hospitalization is aso
unclear.

https://aging.jmir.org/2022/3/e38864

Marsilio et a [19] conducted the most relevant study. In their
study, they provided a JfA cat to 11 care home residents for 6
weeks. They measured agitation, oxygen saturation, heart rate,
and medication use at baseline and following the intervention.
Qualitative weekly reflections were also maintained. They
observed a decrease in agitation and an increase in oxygen
saturation. However, the study had a small sample, was over a
short timeframe, and had no control group. The authors provided
limited details on device implementation, such as quantity,
intervention dose, intervention schedule, or method of use (eg,
facilitated/unfacilitated interactions or individual/group
Sessions).

Aims

We aimed to addressthelack of longer-term real-world research
by performing a study with a large sample of care home
residents and exploring the effectiveness of affordable robot
pets. In particular we (1) explored if affordable robot pets led
toimproved well-being for an intervention group in comparison
with a control group; (2) aimed to provide an indication of
whether robots are robust and engaging over 8 months; and (3)
identified under what circumstances and for which care home
residents the robot pets were used.

Methods

Ethics Approval and Trial Registration

This study received ethical approval from the Health Research
Authority (November 13, 2019; North East —Newcastle & North
Tyneside 2 REC; Integrated Research Application System
number: 268571). This study was registered on
ClinicalTrialsgov  (November 19, 2019; reference
NCT04168463), and isreported following the CONSORT 2010
statement: extension to cluster randomized trials[22].

Research Design

This study was planned as a stepped-wedge, stratified, cluster
RCT [23]. The clusters were 8 care homes. However, the trial
commenced in January 2020, and the COVID-19 pandemic,
resultant care home lock downs, staff workloads, and resident
deaths meant that we were unable to carry out the RCT as
originally planned. This variation in the planned RCT is
described in Multimedia Appendix 1. The study, as conducted
(Figure 1), comprised a 4-month, parallel, stratified, cluster
RCT with 4 care homes in each arm. This was followed by a
qualitative study over an additional 4 months, where all 8 care
homes received robots, which ended with staff telephone
interviews and a summative impact question. The summative
impact question was a simple tool designed by the authors,
where staff were asked what impact the robots had for each
resident (no impact, positive impact, negative impact, or no
interaction).
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Figure 1. Research design and data collection. JA: Joy for All.
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Asdemonstrated in Figure 1, the quantitative scales represented
aparalld control tria, where metricswere collected for residents
in the control and intervention groups at baseline and in the
following 4 months. As care staff capacity was limited by the
pandemic, scaleswere not repeated at 8 months. Diary records
were maintained in both the control homes and intervention
homesfor thefirst 4 months. Dueto limited staff capacity during
pressures of the pandemic, diary entrieswere not recorded from
4to 8 months. The qualitativeimpact of robotsfor al residents
in all 8 homes was collected at 8 months through telephone
interviews and a summative impact question.

Collaborating Sites

Eight residential care facilities present in rural towns in
Cornwall, comprising 4 care homes with nursing care and 4
residential-only care homes, with atotal resident population of
253, agreed to collaborate before the start of the project. Sixteen
care staff became collaborators for the purpose of completing
scales and recording observations of residents. Homes were
eligible for participation if they provided residentia care or
nursing to older adults, were situated in Cornwall, United
Kingdom, and allowed regular researcher visits.

Recruitment of Residents for the Collection of
Individual Data

In November 2019, researchersand care staff talked to residents
or residents' relatives to gauge interest in participation. Prior
to randomization, written informed consent was obtained
directly from 30 individuals with the capacity to consent and
from 53 authorized third partiesfor individual swithout capacity.
Where consent involved advice from aconsultee of a participant,
care home collaborators were encouraged to use measures of
assent throughout the trial to ensure participant comfort. Care

https://aging.jmir.org/2022/3/e38864
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staff were asked to be mindful not to cause residents distress if
they did not like the robots. The 83 care home residentsrecruited
for directly collected data comprised 61 females and 22 males,
and represented 32.8% (83/253) of al residentswho had access
to the robot pets. To allow dtratified randomization, staff
assessed consenting residents using the Dementia Severity
Rating Scale [24]. This provides a score ranging from O to 54,
with 0-18 indicating mild dementia, 19-36 indicating moderate
dementia, and 37-54 indicating severe dementia.

Randomization

The 8 care homes were stratified into 4 pairs based on the
number of consented residents, average age, and average
dementia severity (as key factors likely to influence behavior)
using randomly permuted blocks of size 2 by HB. Each member
of the pair was then randomly allocated to either group A or
group B, and finaly group A and group B were randomly
allocated by a separate researcher (KJE) using arandom number
generator to theintervention or control arminal:1ratio (homes
1-4 and homes 5-8).

Data Collection

Individual Participant Data

We aimed to collect pre/post data on 5 scales for 83 residents
who had consented. The primary outcome was neuropsychiatric
symptoms, measured with the Neuropsychiatric Inventory (NPI)
by staff [25], with higher scores indicating higher symptom
prevalence. Secondary outcomes were measured with the
Challenging Behavior Scale[26], Holden Communication Scale
[27], and NPI occupational disruptiveness subdomain scale by
staff. Residents were assisted in directly completing the 3-item
Campaign to End Loneliness [28] questionnaire. The 5 scales
were completed at baseline (December 2019) and at 4 months
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(May 2020). Finally, staff indicated, through a summative
impact question, whether (1) each resident had no interaction
with robots, (2) robots had a negative impact, (3) robots had no
impact, or (4) robots had a positive impact for all participants
at 8 months, as part of an end of study reflection, when the
intervention group had been using robots for 8 months and the
control group had been using robots for 4 months.

Data Collection Tools for I ndividual Outcomes at
Baseline and 4 Months

The primary outcome was assessed with the NPl Nursing Home
version [25] (total score 0-120), with higher scores indicating
higher symptom prevalence.

The secondary outcomes were assessed with the following: (1)
Challenging Behavior Scale [26] (scored 0-400), with higher
scores indicating more challenging behavior; (2) Holden
Communication Scale [27] (scored 0-48), with higher scores
indicating greater communication challenges; (3) Campaign to
End L oneliness Measurement Tool (3-item) [28] (scored 0-12),
with higher scores indicating greater loneliness; and (4) NP

Bradwell et &l

subdomain scales [25] (scored 0-12) and NPI occupational
disruptiveness scale (scored 0-50), with higher scoresindicating
more disruptiveness.

Cluster (Care Home) Level Data at 8 Months

Moyle et a [29] noted that behavioral and psychological
improvementswere not always shown through the chosen scales,
and that an evaluation should look beyond these for a picture
of overall effectiveness, including comments and observations
of care staff and family members. Collaborating care staff in
all homes were encouraged to record observations on their
calendars using an experience sampling method [30]. Based on
our previous use of diaries[14], we created wall-hung calendars
for dataentry (Figure 2).

Staff were asked to record notes on the calendar each time they
observed resident-robot interactions, where possible. We also
conducted qualitative semistructured interviews with care staff
at 8 months, with open questions aiming to understand the
robots' use, engagement, and impact, and the experiences of
the staff and residents (Textbox 1).

Figure 2. Example calendar for recording activities. Monday and Tuesday rows are shown (full page includes al days of the week).

Weekly Calendar

STAFF | NUMBER OF
MEMBER RESIDENTS
NAME/ROLE | INTERACTING
TODAY AND
INITLALS
G.2-A

EG.2-MB

INTERACTION
TIMES (E.G

TOTAL
INTERACTION
TIME TODAY

REASON FOR USE

@

WEEK COMMENCING FEBRUARY 370 2020
THE INTE TION OR

| COMMENTS (E.G. ACTIV

TY, DID (L
PORT TH

WORK? DID STAFF SLP

Textbox 1. Semistructured interview guide.

Questions (text in brackets was not spoken but provided as notes for the researchers; additionally, questions on benefits were only asked if benefits

were mentioned)

. Tell meabout your experience with the robot pets here at (name of home)?

«  How werethe robot pets used?

«  Was there any impact? (positive or negative impact — follow up questions included: please explain how many residents benefitted [if benefits

were mentioned] and how?)

«  (If benefits were mentioned above) Which residents benefited? Would you say there were residents the pets were more or less suited to based

on your first-hand experience?

«  Werethere any particular features of the pets you perceived positively based on their use here with residents?

«  Werethere any particular features of the pets you perceived negatively based on their use here with residents?

«  How did the residents engage with the robot pets?
« Hasthere been any changein their use over time?
«  Hasthere been any change in reactions over time?

« Any additional comments or observations?

«  Werethere any practical considerations? (eg, robustness, cleaning, and batteries)

«  How did the COVID-19 pandemic and lockdown affect use?

https://aging.jmir.org/2022/3/e38864
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Intervention

In mid-January 2020, homes in the intervention group were
gifted a A cat and dog to keep indefinitely and to use or not
use as they felt appropriate. The researcher provided infection
control information [31], providing care homeswith the cleaning
protocol and informing them of products to use. This study
aimed to respond to limitations of trials with highly controlled
intervention doses, and explore robot pet effectiveness rather
than efficacy [32]. The researcher discussed past research with
care home staff, providing examples and ideas, including prior
work that implemented robots with structured daily group or
individual sessions [3,29], or used robots when required for
reducing loneliness, anxiety, depression, or agitation, as in
previous research with Paro [33]. Decisions on robot use were
then left to the professional judgement of care staff. In thefourth
month of the trial, the pandemic resulted in changes to the use
of robots, with homes tending to reserve robots for specific
individuals during specific times, rather than conducting group
activities with robots passed between residents.

Sample Size

The sample size was primarily informed by feasibility and the
number of residents in each home providing consent, but we
calculated the minimum number required for the total sample.
Based on previous work reporting on the minimal clinically
important difference for the original NPI [34], we calculated
using thelower value of 2.77, with an estimated SD of 3.31. To
detect adifference of 2.77 between groups, based on 80% power
and 5% significance, a sample size of 25 per condition would
be required, inflated by 20% to account for any loss to
follow-up, resulting in a total sample size of at least 70
individuals.

Data Analysis

Descriptive statistics are presented as mean (SD), median (IQR),
and n (%). The changes from baseline to 4 months on the
primary and 3 secondary ordinal scaleswere compared between
the control and intervention groups using the Mann Whitney U
test. SPSS 25 (IBM Corp) was used for statistical analysis. A
P value <0.05 was considered to indi cate statistical significance.

https://aging.jmir.org/2022/3/e38864

Bradwell et &l

Qualitative diaries and interviews were individually subject to
content analysis, and have been reported together due to great
similarity of themes. Content analysisfollows similar processes
to thematic analysis, involving coding and categorizing of
textual information; however, the frequency of occurrence is
of additional importance [35].

Quantitative Scales

For the quantitative measures, we first report the primary (NPI)
and secondary psychometric outcomes (communication,
challenging behavior, and occupational disruptiveness) and
report intention-to-treat (ITT) results for al residents (as
randomized) who survived to the 4-month follow-up (n=63).
We then report NPl subdomain results, followed by the
summative impact question completed by a staff member at 8
months, to indicate the overall robot impact for each consented
resident (n=83). We subsequently report a comparison of the
characteristics of residents who did and did not interact with
robots during the study, to comment on the suitability of the
devices, based on residents who survived till follow-up (n=63).
Thiswas because of the possibility that residentswho died never
had the opportunity to interact with the robots, rather than, for
example, rejected the robots owing to alack of suitability.

Results

Participants

The average age of consented participants was 87.21 years (SD
7.42 years), and the average dementia score was 32.11 (SD
10.52) (Tables 1 and 2). Twenty of the 83 residents recruited
died during the study, leaving 63 participants for analysis (49
females and 14 males) (Table 1; Figure 3). There was no
difference in the dementia severity (U=513; n=63; P=.65) or
age (U=549; n=63; P=.34) of residentsincluded in the analysis
between the intervention and control groups.

Figure 3 showsthat a greater number of deaths occurred in the
intervention group than in the control group. Considering our
concerns on infection control and the timing of the trial in the
early stages of the COVID-19 pandemic, we carried out more
detailed analysis of deaths and enquired with care home staff.
Further details are given in Multimedia Appendix 2.

JMIR Aging 2022 | vol. 5 | iss. 3 |€38864 | p.46
(page number not for citation purposes)


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

JMIR AGING Bradwell et al

Table 1. Demographic characteristics of the participating homes and consented participants.

Home Sitetype Steff collaborators ~ Total residents  Consented residents  Gender (22 M, 61 F)2 ~ Residentsincluded in the
(N=16) (N=253) (N=83) analysis (N=63)

1b Nursing 2 33 9 3M,6F 3

ob Residential 2 16 11 1M,10F 10

3b Nursing 2 36 9 4M,5F 4

4P Residential 2 36 12 4M,8F 9

5 Nursing 2 36 7 4M,3F 4

6 Residential 2 27 13 4M,9F 12

7 Nursing 2 31 13 1M, 12F 12

8 Residential 2 38 9 1M,8F 9

aM: mae; F: female.
PHomes included in the intervention group (see Figure 1).

Table 2. Demographic characteristics of the consented participants.

Home Age of the consented resi- Age of the residents analyzed Dementia severity score for the  Dementia severity score for the

dents (years), mean (SD) (years), mean (SD) consented residents (scored 0-  analyzed residents (scored 0-54),
54), mean (SD) mean (SD)

12 87.67 (6.73) 86.33 (7.37) 40.56 (9.38) 43.33(9.71)

A 90.73 (7.85) 90.10 (7.97) 19.63 (12.82) 17.30 (10.76)

3 82.89 (2.51) 83.00 (7.39) 44.11 (8.25) 37.50 (7.59)

42 85.08 (6.33) 85.33(6.1) 3258 (15.77) 28.56 (15.58)

5 86.29 (10.05) 87.75 (9.60) 36.14 (10.07) 35.75 (7.58)

6 90.46 (9.53) 89.42 (9.14) 5.23 (5.93) 4.75 (5.93)

7 85.15 (8.34) 85.75 (8.41) 46.77 (6.13) 47.33 (6.03)

8 89.44 (8.00) 89.44 (8.00) 31.89 (15.84) 31.89 (15.84)

Overall 87.21(7.42) 87.14(8.00) 32.11 (10.52) 30.80 (9.88)

@Homes included in the intervention group (see Figure 1).
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Figure 3. CONSORT diagram of trial recruitment, allocation, and analysis of data.

Assessed for eligibility (n=253 residents in § care homes)

[ Enrollment ]

_| Excluded (n=170 residents)
+ Declined to participate and/or did not
consent (n=170)
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stratified (age and dementia severity) pairs into two balanced groups

Two groups of four care homes
randomized

f Randomization

| .
J

Four care homes (n=41) randomized lo
intervention from start

Four care homes (n=42) randomized 1o
control (usual care) for four months

Four-month
follow-up
Lost to follow-up (mortality) (n=15) Lost to follow-up (mortality) (n=5)
v [ Analysis ] !

Analyzed (n=26)
«+ Baseline averages (of residents analyzed)

age 86.92 (SD 7.29), dementia severity 27.30
(SD 14.89).

Psychometric Analysis

The data for communication issues, chalenging behavior,
neuropsychiatric symptoms, and occupational disruptiveness
are presented in Tables 3 and 4.

Table 4 demonstrates that based on ITT analysis, there was a
significant differencein thetotal changein NPI and occupational
disruptiveness scores between the intervention and control
groups. Neuropsychiatric symptoms increased in the control
group and decreased in the intervention group. No significant
difference was present for communication issues or challenging
behavior from baseline to follow-up between the control and
intervention groups.
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Analyzed (n=37)

+ Baseline averages (of residents analyzed)
age 88.05 (SD 8.48), dementia severity 28.51
(SD15.93)

NPI data for the intervention and control groups are presented
in Tables 5 and 6.

When |ooking at theindividual domains, there wasasignificant
difference between the control and intervention groups in the
tota change from baseline to follow-up for delusions,
depression, anxiety, elation, and apathy, all of which decreased
in the intervention group and increased slightly in the control
group. There was no significant difference from baseline to
follow-up between the 2 groups for other subdomains.
Multimedia Appendix 3 presents issues in the normality of the
data, justifying the choice of nonparametric analysis.
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Table 3. Baseline and 4-month scores for communication issues, challenging behavior, neuropsychiatric symptoms, and occupational disruptiveness
in the control and intervention groups.

Scale (scoring) Intention-to-treat analysis (as randomized) (N=63)%

Baseline Follow-up

Control (n=37) Intervention (n=26) Control (n=37) Intervention (n=26)

Mean (SD) Median Mean (SD) Median Mean (SD) Median Mean (SD) Median

(IQR) (IQR) (IQR) (IQR)

Communication (0-48) 20.57 21.00(29.5) 16.58 15.00 21.97 22.00 17.23 14.00

(15.13) (11.85) (20.75) (15.12) (30.00) (15.33) (29.75)
Challenging behavior (0- 54.86 32.00 43.38 26.00 48.22 29.00 31.85 19.50
400) (56.95) (82.00) (43.02) (53.00) (53.98) (73.00) (38.39) (36.00)
Neuropsychiatric Inventory ~ 16.64 16.00 19.19 15.00 19.41 11.00 9.62(7.83)  9.00(10.75)
(0-120) (16.41) (13.50) (17.08) (22.50) (18.72) (26.00)

Neuropsychiatric Inventory 5.51(6.37) 4.00(8.00) 4.42(4.86) 3.00(7.000 546(6.26) 3.00(850) 3.19(4.54) 1.00(3.25)
occupational disruptiveness
(0-50)

#The intention-to-treat analysis excludes the 20 residents who died but includes the 63 who potentially had access to the robots.

Table 4. Difference in communication issues, challenging behavior, neuropsychiatric symptoms, and occupational disruptiveness from baseline to
follow-up between the control and intervention groups.

Scale (scoring)? I ntention-to-treat analysis (as randomized) (N=63)b
Difference (baseline to follow-up), mean (SD) Test of difference (control vsinter-
vention)
Control (n=26) Intervention (n=20) Mann-Whitney U test P value
Communication (0-48) 1.41 (6.00) 0.65 (7.54) .18
Challenging behavior (0-400) -6.65 (25.65) -11.54 (23.92) .35
Neuropsychiatric Inventory (0-120) 2.76 (9.43) -9.58 (14.06) <.001
Neuropsychiatric Inventory occupational ~ —0.05 (2.47) -1.23(2.53) .03

disruptiveness (0-50)

For all scales, higher scores indicate greater prevalence of challenges.
bThe intention-to-treat anal ysis excludes the 20 residents who died but includes the 63 who potentially had access to the robots.
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Table 5. Baseline and 4-month Neuropsychiatric Inventory domain data for the intervention and control groups.

Scale (scored 0-12) Baseline Follow-up

Control (n=37) Intervention (n=26) Control (n=37) Intervention (n=26)

Mean (SD)  Median Mean (SD)  Median Mean (SD)  Median Mean (SD)  Median

(IQR) (IQR) (IQR) (IQR)

Delusions 0.76 (2.46) 0.00(0.00) 157(3.34) 0.00(0.25) 1.43(3.18) 0.00(.50) 0.19 (0.80)  0.00(0.00)
Hallucinations 0.49(2.04) 0.00(0.00) 0.73(1.95 0.00(0.00) 103(2.69 0.00(0.00) 0.27(0.87) 0.0 (0.00)
Agitation 468(3.86) 4.00(7.50) 342(420) 250(6.000 3.70(4.27) 200(7.00) 1.00(2.40) 0.00(0.25)
Depression 243(321) 200(3.00) 2.08(253) 050(450) 3.03(2.94) 200(5.00)0 162(3.03) 0.00(2.50)
Anxiety 230(319) 100(350) 331(425 0.00(8.00)0 292(355) 2.00(6.000 0.84(2.12) 0.00(0.00)
Elation 2.30(3.19) 0.00(0.00) 1.31(2.65 000(2.00) 084(228) 000(0.00) 092(261) 0.00(0.00)
Apathy 2.24(256) 200(4.00) 358(330) 4.00(6.000 276(3.55) 2.00(4.000 2.38(3.45 0.00(4.00)
Disinhibition 0.78(2.76) 0.00(0.00) 0.37(1.30) 0.00(0.00) 0.78(2.76) 0.00(0.00) 0.00(0.00)  0.00 (0.00)
Irritability 2.62(3.36) 100(4.00) 1.54(3.05 0.00(2.000 259(3.48) 0.00(6.000 1.19(2.83) 0.00(1.25)
Motor behaviors 0.14(0.67) 0.00(0.00) 131(269 000(0.75) 032(111) 0.00(0.00) 1.19(2.68) 0.0 (0.00)
Sleep behaviors 122(2.85) 0.00(050) 1.38(2.74) 0.00(225) 024(1.04) 0.00(0.000 1.27(2.91) 0.00(0.50)
Eating behaviors 0.46(1.10) 0.00(0.00) 181(4.10) 0.00(0.00) 035(0.92) 0.00(0.00) 0.88(2.80) 0.0 (0.00)

Table 6. Difference in the Neuropsychiatric Inventory domains from baseline to follow-up between the intervention and control groups.

Scale (scored 0-12)

Difference (baseline to follow-up), mean (SD)

Intention-to-treat analysis (as randomized) (N=63)

Test of difference (control vsintervention)

Control (n=37) Intervention (n=26) Mann-Whitney U test P value
Delusions 0.68 (2.85) -1.38(3.46) .03
Hallucinations 0.54 (1.48) -0.46 (2.21) .06
Agitation -0.97 (2.93) -2.42 (3.76) 22
Depression 0.56 (2.30) -0.46 (3.19) .01
Anxiety 0.62 (1.93) -2.46 (4.37) .001
Elation 0.62 (2.00) -0.38 (2.47) .02
Apathy 0.51 (2.43) -1.19(3.14) .009
Disinhibition 0.00 (0.00) -0.35(1.29) .08
Irritability -0.03 (3.47) -0.35(3.39) 55
Motor behaviors 0.19 (0.81) -0.12 (0.59) .10
Sleep behaviors -0.97 (2.98) -0.12(0.99) 19
Eating behaviors -0.11 (0.66) -0.92 (3.26) 34

Summative Impact Question

The summative question asked about care staff members
perceptions of robot use and the impact for all residents at the
8-month time point after all homes had received robots and had
been implementing them for either 4 or 8 months. Among the
residents reported to interact with the robots (54/81), 85%
(46/54) were reported to have positive experiences. Table 7
demonstrates that most residents who survived the 8 months
and were included in the analysis (61/81) interacted with the
pets (46/61, 75%), and that most (40/61, 66%) experienced a
positive impact, with only 1 resident (male) experiencing a

https://aging.jmir.org/2022/3/e38864

negative impact. This summative question provided the
perception of 1 member of the staff in each home, and thus,
there may be inaccuracies based on different staff members
observing robot use with different residents, although the
collaborating staff member was awaysthe staff member in each
home with the most insight and experience. Additionally, this
observation may suffer from memory strain, with staff asked
to reflect over the prior 8 months. However, as nearly a quarter
(15/61) of theresidentsincluded in the analysis did not interact
with the robots (Table 7), we performed a comparison of the
characteristics of residents who did and did not interact with
the robots to comment on suitability.
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Table 7. Care staff summative estimation of the impact of robot pets for each resident at 8 months (N=83).
Care home Total number ~ Consented Died by the 4- Nointeraction  Negativeimpact Noimpact Positive
of residents participants month follow-up impact
I ntervention care home, n
1 33 9 6 4 0 1 4
2 16 11 1 2 0 0 9
3 36 9 5 5 0 1 3
4 36 12 3 2 0 1 9
Overal 121 41 15 13 0 3 25
Control carehome, n
5 36 7 3 0 0 1 3
62 27 132 1 7 0 0 3
7 31 13 1 0 0 3 9
8 38 9 0 2 1 0 6
Overdll 132 42 5 9 1 4 21
All participants, n (%) 253 (100) 83(32.8) 20(24.1) 22 (27.22 1(1.2)2 7(8.6)2 46 (56.8)2
Residentsincludedinthe  pyaC N/A N/A 15 (24.6)2 1(16)2 5(8.2)2 40 (65.6)2

RCTP analysis at 4 months
(n=61%), n (%)

8Data on interaction are missing for 2 peoplein home 6.
PRCT: randomized controlled trial.
°N/A: not applicable.

Difference Between I nteracting and Noninteracting
Residents

Residents who subsequently went on to interact with robots had
significantly higher dementia severity scoresthan residentswho
did notinteract (Table 8). On average, residentswho did interact
were considered to be at the higher end of moderate dementia

(19-36), while residents who did not interact were considered
to have mild dementia (0-18). Theinteracting residentsalso had
significantly poorer communication scores and scored
significantly higher for challenging behaviors and NPI
occupational disruptiveness. There was no difference in the
overall NPI score, age, or gender.

Table 8. Baseline characteristics of residents who did and those who did not interact with robots.

Scale Residents who did interact (n=46),  Residentswho did not interact (n=15), Mann-Whitney U test P value
mean (SD) mean (SD)

Communication 22.22 (13.29) 11.20 (11.98) .005

Challenging behavior 61.02 (54.73) 22.20(26.27) .003

Neuropsychiatric Inventory 20.28 (18.09) 11.40 (9.06) .06

Neuropsychiatric Inventory occupa-  6.15 (6.23) 2.27 (2.84) .01

tional disruptiveness

Dementia severity 33.46 (15.60) 14.73 (16.03) .001

Age (years) 87.02 (7.68) 88.47 (9.08) 32

The above findings suggest that robots are perhaps more suited
to residents scoring higher for dementia severity, who also
experience more communication issues and challenging behavior
as associated symptoms.

The fact that many care homes restricted shared robot use from
4 months onwards would have influenced some residents not
interacting, particularly in control homes where robots were
only provided from month 5. However, homes reported aiming
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to alow interested participants opportunities to interact
(individually after robot cleaning rather than group sessions),
and robots tended to become adopted by residents who found
particular benefit. Staff reported not pursuing interactions with
residents who were disinterested, feeling they were best placed
with adopteesin any case.
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Qualitative Calendar Entries

During thefirst 4 months, staff in the 4 control homes provided
139 days of calendar entries describing usual resident activities
and moods. Staff inthe 4 intervention homes provided 109 days
of calendar entries. In total, about 25% (248/960 [8x120]) of
care-home-days were captured. The diaries reported a total of
516.3 hours of interaction with the robots over the 4 months,
with an average interaction length of 3.9 hours. The range of
interaction lengths varied from 0.25 hours to 24 hours, where
residents kept the robot with them all day and night. On average,

Table 9. Reported reasons for using robots (N=109).

Bradwell et &l

4 residents interacted with the robots on each reported day
(range 1-8). The main reasons recorded in the reason for use of
robots were entertainment, anxiety, and agitation (Table 9). In
control homes, typical activities included singing, manicures,
reminiscence, television, garden games, hairdresser visits, and
quizzes.

Table 10 demonstrates the themes resulting from analysis of
comments made in the calendars and interviews. The full table
of themes with quotes as example evidence is available in
Multimedia Appendix 4, further to afull narrative on the themes.

Reason

Value, n

Entertainment
Anxiety
Agitation
Boredom
Group session
Company
Love

Cuddles
Nurturing
Loneliness
Affection
Stress
Distress
Distraction
Observation
Sadness

Reassurance

40
33
31
30

=
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Table 10. Content analysis of qualitative interviews and calendar entries.

Theme (explanation) Codes (interviews: n; diaries: n)

Adoption (Evidence strongly supported good robot adoption into services, Love (interviews. 11; diaries: 13)

and usually by particular “ adoptee” residents) Ownership (interviews: 18; diaries: 6)
Individual use (interviews: 9; diaries: 14)
High level of usage (diaries: 12)
Jealousies or possessiveness (interviews: 6; diaries: 6)
No novelty (interviews:. 9)
Naming (interviews: 7)
Group sessions (diaries: 5)
Personalizing (interviews: 1)

Well-being effects, particularly mood (Evidence strongly supported well-  Calming (interviews: 10; diaries: 20)

being benefits) Enjoyment (interviews: 1; diaries: 19)
Anxiety reduced (interviews: 3; diaries: 13)
Companionship (interviews: 7; diaries: 6)
Smiles, happiness (interviews: 1; diaries: 9)
Engaging resident (interviews: 10)
Relaxing or settling (diaries: 7)
Mood improved (interviews: 7)
Provides afocus (interviews: 5)
Distraction (interviews: 3; diaries: 2)
Agitation reduced (diaries: 5)
Entertainment and laughter (interviews: 1; diaries: 3)
Therapeutic (interviews: 3)
Reassurance (interviews: 3)
Sundowner (interviews: 2)
Reduced boredom (interviews: 1; diaries: 1)
Enabled eating (diaries: 1)

Effects on communication (Evidence supported robot impact onresidents  Communication-pet (diaries: 25)

communication, with the pets and people, further to improving speech Communication with others, and speech (interviews: 19; diaries: 2)
abiliti
capabilities) Reminiscence (interviews:. 5; diaries. 1)

Interaction (interviews:. 4)

Isolation and COVID (Evidence showed particular benefits of robot pets COVID use (interviews: 15)
as a supporting strategy against loneliness and isolation in responseto ¢ eanliness and infection control (interviews: 9)
the COVID-19 pandemic) L .
Isolation (interviews: 5)
Design (Saff suggested a few possible design improvements based on Improvements (interviews: 11)
their experience, and commented on positive and negative design factors)  Regligtic (interviews: 9)
Sound off (interviews: 8)
Expectations (interviews: 8)
Weight and size (interviews: 7)
Breakage (interviews:. 7)
Battery life (interviews:. 4)
Importance of movement (interviews: 4)
Purring asrelaxing (interviews: 2; diaries: 2)
Heartbeat enjoyable (interviews: 1; diaries: 2)
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Theme (explanation)

Codes (interviews: n; diaries: n)

Suitability (The data gave some insight into the most suitable use context
for use with residents, including those with dementia and those i solated,
per haps due to mobility impairments)

Nurture (Evidence suggested residents tended to care for robots and treat
them as living animals)

Dementia severity (interviews: 31)

Limited interest (diaries: 17)

Think it isreal (interviews: 14)

Didlike (interviews: 2; diaries: 9)

Wide appeal (interviews: 7)

Reduced mobility (interviews: 5; diaries: 1)
Previous pets (interviews: 3; diaries. 1)
Infantilizing (interviews:. 4)

Staff didlike (interviews: 1)

Cuddled and fussed (diaries: 29)

Feeding (interviews: 8; diaries. 5)

Care for and nurture the pet (interviews: 8; diaries: 5)

Discussion

Overview

Our results suggest that aff ordabl e robot pets are able to produce
important well-being impacts for older adult care home
residents, with further potential positive impactsfor staff through
reduced occupational disruptiveness.

Principal Findingsand Comparison With Prior Work

This study strongly supports the usefulness and benefits of
implementing affordable robot pets in care homes for older
adults. It contributes toward limited literature in this area, with
most prior companion robot research focusing on Paro [1,29],
a device with limited acceptability among older people [9,10]
and too expensive for widespread implementation [12,36].
Previous work considering alternative more affordable robots
had been mainly conducted within the community [16,20] or
in hospital settings[37,38], with limited generalizability to care
home residents [39], and with smaller samples and short time
frames[19,40]. Additionally, much previouswork hasinvolved
highly controlled intervention doses [7,29], thus assessing
efficacy rather than potential real-world effectiveness[32]. This
study therefore provides an important and novel contribution
to companion robot literature.

JA robots demonstrated significant improvementsfrom basdline
to follow-up for the primary outcome of neuropsychiatric
symptoms and secondary outcome of occupational
disruptiveness based on ITT analysis between the control and
intervention groups. The reduction in neuropsychiatric
symptoms in the intervention group was an encouraging resullt,
suggesting important effects of affordable robot use, asthe NPI
measures key behavioral and psychologica symptomsassociated
with dementia [25]. There were no significant differences for
the secondary outcomes of communication impairments and
challenging behavior. The NPI subscale of occupational
disruptivenesswas used as an indicator of care provider burden,
and the reduction seen here is congruent with results from the
study by Saito et al [6] who suggested Paro could decrease care
provider burden. We did not use a specific care provider burden
scale, with the stigmatizing wording found to discourage carer
responses in a pilot study. However, the significant difference
in occupational disruptiveness could suggest that the
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implementation of pets aided in easing the challenges of the
carer'srole.

When analyzing the individual NPI subdomains, the results
suggested significant differences in the mean change from
baseline to follow-up between the intervention and control
groups for delusions, depression, elation, anxiety, and apathy.
This finding suggests that JJA devices can achieve similar
well-being outcomes to those reported for Paro, particularly
around reducing depression [3,5-7]. The support for impact on
delusionsisalso congruent with the work of Schulman-Marcus
et al [38], who reported on stakeholdersfeding that JA devices
were useful for hospital patients with delirium. The potential
for these more affordable devices to produce promising
therapeutic benefitsisan important result, with implicationsfor
research and practice. Interestingly, we did not find asignificant
impact for agitation, aspreviouswork did for Paro[3]. Similarly,
inthe cluster RCT conducted by Moyle et al [29], there was no
significant effect on agitation in the Paro intervention group.
Moyle et a [29] suggested that chosen psychometrics can
sometimes miss behavioral improvements, and suggested
complementing scales with qualitative feedback.

Our evidence from qualitative calendars showsthe robot’s effect
on anxiety and agitation as the second and third most common
reasonsfor robot use, respectively, strengthening the suggestion
that affordable robot pets can produce well-being outcomes.
Furthermore, interviews and calendar free-text observations
demonstrated that the robots were calming, reduced anxiety,
improved mood, relaxed residents, reduced agitation, and
provided reassurance. The calendars also demonstrated that the
primary reason for use of the pets was entertainment, thus
providing a meaningful activity. This is congruent with the
significantly greater reduction in apathy from baseline to
follow-up in the intervention group compared to the control
group. Theimportance of meaningful activitiesfor older adults
in care homes cannot be overstated, impacting physical and
mental well-being [41]. Reduced apathy and greater engagement
in an activity creates an improvement in the quality of life. The
calendar and interview data suggest that older adults cared for
and nurtured robots, which perhaps provided a sense of
responsibility and purpose. Although most nurturing seemed to
involve cuddling and fussing the animal's, there were also counts
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of residents feeding, dressing, and grooming the pets, thus
providing care.

In contrast to prior work suggesting that robots could improve
communication and interactions [42], our Holden
communication scale results demonstrated no significant
differencein communication asaresult of robot implementation.
However, our qualitative results suggested that robots
encouraged communication, mediating social connection as
shown in previous work with Paro [42]. The communication
scale we selected provides a measure of resident speech and
conversational ability [27], a possible limitation of our work.
Future research may seek to employ measures of social cohesion
and quality of interactions. Interestingly, our qualitative results
did demonstrate evidence of speech and conversational ability
improving in some instances, such as residents with severe
aphasia showing no signs of the disease upon communicating
with the pet dog. This is a profound result, although not
replicated in the chosen scale, thus requiring further exploration
in future research.

Our experience of sampling observationsthrough calendars[30]
also provided insights into the types of uses of the robots. As
we did not provide an intervention dose, this aids in
understanding the likely real-world use of the devices. The
calendars demonstrated a range of uses, from short 15-minute
sessions to 24/7 use by some residents who adopted the pets,
keeping them day and night, until care staff retrieved them to
be cleaned and shared. This result highlights a limitation of
prior robot pet trials with highly controlled and prescribed
intervention doses [7,29], as real-world use is likely more
flexible and variable. Our results demonstrate that robots had
high levels of use, and were clearly well adopted into daily
practice. Observing staff reported evidence of residents loving
pets and displaying ownership tendencies. Importantly, the study
demonstrated no novelty effect for devices over 8 months,
providing evidence against novelty as a concern for robot pet
research and implementation [43]. Regarding use type, there
were only 10 counts of group sessions recorded as the reason
for use; however, these were al recorded prior to COVID-19
restrictions. Evidence in interviews after the 8-month study
suggested that most robot use was on an individual basis.
Previous work has varied in either group [2,3,5] or individual
robot interventions [16,17,37]. While our work suggests that
individual intervention is most common, we are unable to
comment on the generalizability of this result to nonpandemic
contexts. However, availability of multiple devices appears
desirable owing to some issues in sharing and jealousies
evidenced in our qualitative results.

The qualitative evidence also gave some further insights into
robot design, based on longitudinal experience with robot pets.
As in our previous work [10], stakeholders commented on
hygiene as a design limitation of current devices, requesting
removable shells for easier cleaning. Participants again
supported the importance of realistic design, life-simulation
features, and interactivity. Stakeholders felt the JA cat had
more appropriate vocalizations than the dog, although the
importance of mute options (which the A devices have) was
highlighted. Ultimately, design preferences seen here in the
longitudinal work are consistent with the results of our previous
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cross-sectional design studies, supporting the validity of our
earlier results [9-12]. In contrast to our previous work [14]
suggesting that the devices were suitably robust, this study
reported cases of breakage. We know of 5 broken pets
throughout this trial, from atotal of 18 pets (16 original and 2
replacements). One JfA cat had broken limbs (cause unknown),
which did not hinder its use; 1 cat was dropped in urine, which
rendered it unusable; and 3 dogs had technical malfunctions.
The variance in reported robustness between prior work and
this study could have resulted from the different settings
(supported living vs care homes) and the thorough exploration
with more devices, creating greater opportunity for issues to
become evident. Despite the issues, only 2 devices required
replacing as the other 3 remained mainly usable.

Owing to the timing of thistrial, we were able to gather some
understanding of the use and impact of robot pets during the
COVID-19 pandemic, and resultant lockdown and isolation,
which is entirely novel. The evidence suggests, in line with a
previous report [44] and our suggestions, that homestook extra
precautions for shared robot use. Despite this, the pets were
highly valuabl e tool s during the pandemic and lockdowns, with
care doaff reporting strongly on the value during the
unprecedented times. The petsaided in reducing loneliness and
providing company and comfort for residents experiencing long
periodswithout visitors or usual excursions. The petswere also
used for residents shielding in self-isolation, and were beneficial
for those alone in their bedroom. This is a positive result and
has implications for care homes and other aged care services,
suggesting that the provision of robot pets for individua use
during pandemic situations may ease the challenges of isolation.
Isolation is particularly pertinent for care home residents [39],
highlighting the value of this finding. Despite these benefits,
the risk of use during pandemic situations must be thoroughly
assessed, in light of the risks detailed in a previous report [44].
Here, our results demonstrated high numbers of mortalitiesin
collaborating homes. While our enquiries suggested that the
deaths were unrelated to robot presence, the risk needs to be
considered appropriately, as with all shared surfaces, social
contact, and cleaning procedures in the homes.

Regarding general acceptability, the summative impact question
demonstrated that, encouragingly, 85% of residents who
interacted with the robots experienced a positive impact based
on carer observations and 74% of residents included in the
analysis interacted with the robots. However, the finding that
almost aquarter of theresidentsincluded in the analysisdid not
interact with the robots indicates that the deviceslack universal
appeal. Thisresult, combined with 11 qualitative counts of robot
didlike, is congruent with previous research reporting variation
in the response to Paro [8,29], who was described as a
“therapeutic tool that's not for everybody” [45]. In contrast to
the prior work with Paro, where acceptability was reported to
be 50% [45], the JFA devices seem more generally acceptable.

Regarding device suitability, the results demonstrated that
residents who interacted with the robots had, on average, more
severe dementia, communication issues, and challenging
behavior. Previous work has also suggested that companion
robots were more suitable for individuals with dementia [44].
This could suggest cognitive impairment and dementia severity
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as predictive of likely robot acceptance and benefit; however,
this contradicts our earlier work, which demonstrated robot pet
acceptability among independent older adults[9] and care home
residents without dementia [10]. It is possible that the impact
of COVID-19 and the restriction on sharing robot petsin groups
led to the prioritization of interactions for more impaired
residents. In the qualitative data, evidence suggested that robots
were most enjoyed by and beneficial to older adults who had
dementia, and also those who were bed bound (due to mobility
or illness), less socialy engaged (due to dementia), or in
isolation (dueto COVID shielding). Additionally, residentswho
were disinterested in the robots were more socially engaged,
preferring to play games and socialize with other people. While
social engagement appears to be negatively correlated with
dementia severity, the results may indicate that both dementia
severity and social isolation predict the likelihood of accepting
and benefiting from robot pet interventions. This could explain
the acceptability of robot pets by moreindependent older people
in prior work [9], as despite not having dementia, the older
people lived in individual flats and reported requirement for
social company. In previouswork with independent ol der adults
living in the community, 4 of 12 robots were rejected [ 16], with
community-dwelling older people less vulnerable to isolation
and loneliness [38]. Additionally, Pino et al [46] reported on
healthy older adultsfeeling ableto benefit from socially assistive
robot (SAR) support, while Tkatch et al [20] reported positive
benefits of JA devices for self-reported lonely individuals
despite them living in the community. Loneliness and dementia
severity arethuslikely to be predictive factorsin the acceptance
and benefit of robot petsin future implementations.

Strengths and Limitations

A drength of this work is the pragmatic mixed-method
approach. The use of calendars to support interviews and
psychometrics allowed for ecologically valid appraisal of
subjective experiences, yielding comprehensive views of
activities that may be difficult to assess using cross-sectional
guestionnaires or interviews, which can cause memory strain
and aggregation [30]. A second strength is the somewhat novel
approach to this trial that did not specify an intervention dose.
Thisallowed for ecological validity and assessment of the effects
on resident well-being based on the likely real-world use of
robot pets, with the intervention dose reflecting real-world
circumstances. In this regard, our results demonstrate the
effectiveness of robot pets and the impact robot pets may
genuinely have with real-world implementation, rather than
their efficacy, as well as the impact these robots have under
highly controlled research contexts with specified intervention
doses [32]. Furthermore, not defining an intervention dose
avoided the ethical concerns of encouraging robot interaction
when residents were resistant and removing robots when they
were being enjoyed, as encountered previously [8]. One
limitation of this work is the lack of participant responses to
the loneliness measure, resulting in the inability to assess the
impact on loneliness quantitatively. We had also originally
intended to collect medication records, but due to the impact of
the COVID-19 pandemic, thiswas not possible. Prior work with
Paro has suggested resultant decreasesin the use of psychoactive
and analgesic mediation [7], thusthisremainsatopic for future
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research. A second limitation isthat our analysis reports on the
NPI subdomain scores, further to the NPI total, with previous
work cautioning that while use of NPI subscales has been
popular, validity and reliability are mainly established for the
total measure, with the validity of individual scales requiring
further testing [47]. A third methodological limitation results
from the inability to blind collaborators to conditions. It is
possible that the significantly improved outcome measures in
the intervention group were a consequence of the inability to
blind collaborators. This challenge has been reported in prior
Paro RCTs, wheretheinfluence of participating in the research
itself raised staff awareness to improvements and contributed
toward positivefindings[3]. It isnot possibleto distinguish this
effect from the intervention. Thus, there is some possibility of
positive reporting biasfrom our collaborators. Additionally, the
inability of 2 care home staff to co-jointly complete the 4-month
outcome measures may have reduced the validity of the 4-month
SCOres.

The use of acluster RCT may also be perceived as alimitation
over standard RCTs [3]. However, research with older adults
and in care home environments presents specific challenges,
differing greatly from clinical environments or laboratories.
Residents often have dementia, and the ability to randomize
residents individually within homes to receive/not receive a
robot intervention would be challenging and unethical. Creating
clusters from care homes as units, rather than randomizing
residents individually, allows for research such as this [3,29].
A final consideration isthat the psychometric scaleswe sel ected
were all designed and validated for older adults and those with
dementia. Not al of our participants had dementia; however,
the scales were deemed appropriate by our collaborators owing
to the high prevalence of dementiain long-term care facilities,
such as care homes[29]. Additionally, the content of the chosen
scales appears appropriate for older adults with and without
dementia, and even those without diagnosed dementia who
sometimes experience onset symptoms. I ndeed, very few of our
participants received a very low score on the dementia severity
scale.

Conclusion

Our results suggest that affordable robot pets may have
important well-being effectsin older adults, including reduced
neuropsychiatric symptoms (depression, delusions, elation,
anxiety, and apathy), with qualitative accounts also supporting
reductions in agitation. This work also suggests that robot use
impacted occupational disruptiveness, as an indicator of care
provider burden. The findings also support a no novelty effect
for affordable robot pets and suggest that the best practice is
the permanent availability of multiple devices. Onekey finding
is the contribution to the discussion on the suitability of robot
pets. Previous work has suggested that robots are best suited to
residentswith more severe dementia. Thiswas supported in our
work; however, we also suggest that subjective loneliness may
be a predictive factor in the acceptance and benefit of robot
pets. This work has aso demonstrated the important value of
theindividual use of robot petsduring the COVID-19 pandemic,
with easing of the challenges of isolation through the provision
of social companionship.
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Abstract

Background: Occupational therapists who work in hospitals need to assess patients home environment in preparation for
hospital dischargein order to provide recommendations (eg, technical aids) to support their independence and safety. Home visits
increase performance in everyday activities and decrease the risk of falls;, however, in some countries, home visits are rarely
made prior to hospital discharge due to the cost and time involved. In most cases, occupational therapists rely on an interview
with the patient or a caregiver to assess the home. The use of videoconferencing to assess patients' home environments could be
an innovative solution to allow better and more appropriate recommendations.

Objective: Theaim of this study was (1) to explore the added value of using mobile videoconferencing compared with standard
procedure only and (2) to document the clinical feasibility of using mobile videoconferencing to assess patients home
environments.

Methods: Occupational therapists assessed home environments using, first, the standard procedure (interview), and then,
videoconferencing (with the help of afamily caregiver located in patients’ homes, using an el ectronic tabl et). We used aconcurrent
mixed methods design. The occupational therapist's responsivenessto telehealth, time spent on assessment, patient’s occupational
performance and satisfaction, and major events influencing the variables were collected as quantitative data. The perceptions of
occupational therapists and family caregivers regarding the added value of using this method and the nature of changes made to
recommendations as a result of the videoconference (if any) were collected as qualitative data, using questionnaires and
semistructured interviews.

Results: Eight triads (6 occupational therapists, 8 patients, and 8 caregivers) participated. The use of mobile videoconferencing
generally led occupational therapiststo modify theinitial intervention plan (produced after the standard interview). Occupational
therapists and caregivers perceived benefits in using mobile videoconferencing (eg, the ability to provide real-time comments or
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feedback), and they also perceived disadvantages (eg, videoconferencing requires additional time and greater availability of
caregivers). Some occupational therapists believed that mobile videoconferencing added value to assessments, while others did
not.

Conclusions: The use of mobile videoconferencing in the context of hospital discharge planning has raised questions of clinical
feasibility. Although mobile videoconferencing provides multiple benefits to hospital discharge, including more appropriate
occupational therapist recommendations, time constraints made it more difficult to perceive the added value. However, with
smartphone use, interdisciplinary team involvement, and patient participation in the videoconference visit, mobile videoconferencing

can become an asset to hospita discharge planning.
International Registered Report Identifier (IRRID):

(IMIR Aging 2022;5(3):624376) doi:10.2196/24376

RR2-10.2196/11674

KEYWORDS

caregivers, feasibility; mixed methods; mobile videoconferencing; mobile phone; occupational therapy; discharge planning; home

assessment

Introduction

When planning hospital discharge, it isimportant to ensure that
patients have optimal conditionsfor asafe return home and that
patients' care and services needs are met [1]. The occupational
therapist can play an important role in achieving this objective
[1] by providing recommendations (eg, technical aids, site
planning, care services) to promote the patient’s autonomy and
safety upon returning home. The home visit is a way for
occupational therapiststo obtain reliable information about the
environment [2], whichisessential for making recommendations
that support the best fit between the person, their activities, and
their environment. A randomized controlled trial [2] found that
home predischarge assessment decreased the risk of falls,
reduced the number of rehospitalizations, and increased the
level of functional independence in patients with hip fractures.
However, clinical (eg, patient fatigue or anxiety), organizational
(eg, time available), and financial (eg, travel time and costs)
constraintslimit the implementation of home visits, despitetheir
relevance [1-5].

Alternative means are currently used to assess the home
environment when planning hospital discharge, such as
interviews|[6], consultation of home photostaken by caregivers
[7], video [8], and virtual reality [9]. Interviews quickly give
an ideaof the environmental constraints perceived by the patient
and caregivers. The interpretation of the occupational therapist
is then based on this self-reported information, without having
the opportunity to confirm it through direct observation [3].
Photos provided by the caregivers allow the occupational
therapist to observe the patient’s environment [10]; however,
this observation is dependent on the choice of photos and the
angle used by the caregiver. Video also makes it possible to
observe the environment [8]; however, similar to photos, it is
an asynchronous means, and the occupational therapist’s
observation is contingent upon what the relatives choose to
show. Other methods such as virtual reality [9] and 3D
photography [11,12] are currently being explored and arein the
experimental stage [13].

https://aging.jmir.org/2022/3/e24376

Based on a growing body of literature, the use of mobile
videoconferencing for remote rehabilitation interventions has
potential clinical benefits [10,13,14]. By providing a detailed
and real-time view of the home environment, mobile
conferencing may help occupational therapists to improve the
reliability of the data collected, which in turn guarantees
appropriate recommendations. The occupationa therapist,
therefore, gives instructions to the caregiver who, using the
electronic tablet, shows the facilities in the home for which
more information is needed. However, empirical evidence is
lacking to clinically support its use [15,16]. The aim of this
study is (1) to explore the added value of using mobile
videoconferencing compared with the standard procedure and
(2) to document the clinical feasibility of using an electronic
tablet to assess the patient’s home environment through
videoconferencing.

Methods

Design

The methods used for this study are detailed in a published
protocol [17]. We conducted a concurrent mixed methods
feasibility study to compare 2 home assessment methods (Figure
1). Inmethod A, information about the home environment was
collected during an interview with the patient. In method B,
evauation of the home was carried out through mobile
videoconferencing using an electronic tablet. For the
videoconferencing evaluation, some occupationa therapists
used their work computer (when the facility allowed the
installation of Skypefor Business and awebcam was available),
others, as well as the patients, used an HP dlite pad and iPad
tablet with a 3G mobile connection. An electronic tablet was
provided to each caregiver with the exception of one caregiver
who chose to use her own smartphone. Skype for Business was
used for videoconferencing. The home assessment was
conducted from the hospital center. The 2 assessment methods
were compared to highlight the contribution of mobile
videoconferencing to the standard evaluation (A versus A and
B).
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Figure 1. Study flowchart. OT: occupational therapist.

Clinical Process

Method A: Assessing
the environment
without the use of an
electronic tablet
(usual modality)

Method B:
Assessing the
environmentwith
the use
of an electronic
tablet

Reassessment at
home

Time 3:
6 weeks
postdischarge

Sampling and Recruitment

A purposeful sampling strategy was used in 2 regional hospitals
in the province of Quebec, Canada. A triad consisted of (1) an
adult patient with aloss of functional autonomy mainly due to
physical disability, (2) their caregiver, and (3) the occupational
therapist who conducted the assessment. The eligibility criteria
for patientswere (1) being hospitalized at the time of recruitment
and (2) having a return home (including retirement homes)
planned. Caregivers had to be able to (1) clearly express
themselves orally (in French or English) and (2) walk without
technical assistance. The occupational therapist had to have at
least one year of clinical experience. Patients were excluded if
they (1) had regular home monitoring by an occupational
therapist in the community prior to hospitalization and (2) were
unableto expressthemselvesin afunctional manner. Theinitia
target sample was 18 triads (8 occupational therapists and 18
patient-related dyads).

Data Collection Methods
Qualitative and quantitative data were collected in parallel.

Quantitative Data

We collected data on (1) occupational therapists' receptivity to
the use of mobile videoconferencing, using the French-Canadian
version of the practitioner and organizational tel ehedlth readiness
assessment tools, for which a score >80 indicates that
practitioners are well positioned to use telehealth, ascore from
60 to 80 indicates that there are factors or elements that may
negatively affect telehealth use, and a score <60 indicates that
there are barriers to successful telehealth use by practitioners
[18]; (2) the time spent evaluating the environment at the time
of discharge (discussions, making an appointment with the
caregiver, explanations prior to the assessment) using each
method (with and without mobile videoconferencing), which

https://aging.jmir.org/2022/3/e24376
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was estimated by the occupational therapist; (3) major events
after discharge, which were documented with the Social
Readjustment Rating Questionnaire [19]; and (4) patient
occupational performance and sati sfaction was measured using
the Canadian Professional Performance Measurement [20].

Qualitative Data

We dso collected dataon (1) the advantages and disadvantages
of using mobile videoconferencing (the individua and
semistructured interview guides—occupational therapists and
caregivers versions—addressed previous and current experience
with mobile videoconferencing use, the barriers and problems
encountered with the use of mobile videoconferencing in the
study, and the perceived benefits of adding this method); (2)
occupational  therapist’'s professional  recommendations,
intervention plan, and the follow-up, which were charted using
a pretested grid; and (3) the relevance and application of the
recommendations, which were documented using amonitoring
grid during an interview with the patient, with questions
regarding the level of appreciation and barriers to
implementation of the recommendations (approximately 20
minutes).

Study Process

A participant’s guide was developed for the research assistant
and occupationa therapists. First, a research assistant invited
the occupational therapists (in person or by telephone) to sign
the consent form and to compl ete the French-Canadian version
of the practitioner and organizational telehealth readiness
assessment tools [18] and sociodemographic data form.

Second, the hedlth care teams and occupational therapists
identified patients who would potentially benefit from a home
assessment prior to hospital discharge. These patients were
offered the opportunity to participate in the study, and
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occupational therapists made sureto specify that arefusal would
affect neither access to nor the quality of their assessment. If
patients decided to participate in the study, the research assistant
made an appointment with the patient and their caregiver to
discussthe study in order to obtain informed consent and verify
that theinclusion and exclusion criteriawere met. Subsequently,
the research assistant (who also has background in occupational
therapy) conducted the Canadian Professional Performance
Measurement [20] and collected sociodemographic data.

The occupational therapist conducted the home assessment by
interviewing the patient and caregiver (method A). The
occupational therapist recorded thetime (direct, when the patient
and the caregiver were physically or remotely present, and
indirect, when the patient and the caregiver were not present)
that it took to complete method A and documented any problems
identified and recommendations (the first draft of intervention

plan).

Next, the occupational therapist made an appointment with the
caregiver for the home assessment viamobile videoconferencing
(method B), which included the time necessary to pick up the
electronic tablet and to teach the caregiver how to usethe device.
The occupational therapist recorded thetime (direct and indirect)
that it took to complete method B and modified the intervention
plan where relevant.

Finally, the research assistant conducted a semistructured
interview with the occupationa therapist to identify prior and
current experience with mobile videoconferencing, the barriers
and problems encountered with the use of mobile
videoconferencing in the study, and the perceived benefit of
incorporating this method. The occupational therapist also
completed the French-Canadian version of the practitioner and
organizational telehealth readiness assessment tools [18] a
second time. Six weeks after hospital discharge, the research
assistant went to the patient's home. In the presence of the
caregiver, the research assistant completed the Canadian
Professional Performance Measurement [20] again, as well as
the Social Readjustment Rating Scale[19]. She also conducted
a semistructured interview related to the patient's satisfaction
and the applicability of the recommendations that had been
given at the time of discharge.

Training

Occupational therapists were not formally trained in the study
procedure; however, a step-by-step guide was provided on how
to use the electronic tablet and videoconferencing app. A
research assistant was available to answer questionsand provide
further guidance as needed.

Analysis
Descriptive analyses were conducted for the receptivity scores
collected from occupational therapists at the beginning (before

the first patient) and at the end of the study (after the last
patient), patient satisfaction and performance, as well as the

https://aging.jmir.org/2022/3/e24376
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type and number of unplanned events (confounding variables).
We compared the recommendations from method A with those
from the combination of methods A and B by identifying the
differences and the nature of the differences (addition,
modification). Finally, the application of the occupational
therapist’s recommendations (methods A and B) by the patient
was also evauated 6 weeks after hospital discharge.
Semistructured interviews were conducted, in which the
perceived benefits and barriers of mobile videoconferencing
were discussed, recorded, and transcribed verbatim. Using
analytical questioning [21], the transcriptions were categorized
by theme and analyzed by group (interview with occupational
therapists, interview with caregivers, and occupationa
therapist’s professional recommendations). We used MAXQDA
software (version 2018.1; Verbi GmbH) for analyses.
Quantitative and qualitative data were integrated based on 2
analytical questions related to the study objectives: Which
results inform us about the added value (or absence thereof) of
mobile videoconferencing? Which results inform us about the
clinical feasibility of using mobile videoconferencing for the
purpose of home environment assessment before hospital
discharge?

Ethics Approval

The project was approved by the Research Ethics Committee
of the Centreintégré universitaire de santé et de services sociaLix
de I'Estrie — Centre hospitalier universitaire de Sherbrooke
(MP-31-2017-1485) and the Research Ethics Committee of the
Quebec University Hospital — Université Laval (2017-3047).
Mobile videoconferences were not recorded. Aside from the
occupational therapists who performed the home assessment,
no one could observe the patient’s home.

Results

Participants

Eight triads (6 occupational therapists, 8 patients, and 8
caregivers) were enrolled between April 2017 and April 2019
(Table 1).

The number of triads originally targeted was not reached. To
better understand the issues surrounding patient recruitment
and the feasibility of using mobile videoconferencing for home
assessment, the research team decided to add open questionsto
thereceptivity questionnaire (1) for occupational therapistswho
used mobile videoconferencing with at least one patient (n=6)
and (2) for occupational therapists who participated in the
project but who did not recruit patients (n=7) (Multimedia
Appendix 1). In Linstance, the mobile videoconferencing could
not be used due to the absence of internet coverage in the
municipality; the occupational therapist used video as an
alternative. In addition, 1 patient could not be reached 6 weeks
after discharge. (The occupational therapist who followed this
patient thinksthat he may have rel ocated to adifferent province.)
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Table 1. Participant characteristics.
Group and characteristic Value (n=8)

Participants (n=8)

Age (years)
Mean 79.5
Range 68-90
Sex, n (%)
Female 4 (50)
Male 4(50)
In-hospital stay (days)
Mean 39
Range 10-96

Principal diagnosisleading to hospitalization, n

Infectious 1
Orthopedics 6
Neurology 1

Medical complications, n

Delirium 1
Postop shock 1
Comorbidities, n 8

Caregivers (n=8)

Age (years)
Mean 58
Range 36-80°
Sex, n (%)
Female 7 (88)
Male 1(12)

Relationship to the patient, n

Spouse 3

Child 3

Sibling 1
Familiarity level with technology, n

Poor 5

Average 1

Good 2

Occupational therapists (n=6)

Sex, n (%)
Female 6 (100)
Male 0(0)
Overall work experience (years)
Mean 8
Range 1-13

Program work experience (years)

Mean 6
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Group and characteristic Value (n=8)
Range 0.5-12

=7, onevalue is missing.

Difference Between Recommendations Before and
After Mobile Videoconferencing

The majority of recommendations made before mobile
videoconferencing (n=28) remained applicable afterward (n=25),
except for 3 recommendations. Observation of the home
environment through mobile videoconferencing madeit possible
to identify the lack of space required in the room to implement
the planned recommendation and some incorrect information
gathered during the interview (taps on the right side of the
bathtub rather than on the left). These observations led to
changes in the intervention plan.

Of the 8 patients, 7 patients’ initial intervention plans were

the risk of falling, offering a cheaper or smpler solution than
theoneinitialy planned, and revising theinitial recommendation
in light of new information about the home environment that
was not discussed during theinterview. Occupational therapists
also revised their recommendations for a better fit between the
patient, their occupation, and the environment. Finaly, 4
recommendations were completely modified as a result of
videoconferencing—in 3 instances because the initia
recommendation was not applicable and, in a fourth instance,
because observing the environment madeit possible to consider
areturn homefollowing rehabilitation at an intensive functional
rehabilitation unit instead of relocating the patient to a seniors
residence, as recommended initially. In one instance, the

modified after videoconferencing (Table 2). The changes were i/?fje;/gg::f?encﬂl]an was not modified after mobile
aimed at improving the person’s autonomy and safety, reducing 9
Table 2. Modifications of initia intervention plans after mobile videoconferencing.
Type and reason Changes Example
(n=18), n
Adding recommendations

Optimizing the person’s autonomy 1 The installation of a support bar allowed the patient to
transfer on her own rather than accompanied asintheinitial
recommendation

Optimizing safety and reducing the risk of falling 2 Adding agrab bar and stool in the shower to maximize
safety

Offering a cheaper and ssimpler solution 1 Adding agrab bar to the wall instead of atoilet support
frame asin the original recommendation.

Adjusting to new information that was not discussed at theinterview 6 Observation of the environment identified 2 potential places
for taking meals (a high table with stools and a standard
table and chairsin the dining room); due to physical diffi-
culties, using a stool was not recommended

Precision of recommendations
Ensuring abetter match between the patient, the patient’soccupation, 4 Precision about the orientation of the shower bench and
and the environment support barsinitially recommended

Change of recommendations

The original recommendation was not applicable 3 The safety support on therighthand sideisirrelevant given
the countertop at an adequate height to theright of thetoilet
and the lack of spaceto install the grab bar on that side

Viewing the environment led to areturn home 1 Once the environment is seen, there appeared to be no

major architectural barrier to areturn home if the patient
manages to regain autonomy in her transfers and travel
with the help of accessories

Per ceived Benefitsof Using M obileVideoconferencing
to Conduct a Remote Home Assessment

Overall, participants appreciated the use of the tablet and felt
that “it adds something” (occupationa therapist 6) to the
standard evaluation. Specifically, caregivers perceived that the
use of mobile videoconferencing allowed occupational therapists
to obtain more precise information (Table 3).

https://aging.jmir.org/2022/3/€24376

According to participants, data collected from interviews can
be wrong or incompl ete because the caregiver neglects to take
into consideration certain aspects. In fact, mobile
videoconferencing induced modification of recommendations,
such as correcting the provision for assistive devices to match
the patient’s environment.

Yes, in fact the lady had given me inaccurate
infor mation about where the bath faucet was|ocated,
it was on the opposite side. | recommended a transfer
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bench with the handle on the wrong side. So, |
adjusted that. [Occupational therapist 3]

Another advantage of videoconferencing perceived by
participants and occupational therapists was the opportunity for
therapiststo ask questions and provide feedback to the caregiver
in rea time. Caregivers felt guided in the assessment and
identification of measures required, and the occupational
therapists were able to document patients' lifestyles and which
elements of the environment they wanted to see.

| watched her take some measurements, some of which
I may not have thought of not knowing [what the

Latulippe et al

environment was] but sincel waswatching her, | was
able to ask her to measure this and that. It's great, |
made a diagram. Seeing what she was doing was of
great help to me. [Occupational therapist 4]

Mobile videoconferencing was useful for estimating distances
between various elementsin the home environment. In addition,
caregivers said that the videoconference visit reassured them.
All caregivers mentioned that the mobile videoconferencing
experience had been positive despite the fact that some
encountered afew technical glitches.

Table 3. Main advantages and disadvantages associated with the use of mobile videoconferencing by occupational therapists and caregivers.

Characteristic Description

Advantages

Common to occupational therapistsand  «
caregivers .

Ability to make comments or provide feedback in real time
Confirming the information obtained by the patient and caregivers

«  Providing additional information on the patient’s lifestyle
«  Ensuring the best choice of equipment
«  Making sure that the caregiver is taking the right measurements and reassuring them about how

they are doing

«  Seeing the general condition of the environment (eg, cleanliness)
« Avoiding travel expenses and time

For occupational therapists .

Discovering unanticipated barriers

«  Dissipating remaining doubt and avoiding mistakes

«  Theinvolvement of the caregiver helps the patient to remember the recommendations

«  Improving communication between the occupational therapist and the caregiver

«  Promoting discussion between the occupational therapist and the patient if the latter participatesin
mobile videoconferencing

«  For patients transferred to the intensive functional rehabilitation unit, mobile videoconferencing
makes it possible to specify the rehabilitation objectives

«  Seeing details and offering more specific recommendations

*  Determining the pertinence of a home visit by the CLSC? occupational therapist

For caregivers .

Allowing the occupational therapist to identify problems that the caregiver had not thought of

«  Feeling guided in the return home process

« Allowing patients to reconnect with their home and reflect on their return home
« Avoiding the need to explain everything

«  Providing recommendations that don’t need tweaking

»  Reassuring the caregiver

Disadvantages

Common to occupational therapistsand
caregivers .

Videoconferencing requires being comfortable with technology
Videoconferencing requires additional time and availability of caregivers

« Videoconferencing constitutes additiona stress for caregivers who are uncomfortable with taking
measurements or using the tablet

For occupational therapists .

Inability to observe the interaction between person, occupation, and environment

«  Nooverview such as during ahome visit in person
« Inaccessibleif thereis no Internet coverage in the municipality
«  Moretime consuming than an interview

For caregivers b

8CL SC: centres locaux de services communattaires (local community service centers).

b There were no other perceived disadvantages.
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Disadvantages of Using M obile Videoconferencing to
Conduct a Remote Home Assessment

One occupational therapist reported that mobile
videoconferencing does not show the interaction between the
person, the environment, and the person’s activities. In addition,
mobile videoconferencing requires more time than interview
assessment. Five caregivers mentioned that there were no
disadvantages to mobile videoconferencing. The concerns
brought up by caregivers were the same as those identified by
occupational therapists (ie, stress of having to take
measurements or use a tablet, especialy if they are not
comfortable with the device). Caregivers aso highlighted the
extra time that it took to pick up the equipment, undergo
training, and conduct the videoconference.

Per ception of the Added Value of Mobile
Videoconferencing

Mobile videoconferencing provided added value according to
3 of 5 occupational therapists. These 3 occupational therapists
expressed readiness to promote the use of mobile
videoconferencing to their peers.

Mobile videoconferencing takes longer to complete,
but the recommendations are more specific. Theratio
of time to what mobile videoconferencing requiresin
terms of logistics versus what it provides in terms of
intervention offers added value. [Occupationa
therapist 3]

For (another) patient, it helped define specific goals
for her rehabilitation. It ensures that the
recommendations are correct and feasible
Occupational therapists are often told that
recommendations don't work. Mobile
videoconferencing is not pertinent in all cases but
whenit applies, it really offersadded value. It applies

Latulippe et al

when the occupational therapist has doubts about
what the patient said. [Occupational therapist 4]

Another occupational therapist, who was part of 2 triads, also
failed to perceive any added value associated with the use of
mobile videoconferencing.

The changesthat the mobil e videoconferencing made
to the intervention plan were not essential to leave.
They were aimed more at optimizing safety and could
have been done by the occupational therapist at home.
Although the mobile videoconferencing is more
concrete than the interview and interesting, the time
invested, and the minor changes made to the
intervention plan mean that there is no added value.
[Occupational therapist 5]

Changesin Satisfaction and Occupational Performance

There was a clinical difference between hospital stay and
postdischarge patient performance scores (hospital: mean 4.0,
SD 2.7; postdischarge: mean 6.2, SD 2.8) and satisfaction scores
(hospital: mean 4.1, SD 3.1, postdischarge: mean 7.1, SD 2.1).
A change of 2 points is considered a clinicaly relevant
improvement or deterioration [22].

Time Required for Maobile Videoconferencing

The mean direct time that occupational therapists reported
having spent evaluating the environment through
videoconferencing at thetime of discharge (discussions, making
an appointment with the caregiver, providing explanations prior
to the assessment) was 104 minutes (SD 74). The mean indirect
time (environment evaluation) was 64 minutes (SD 87).

Occupational Therapists Receptivity to Mobile
Videoconferencing
Assessment of the receptivity of occupationa therapists who

had recruited at least one patient indicated that there were
barriers to successful telehealth use by practitioners (Table 4).

Table 4. Receptivity of occupational therapists who recruited at least one patient.

French-Canadian version of the Practitioner and Organizational Telehealth Readiness Score, mean (SD)

Assessment section

Beforeintervention (n=6)  Postdischarge (n=5)

Total score (out of 85)

In order to meet the requirements for core readiness (out of 15)

In order to meet the requirements for engagement readiness (out of 35)

In order to meet the requirements for structural readiness (out of 35)

51 (10) 56 (9)
7(2) 8(2

25(3) 26(3)
20(7) 22(5)

FactorsInfluencing the Choiceto Use Mobile
Videoconferencing

Several factors appeared to influence whether or not mobile
videoconferencing was used by occupational therapists who
recruited at least one participant.

One occupationa therapist mentioned that, due to her workload,
she could not always prioritize mobile videoconferencing over
other tasks and did not aways havetimeto doit. The necessary
caregiver training on mobile videoconferencing also added to

https://aging.jmir.org/2022/3/e24376

thetime constraints associated with this method. Consequently,
the occupational therapist’s perception of the time that training
would take, dependent on whether or not the caregiver was
comfortable with the technology, influenced their choice.
According to the occupational therapists, meetings with
caregivers to introduce mobile videoconferencing, scheduling
virtua visits, and material recovery added to their workload, as
well as, that of caregivers. Some occupational therapists doubted
their ability to teach caregivers how to use mobile
videoconferencing, insofar as this required availability,
motivation, and collaboration. As reported by occupational
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therapists, a number of families refused to engage in mobile
videoconferencing because the process seemed too cumbersome.
However, for 6 of the caregivers, logistics were not a problem.
In addition, some of the occupational therapists felt that
meetings with caregiversinvolved discussionsthat went beyond
mobile videoconferencing and therefore, in acontext of limited
time, this aspect is a challenge in terms of feasibility.

Sometimes it's harder to get someone to go film or
have a caregiver who is in step with current
technologies. [Occupational therapist 3]

You see the person, you do not just fix it and then
move on to something else ... she told me a lot of
things and then they also have difficult things to do
with them personally. [Occupational therapist 1]

Occupational therapists sometimes anticipated the fact that the
patient would be discharged from hospital before they had time
to do the mabile videoconferencing or that it is not pertinent in
view of the patient’s transfer to a rehabilitation unit. Finally,
occupational therapists' daytime work schedule did not match
the availability of some caregivers, in which case, mobile
videoconferencing was not considered.

Caregiver Level of Comfort With Technology and
M aobile Videoconferencing Training

Based on their own perceptions, caregivers' comfort level with
technology was poor (n=2), moderate (n=4), and good (n=2).
Most felt that the training offered by the occupational therapist
and the 2-page instruction bookl et they were given hel ped them
to learn how to use the tablet.

| was afraid | might not to be able to do it, but with

that short training, it seemed simple enough and |

enjoyed trying to help. [Caregiver 5]
For one caregiver, however, thetraining was not sufficient. This
caregiver used help from a third party (siblings) during the
videoconference. Two other caregivers received help from a
third, although their level s of comfort with the technology were
moderate and high.

It didn’t take long; the hardest part wasto learn how
to operate the tablet and finally it was my sister who
turned it on because | had already forgotten how it
worked...I’m not used to that myself. [Caregiver 2]

Per ceptions of the Relevance of Home Assessment,
M obile Videoconferencing, and Recruitment
Difficulties

Relevance of Home Assessment in Hospital Discharge

Of the occupational therapists who participated in the project
but did not recruit patients, 5 occupational therapists considered
home assessment prior to hospital discharge to be pertinent.

It's important for the safety of the patient and in the
prevention of falls, in the maintenance of autonomy
also. [Occupational therapist G]

It'sanintegral part of my job. [Occupational therapist
B]

https://aging.jmir.org/2022/3/e24376
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However, 2 occupational therapists believed that it was the
community occupational therapist and not the hospital
occupational therapist’s role to do the home assessment.

| think it's the role of the occupational therapist at
the CLSC [ centres|ocaux de services communautaires
(local community service center)] to do the home
assessment because she has that expertise
[Occupational therapist D]

Trust in the I nterview as a Home Assessment Method

According to most occupational therapists, the amount of trust
that can be placed in an interview method depends on the
patient. If the patient has no cognitive impairments and the
family confirms the information, then it can be relied upon.
Conversely, the method cannot be used with patients who have
impaired memory or difficulty expressing themselves. The
method is even lessreliable if a caregiver is not present, which
was mentioned by one occupational therapist, who also stressed
the possible discrepancy between patient, patient family, and
professional perceptions.

We are confused by the patient’s speech. For example,

the patient considersthat hishome allowsto circulate

with a walker while a professional would judge the

opposite following assessment. [Occupational

therapist C]
In the opinion of some occupational therapists, when doubt
exists, photos can be requested from the family or areferral sent
to the CLSC occupational therapist. However, there may be a
significant delay if the home assessment is done by the CLSC
occupational therapist due to their own workload.

Prerequisites for the Use of Mobile Videoconferencing
by Occupational Therapists

Many occupational therapists (n=3) commented that they did
not have the necessary prerequisites to use mobile
videoconferencing (ie, good knowledge of how to usethetablet,
ability to solve technical contingencies, and ability to teach the
family how to useit). One occupational therapist believed that
with good training she could manage. The others felt
comfortable using mobile videoconferencing (n=3).

Profile of Patients Who Could Benefit From Mobile
Videoconferencing

According to occupational therapists, the patients who would
benefit from mobile videoconferencing are patients who have
permanent motor disorders, who are already known to the
therapist, who are young adults, who are alone, who need a
walker in the home, who have cognitive impairments and need
to betested in conditions that are similar to what they are used
to, or whose entourage is comfortable with technology and
available. Some occupational therapists said that this patient
profile is quite common in practical settings, while others
disagreed.

Reasons for Nonrecruitment

Finally, in order to explain the reasons why they were unable
to recruit patients in the context of the project, occupational
therapi sts mentioned the movement of staff, theimpression that

JMIR Aging 2022 | vol. 5 | iss. 3 [e24376 | p.69
(page number not for citation purposes)


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

JMIR AGING

it would be asking too much of the caregiver, the lack of time,
the difficulty of coordinating the availability of caregiverswith
their own, having caregivers at ease with technology, the
perception of duplicating work with the CLSC, thinking of
recruiting patients, having patients who correspond to the
inclusion criteria, and work overload.

Problems Encountered With the Use of Mobile
Videoconferencing

Some technical problems were encountered during the study.
Communication with the clinician was generally adequate. The
sound and the image were judged to be clear by al the
participants. With the exception of thelack of internet coverage
in the municipality where one patient resided, the technical
problems did not prevent the use of mobile videoconferencing
or the home evaluation and were not raised as being
inconvenient for patients using mobile videoconferencing.

Participant Suggestionson Improving Home
Assessment Using M obile Videoconferencing

One occupational therapist suggested that it would be useful to
record the videoconference visit and subsequently review the
assessment (as needed or depending on the patient’s progress).
A caregiver also recommended that the videoconference visit
be recorded and available to other professionals. Shewas again
asked about her environment in the rehabilitation unit following
her stay at the unit where theinitial assessment took place and
felt that she was duplicating what had aready been done.
Another occupational therapist suggested that the
interdisciplinary team should be involved in the
videoconference. First responders, often the social worker, could
explore the possibility of doing the mobile videoconferencing
with the patient’s family even before the occupational therapist
receives the referral in order to address the time constraints of
short stay. In addition, it may be pertinent for the physiotherapist
to see the walking distances between the home and the parking
lot and inside the home, and for the social worker to verify the
safety and cleanliness of the home environment. Finally, one
occupational therapist conducted the mobile videoconference
together with the patient. She explained that the patient was
able to provide details of her lifestyle and this experience
motivated her in her rehabilitation because she was able to
visualize what her return home would belike. This occupational
therapist recommended patient participation in mobile
videoconferencing.

Discussion

Principal Results

The use of mobile videoconferencing after the interview
generaly led occupational therapists to modify their initial
intervention plan. Most changes were considered by
occupational therapists to be minor inasmuch as they were
expected to have little impact on a safe return home. However,
3 assigtive devicesrecommended after theinterview raised some
issues after discharge. In addition, based on mobile
videoconferencing, the decision of the interdisciplinary team
and that of the patient himself to transfer to aseniors residence
was modified, and the patient returned home upon discharge

https://aging.jmir.org/2022/3/e24376

Latulippe et al

instead. Thisisaclinically important point. Unimplementable
recommendations (such as the 3 assistive devices mentioned
above) can interfere with older adults' ability to age in their
homes, and a change in home environment is no small matter
in aperson’slife.

Overall, the perceived advantages of mobile videoconferencing
for occupational therapists and caregivers exceeded the
disadvantages; however, the nature of the disadvantages—time
required to conduct mobile videoconferencing (meeting
planning, tabl et training, equipment loan, virtual visit) combined
with the increased workload perceived by occupationa
therapists, intervention priorities such as pressure injury,
availability of caregiverson working hours, and the short length
of stay—do not support itsuse. More specifically, the perceived
reliability of data collected through interviews and the short
timerequired for interviewsled occupational therapiststo prefer
interviews as an evaluation method. Thisis consistent with the
conclusions from a scoping review [13] on the use of
information and communication technology for home
assessment.  Our  study  highlighted that  mobile
videoconferencing is considered beneficial by occupational
therapists when the patient has a cognitive impairment and a
caregiver is not available, both of which reduce the reliability
of data collected through interviews. However, for individuals
with cognitive impairment, it is very important to observe their
interaction with their home environment, and mobile
videoconferencing used in the manner described in this study
does not alow for this interaction to be seen [23]. Also, in our
study, availability and motivation of caregivers were identified
as prerequisites for the use of mobile videoconferencing by
occupational therapists.

Another clinically relevant finding was that mobile
videoconferencing required increased involvement on the part
of caregivers in discharge planning. This appears to be an
advantage for improving communication between the clinician
and caregivers, thereby increasing the probability that the
caregiver will implement the occupational therapist's
recommendations. In contrast, some occupational therapists,
including those who did not recruit a patient, felt uncomfortable
burdening caregivers with this task. In fact, some eligible
patientswere not part of the study becausethe caregiver declined
to participate due to their busy schedule. Knowing that
caregivers are at risk of exhaustion [24], clinicians may have
been reluctant to add to their burden of care. The family
caregivers enrolled in the study, who may arguably be more
available and interested in the project, commented that the
logistics surrounding mobile videoconferencing had not been
a problem. They said that the mobile videoconferencing had
reassured them and that they appreciated being guided by the
occupational therapist to make the measurements. Holland and
colleagues[25] reported that seeing the clinicians on video made
caregivers feel as if they were at home with them, which
facilitated interactions. Chi and Dimiris [26] also found that
caregiversfelt moreinvolved in the process. Therefore, mobile
videoconferencing can be perceived as a burden by some
caregivers and as a facilitator by others.

Somefeasibility issues may explain recruitment difficultiesand,
therefore, will have an impact on the choice to use mobile
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videoconferencing or not. Based on the Telehealth Readiness
Assessment questionnaire[18], there was adegree of reluctance
with respect to telehealth. These findings are not consistent with
those of a study [27] in which clinicians were reported to be
supportive of more frequent use of the telecommunication
system. However, our results may be influenced by clinicians
perceived openness of their workplace to telehealth. Indeed, in
the Tel ehealth Readiness A ssessment questionnaire[18], almost
half of the points (40 out of 100) pertain to how clinicians
perceived the receptivity of the institution. In one study [15],
occupational therapists reported that they needed moretraining
in communi cation technol ogy use but organizational constraints
wereabarrier [15]. Thisisconsistent with our finding that many
occupational therapists did not have the skills to use mobile
videoconferencing or to show caregivers how to use the
technology. This perception of a lack of technological skills,
combined with occupational therapists perceptions that
caregiverswho arelessfamiliar with technology would require
more time, may explain why they favored the involvement of
caregivers who are familiar with the technology. Our
conclusions are consistent with those of Ninnisand al [13], who
suggested that therapists consider the use of mobile apps to be
appropriate for some patients but not those who are less
confident or less able to use new technol ogies. However, in our
study. it does not appear that the caregivers' level of comfort
with the technology affected its use.

Future Directions

Some occupational therapists and caregivers suggested that the
use of caregivers own smartphones, despite potential
confidentiality issues, would alow for a better
videoconferencing experience. Smartphones are becoming more
and more popular among people aged 65 and over [28]. In
addition to precluding the need for mobile videoconferencing
training, the use of their own device would eliminate the need
for caregiversto cometo the hospital to pick up equipment. We
are currently working with engineers on making personal
smartphones safe and simple to use (only one button to press),
with options to measure distances between home facilities
through screenshots. Another suggestion made by one
occupational therapist was to involve patients in the
videoconference, which isin line with shared decision-making
and patient-centered approaches [29-31]. The involvement of
a social worker and physiotherapist could also help to gather
further information (presence of aninterior and exterior staircase
for example) during the virtual visit and thus optimize hospital
discharge planning (such as planning the need for assistance
with mobility). We suggest that future studies compare standard
assessment (interview), videoconference, and in-person visits
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of the home environment with the patient in terms of benefits
and clinical, ethical, and financial issues[32,33]. It would aso
be of interest to document the clinical reasoning behind the
decision whether or not to assess the home environment, through
mobile videoconferencing or otherwise, in order to guide
occupational therapists on the best methods to use for this and
on how to best use their time [5].

Limitations

Thisstudy has somelimitations. First, we had fewer participants
than desired. The recruitment difficulties encountered during
the study underscore the need to make organizational changes
to support the use of mobile videoconferencing in routine care.
Nevertheless, the added value perceived by participants as well
as the opportunity to obtain additional and more appropriate
recommendations suggest the relevance of using mobile
videoconferencing. Second, it would have been relevant to
further document the occupational therapists’ and caregivers
level of comfort with technology use in order to better
understand how it influenced occupational therapists' receptivity
and participant recruitment. Occupational therapists were not
asked to recruit the ideal candidate, but a participant selection
bias cannot be excluded because of workload concerns. To
reduce their workload, they may have been inclined to select
patients with family caregivers who were comfortable with the
technology or who were motivated to use videoconferencing.
Moreover, the analysis was performed by one person (KL).
However, the interviews were transcribed verbatim, and 2
co-authorswho participated intheinterviews (KB, MG) attested
to the consistency between themes and interviews. Finally, the
start of the COVID-19 pandemic occurred in the period between
the study’s completion and its publication, which may also
impact the results asthe pandemic forced occupational therapists
and the general population to learn about, if not improve, their
technological proficiency and to use mobile video conferencing
more frequently.

Conclusions

Clinical feasibility issues were found when using mobile
videoconferencing to support hospital discharge planning.
Although mabile videoconferencing provides multiple benefits,
such as more appropriate occupational  therapist
recommendations, theinconveniences, such astime constraints,
make it difficult to perceive the added value of this method.
However, it was suggested that having caregivers use their own
smartphone, involvement of the interdisciplinary team, and
patient participation in the videoconference would mitigate
these inconveniences.
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Abstract

Background: Older adults with chronic illnesses or dependency on care who strive to age in place need support and care
depending on their illness. Digital technology has enabled the possibility of supporting older adultsin their wishesto agein place.
However, current studies have mainly focused on the solitary evaluation of individual technologies or on evaluating technol ogies
for specific illnesses.

Objective: This study aimed to synthesize research on the experiences of older people from the Western culture with chronic
illnesses or care needs and their familieswith digital technology for aging in place. From the meta-synthesis, amodel was derived
that can be useful for the devel opment of assistive devicesin old age and that can support health care providers and professionals
in their work with affected individuals.

Methods: A systematic review and qualitative meta-synthesis was performed using an inductive approach, as proposed by
Sandelowski and Barroso. We performed a systematic literature search in 6 databases from 2000 to 2019, with an update in 2021
and, in addition, conducted a hand search in 2 databases, relevant journals, and reference lists. The results of each study were
analyzed using initial and axia coding, followed by theoretical coding. A conceptual model was derived.

Results: A total of 7776 articles were identified. Articles were screened independently by 2 authors based on the eligibility
criteria. Finally, of the 7776 studies, 18 (0.23%) were included in the meta-synthesis. The derived conceptual model describes
older adults with chronic illnesses or dependency on care and their family membersin an individual process of reflection and
decision-making, starting with the use of adigital device. Older adultslivein timesof change. They experience stable and unstable
times of illness as they are part of a changing digital world. Hence, older adults and their families consider digital technology a
solution to their current situation. Asthey become familiar with aspecific digital technology, they refine their needs and demands,
gain confidence in its use, and note its advantages and disadvantages. They weigh hopes, needs, demands, and experiencesin a
process of reflection to decide on convenience and inconvenience. Independent of their decision, they achieve peace of mind
either with or without digital technology. This process can restart repeatedly during the illness trajectory of older adults.

Conclusions: This study promotes a differentiated understanding of older adults' experiences with digital technology. The
conceptual model can be useful for the development of assistive technology in old age. Moreover, it can guide health care
professionals in their work with older adults and their families to provide individual counseling to find the appropriate digital
technology for their respective situations.

(IMIR Aging 2022;5(3):€34872) doi:10.2196/34872

KEYWORDS

older adults; old age; assistive device; aging in place; home modification; independent living; telemedicine; assistive technology;
ambient assisted living; assisted living; community living; chronic disease; chronic condition; chronic illness; elder; older adult;
systematic review; meta-synthesis; digital technology; mobile phone
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Introduction

Background

Aging is closely linked to the question of how and where one
wants to live in later life. Aging in place is a central wish for
many older adults. They associate it with autonomy, continuity
in daily life, privacy, and memories that give meaning to life
[1,2]. The concept of aging-in-place can be viewed through 5
key themes. In addition to place, these are socia networks,
support, technology, and personal characteristics [3]. On the
basis of these key themes, we defined aging in place as living
in one's own home for as long as possible while maintaining
social networks and respecting older adults autonomy in
deciding what professional or technical assistance is needed.
Support, as part of the aging-in-place concept, refers to the
likelihood of developing (further) health or care needs in the
aging process. The World Health Organization defined healthy
aging as “the process of developing and maintaining the
functional ability that enables well-being in older age” [4].
Healthy aging at home is increasingly being supported by
digital-technical solutions. The diversity of digitally assisted
living technologies has grown significantly. Nilsson et a [5]
reviewed digital technologiesfor older adultsand their informal
caregivers as interventions for healthy aging, using the
corresponding World Heath Organization framework.
Interventions focused “on physical capacity and function, on
managing the symptoms of dementiaand cognitive impairment,
on supporting functioning in daily life and on self-caring with
a chronic disease” [5]. Interestingly, the ability to participate
in society was not addressed at all, although it isacentral aspect
of aging in place.

For existing qualitative reviews or meta-syntheses of the
experiences of older adults living at home and using digital
technologies, the study situation is as follows. In a
meta-synthesis, Larsen et a [6] analyzed the process of
becoming a user of assistive technologies and identified
facilitating factors. They had narrow criteria for technology
inclusion and did not focus on linking aging in place with
assistive technology. In a qualitative systematic review and
meta-synthesis, Moore et al [ 7] specified whether usersintegrate
devicesinto everyday life with the degree to which motivation,
ease of use, and device purpose match. In a meta-ethnography,
Rosenwohl-Mack et al [8] specified the concept of aging in
place as a balance of threats, agency in relation to identity,
connectedness, and place. Owing to the holistic view of aging
in place, the connection between aging in place and the use of
technological-digital tools from the user perspective was only
marginally addressed.

The systematic review by Pol et a [9] on the use of digital
technologies by older adults summarizes studies that mainly
examine healthy volunteers without care needs and focus on
technical aspects of sensory monitoring rather than on the
applicability in the daily life of a person aging in place. In a
scoping review, Rodrigues et a [10] examined the extent to
which web-based interventions could address lonelinessin the
context of the COVID-19 pandemic. Both studies show little
visibility of the subjective perspective in the use of digital
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technologiesin the aging in place of older adults. Other studies
have concentrated on a specific group, such as the study by
Chen and Yeh [11] on individuals with diabetes. In a
meta-synthesis on self-monitoring of diabetes, they showed the
experiences of patientson 5 different topicsthat can help health
care professionalsto better communicate with patients. Research
on this topic has often focused on benefits, barriers, or
ambivalences. The scoping review by Raja et al [12] shows
such ambivalences in the context of telehealth, making life
easier and the opposite. The scoping review also showsthat the
absence and presence of social support facilitated the use of
digital technologies. A systematic review by Stargatt et al [13]
stated the benefits of digital storytelling for older people with
dementia living in the community. The improvements were
concerned with mood, memory, social engagement, and quality
of relationshipsin older people with dementia.

A research gap that emerges is that the experience of older
people living at home when using digital technologies is still
included lessin the general evidence. The perspectives of both
older adults and family members should be addressed when
developing technical solutions[5,14]. The experiences of older
adults aging in place and their family members are valuable for
the devel opment of aconceptual model overarching thevarying
illnesses, levels of care needs, or tested digital technologies.

Objective

Therefore, we intended to synthesize qualitative research to
gaininsightsinto the experiences of older adultsand their family
members. The following research question guided this study:
what experiences do older adults with chronic illness or
dependency on care and their family members have with digital
technology referring to aging in place? The aim was to gather
and synthesi ze qualitative research on the experiences of older
adults and their family membersin using digital technology to
overcome challengesin aging, chronic illness, and the need for
careindaily life. Weintended to derive aconceptual model that
illustrates the patterns identified within these experiences. As
such, the model can be useful for the development of assistive
digital technology in old age, as well as support health care
providers and hedlth care professionals in their work with
specific populations. The term healthcare professionals refers
to nurses, physicians, and therapists.

Methods

Overview

A qualitative systematic review and meta-synthesis was
conducted. Conducting a meta-synthesis allows for the
interpretive integration of several studies, resulting in findings
based on a larger sample than would be possible in a single
qualitative research study. It is a systematic and inductive
approach in which the results of the included studies are
interpreted as a whole. Consequently, coherent experiences of
the research topic can be explained and described asthey enable
an understanding that goes beyond a mere summary of all
findings. The approach by Sandelowski and Barroso [15] was
used with the following recommended steps: (1) formulating a
purpose, (2) searching and retrieving literature, (3) appraising
findings, (4) classifying findings, (5) conducting a
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meta-summary, and (6) devel oping ameta-synthesis. To ensure
methodical rigor, we followed the ENTREQ (Enhancing
Transparency in Reporting the Synthesis of Qualitative
Research) checklist [16].

Searching for and Retrieving Relevant Studies

A sensitive search strategy was deployed for the qualitative
systematic review to identify all the studies relevant to our
research question. We oriented ourselves on the PICo
(population, phenomenon of interest, and context) scheme
supplemented by design. The search terms used in this study
are listed in Textbox 1. These were adjusted dightly to fit the
different search systems, such asusing Medical Subject Heading

Textbox 1. Search strategy.

Hechinger et a

termsin MEDLINE or subject headingsin CINAHL. The search
was conducted using the following databases: MEDLINE,
CINAHL, PsycINFO, SocINDEX, GeroLit, and Bibnet. In
addition, ahand search was performed in Google Scholar, Social
Science Open Access Repository (SSOAR), and in specific
journals: Technology and Health Care, Neurorehabilitation,
Technology and Disability, Journal of Ambient Intelligence and
Smart Environments, Telemedicine and eHealth, Telemedicine
and Telecare, Journal of Applied Gerontology, Archives of
Geriatrics and  Gerontology, and the German
journal s—Pflegezeitschrift, Pflege, and Pflege & Gesellschaft.
Subsequently, aliterature search of thereferencelists of relevant
studies was conducted.

Category and search terms

Populations

(patients OR resident* OR “in need of care” OR “care needs” OR impaired OR disability OR disabled OR geriatric* OR elderly OR old OR “old age”
OR “chronic disease” OR “chronic* ill” OR “chronic condition” OR “long-term condition” OR sick OR ill OR illness OR disease OR outpatients OR
“next of kin" OR relative OR relatives OR family OR “family member*")

Phenomenon of interest

AND (gaming OR exergaming OR app OR smartphone OR computer OR “mobile phone” OR tablet OR “health monitoring” OR telemedicine OR
“tele-monitoring” OR telemonitoring OR “tele-homecare” OR telehomecare OR “tele-health” OR “telehealth” OR “tele-care” OR telecare OR
“tele-nursing” OR telenursing OR telemetry OR “tele-communication” OR telecommunication OR tracking OR robotic OR “web based” OR

“web-based” OR “health informatic’ OR AAL OR “ambient assisted living” OR digital divide OR digital* OR virtual OR internet)

Context

AND (home OR house OR flat OR community OR “flat share” OR “flat-share” OR “assisted living” OR “assisted-living”)

Design

AND (qualitative OR “qualitative research” OR “qualitative studies’ OR “mixed-methods’ OR “mixed methods’ OR ethno* OR hermeneutic* OR
constructiv* OR constructionis® OR phenomeno* OR “focus group*” OR narration OR observation* OR interview* OR experience* OR “grounded

theory” OR “image interpretation”)

The €ligibility criteria for the literature search and the study
selection process are presented in Table 1. Subsequently, the
term older adults is used to refer to individuals of older age
with chronicillness or dependency on care. We defined old age
broadly to take into account the individuality of aging
trajectories, its socia construction, and other influences, such
ashiological, psychological, and social dimensions[17,18]. We
focused on older adults from Western industrialized regions as
they are considered similar in terms of cultural norms and
values, as well as sociopsychological aging [18]. Studies that
involved family memberswere also included. At the sametime,
the inclusion of family membersin studies was not necessarily

https://aging.jmir.org/2022/3/e34872

required. In this study, the term family memberswill be applied
irrespective of eventual involvement in informal caregiving.
The term family refers to close people whom the older person
includes in this group, regardless of an existing family
relationship [19]. We also included additional criteriafor study
quality. The development of digital technologies is advancing
asfast asusers’ attitudes and interactions with technologies are
changing. Therefore, we limited the inclusion of studies from
2000 to 2021 to focus on current technologies and the
experiences of the generation that will become older adultsin
the near future. We have considered studies in the languages
that the authors speak.
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Table 1. Inclusion and exclusion criteria of the literature research and the study selection process.

Selection criteria Inclusion criteria

Exclusion criteria

Population .
and dependency on care aged =50 years
«  Family members
«  From Europe, North America, or Australia

Setting «  Rented or purchased homes of older adults
o Outpatient
o Assisted living facilities

Digital technology «  Internet- or sensor-based digital technology

o Useat homeindaily lifeto overcome challengesin aging, e

illness, and care needs

Experiences .
place

«  Family memberswho use digital technology with the goa

of supporting older adultsto age in place

Study designs o Qualitative design

«  Mixed methods design with a separate qualitative part

Study quality o  Clear separation of perspectives

*  Sufficient quality score (27) in the CASP? checklist .

Year of publication «  Between 2000 and March 2021

Language «  English, German, or Spanish

Older adults or synonymous expressionswith chronicillness

Older adults using digital technology related to aging in .

Children, adults aged <50 years
Health care professionals
Physicians

From South Americaor Asia

Homelessness

Home of afamily member
Inpatient

Nursing home

«  Technology under development
Technology for diagnosis purposes
« Testsin laboratory situations

Experiences stated by health care professionals

«  Exclusive focus on technology without relation to user
experience

«  Exclusive focus on usability and acceptance or nonac-

ceptance

Quantitative design

Discussion papers

Reviews

Monographs and book chapters
Study protocols

o No clear separation of perspectives
Insufficient quality score (€7) in the CASP checklist

. Before 2000 and after March 2021

«  All other languages

8CASP: Critical Appraisal Skills Program.

Appraising and Classifying the Findings

A systematic literature search was performed in March 2019,
with an update made in March 2021. All studieswere imported
into the reference management system. A total of 2 researchers
independently screened titles and abstracts for igibility and
examined the full texts of the studies that appeared to meet the
inclusion criteria, as far as this was evident from the title and
abstract. Discrepancies were discussed with athird researcher.
The remaining 26 studies were appraised critically by 2
researchersusing checklistsfor qualitative research of the CASP
(Critical Appraisal Skills Program) [20]. This CASP checklist
enablesthe systematic appraisal of qualitative studiesto identify
strengths and weaknesses [20]. The tool appraises the quality
of the studies but not the quality of the appraisal itself. Studies
were excluded if they had <7 “yes’ points in the 10-point
guestionnaire. Consequently, 8 studies were excluded because
of insufficient quality. An overview of the critical appraisals of
theincluded studiesis provided in the Multimedia Appendix 1.

Sandelowski and Barroso [15] recommended classifying the
findings with regard to the methods that were used and the
manner in which the datawereinterpreted. Hence, theincluded
studieswere classified as one of thefollowing: thematic surveys,
conceptual or thematic descriptions, or interpretive explanations.

https://aging.jmir.org/2022/3/e34872

Conducting a Meta-summary

Two researchers independently extracted the following data
from the included studies: authors, location, popul ation, age of
older adults, focus of interest, used methodology, and used
technical devices. The studies were transferred to MAXQDA
2020 software (VERBI GmbH), which was used to support and
manage the analysis process. We considered the results of the
included studies to be interpretations of the collected data.
Therefore, the results sections were treated as transcripts and
used asdata. The studieswere read several times, and the results
sections were analyzed inductively. Parts referring to the
perspective of health care professionals were not taken into
account. As afirst cycle method, we used initia line-by-line
coding. We posed the following question to the text: what are
the positive and negative experiences of those affected and their
family members with digital technology in terms of use, daily
life, and their illness? This was followed by axia coding as a
second cycle, which led to the first descriptive categories [21].
The meta-summary reflectsthe contents of theincluded studies.

Developing a M eta-synthesis

Axia coding was combined with constant comparison [21].
The codes were grouped by constantly comparing similarities
and differences. Both helped discover patterns and reassemble
the data in categories and subcategories, which facilitated the
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formation of ahierarchical tree structure. Theleading questions
included the following: what added value and fears do affected
individualsidentify, which processes characterize use, and how
did they make a decision? Theoretical coding was used as the
third-cycle method to gain a deeper theoretical level of
abstraction [21] and devel op more generic categories. Themain
concepts emerged through this interpretive approach, and a
conceptual model was derived.

Ethics Approval

Ethics approval for this study was not necessary as it was a
qualitative systematic review and meta-synthesis of published
articles and did not involve data collection from participants.

Results

Overview

A total of 7776 studies were identified based on a systematic
literature search of databases and a hand search. Furthermore,

Figure 1. Flow diagram of the review process.
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119 studieswere examined in full. A flow chart of theliterature
search is shown in Figure 1. Findly, 18 qualitative studies
involving 220 older adults and 37 family memberswereincluded
inthe meta-synthesis. The study characteristics are summarized
in Table 2. Older adults received care mostly in
community-dwelling surroundings in 89% (16/18) and in
assisted living residents in 11% (2/18) of studies. Data were
collected through interviews in al the studies. Additional
observationswere part of 17% (3/18) of studies, and focusgroup
discussions were part of 11% (2/18) of studies. The
methodologies used were grounded theory, content analysis,
thematic analysis, phenomenology, and systematic text
condensation analysis. The ages of the older adultsranged from
52 to 101 years. The studies were conducted in seven different
countries: Sweden, Denmark, the United Kingdom, the United
States, the Netherlands, Scotland, and Australia. Thetechnology
included telehealth applications, telecommuni cation technol ogy,
ambient assisted living technology, exergame platforms, and
wearables.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Table 2. Characteristics of included studies.
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Authors Location Population Age Focus of interest Methodology =~ Technical device
(years) of
older
adults
Chao et a United States 15 assisted living 78-92 Experiences of assisted liv-  Content analy-  The Wii-Exergaming interven-
[22] residents with func- ing residents with facilita-  sis tion includes gaming activities
tional deterioration torsand barrierswith respect for improving their functional
to exergamesin relation to impairment.
cognitive, physical, and
psychological effects
Cheneta United States 13 people with 52-86 Experiences of benefitsand Thematicanaly- The telerehabilitation system
[23] stroke barrierswhenusing atelere-  sis comprises treatment sessionsin
habilitation system the form of daily guided rehabil-
itation games, exercises, and
stroke education.
Emmeeta  Denmark 9 people with Mean 67.6 Coping with physical, emo- Grounded theo- Virtual admission comprisesvir-
[24] COPD? tional, and social problems  ry tual scheduled ward rounds via
of individuals with acute videoconferencing systems and
exacerbation of COPD be- medical equipment asmonitoring
fore, during, and after virtua devices.
admission
Goranssonet  Sweden 17 peoplewith differ-  70-101 Experienceswithanappfor Thematicanaly- The app “Interaktor” isused to
al [25] ent comorbid condi- supporting older people's  sis report health problems and re-
tions health and self-care ceive evidence-based self-care
advice and links to relevant
websites. Caregivers can access
the generated information viaa
web interface.
Gorst et a England 8 people with 58-84 Beliefs and perceptionsof ~ Phenomenology  Peripheral telemedicine devices
[26] COPD; 5 family individuals with COPD in were used to monitor one’s vital
members using home telehealth signs such as blood pressure,
oxygen level, pulse, temperature,
and weight.
Killinet al Scotland 10individualswith  66-81 Experiencesof familieswith Thematicanaly- It involved an internet-based
[27] Alzheimer diseaseor adiagnosis of dementiaus-  sis support platform that combines
dementia; 10 family ing adigital support plat- three different technologies:
caregivers form Living It Up, Jointly, and Click-
Go. It enablesfamiliesto receive
comprehensive knowledge about
dementia.
Klompstraet Sweden 14 people with 56-81 Preferences, attitudes, use, Content anay-  The exergame platform (Ninten-
a [28] chronic cardiac dis- and abilities of individuals  sis do Wii) enables to play games
eases with heart failure when us- such as basketball, boxing,
ing an exergame platform bowling, tennis, and golf. Using
remote control, patients learn to
play these sportsinaway similar
tored life.
LaFramboise United States 13 peoplewithheart Mean 68 Experiences about easeof  Content analy- “Health Buddy” is atelehealth
et a [29] failure use, efficacy, and difficulties sis device that allows people to
of individuals with heart record the status of their heart
failure using ahome commu- failure symptomsand receivein-
nication device formation about their health
state.
Lieeta [30] England 21 people with >65 Experiencesof older people Thematicanaly- The“SHel” home monitoring
chronic age-related with ahome monitoring sis system comprises a home hub

health conditions; 11

family members

system focused on the ac-
ceptability, use, design, and
trust of the system

that communicates with wireless
passiveinfrared sensorsto moni-
tor peopl€e's activities.
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Authors Location Population Age Focus of interest Methodology ~ Technical device
(years) of
older
adults
Lindetd Sweden 12individuasreceiv- 58-79 Experiences of individuals  Cross-casecon- The“Digital pen” technology
[31] ing palliative home receiving palliative home  tent anaysis comprises a pen and ordinary
care; 4 spouses care with apain diary and paper with a printed close-to-in-
digital pen and understand- visible pattern read by a camera
ing their perception of pain inside the digital pen. This tool
control isintended for follow-up pain
treatment, with assessment and
documentation of their pain.
Lind and Sweden 14 peoplewith heart Mean 84 Experiencesof older individ- Content analy- A telemedicine diary and digital
Karlsson failure; 2 spouses ualswith heart failureand  sis pen are used for daily assess-
[32] spouses using a digital ment. With thisteleheal th equip-
health diary and a digital ment, health care professionals
pen technology can monitor patients' daily re-
ports viaa mobile internet con-
nection.
Mathar etal  Denmark 6 peoplewith COPD  67-83 Experiencesand preferences  Systematic text  The tele-video consultations
[33] of individualswith COPD  condensation comprise eight 30-minute live
using tele-video consultas method investigations. During these ses-
tions after discharge from sions, medical professionals
hospital make observations to examine
their general well-being and give
advice on their medication.
Olssoneta  Sweden 11 people with mild  62-72 Perceptions of apassivepo- Content analy- A passive positioning lamisa
[34] dementia sitioning alarm for people  sis GPS that includes a transmitter
with dementia and areceiver. In addition, com-
munication is possible through a
loudspeaker function and getting
help by pushing a button.
Selmaneta England 12 peoplewithheart Mean 71.2 Experienceswith ayogain- Content analy- The multipoint videoconferenc-
[35] failure and COPD terventioninrelationtoac- sis ing system enables 1-hour
ceptability, appropriateness, teleyoga live stream classes at
and potential activeingredi- hometo receive personal instruc-
ents for people with COPD tion from the coach.
and heart failure
Shulvereta Austraia 13individualsunder- 60-92 Experiences of community- Thematicanaly- The home-based telerehabilita-
[36] going rehabilitation; dwelling participantswitha sis tion program involves off-the-

3 spouses home-based telerehabilita- shelf technologies with tracking
tion program and its accept- of activity data from the FitBit
ability and having video calls viaiPads

with the therapists.
Smaerupet  Denmark 7 people with 67-86 Experienceswith computer- Meaning Inter-  The computer-assisted rehabilita-
a [37] vestibular dysfunc- assisted hometraining for  pretation Analy- tion program “Move it to im-
tion vestibular rehabilitationwith  ses (phe- proveit (Mitii)" is personalized
afocus on self-efficacy, nomenology) for patients exercising at home.
motivation, and acceptance Therapists can adapt the program
to individual needs.
Starkham- Sweden 7 peoplewithmemo-  66-87 Experiences from older Grounded theo- Thetimer devicewasinstalledin
mar and Ny- ry impairment; 7 rel- adults and their families ry existing electric stoves, which
gard [38] atives with atimer device for the protects the user from fire haz-
stove ards and allows the user to re-
ceive awarning signal if they
forget to turn off the stove.
van Hoof e¢ The Nether- 18 community- 63-87 Experiences, needs, and Content analy-  The unattached autonomous
al[39] lands dwelling peoplewith motivesof individualsaging sis surveillance system comprises

different chronicill-
nesses

in place with new ambient
intelligence technologies

the following various functions:
mobility monitoring, voice out-
put, fire detection, and wander
detection and prevention.
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8COPD: chronic obstructive pulmonary disease.

To answer the research question, a conceptual model was experiences of older adults aging in place and their family
synthesized based on an inductive interpretive analysisprocess  members with digital technology (Figure 2). Table 3 provides
for the included studies. The conceptual model derived from an overview of the identified concepts, categories, and

this comprises 3 conceptsin an ongoing processthat reflect the  subcategories.

Figure 2. Conceptual model of older adults’ and family members' experiences with digital technology.
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Table 3. Concepts, categories and subcategories (excerpts from data analysis).

Concepts and categories Subcategories
Livingin times of change
Experiencing stable and unstable times of illness «  Having substantial experience with theillness

«  Being confronted with worries, insecurities, and insufficient coping strategies

Being part of achanging digital world .

Seeking new waysto agein place

«  Considering digital technology to stabilize or improve the current situation

Familiarizing oneself with digital technology
Having initial hopes and needs

Becoming aware of demands and further needs .

Wishing to agein place

Not wanting to rely on others
Wanting to improve health condition
Wanting to challenge themselves

Noticing further needs

«  Having to adapt

Gaining experience with digital technology .

Overcoming initial difficulties

«  Gaining confidence in the use
«  Recognizing advantages and disadvantages

Individual process of reflection to decide on convenience and inconvenience

Weighing hopes, needs, demands, and experiences .

Becoming aware of changes

o  Reflecting (un)consciously
« Noticing what isimportant for oneself

Deciding on convenience and inconvenience .

Being (not) ready to make concessions

«  Considering digital technology for future use
«  Gaining peace of mind

First Concept: Livingin Timesof Change

Overview

The conceptual model shows that older adults live in times of
change. Asthey experience stable and unstabl e times of illness,
they have substantial experiences with the illness and are
confronted with worries, insecurities, and insufficient coping
strategies. At the sametime, they are part of a changing digital
world. They seek new ways of managing illness or care needs,
which promotetheir wish for agingin place, and consider digital
technology as a possible solution.

Experiencing Stable and Unstable Times of IlIness

Chronic diseases often involve hospitalization or contact with
health services and rehabilitation schemes. Individuals' expertise
with their illness sometimes comprised years of experience, in
which they gained knowledge, learned coping strategies, and
tested them. When older adults were confronted with
illness-related problems, they applied previous coping strategies
that they were confident about and had positive experiences
with [24,33].

However, individuals with chronic illnesses or dependence on
care experience worries, insecurities, and insufficient coping
strategies. They also experience loss of control when their
coping strategies are insufficient. Thus, dependency on family
members and health care professionals could arise [24,33].
Emme et al [24] called this a struggle to be in control of life.
Affected individuals worried about whether they could age in

https://aging.jmir.org/2022/3/e34872

place in the future. They anticipated a worsening of their
physical condition and feared being lonely. When they noticed
insufficient coping strategies, such as during the worsening of
illnesses, they experienced feeling powerless and vulnerable
[24,33].

Being Part of a Changing Digital World

Older adults and their family members have the fact that they
are part of a changing digital world in common. Older adults
had different extents of experience with, knowledge about, and
attitudestoward digital technology. Their attitudes ranged from
being skeptical to being indifferent to being motivated to learn
something new. Although some were confident about their
ability to learn, others doubted their ability to manage it
[22,32,36,37,39]. Some had aready used technology before
joining the respective studies, mainly to promote feeling safe
(eg, burglary alarms or emergency response systems) [30,39].

Nevertheless, older adults seek new waysto agein place because
of their chronic illness or dependency on care. They considered
digital technology as possibly helpful, some with the intent of
just trying, and otherswith clear aimsto improvetheir situations.
Older adults hoped to age in place, whereas family members
were glad to have digital technology as a fail-safe system and
saw it asaprerequisite to enable aging in place. Family members
felt a certain responsibility during the acquisition process
[25,27,30,33,38,39]:
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Technology was seen as a way to support the wish to
age-in-place and, therefore, embraced, accepted or
tolerated as a support tool [39].

Second Concept: Familiarizing Oneself With Digital
Technology

Overview

Older adults aready haveindividua hopesand needswhen they
learn digital technology and become aware of their specific
demands while using it. During the process of familiarizing
themselves with the respective digital technology, older adults
and their family members continuously meet challenges and
notice advantages and disadvantages.

Having I nitial Hopes and Needs

Older adults' intrinsic motivation to test digital technology
varied. Motivations differed from not wanting to rely on family
members only or to be a burden, hoping for social contact,
preventing harm, maintaining or regaining autonomy, and
controlling or improving their health condition with the help of
digital technology. Some even saw digital technology asatype
of last resort [22,24,30,35-37,39]. Others wished that digital
technology would take away the decision whether to alarm
family members and would support being acknowledged in the
illness situation by health care professionals [24,30]. Again,
others wanted to challenge themselves with something new or
decrease the generation gap between themselves and the younger
generation by keeping up with thetimes, so that they could join
conversations as they did not want to be old-fashioned
[22,25,28,36].

Well, if thekidscan doiit, | can do it [36].

Older adults showed self-efficacy toward technology as they
believed in their ability to manage it [32,37].

Becoming Aware of Demands and Further Needs

Older adults had individual hopes and needs regarding the use
of digital technology. These were complemented by the
awareness of further needs and the concretization of demands
while gaining experience with their use. An example was the
alterations that must be made in the usual surroundingsto fitin
digital technology. Although some older adults “see the
technology with all itsimplications as a part of the home or as
apart of theinterior design” [39], othersfind the rearrangement
of the furniture and the lack of flexibility in placing the device
inconvenient [29,35]. Older adults “found it bothersome that
placement of the Health Buddy had to be where there were both
an available phonejack and electrical outlet” [29]. Thisresulted
in older adults having limited opportunities to place the digital
technology, which can lead to being annoyed by the location
[23,29]. Hence, they became conscious of their demand to
maintain their usual surroundings only when digital technology
was built in.

Another example of becoming aware of new demands is an
adaptation to daily routines. Although some older adults
appreciated theflexibility in the use, for others, the devel opment
of new routines was helpful. The flexibility to use digital
technology at any time during the day was appreciated if other
appointments or tasksgot in theway [23,28,29,32,33]. However,
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if the device was not intended to be used flexibly, older adults
did not adhere to the recommended assessment times and did
so with less frequency or at different times [31]. The
establishment of new routines, when successful, supported older
adultsintheir self-management [28,29]. Helpful routines could
also be established through scheduled videoconferencing times
[23,24,36]. Structured programs with planned and supervised
exercises requiring acommitment on their part motivated them
to exercise regularly and adhere to an exercise program” [22].
However, committing oneself to an aim or being motivated did
not seem sufficient for all older adults. Reminders from family
members or the digital technology itself supported older adults
inusing it and adhering to their routines[23,28,29,31]. The use
of a certain digital technology can be closely connected with
the effort to adapt previousroutines. Although some older adults
appreciated the structured procedure, othersrequired reminders
to use it, whereas some appreciated flexibility.

Similarly, family members associated hopes, needs, and
demands with the use of digital technology. They wanted to
support older adults’ wishes regarding aging in place. At the
sametime, the device satisfied their need for safety asthey were
less worried and mentally relieved [26,31,34,39]. Family
members saw digital technologies as supportive while having
the need to support themselves and appreciated the ability to
approach the support of the platform when required [23,27,39].

Gaining Experiences With Digital Technology

For older adults and their family members, the use of digital
technology was a learning process that required some time.
They benefited from past experiences in building acceptance
with the respective digital technology and facilitating its use
[24,25,27,34,37,38]. Family members wanted to be prepared
to support individuals with cognitive impairments for whom it
was helpful to learn through several senses. Older adults with
cognitive impairments familiarized themsel veswith the device,
for instance, by being instructed verbally by technicians or
family members, by reading instructions on little memos,
watching other people use it, and experimenting with it
[27,38,39]. It was helpful to have a program or digital
technol ogy tailored to ol der adults' needsto motivate and ensure
a feeling of safety, such as modifying exercises or adapting
digital technology to prevent false alarms caused by pets
[22,30,35,39].

Older adults experienced difficulties in handling software and
hardware [27,29,31,37]. This resulted in older adults not using
parts of the technology or having difficulties in their use, for
instance, because of impaired sight [31,32,39]. People with
memory impairment felt challenged not to forget charging or
where they placed the device [34]. For them, it was demanding
to remember the handling, such as necessary actions to reset
the stove timer or perform actions on a written memo.
Individuals with cognitive impairments continuously required
reminders [38]. Older adults tried to solve problems that arose
on their own through experimentation or relied primarily on
help from family members or friends. Most hesitated to contact
IT support in case of hardware or software problems
[27,31,32,37,38], whereas others felt reassured over the
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availability of technical support and expected rapid responses
[23,36,37].

After having managed initial insecurities, older adults gained
confidence with respect to use, irrespective of cognitive
impairments or terminal illnesses. They could apply the different
functions and could even become enthusi astic about being able
to use them, increasing skills or the benefits that they noticed
[22,23,25,27,28,31,33,36-38]. They enjoyed the digita
technology, even looked forward to using it, and noticed an
increasing sense of well-being [22,23,25,27-29,34-36,39]. With
increasing use, older adults reported improvements in their
mental and physical conditions. They noticed that the potentially
negative outcomes were diminished. Depending on the tested
digital technology, they were more attentive and more relaxed,
whereas others reported an increase in physical activity and
fitness through physical exercise, for instance, by exergaming
or telerehabilitation [22-24,28,29,35,36,38]. Older adults were
more easily aware of symptoms and deteriorationswith the help
of digital technology. They were able to cope with different
situations on their own, with medication at hand, or with health
care professionals via telehealth. Depending on the tested
technology, they were virtually admitted if needed or contacted
by health care professional s about relevant issues; thereby, older
adults could be cared for at home. Not needing to go somewhere
for an appointment and being able to return to everyday life as
soon as possible was appreciated and time saving
[23,24,26,32,36,37].

Further positive experiences referred to not having to be in
control. For example, during virtual admission, older adults
were ableto hand over responsibility and control to health care
professionals who took over disease management [24]. People
with cognitive decline were less anxious about the stove timer
asthey did not need to bein control as before [38].

Older adults also experienced increased, continuous, and
improved contact with health care professionals
[23,25,26,31,36]. They experienced socia support through
digital technology, although they did not have more frequent
human interactions. For most, contact via devices was equal to
face-to-face visits [ 26,29,36]. Communicating health concerns
via digital technology, such as video consultation or a digital
pen, gave older adults a sense of security as they felt having a
direct connection to and “closer contact” with health care
professionals. They felt the need to have positive relationships
with health care professionals and did not perceive telehealth
as a barrier [23-25,31-33,36]. Older adults wished to receive
appreciation and feedback. They perceived the reporting of
health concerns via digital technology as appreciation and
support [25,31].

However, there were also older adults who wished for more
socia interaction with other affected persons or health care
professionals. Some missed the contact with health care
professionals to receive specific feedback or have the
opportunity to ask questions. Although for some, it was only
important to receive individual feedback, others valued
face-to-face contact [26,33,35-37].

For some older adults, the use of the tested digital technology
was repetitive or boring, concerning content and exercises that
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had limited options and were seen as monotonous [28,29,37].
Older adults were annoyed by problems or characteristics of
thetechnical infrastructure or device, such asunreliableinternet
connections, false alarms, humming, and lighting, as well as
negative auditory and visual feedback in exergaming
[22,29,35,38,39]. They reported not having timeto usethe tested
device; seeing it as an additional obligation; and prioritizing
other things instead, such as holidays. Hence, over the period
of use, some older adults became less adherent [27-29,33].

A central wish of older adultswasto be self-determined in their
decision to use digital technology. At the same time, they and
their family members experienced uncertainty about the“right”
timing. The discussion around timing is especially evident in
individualswith cognitive decline. That iswhy individual swith
cognitive impairments, having tried the device, suggested
introducing the device early to promote self-determination of
individual persons themselves, so that they can test it, are
familiar with the device, and regard it as an aid [34,38].

Third Concept: Individual Process of Reflection

Overview

This concept describes the process of reflection in which older
adults and their family members were engaged in deciding on
the convenience and inconvenience of the digital technology
tested. They consciously or unconsciously reflected on their
individual hopes, needs, demands, and experiences. Hence, they
decided on the convenience or inconvenience of thetested digital
technology. I rrespective of their decision, participantsachieved
peace of mind, somewith digital technology and otherswithout.

Weighing Hopes, Needs, Demands, and Experiences

Overview

Reflecting, in this context, is not a set process of concretely
identifying hopes, needs, and demands and weighing pros and
cons but anoting of what isimportant to oneself, incorporating
hopes, needs, and demands. A participant highlighted feeling
safe because of telehealth:

Like | say it's reassuring, it's like having another
person with you even though it's a machine. | think
that’sthe thing about it. It'sbecause | live on my own,
isn't it? | know my sonisonly a phone call away but
| feel more reassured now that'sin [26].

Therefore, reflection in decision-making is more deliberate for
one person than for another. The analysis reveal ed aspects based
on the hopes, needs, demands, and experiences of older adults
and their family members, which they considered in their
individual reflection process. The results are shown in Figure
3. For example, older adults found digital technology convenient
when they noticed its usefulness and practicability. They then
appreciated it as an aternative to conventional offers such as
doing teleyoga alone instead of exposing themselvesto agroup
or doing exergaming at home when there was bad weather
[28-30,32,35,36]. By contrast, when older adults and their family
members found digital technology inconvenient, they usually
noticed that it did not meet their demands. They then did not
seethe need to useit any further asthey hardly noticed benefits
in coping, fitness, self-managing behavior, or care participation

JMIR Aging 2022 | vol. 5 | iss. 3 |e34872 | p.84
(page number not for citation purposes)


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

JMIR AGING

[22,24,26,28,30,32,33]. For example, individual swith cognitive
impairment reacted with resistance as the digital support
platform confronted them with their diagnosis or onefelt it was
more relevant for family members [27]. A family member
explained that he had a close relationship with his father and
frequent face-to-face contact where digital technology was not

Figure 3. Aspects considered in the process of reflection.
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needed [30]. Therefore, every person has different aspects that
are important to them personally and that are considered in the
reflection process. Hence, the aspects listed in Figure 3 need
not apply to every person. Finally, reflection led older adultsto
decide whether they found the digital technology more
convenient or inconvenient.
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It is tailored to individual needs

Preventing hospital admissions

Having a sense of control

I X000 00OXDOXXOOXMN

Individual process
i of reflection

Weighing hopes, needs, demands and experiences

Finding digital technology
-\rafher inconvenient when.... y

| |
w

L4

Not meeting one's demands

Feeling dependent

Not being able to trust technology

Feeling constraints in one’s privacy

Experiencing difficulties in the handling

Being annoyed with technical problems

Hardly noticing benefits

Not needing it now

Prioritizing other things instead

Missing feedback and oppaortunity to ask questions
Missing face-to-face visits by health care professionals
Missing information

Not feeling challenged by exergaming

Having to rearrange furniture

1ROOOOODODOxXRO®XOODO

Reaching peace of mind with or without the

specific digital technology

X = Example for an individual process of reflection

The reflection process is explained below in terms of 3 key
themeswithin the hopes, needs, and demandsidentified: wishing
to be safe, thriving for independence, and wanting to be in
control. In doing so, it becomes clear what this process of
reflection by older adults and their family members can look
like. In the example, they weighed whether the safety,
independence, or control they gained from the digital technology
they tested were in relation to the individual concessions they
would have to make, such as arising dependency and restricted
privacy.

Wishing to Be Safe

Feeling safe at homeisa prerequisite for aging in place. Being
able to stay at home supported by digital technology provides
afeeling of safety, confidence, and comfort [25,31,37,39]. The
feeling of safety developed through the 24/7 availability and
continuity of digital technology—knowing that health care
professionalswould be aerted by the system or the older adult,
if required [24-26,31,33]. Even family members could increase
their feelings of security through tested digital technology
[26,34,38,39].

https://aging.jmir.org/2022/3/e34872
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Thriving for Independence

Digital technology aso facilitates self-determination and
promotes independence, such as being virtually admitted to the
hospital while being able to stay in one’s usual surroundings
[24,39]. Individuals with cognitive impairments noticed
increasing freedom and independence through the use of a
passive positioning system [34]. Being able to manage digital
technology and becoming active in improving one's health
condition promoted thisfeeling of independence. They noticed
feeling empowered to care for their own hedth, being
self-sufficient, and taking over responsibility
[22,25,26,28-31,35]. An interviewee stated about the tested
health buddy device:

It taught you how to take care of yourself and do it

on your own, because nobody else is gonna do it for

you [29].
Interestingly, taking over a greater part of their own care also
mediated a sense of increased security [31,32].
Wanting to Bein Control

Older adults gained greater knowledge about their illness and
symptoms through the information provided via their digital
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devices. Being able to use digital devices, interpret monitoring
data, and contact health care professionals whenever necessary
provided older adults with a sense of control over their illness
management. Some older adults experience insecurities over
when to approach health care professional s when experiencing
an exacerbation of chronic obstructive pulmonary disease. When
they are unsure of their health status, they can refer to actual
and past telehedth data to confirm their symptoms
[23-26,29,31-33,35,37]. Aninterviewee who did teleyogasaid
the following:

When | started to get really short of breath and | saw
those numbers bang up, and | wasthinking okay, I’ ve
got to slow down. So | went into the yoga breathing
[...] and just slowed it down. And the nurses were
amazed that | could do it, yeah...Because most adults
hyperventilate, because they get anxious [ 35].

Example of the Process of Weighing

The positive experiences made in relation to the 3 explicated
themes must be weighed against further hopes, needs, and
demands that older adults and family members have and the
experiences they face. They must reflect on whether they want
to make concessions or not.

Lieet al [30] “found inherent tensionsin maintaining both safety
and privacy at the sametime, asin some cases, a certain amount
of privacy had to be given up for the sake of safety.” Privacy
is seen as important and closely connected to being in contral,
aswell asindependent. Although somevalued control over their
privacy by exerting data sovereignty, others had no concerns
regarding privacy and confidentiality. They did not fedl invaded
intheir privacy or did not seetelehealth asintrusive surveillance
[26,30,34-36,39]. Older adults have a sense of losing
independence by being watched [30,39]. They describe
monitoring as “invasion of privacy” [30], or “big brother is
watching you” [34]. Some participants felt restricted in their
autonomy asthey did not want to be watched, either viadigital
technology or by their families [30]. When using digital
technology, older adults must trust the confidentiality of their
own data. Being able to trust promotes feeling safe and, thus,
acceptance of the system [30,36,38]. An interviewee (daughter
of an older adult) explained it as follows:

You don’t want to go to a care or nursing home, and
then you have to make some concessions of course.
[...] it is not like Big Brother, it is just a sort of
assistive device to stay here for longer [39].

Modern technologies such as medical equipment can also
provoke a certain dependence while simultaneously providing
independence [24,39]. An interviewee reflected on seeing the
health care professional asresponsible for monitoring hishealth
before he used digita technology. This placed him in a
dependent position. With the use of digital technology, he was
able to self-manage his health [26]. Dependency also became
clear through the reluctance of participantsto return the device
after the study [24,29,39]. For others, dependency became
evident through the number of digital technologies in their
households[39]. This dependency on assistive devices, inreturn,
creates afeeling of security. Telehealth can mediate “a positive
experience of surveillance” [26]. Older adults felt well cared
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for and watched over because they were connected to health
care professionals via digital technology and interacted with
the digital technology on adaily basis[25,26,29,31-33,39]. An
interviewee explained it as follows:

sort of alifeline; you know that it’s going somewhere
else[...] Knowing somebody isat the end of the line,
that’s important [ 26] .

Older adults noted that using digital technology created
additional obligations that were unrelated to the independence
they gained,

The security that the equipment can give the patients
must thus be weighed against the obligationsit creates
[33].
Obligations refer to solely using it or being at home for
scheduled remote sessions at the agreed time [29,33]. Older
adults and family membersweighed their experienceswith their
inherent hopes, needs, and demands to determine whether they
wanted to make these concessions.

Deciding on Convenience and I nconvenience

For older adults, achieving peace of mind means that in the
process of weighing needs, demands, and experiences, some
aspects receive higher priority from the individual and lead to
decisions on convenience and inconvenience. Consequently,
the necessary individual concessions are accepted as they do
not play aleading role. Theindividually higher-ranked aspects
lead to peace of mind. Decisions on convenience and
inconvenience and gaining peace of mind also result in further
actions, such aswanting to maintain digital technology, buying
it, organizing one's situation without digital technology, and
maintai ning health-promoting measures.

Thelarger group of participants gained peace of mind with the
use of their tested digital technology. They found it convenient
and were ready to make certain concessions, such as being
dependent on the technology and having to give up a certain
amount of privacy. Two participants were not keen on the
system’sfalse alarms. They arranged with them and kept them
out of health concerns [39]. Feeling safe was identified as the
aspect recelving individually higher priority, mainly contributing
to peace of mind for older adults and family members. Feeling
safenot only referred to accessibility to health care professionals
but also resulted from the feeling of being watched over by
health care professionals. Being able to check the measurements
of telehealth devices themselves, and interpret them, also
contributed to feeling reassured [25,26,32,33,39]. Older adults
“believe that tel ehealth had given them peace of mind regarding
their health” [26]. An interviewee said, “1 can reach them [the
caregivers] easier and that means afeeling of greater peace for
me, whichisthemainthing” [31]. Reaching peace of mind also
referred to family members who felt relieved:

it's given him peace of mind completely too. [...] It's

made us both have a life really without worrying [ 26] .
Older adults promoted different actions as a consegquence of
peace of mind. Some older adults were so convinced about the
devicethat they considered buying it themselves[24,26,30,36].
For some, maintaining trust in their home “could sometimes
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result in more devices being installed for peace of mind” [30].
For them, study participation resulted in wanting to continue
monitoring one’'s own health [24,26]. They aso started
recommending digital technology to others when they were
convinced of itsfunctionality [22,34]. For others, testing digital
technology during the respective study was a starting point in
the change in behavior and coping strategies. Hence, they were
motivated by the use of devices to continue with
health-promoting measures, even without the device. Older
adults reported being able to maintain established helpful
routines, even without digital technology, such as continuing
pain assessment with paper and pencil and doing exercisesthey
learned [23,29,31,35].

Older adults who gained peace of mind without digital
technology were not convinced of the convenience the specific
digital technology gave them. They had to compromise in the
form of having no digital technology. For them, having weighed
hopes, needs, demands, and experiencesresulted in the decision
that for the moment, they were better off without digital
technology. For some, it was even a relief to return to digital
technology [29,30,39]. A son explained the following:

| don’t think it will necessarily erm help us|[...] we
are seeing each other frequently face to face and we
still live quite close to each other, so it would tend to
be if we thought there was a problem we would call
round [ 30].

For other users and family members, the experience led to the
insight of not needing it as still being autonomous or not having
these special needs at the moment but considering it in the
future, whereas others suggested that the tested devices were
more convenient for users that were far moreill [27,30,33,34].

Hence, peace of mind is not a continuous state; however, with
experiencing transitions in the illness trajectories, the process
of considering a new digital technology or the same device at
alater time can restart.

Discussion

Principal Findings

The conceptual model shows that older adults with chronic
illness or dependency on care live in times of change. They
experience stable and unstable times of illness and are part of
a changing digital world. Hence, older adults and family
members consider digital technology as an attempt to stabilize
or improve their current situation. While familiarizing
themselves with specific digital technologies, they are in an
individual process of reflection. They weigh their hopes, needs,
demands, and experiences to come to a decision about whether
they find digital technology convenient or inconvenient.
Independent of their decision, they achieve peace of mind, either
with or without digital technology. The whole process can restart
asolder adultsexperiencetransitionsintheir illnesstrajectories
and may consider a different technology or the same one later.
In this section, we focus on three main aspects: first, thriving
for independence while having to arrange with dependency;
second, family members' process of adaptation; and third, health
care professionals relationshipswith older adults viatelehealth.

https://aging.jmir.org/2022/3/e34872
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Need for a Technical Device Tailored to the I ndividual
Situation

The qualitative systematic review and meta-synthesis revealed
that older adults thrive for independence. This was 1 of the 3
main themes that hope, need, and demand were ranked around.
Digital technology can necessitate concessions as one
experiences dependence on digital technology or being watched.
Other studies have similarly stated this dualism. Holmberg et
al [40] and Barken [41] highlighted how older adults strive for
autonomy and independence while having to accept home care.
Barken [41] explained how older adults maintain an independent
identity by taking part in their own care. However, the
independent self can be limited when older adults experience
insufficient support and are unable to care for themselves as
they wish. Moreover, Holmberg et a [40] identified that
obtaining care implied accepting certain inconveniences to be
treated in their ordinary surroundings. Hence, older adults live
in a continuous process of adaptation because of experiencing
illness, dependency on care, and achanging social environment
while baancing their wisheswith their current life circumstances
[40-42]. Although these studies referred to “classical” caring
situations without digital technology, we found similar results
with digital technology. Older adults can make decisions about
digital devices and the concessions to be made.

Our results show that family members associate digital
technology with the option to enable aging in place. When
successfully implemented, they experienced relief and asatisfied
need for security. However, depending on the illness or care
needs of the older adults, family members face various
challenges. They see themselves confronted with competing
demands while trying to develop a fitting arrangement [43].
Family members experience transitions with their ill relatives
by striving for normalcy, as indicated by studies in palliative
care [44,45]. While trying to maintain normalcy, they have to
adapt to new life circumstances by balancing their old and new
life situations, taking into account their own needs and demands
[45,46]. From our results, family members are also confronted
with achanging processin arranging with the tested technol ogy.
It remains unclear how the decision on convenience and
inconvenience between family members and older adults is
made. This could befurther researched to optimally support the
adaptation process of family members and older adults.

Theresultsrevealed mainly positive experiences of contact with
health care professionals. The results obtained from appreciating
the continuous availability and direct interaction with health
care professionals point toward improved communication via
digital technology. Thisleadsto acloser connection with health
care professionals. These positive reports are probably
attributable to being part of astudy, as health care professionals
take more time for older adults than in normal circumstances
without being part of a study. By considering the literature on
video-based technology, the experiences of telehealth were
equated with digital connectedness between older adults and
health care professionals and were perceived as strengthening
their relationship through better communication [47,48].
However, there are also contrary results in the experiences of
the health care professiona—patient relationship related to
telehealth. Rykkje and Hjorth [49], aswell as Steinddl et al [47],
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illustrated aloss of interpersonal dynamics and replacement of
human contact by using chatbots, telephone, and video calls.
This could result in alack of trust, although trust is essential
for anurse-patient relationship [50]. Therefore, our results have
to be considered in terms of the positive relationship between
health care professionals and older adults. From these results,
we cannot make afinal statement about the rel ationship between
health care professionals and older adults. Further research on
realistic scenarios for the everyday use of digital technology is
required.

Strengths and Limitations

The strength of this qualitative systematic review and
meta-synthesisisthe conceptual model that was derived, which
provides a thorough understanding of the experiences of older
adults and their family members. A sensitive search strategy
was used to identify all the relevant studies. However, a
limitation is that the studies focused on the experiences gained
in the study context. Another limitation related to the
experiences that were analyzed using different methodol ogical
approachesin theindividual studies. Most studies used content
or thematic anaysis, only 22% (4/18) of studies used
phenomenological or grounded theory methodol ogies. It should
also be taken into consideration that only studies from Western
cultures were included. Hence, transferring the results to a
different cultural context must be verified beforehand. In
addition, only articles published in English, German, or Spanish
were considered. Another limitation is that the review was not
registered in the international PROSPERO (International
Prospective Register of Systematic Reviews) database.

Conclusions

We derived a conceptual model of experiences of older adults
with chronic illnesses or dependency on care and their family
members using digital technologies that they tested in their
homes. The model showed older adults and family membersin
a reflection process of weighing hopes, needs, demands, and
experiences to decide on the convenience and inconvenience
of the specific digital technology. Irrespective of their decisions,
they attained peace of mind. Thisisacontinuous process; it can
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restart during individua illnesstrajectorieswith different digital
technologies or the same ones later.

This meta-synthesis had several implications. In terms of
practical implications, the conceptual model reveals the need
for individual counseling of older adults with chronic illnesses
or care needs and their family members. Their living conditions
and illness situations must be taken into account when deciding
on a digital technology. Above al, the variety of available
technol ogies must be taken into account to select theright device
for the individual. Moreover, the results indicate that older
individuals and their family members need to be introduced to
or even trained with specific digital technology. These devices
should be provided or paid for by the respective public health
insurance to prevent social inequality. Thus, the model can be
useful for health care providers and health care professionals.
The derived conceptual model can aso be used to develop
digital technology. This can be the basis for communication
among different disciplines. When the disciplines of technology,
usability, and health sciences collaborate, a common basis can
be helpful for developing digital solutionswith added value for
many potential users. Finally, the conceptual model can be used
for thetraining and education of health care professionals. They
could be sensitized to transitions in the illness trajectory to
realize how aspecific digital technology can support the current
situation or need to be changed, respectively, considering older
adults’ needs and demands. In addition, the conceptual model
supports the understanding of health professionals and users.
When users are aware of the process, they can participate more
conscioudly to stabilize or improve their current situation with
the help of digital solutions.

Asanimplication for future research, digital technology should
be explored in the context of everyday life. This approach can
enable an analysis of older adults experiences in their
relationship with health care professionals without being
subjected to special conditions in the context of an evaluation
study. Moreover, the future development of technological
devices should integrate older adults into participative study
designs. Further research is required on the decision-making
processes of older adults and their family members.
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Abstract

Background: Monitoring technologies are used to collect a range of information, such as on€’s location out of the home or
movement within the home, and transmit that information to caregiversto support aging in place. Their surveilling nature, however,
poses ethical dilemmas and can be experienced as intrusive to people living with Alzheimer disease (AD) and AD-related
dementias. These challenges are compounded when older adults are not engaged in decision-making about how they are monitored.
Dissemination of these technologies is outpacing our understanding of how to communicate their functions, risks, and benefits
to families and older adults. To date, there are no tools to help families understand the functions of monitoring technologies or
guide them in balancing their perceived need for ongoing surveillance and the older adult’s dignity and wishes.

Objective: We designed, devel oped, and piloted a communication and education tool in the form of a web application called
Let’s Talk Tech to support family decision-making about diverse technologies used in dementia home care. The knowledge base
about how to design online interventions for people living with mild dementiais still in development, and dyadic interventions
used in dementia care remain rare. We describe the intervention’s motivation and development process, and the feasibility of
using this self-administered web application intervention in a pilot sample of people living with mild AD and their family care
partners.

Methods: We surveyed 29 mild AD dementia care dyads living together before and after they completed the web application
intervention and interviewed each dyad about their experiences with it. We report postintervention measures of feasihility
(recruitment, enrollment, and retention) and acceptability (satisfaction, quality, and usability). Descriptive statistics were cal cul ated
for survey items, and thematic analysis was used with interview transcripts to illuminate participants experiences and
recommendations to improve the intervention.

Results: The study enrolled 33 people living with AD and their care partners, and 29 (88%) dyads completed the study (all but
one were spousal dyads). Participants were asked to complete 4 technology modules, and al completed them. The majority of
participants rated the tool as having the right length (>90%), having the right amount of information (>84%), being very clearly
worded (>74%), and presenting information in abalanced way (>90%). Most felt the tool was easy to use and helpful, and would
likely recommend it to others.

Conclusions. This study demonstrated that our intervention to educate and facilitate conversation and documentation of
preferencesis preliminarily feasible and acceptable to mild AD care dyads. Effectively involving older adults in these decisions
and informing care partners of their preferences could enable families to avoid conflicts or risks associated with uninformed or
disempowered use and to personalize use so both members of the dyad can experience benefits.
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Introduction

Background

Reducing unnecessary care transitions while enabling aging in
placeiswidely considered a priority in the context of ashortage
of human and financial resourcesfor elder care[1-3]. To address
this challenge, policy makers, providers, and family caregivers
are looking to technological solutions and investing in
internet-connected devices that monitor the activity and safety
of older adults with Alzheimer disease (AD) and AD-related
dementias (ADRD), including technologiesthat involve artificia
intelligence and natural language processing [4-12]. A problem
that accompanies this shift is that the dissemination of
technologies that passively collect and transmit persona data
is outpacing our understanding of how to help families think
about and involve older adults in decisions about if and how
they want to be monitored. When families are not equipped to
make informed decisions about technology use and to match a
device to their needs and values, they are unlikely to use or
benefit from it [4,13], and ill-informed decisions expose them
to the technologies' risks.

Helping families navigate the complex technol ogical landscape
is atimely goa. Researchers often highlight the core ethical
problem of achieving informed consent with an individua living
with dementia [14-18]. They have demonstrated the need for
tools to support education, awareness, and decision-making
about technologies used to support care [16,19-21], including
forward-looking consent processes before dementiaundermines
informed preference formation or expression [22]. This article
reports on a novel self-administered intervention, Let's Talk
Tech, to address this problem, which is modeled on advance
care planning interventions. The goa isto meaningfully engage
people living with mild dementia in planning for the use of
technology in their care and to enable understanding of the
implications of technology use and communication about it, so
families are not left to navigate this complex space alone.

Let’'s Talk Tech supports decision-making about the use of these
technologies and will advance the scientific understanding of
how to engage people with early stage AD/ADRD in these
decisions to enable their personalized use. To evaluate the
intervention's feasibility, usability, and acceptability, we
conducted a pilot study with 29 mild AD dementia care dyads.
In this paper, we describe the development of the intervention
to engage older adults in decisions about technology used in
their care, report findings on study endpoints of feasibility and
acceptability, and discuss key insights to support successful
online intervention development with dementia care dyads.

Problems ThisIntervention Targets

The passive collection of location, audio, video, movements,
and activitiesin elder care, and dementiahome carein particular,

https://aging.jmir.org/2022/3/e39335

is becoming more common [14,23]. Empirical and ethics
research have established that the potential benefits of
technologies with remote monitoring functions come with
potential risks, and these have not been presented for consumers
to understand. The dominant risks and challengesthat areinnate
to passive monitoring arein conflicts among privacy, autonomy,
freedom, and safety and risk management [24]. Potential risks
include isolation through reduced human interaction and
hands-on care, privacy invasion, loss of control, datainaccuracy,
and reduced behavioral autonomy [14,16,17,22,25-36]. Research
indicates that it is not easy for older adults on their own to
appreciate what it will be like to be monitored [37].
Pragmatically, it iswasteful when familiesinvest in technologies
that do not ultimately work for them. Preventing this and
maximizing the potential benefits require the right balance and
respect for boundaries that are specific to each family or care
partnership.

Potential for Dyadic I ncongruence, Conflict, and Stress

The use of technologiesthat collect data, such asvisual, activity,
location, and audio, in dementiacare may contributeto familial
stress and conflict due to their surveilling nature. Studies also
indicate the potential for incongruent preferences and difficulty
navigating these decisionsin away that respectsthevaluesheld
by the older adult who the technology would be used on or with
[17,27,30,37-40]. For example, in a dyadic study of Meals on
Wheels clients and their primary family support person, adult
children and their parents expressed conflicting views about
how and when location tracking technology, in-home sensors,
and web cameras should be used [27]. Adult children felt that
involving their parents in conversations and decisions about
whether to use these kinds of technologies would be
complicated, underestimating their capacity to understand the
technologies, and most felt that they would involve parents
minimally [27].

Disagreement about treatment preferences has been associated
with caregiver depression [41]. Dyadic strain has been associated
with lower quality of life for African American dementia
caregivers, and involvement in decision-making and
concordance has been associated with quality of lifefor people
living with dementia[42]. Incongruent appraisal of care values
may contribute to worse quality of lifefor both members of the
dementia care dyad [43].

Our hope, therefore, isthat this communication tool will prepare
care partners to make decisions that they feel confident about,
support ethical application, and uphold the dignity and rights
of people living with dementia. Involvement in planning
recoghizes the personhood of people living with dementia and
thefact that they have preferencesthat can be expressed [44,45].
Care dyads require support to identify person-centered values
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in relation to technologies and practical tools to select the
options that align with those values as needs change.

Thereisno tool available to families to facilitate conversation,
decisions, or planning for technology used to support el der care.
Web-based behavioral interventions for older adults can be
made freely available and have been found to be feasible and
acceptable [46], yet there are few interventions that support
dyadic dementia care partners to plan for care [47]. Dementia
care apps have the potential to improve quality of lifefor people
living with dementia and care partners [46], but their
development requires consideration of a range of needs [48].
The research on usability and needs with regard to apps to
support dementia caregiving or dyads is at an early stage
[16,49-51]. The development of Let's Talk Tech was informed
by the limited research on human-computer interaction—related
best practices and techniques to support people living with
dementiathrough onlineinterventions[52]. Assuch, these pilot
feasibility findings should help inform future design directions,
particularly for web application devel opment.

Methods

The Intervention

The intervention is in the form of a self-administered web
application completed by a person with early stage AD (here,
“person living with dementia”) together with their primary care
partner in an active collaborative process that involves
education, discussion questions, and the documentation of the
preferences expressed by the person living with dementia. Let’s
Talk Tech guides them through a discussion about what
technologies they might want and under what conditions they
would want them to be used. It requires no trained professional
but requires that at least two people sit down together and use
an internet-connected device to completeiit.

The intervention’s purpose is to facilitate communication and
sharing of preferences similar to what has been developed for
decisions about advance care planning, for the benefit of both
members of the care dyad. Its components were modeled on
elements of established advance care planning tools, including
Your Life, Your Choices [53], and PREPARE [54]. Let's Tak
Tech’s flexibility to be retaken, referred to at a later date, and
edited is informed by the research conducted by Sudore and
Fried, in which decision-making was conceptualized as a
dynamic process of communicating values [55]. An aim of the
intervention, therefore, is to improve, as potential surrogates,
care partners’ knowledge of the technology preferences of the
person living with dementiaand related valuesto prepare them
to make the best decisionsin the future should the person lose
capacity to participate [55].

Development of Let’s Talk Tech

Theweb application intervention’s content was developed from
a 2-study process that generated cross-stakeholder input from
key groups who had not previously been engaged in the same
knowledge production process. First, in order to identify the
technol ogiesthat should beincluded in the tool and information
that could help families understand the implications of use, we
employed the Delphi approach to achieve consensus from

https://aging.jmir.org/2022/3/e39335

Berridge et a

gerontechnology domain experts in the United States and
Canada, to identify the salient risks and benefits associated with
specific technologies predicted to be commonly used in home
dementia care in the near future [14]. Domain experts aso
ranked these technologies according to those most likely to
warrant a conversation with the person living with dementia to
ensure acceptable use. We selected 4 technology categories
from this list with an eye on the collective variability of data
type (location, audio, visual, etc). The technologies featured in
the web application are location tracking outside of the home,
4 activity sensors inside the home, web cameras, and artificial
companion robots that use artificia intelligence and voice to
interact with a person.

In that domain expert study, specific waysto mitigate prominent
risks these technologies pose were also identified. These risk
mitigation strategies applied to such diverse realms as design,
policy, and regulation, and to interpersonal care practices, such
asensuring the ability to pause a device when one wants privacy
or to be reminded about what information a given technology
is collecting about them [14]. Five of the most commonly
endorsed risk mitigation strategy optionswereincorporated into
asurvey for 825 people aged 21-92 years, with a mean age of
64 years (SD 13.13 years). The sample included a significant
proportion of people who had memory problems or had been
seen by doctors about memory concerns (n=201) [56]. The
survey assessed the importance participants placed on the 5
actionable risk mitigation strategies for the use of these kinds
of technologies in elder care [56]. Findings from the survey
confirmed the very high importance and relevance of these 5
options to an older sample of people, including those with and
those without reported memory problems [56].

The cumulative findings from the expert study and large survey
of older adultswerethe building blocks of theintervention. The
main components of the Let's Talk Tech web application are 4
featured technology modules (location tracking, in-home
sensors, web cameras, and artificial companion robots). The
goalsof eschmoduleareto (1) clearly communi cate the function
of each technology, (2) clearly communicate the research-based
prominent risks and benefits of using each, (3) prompt
discussion between dyad members about their feelings, (4)
document the preferences of the person living with dementia
for use, nonuse, or conditioned use of each technology, and (5)
document preferences for the use of alternativesto the featured
technologies. Alternatives are offered to ensure that the option
to use a given technology is presented as a true choice rather
that the only acknowledged option to support care. Participants
are presented with clear descriptions of the 4 data-diverse
technology categories and prompted to discuss with each other
their feelings about them. In order to help the dyad members
appreciate what it might be like to use each, the web application
presents prominent positive and negative implications for each
technology, derived from the expert study [14], and assesses
which are of most importance to the person living with dementia.
The person living with dementiais then prompted to document
their use preference for each, aswell asthe options that use may
be contingent on. After the technology modules are compl eted,
participants are guided through a series of general questions
regarding the options that may be important to them, derived
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from the survey research described above [56]. The web
application provides a summary document that summarizes
their choices and discussion. It can be accessed and edited any
time at alater date.

For accessihility, the web application complieswith the criteria
of the Web Content Accessibility Guidelines (WCAG) 2.1 at
Level AA. The WCAG represent the standard for web
accessibility developed by the World Wide Web Consortium.
Theweb application includes an automatic audio option to hear
the content read aloud and is screen-reader compatible. To
ensurethat all aspects of accessibility for thoseliving with mild

Textbox 1. An introductory message of Let's Talk Tech.
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dementia were considered, the design and content of the tool
were shared and discussed with 10 human-computer interaction
design expertsand clinicianswho work with people living with
dementia. The clinicians included a neurologist, a
neuropsychologist, physicians (eg, geriatricians and palliative
care experts), gerontological social workers, and nurses. For
example, Let's Talk Tech’'s content was designed to avoid
abstractions, and sentences were reviewed for clarity, singular
constructs, and shorter length to enable comprehension, in
addition to word choice. The verbiage used to introduce the
web application on its home page is provided in Textbox 1.

Why talk about technology now?

There are many ways to add support to help someone live independently. One is to use technol ogy.

Some technologies collect information about a person to help a family member or caregiver monitor them. The only person who knows if you're
comfortable about any of these technologies is you. Information about what it can be like to use these technologies could help you decide how you

feel.

That'swhy this can help. Having conversations about technology choices can help you think about what you want or don’t want. Letting people know
how you feel can make it easier for them to follow your choices when deciding about using technologies in the future.

The reason to do this together is this can be a shared decision.

Participants

The inclusion criteria for older adults were as follows: (1)
enrollment in the University of Washington Alzheimer’s Disease
Research Center (UW ADRC) clinical core or research registry
with adiagnosis of mild AD dementia; (2) age 55+ years; (3)
English speaking; and (4) having a care partner identified as a
primary support person willing to participate in the study. The
inclusion criteria for care partners were as follows: (1)
co-participant of an ADRC clinical core patient or research
registry patient who has been diagnosed with mild AD dementia;
(2) identification by a study participant aged 55+ years as
someonewhoistheir primary support person; (3) age 18+ years,
and (4) English speaking. Between the 2 potential dyad
participants, one had to have access to a device (such as a
computer, laptop, or tablet) that they could use together, which
had an internet connection. Twenty-nine dyads participated in
the study. Each individual participant received a Visa gift card
for US $150 for their time upon completion of the 3 steps
described below.

Ethics Approval

The study received approval from the University of Washington
Division of Human Subjects (study number: STUDY 00014226).
Informed consent was obtained from each participant.

Procedures

Reported inthis paper arethefeasibility findingsfor recruitment,
enrollment, and retention, and the survey questions and
interviews that assess the acceptability of Let's Tak Tech.
Acceptability was assessed at time 2 (T2) after use of the
intervention, using 7 survey questions to measure satisfaction,
quality, and usability. The specific items are presented with
their outcomesin the Results section. T2 surveyswerefollowed
immediately by dyadic interviews that probed further about
participants' responses to the acceptability questions. The
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interviews allowed usto learn about specific components of the
web application that worked or did not work well for each dyad,
and to identify areas for improvement. The interview portion
lasted an average of 33 min (range 15-75 min). Among the
dyads, 65% completed these interviews by Zoom video and
35% completed in person. All interviews were audio recorded
with permission.

Proceduresfor the pilot study asawholeinvolved thefollowing
3 steps: (1) time 1 (T1) study questionnaire completion
individually with the researcher present to support the person
living with dementia, if needed; (2) web application completion
together as a dyad without the researcher present, and (3) T2
guestionnaire completion individually with the researcher
present to support the person living with dementia, followed
immediately by aninterview with the dyad. Questionnaireswere
administered via REDCap, and printed copies were used for
those who requested it. The web application was
self-administered, and no researcher was present or assisted
dyads with it, apart from showing them how to accessit during
T1. However, the set of T1 and T2 surveysrelied on aresearcher
to administer the questions to the people living with dementia.
Care partnersindependently completed their surveysin REDCap
and aresearcher stayed with the person living with dementiato
answer clarifying questions asthey completed their own surveys
in REDCap. In our case, the researcher was a licensed master
social worker with clinical experience working with people
living with dementia and their care partners.

The study outcome measures, which are not reported here,
included 27 questions for care partners and 7 questions for
people living with dementia unique to this study to assess
knowledge, understanding, and preparednessto make decisions
about technology use (primary efficacy outcomes). Both
participant groups also completed 2 subscales of the Dyadic
Relationship Scale to measure positive dyadic interaction and
strain [57] (secondary outcomes) and the Decision-Making
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Involvement Scale assessing thelevel of involvement of people
living with dementia in daily decisions [58] for descriptive
purposes. Care partnerswere administered the General Anxiety
Disorder-7 (GAD-7) [59] to confirm that the intervention would
not increase anxiety, and the Stetz Inventory to describe this
participant group’s level of involvement with caregiving tasks
[60,61].

Analysis

Analyses for descriptive statistics and frequency counts were
performed in R (R Core Team). Frequency counts were used to
summarize participant T2 feasibility and acceptability results,
and T2 transcribed interviews were coded in Dedoose (Version
9.0.17; SocioCultural Research Consultants, LL C). Two coders
used a process of thematic analysisto identify themesregarding
participants' experiences with the web application and
suggestions for improvement [62,63]. A codebook was
developed based on the interview guide followed by initial
coding by a primary coder who developed inductive codes in
the process. The new codes wereincorporated, and a secondary
coder then reviewed the coding decisions and the 2 discussed
discrepancies and reached consensus about them [63]. The pair
then read the coded excerpts across interviews and identified
themes related to outcomes of feasibility and acceptability.

Results

Feasibility
Recruitment, Enrollment, and Retention

Recruitment was conducted through 2 existing university
research volunteer pools who had consented to be contacted
about potential participation in other studies. Aspart of the UW
ADRC’s operations, both the clinical core patient participants
and their co-participants have annual visits with UW ADRC,
and the status of mild AD dementia is reassessed. The ADRC
prescreened participants in their research registry group to
identify those with mild AD dementia and those with mild AD

Table 1. Participant characteristics.

Berridge et a

who also had a co-participant (here, “care partner”) volunteer
for our recruitment list. Because the UW ADRC diagnoses the
patients and reassesses them annually and because the center
has diagnosis and severity information for the participants, there
was no further assessment to determine cognitive impairment
status.

Those who wereidentified by the ADRC as having adiagnosis
of mild AD dementiawere invited to participate with their care
partner by phone or email according to their preferences for a
total of 110 peopleliving with dementiainvited. Thirty did not
respond to the invitation, and we do not know the reasons for
their nonparticipation. The reasons for nonpartici pation among
respondents were as follows: care partners determined that the
people living with dementia had dementia too far advanced
(n=11), not interested (n=11), not a good time (n=9), and lack
of a device or comfort using a computer (n=2). Thirty-three
people living with dementia enrolled with their care partners,
and 29 (88%) dyads completed the study. Of the 4 dyads who
did not complete the study, 1 dropped out before T1 because
of difficulties with a recent move to memory care, 2 dropped
out during T1 because the standardized survey scales were too
difficult for the peopleliving with dementia, and 1 dropped out
after T1 because of computer difficulties generally and because
the care partner had an overwhelming health change.

Age, gender, race, and ethnicity reported by both people living
with dementia and care partners are presented in Table 1. Care
partners were mainly spouses, and 1 care partner was an adult
daughter. Participants wrote in their gender identity. Among
the participants, 38% (11/29) of care partners and 62% (18/29)
of people living with dementia were male. The age of care
partners ranged from 55 to 83 years (mean 68 years, SD 6.73
years), and the age of people living with dementiaranged from
59 to 82 years (mean 70 years, SD 7.06 years). Only 3
participants did not identify as non-Hispanic white (2 Asian
American care partners and 1 African American person living
with dementia). Data on Hispanic/L atino ethnicity were missing
for 7 care partners.

Demographics

Care partner (N=29)

People living with dementia (N=29)

Age (years), mean (SD); range
Gender, n (%)

Male 11 (38)

Female 18 (62)
Race, n (%)

White 27 (93)

African American 0(0)

Asian 2(7)
Hispanic/Latino ethnicity, n (%) 0(0)

68 (6.73); 55-83

70 (7.06); 59-82

18 (62)
11(39)

28 (97)
1(3)
0(0)
0(0)

Completion

Our a priori cut point, a which the intervention is considered
complete, was if the dyad completed at least three of the four
technology modules. Participants were asked to complete all
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modules, but thiswas a self-administered intervention in which
the researcher was not present while the dyads worked through
the web application. As such, we did not expect the high
completion rate of 100% for the 4 modules. As a group,
participants completed 98.4% of the primary 17 questions asked
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in the web application (a total of 485 of 493 nonskip logic
follow-up questions). Two participantsdid not answer 1 question
each, 1 did not answer 2 questions, and 1 did not answer 4
questions. Only 2 of the dyads reported spreading the web
application over 2 sessions. On average, the time between T1
and T2 was 16 days. The averagetime between web application
completion and T2 was 4 days.

Acceptability: Satisfaction, Quality, and Usability

Satisfaction, quality, and usability were measured with Likert
response item questions and follow-up interviews to probe
responses. Satisfaction was measured using the following
guestions answered on 5-item Likert scales. “How helpful was
thetool 7’ (“ Extremely unhelpful” to “ Extremely helpful”) and
“How likely would you be to recommend this tool to others
living with dementiaor their caregivers?’ (“Extremely unlikely”
to“Extremely likely”). Quality was assessed with the following
questions: “Wasthetool balanced?’ (“ Slanted in favor of using
the technology,” “Slanted against using the technology,” and
“Balanced”) and “Was there enough information to help you
decide about how to answer the questions?’ (“Too much
information,” “Too little information,” and “Just right”).
Questions about ease of use, clarity, and length describe usability
asfollows: “How easy wasit to use thistool ?’ (“0[very easy]”
to “10 [very hard]”), “Were the descriptions clearly worded?’
(“Very clearly,” “Somewhat clearly,” and “Not clearly”), and
“Please rate the tool’s length” (“Too long,” “Too short,” and
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“Just right”). These findings are presented in Table 2.
Semistructured dyadic interviews immediately followed this
guestionnaire to probe these responses and to learn about
participants’ experienceswith the intervention. We al so present
interview themes that provide greater insight into survey
responses about feasibility and acceptability.

As depicted in Table 2, al care partners answered all
satisfaction, quality, and usability questions, and depending on
the question, 4 to 5 people living with dementia did not answer
because they reported difficulty remembering the web
application experience well enough to answer the questions.
Both participant groups generally reported that Let’s Talk Tech’s
length wasjust right. Overall, 80% (23/29) of care partners and
68% (17/25) of people living with dementia who answered the
question felt that the descriptions were very clearly worded.
One care partner reported that the descriptionswere not clearly
worded. Moreover, 86% (25/29) of care partners and 83%
(20/24) of people living with dementia said that the amount of
information was just right, while 14% (4/29) of care partners
and 13% (3/24) of people living with dementia said there was
too little information, with 1 person living with dementia
reporting too much information. Some dyads specifically noted
the need for more concrete and visual examples, particularly
about what an artificial companion robot could do. Some
participants suggested ways to enable a deeper dive into the
technol ogiesin each modulefor those who wanted to learn even
more, including how to find adevice or product on the market.
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Table 2. Feasibility measures of satisfaction, quality, and usability for care partners and people living with dementia at time 2.

Question and responses

Care partners (N=29), n (%)

Peopleliving with dementia (N=29), n (%)

Completed Missing Compl eted Missing
Pleaseratethetool’slength 29 (100) 0(0) 24 (83) 5(17)
Too long 2(7) 1(4)
Too short 0(0) 1(4)
Just right 27 (93) 22 (92)
Werethe descriptions clearly wor ded? 29 (100) 0(0) 25 (86) 4 (14)
Not clearly 1(3) 0(0)
Somewhat clearly 5(17) 8(32)
Very clearly 23 (80) 17 (68)
Was there enough information to help you decide about how 29 (100) 0(0) 24 (83) 5(17)
to answer the questions?
Too much information 0(0) 1(4)
Too little information 4(14) 3(13)
Just right 25 (86) 20 (83)
Was the tool balanced? 29 (100) 0(0) 24 (83) 5(17)
Slanted in favor of using the technology 2(7) 3(13)
Slanted against using the technology 0(0) 0(0)
Balanced 27 (93) 21(87)
How helpful wasthetool? 29 (100) 0(0) 24 (83) 5(17)
Extremely unhel pful 0(0) 0(0)
Unhelpful 0(0) 1(4)
Neutral 2(7) 3(13)
Helpful 25 (86) 18 (75)
Extremely helpful 2(7) 2(8)
How likely would you beto recommend thistool to othersliving 29 (100) 0(0) 25 (86) 4(14)
with dementia or their caregivers?
Extremely unlikely 1(4) 0(0)
Unlikely 0(0) 1(4)
Neutral 5(17) 5(20)
Likely 18 (62) 14 (56)
Extremely likely 5(17) 5(20)

Participants felt Let's Talk Tech was balanced, except for 7%
(2/29) of care partners and 13% (3/24) of people living with
dementia who felt it was slanted in favor of using the
technology. None felt it was slanted against use. A couple of
participants noted that having an intervention that has a purpose
to encourage discussion about technology options causes bias
toward technology (eg, “maybe it's the fact that here’'s some
offer of technology to help. You know, not that you're pushing
it but it's there. So it feels like it's an automatic pro for the
technology”). Others appreciated the neutralizing features of
thetool, specifically, presentation of nontechnology alternative
options to support care, as well as both positive and negative
aspects of each technology. One care partner explained, “the
pros and cons examples were very good and | think those are
very important. Because otherwise it can be very leading...|
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thought you did a good job, because otherwise, if you just list
all the pros your brain goes that way.” Another care partner
elaborated, “the format’s conducive to being honest with it. It
doesn't promote trying to gain anything. It's pretty neutral that
way.”

On a scale of extremely unhelpful to extremely helpful, 86%
(25/29) of care partners and 75% (18/24) of people living with
dementiarated the intervention ashel pful, with 2 in each group
rating it as extremely helpful, and 2 care partners and 3 people
living with dementia selecting neutral. One person living with
dementia rated it as unhelpful. Additionally, 79% (23/29) of
care partners and 76% (19/25) of people living with dementia
were likely or extremely likely to recommend Let's Talk Tech,
while 1 person living with dementia was unlikely and 1 care
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partner was extremely unlikely to recommend Let’'s Talk Tech.
Interviews revealed that most of the individuals who reported
that they would be likely to recommend it to others cited the
benefit of awareness gained about technological tools that may
be helpful and the support with having conversations about
them, and some who were not inclined felt it would not be their
business to make such a recommendation.

Roughly half of the dyads reported some discomfort in
completing Let’s Talk Tech, noting that thinking about the need
for technologiesis scary or unsettling, that any disagreement is
hard, or that it can bring up worries about being a burden for
people living with dementia. However, all stated that it was
worth the discomfort. For example, a dyad explaining that it
makes people living with dementia very sad to talk about
advance planning for care support, discussed why that was
worthwhile as follows:

And by having these conversations, makes it easier
for both of us, because then we're not guessing. [Care
partner]

It's true and, and the more we're able to talk about
it, the more comfortable it is, that okay, thisis just
how things are now and it's okay. [ Person living with
dementia]

And we can joke about it. [Care partner]

When asked directly if it was worth the sadness people living
with dementiafelt, this person living with dementiaresponded,
“Oh absolutely yes. Yes, becauseit's something to get through.
And the only way to get to the other sideisto talk about it and
yeah absolutely.”

Participants were asked how easy it wasto use Let's Talk Tech.
Six of the peopleliving with dementia did not remember it well
enough to answer. Figure 1 presents avisual comparison of the
2 participant group ratings of ease of use. It was harder for
people living with dementia as compared with care partners,
though both groups primarily reported it as somewhat easy. Four
participants (3 people living with dementiaand 1 care partner)
rated the tool difficult to use (score of 6 or greater). When asked
about this rating, 1 person living with dementia said it was
because thiswas thefirst time she was thinking about thistopic
and she was trying to wrap her head around the technology.
Another had trouble remembering that he had used the web
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application and was in pain during the interview, so he did not
expand on the reason for hisrating. The dyad that rated the tool
difficult to use reported difficulty in relating scenarios specified
in the tool to their own lives and felt that they were too broad.

Interviews confirmed the survey findings that the intervention
ismost usable and useful during early/mild stages of dementia
when using the tool is not too onerous for people living with
dementia, and it is easily navigated with questions well
understood. Some people living with dementia felt that they
were not at a stage of their disease that warranted the use of the
featured technologies and thus had difficulty relating to the
guestions about their preferencesfor them asthey felt they were
not needed. Not all struggled with this, but participants from
12 dyads (11 care partners and 4 people living with dementia)
recommended including more scenarios to enable people to
imaginetimesin the future when their responses or preferences
may change.

Caregivers also indicated that they felt that the disease stage
would impact the person’s answers to the questions posed in
the web application. While recruitment was conducted with
those identified by the ADRC asin amild stage of AD, wedid
not conduct additional tests to confirm the current status. Two
carepartnersexplainedin their T2 interviewsthat they believed
the patients were in the middle stages of the disease. One care
partner explained why she thought the ideal time to use Let's
Talk Tech would be at an early stage:

| feel likewe'relike moderate likein the middle stages
like right in the middle of the middle stage, and so |
almost think that in the early stages of, of Alzheimer’s
or like right in the beginning of the moderate stage.
I mean he can gtill answer the questions now. It just
takes a lot of like rephrasing.

This person felt that had the patient still been at an early stage,
he would have been ableto answer with better judgment, amore
accurate understanding of his own condition, and greater
consideration of the demands on her asacare partner, and would
have felt less worried about being judged (amplified via a
camera, for example) than he was at this moderate stage. Care
partners who doubted their partners’ comprehension often also
doubted the validity of their responses, making theintervention
less helpful as a planning tool for those participants whose AD
had advanced beyond the early stage.
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Figure 1. Web application tool ease of use. Frequency responses to “How easy wasit to use thistool ?’.
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Discussion

Principal Findings

The findings of this study represent promising feasibility data
for a self-administered web application intervention designed
for people living with mild AD/ADRD and a care partner.
Participants were able to navigate through the entirety of Let’s
Talk Tech and perceived value in the discussions it facilitated
despite some discomfort with advance care planning. The high
completion of all aspects of the web application was particularly
encouraging because we anticipated that working through all
modules in one sitting could be a challenge for people living
with dementia. Only 2 dyads reported splitting their session
with the application into 2 sittings. Participants may have
completed all web application forms because they were asked
to as part of the introduction of the study, and we should thus
not expect such a high rate of completion outside of a study
context. It is likely that in a real-world nonstudy context,
participants may only complete those modules that seem of
particular interest or relevance to them. Still, the successful
completion of the Let's Talk Tech intervention that dyads
achieved, primarily in 1 sitting, indicates that the intervention
is not too strenuousfor care partners or people living with mild
AD and iswell targeted for this group.

Having difficult conversations was not reportedly a problem
for our sample. The interviews described that it was
uncomfortable for some, but not so uncomfortable that it
outweighed the benefits of having these conversations. Thisis
an important element of feasibility and apromising finding that
people may accept this intervention as an opportunity to have
conversations they feel are important, though difficult to
facilitate on one’'s own without such atool.

Limitationsand Implications for Future Work

While the feasibility and acceptability ratings were all high,
some limitations of the intervention were illuminated by

https://aging.jmir.org/2022/3/e39335

I .l [

6 7 8 9 10
Very
Hard

O Person Living with Dementia

participantsthrough interviews. First, while our findings clearly
indicated that Let's Talk Tech is very well targeted to people
living with early stages of AD, a difficulty for people living
with mild dementia is that they may not yet feel that there is
need for thetechnol ogiesfeatured in theintervention. Sometimes
there may be disagreement with a care partner about thisif they
assess their condition differently. Adding future-oriented
scenarioswould be aclear responseto thisissue, and participants
suggested thisdirectly; however, research also showsthat people
have a very difficult time projecting themselves into future
scenarios with accuracy [64]. Another complication of this
potential approach is that a common symptom of AD/ADRD
is difficulty with abstract thinking, which makes advance
planning and imagining oneself in future or imaginary scenarios
challenging [65]. Still, the need to enable the expression of
preferences for future scenarios in addition to current use was
astrong interview theme, indicating that more research is needed
on how to enable this in a way that meets the needs of both
members of the care dyad.

Second, 2 care partners described their partners as being at
mid-stage and no longer at the early stages of dementia, and
those individuals had difficulty with comprehension. These
participants still completed Let’s Talk Tech, but care partners
reported more work to navigate it to the point where it could
become too onerous and where the responses of people living
with dementia could be deemed less reliable by care partners.
This underscores our finding that this self-administered web
applicationiswell suited for people who have not yet progressed
to moderate stages of AD dementia. This also suggests that
more research is needed to find ways to engage dyads at
moderate stages, such as additional support to answer questions.

Third, thefinding that theintervention’s biastoward technol ogy
use was mitigated by not naming specific products or devices
was not consistent with the finding that dyads would have
considered photographs useful for comprehension, and many
care partners desired links and next steps to find devices for
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purchase. While they often had enough information to form
preferences, some peopleliving with dementiaand care partners
reported that they lacked clarity about the scope of what an
artificial companion rabot could do. Thisis unsurprising given
therelatively low level s of algorithmic awareness[21] and lower
familiarity with amore recently developed technology, such as
artificial companion robots, relative to location tracking and
other featured technologies. It indicates that focusis needed on
how to describe the capabilities of such a device, and possibly
others using artificial intelligence and natural language
processing specifically, in waysthat are more likely to be clear
to people living with mild dementia and their care
partners. Because algorithmic awarenessis also associated with
categories of socioeconomic status and may be associated with
race and ethnicity, it will beimportant in future studiesto collect
education, income, and wealth data, and to ensure racia
diversity in study samples. A limitation of this pilot study is
that we were unable to examine potential associations by these
categories.

Fourth, obtaining feedback on the web application days after
completion from people living with dementia was sometimes
challenging owing to their difficulty with short-term memory.
Becauseitiscritical that researchers understand this participant
group’s experience with the intervention, creative solutions,
such as soliciting real-time feedback during or immediately
after use of the intervention, are required.

Finally, having a dementia-trained researcher to administer the
survey portions of this study was helpful to guide people living
with dementia through along set of surveys, clarify interview
guestions, and be sensitive to signals that it was time to stop or
pause. Because of thisresearcher’sclinical experience, wewere
able to closely observe the points at which participants living
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with dementia reached their limit with regard to answering
research questions. We found that speaking beyond 30 to 35
minutes was sometimes difficult for peopleliving with dementia,
at which point answering questions started to become
cognitively taxing. They often reported alack of attention after
that point or feeling tired. This observation may be informative
for other intervention studiesinvolving people living with mild
AD.

Conclusion

The use of in-home monitoring technologies to predict health
problems and support aging in place is growing faster than our
understanding of how to help families make decisions about
how and when to usethem. Our pilot study findings demonstrate
strong preliminary feasibility and acceptability of the Let'stalk
Tech intervention for promoting informed shared
decision-making about technologies used in dementia care.
Successful recruitment, enrollment, and retention, and 100%
completion of the web application intervention demonstrate
strong feasibility. Good ratings were given for the satisfaction,
quality, and usability measures of acceptability. Our findings
also revealed useful considerations for other self-administered
web application interventions for people living with mild AD
and care partners, including optimal exit interview time and the
potential need for immediate feedback processes upon
intervention completion. Most importantly, this pilot study
demonstrated that a self-administered dyadic intervention in
theform of aweb application can be successfully independently
completed in 1 sitting by mild AD care dyads. This research
advances the scientific understanding of how to engage people
living with dementiain decisionswhile hel ping families navigate
a complex technology landscape.
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Abstract

Background: People living with Alzheimer disease and related dementias (ADRD) require prolonged and complex care that
is primarily managed by informal caregivers who face significant unmet needs regarding support for communicating and
coordinating across their informal care network. To address this unmet need, we developed CareVirtue, which provides (1) the
ability to invite care network members; (2) a care guide detailing the care plan; (3) ajourna where care network members can
document, communicate, and coordinate; (4) a shared calendar; and (5) vetted geolocated caregiver resources.

Objective: This study aims to evaluate CareVirtue's feasibility based on: (1) Who used CareVirtue? (2) How did caregivers
use CareVirtue? (3) How did caregivers perceive the acceptability of CareVirtue? (4) What factors were associated with CareVirtue
use?

Methods: We conducted afeasibility study with 51 care networks over aperiod of 8 weeks and used a mixed methods approach
that included both quantitative CareVirtue usage data and semistructured interviews.

Results. Care networks ranged from 1 to 8 members. Primary caregivers were predominantly female (38/51, 75%), White
(44/51, 86%), married (37/51, 73%), college educated (36/51, 71%), and were, on average, 60.3 (SD 9.8) years of age, with 18%
(9/51) living in arural area. CareVirtue usage varied along 2 axes (total usage and type of usage), with heterogeneity in how the
most engaged care networks interacted with CareVirtue. Interviews identified a range of ways CareVirtue was useful, including
practically, organizationally, and emotionally. On the Behavioral Intention Scale, 72% (26/36) of primary caregivers reported an
average score of at least 3, indicating an above average intention to use. The average was 81.8 (SD 12.8) for the System Usability
Scale score, indicating “good” usability, and 3.4 (SD 1.0) for perceived usefulness, suggesting above average usefulness. The
average confidence score increased significantly over the study duration from 7.8 in week 2 to 8.9 in week 7 (P=.005; r=0.91,
95% CI 0.84-0.95). The following sociodemographic characteristics were associated with posting in the journal: retired (mean
59.5 postsfor retired caregivers and mean 16.9 for nonretired caregivers), income (mean 13 posts for those reporting >US $100K
and mean 55.4 for those reporting <US $100K), relationship to care recipient (mean 18.7 posts for child and mean 56.4 for
partners/spouses), and living situation (mean 44.7 for those who live with the care recipient and mean 13.1 for those who do not).
Older care recipients were associated with fewer posts (r=—0.33, 95% CI —0.55 to —0.06).
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Conclusions: This study establishes the acceptability and feasibility of CareVirtue among ADRD care networks and highlights
theimportance of designing flexible, multicomponent interventionsthat allow care networksto tailor their engagement according
to their needs. The results will be used to improve CareVirtue feasibility and acceptability in preparation for a subsequent
randomized trial to test CareVirtue's effectiveness in improving caregiver outcomes.

(IMIR Aging 2022;5(3):€36975) doi:10.2196/36975

KEYWORDS

Alzheimer disease and related dementias; mHealth; caregivers;, dementia caregiving; eHealth; telehealth

Introduction

Background

More than 6 million individuals in the United States are living
with Alzheimer disease and related dementias (ADRD) and it
isattributed as the cause of death for 1in 3 individuals over the
age of 65 [1]. In the past 2 years, deaths attributed to ADRD
have increased by 16% and research has projected that the
number of people living in the United States with ADRD will
triple by 2060 [1].

Individuals living with ADRD require prolonged and complex
carethat isprimarily managed by informal caregivers. Informal
caregivers are unpaid, nonprofessionals that provide care and
typicaly include family and friends. There are an estimated 11
million caregivers providing care for peopleliving with ADRD
inthe United States and they provide approximately 15.3 billion
hours of unpaid care valued at nearly US $257 hillion [2].
Caregivers report being undertrained, under-supported, and
under-resourced to perform their caregiving role. Although
caregivers can experience positive outcomes related to
caregiving, the imbalance of caregiving demands and supports
is often associated with mental, physical, and economic
challenges that can lead to significant consequences for
caregivers and the individual living with ADRD, such as
caregiver stress, burden, depression, and morbidity [3-5].

To address these suboptimal caregiver outcomes, the US
National Institute on Aging and other national advisory panels
have highlighted the development and testing of
technology-based interventions for caregivers of people living
with ADRD as a key priority [6-8]. For example, the 2015
Alzheimer’'s Research Summit highlighted the need to “test the
use of technology to overcome the workforce limitationsin the
care of older adultswith dementiaaswell as providing caregiver
support and education.” [7]. In response, researchers have
developed numerousinformation technology interventions such
asmobile apps and websitesto support ADRD caregiversacross
a range of domains including caregiver education, self-care
support, support for managing behavioral symptoms of
dementia, and virtual peer support groups [9-11]. Severa
systematic reviews and recent meta-analyses report that these
technology interventions can improve outcomes for caregivers,
such as increased self-efficacy and reduced ADRD caregiver
burden, stress, and depression [3,12-19]. These reviews aso
suggest that effective interventions offer multiple components,
tailored options, and social support [9-11].

However, asignificant gap in existing interventionsisthat most
focus only on the primary caregiver, even though most people

https://aging.jmir.org/2022/3/e36975

living with ADRD receive care from more than 1 caregiver—a
care network—with varying degrees of involvement [20-24].
Currently, caregivers face significant unmet needs regarding
support for communicating and coordinating across the care
network including sharing information, maintaining situation
awareness, distributing responsibilities, scheduling, and
managing caregiver hand offs [20-24].

Although some mobile apps exist that allow caregiversto share
information, they are limited in their functionality, quality, and
potential to meet the specific needs of ADRD caregivers [25].
A recent review of mobile apps for caregivers of people living
with ADRD available on the US market identified 2 mobile
appsthat support shared communication and coordination [25].
According to study findings, one of those apps did not function
consistently and received a quality rating of inadequate as
indicated by the Mobile Application Rating Scale (MARS). The
second app received an overall quality rating of minimally
acceptable quality according to the MARS but scored lower
than average on subjective quality. A similar study conducted
in 2018 by Wozney et al [26] identified 3 mobile apps that
connect a primary caregiver to other members of the care
network. One of the apps identified is no longer available on
the US market. The other 2 apps identified are not specifically
designed to meet the needs of caregiversfor people living with
ADRD and are limited in their function (eg, only provide a
shared calendar).

To address the current gaps in existing interventions, we
developed CareVirtue, a progressive web application devel oped
in React to support and connect ADRD care networks that can
be accessed via a web browser on any device with a data
connection. CareVirtue seeks to address the current gaps in
existing ADRD caregiver support technologies through a
high-quality, user-centered, ADRD caregiver—specific
multicomponent technology to support communication,
coordination, and connection among care networks. CareVirtue
was initially inspired by an online support group for people
newly diagnosed with ADRD and their caregivers in which
support group members expressed an unmet need for tools to
support communication and coordination among the care
network. The need for CareVirtue was further supported by
several findings from foundational research on care networks.
First, findings from Block et al [27] suggested that primary
caregiversrequiretechnol ogiesto communicate and coordinate
among the care network, that they try to adapt existing
technologies (eg, email, messaging) to meet their needs, and
that adaptation requires additional time and effort. Further,
Ponnala et al [20] found that for primary caregivers, the
currently under-supported communication and coordination
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among the care network increases their caregiving demands.
Moreover, Tang et a [24] highlighted the conseguences
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by (1) treating people living with ADRD as individuals with
unique needs; (2) seeing the world from their perspective; and

(3) creating a positive social environment in which the person
living with ADRD and caregiver can experience relative
well-being and quality of life. CareVirtue was designed and
developed through consistent, iterative user input across multiple
stages of usability testing coupled with expert evaluation.
CareVirtue was specifically designed to encapsulate the
foundational principles of person-centered care through the
following features. Multimedia Appendix 1 provides adetailed
walkthrough of CareVirtue features, which are given in brief
in Textbox 1.

caregivers experience with under-supported care network
communication and coordination, including maintaining
situation awareness among caregivers, missing careinformation
leading to potential patient harm (eg, missing a medication
dose), and miscommunication leading to care network tensions
or conflict.

Collectively, this prior research provides the foundation for
CareVirtue. CareVirtue's design honors the person-centered
care model for people living with ADRD and their caregivers

Textbox 1. CareVirtue features.

CareVirtue Dashboard

Acts as a centralized hub to document and share important information with the care team. The dashboard includes a view presenting upcoming care
appointments and events, linked to the care calendar; alist of current and pending care team members; and a journal where care network members
can document, communicate, and coordinate about daily care events (Figure 1).

Journal Reports

Search and filter options to explore trends and gain insights into care recipient needs. The carejournal or portions of the care journal can be exported
to PDF to share as necessary.

Care Guide Template

Includesatable of abilitiesrelated to specific activities of daily living and instrumental activities of daily living, and sectionsfor needsand preferences,
with afocus on quality-of-life details to help any caregiver understand the care recipient as a whole person (Figure 2). See Multimedia Appendix 2
for a detailed version of the care guide template.

Care Team M anagement

The ability to invite care network members to use the account with the primary caregiver with security permissions assigned at each invitation (Figure
3).

Shared Calendar
Supports scheduling and sharing recurring care events, reminders, and appointments (Figure 3).
Geolocated Resources List

For the current study, resources were limited to the Alzheimer’s Association 24x7 helpline, contact details for CareVirtue support, and contact details
for the research team. The subsequent version of CareVirtue will include caregiver and person living with ADRD resources specific to their specific
location such as the local area agency on aging (Figure 4).
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Figure 1. The CareVirtue Dashboard, a centralized hub to document and share important information with the care team.

Dashboard Journal Care Guide Calendar Care Team

€ CAREVIRTUE

Dashboard for ﬁ Samuel Brown

Recent Journal Entries

How are things going?* . @ @ E .

| have noticed that Dad has been pacing a lot and acting agitated after dinner over the past

week. Well for the past two days, we went for a walk around the block before dinner and guess

what? No pacing! I'd like to make this part of his new daily routine and see if it continues to help.

behavior note x

Categories*

activities 8 hobbies x

Resources

B A& O

Care Team Members

UW User 1 o 619-555-1212
Caleb Brown
& 619-555-1212
family, primary
’ & send message

emergency contact

Joe Smith o 555-555-2233
neighbor & send message
Christian Elliott

& 619-555-1212
emergency contact,

B send message

friend

View More Contacts + Invite

@ UW User 1 Mood: @) Apr 19 at 7:19 AM

Sam got a new cane!

balance/mobility/walking

Figure2. The CareVirtue Care Guide.
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Know

Grooming & Comfort

Music and TV

Biography
Care Team

Activities & Hobbies

https://aging.jmir.org/2022/3/€36975

XSL-FO

RenderX

Download PDF

Sam

“Allergic to shellfish, including shrimp.*

Needs help walking down stairs.

Prefers to sleep in his recliner.

Likes jazz and bluegrass music.

Golden State Warriors and University of Kentucky
basketball fan.
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Figure 3. The CareVirtue Care Team management feature and form to create a new calendar event.

Figure 4. Example of the CareVirtue resources list for a caregiver living in San Diego, California.

Care Team Management

Dashiboard Journal

€ CARLVIRTUE

Care Team for @ Samuel Brown
+ Inwite Care Team Member | 1 inuitation remaining

M uw user 1
" Role: Owner

F &19-555-1212

(°3 Christian Elliatt £
T Rale: Member

& §13-555-1212

B send message

emergeney contact | friend

+ New Resource

Alzheimer's 24/7 Helpline

The Alzheimer's Association 24/7 Helpline
is available around the clock, 365 days a
year. Through this free service, specialists
and master’s-level clinicians offer
confidential support and information to
people living with dementia, caregivers,
families and the public.

< 800-272-3900

@ https://www.alz.org/help-
support/resources/helpline

Eldercare Locator

A public service of the U.S. Administration
on Aging connecting you to services for
older adults and their families.

<9 800-677-1116

@ https://eldercare.acl.gov/

Objectives

In this study, we used a mixed methods approach to evaluate
CareVirtue' sfeasibility acrossthe following research questions:

Who used CareVirtue?
How did caregivers use CareVirtue?

How did caregivers perceive the acceptability of
CareVirtue?
What factors were associated with CareVirtue use?
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Closs

Alzheimer's San Diego e
At Alzheimer's San Diego, we know that
people can still live well after a diagnosis.
We recognize the dignity of every person
living with dementia, and empower them
to play an active role in planning their
own future care. All of our programs are
completely free to the community. We are
a local 501(c)(3) nonprofit organization.
& 858-492-4400

@ https,//www.alzsd.org

[ info@alzsd.org

ElderHelp of San Diego el
ElderHelp clients receive one-on-one
personal visits in their homes with care
coordinators to create a customized
network of support tailored especially for
their needs. We are a 501(c)3 non-profit
service provider.

& 619-284-928

@ https://www.elderhelpofsandiego.org

CareVirtue Support

In-App support: choose the blue chat icon
in the lower right hand corner of your
window. Or, send us an email:

o 800-484-0048
@ https://www.carevirtue.com
X support@carevirtue.com

San Diego County AgingServices £}
Qur agency is the region's federally-
designated Area Agency on Aging. We
offer assistance, information, and referrals
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Methods

Design

We conducted afeasibility study over aperiod of 8 weekswith
the purpose of demonstrating CareVirtue's acceptability and
feasibility among care networks of people living with ADRD.
This study reports one aim of a larger project, which has 2
specific aims. Thefirst aimisthefocus of thisstudy. The second
aim is to leverage the CareVirtue data generated by this
feasibility study to develop an intelligent caregiver assistant
(R41AG069607). The larger sample size and longer study
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duration than is typical for feasibility studies is due to
adjustments made to achieve the second goal [28].

Setting and Sample

Participants were recruited between February and June 2021
through multiple community sites in Wisconsin and Southern
Cdliforniaaswell asthrough the Wisconsin Alzheimer’s Disease
Research Center. Advertisements for study participation were
distributed via email, socia media, and newsletter posts.
Interested individuals contacted the study team via email or
phone and were subsequently phone screened for the following
eigibility criteria: self-identified primary caregiver of aperson
living with ADRD, at least 18 years of age, English speaking,
daily internet  access, and shares  caregiving
information/responsibility with other caregivers.

Procedures

Eligible participants were scheduled for a 1-hour enrollment
visit via videoconferencing software. During the enrollment
visit, astudy team member obtained informed consent from the
primary caregiver and from the associated person living with
ADRYD (i€, the carerecipient). If the person living with ADRD
did not have decisional capacity to consent, the primary
caregiver could consent on his’her behalf if he/she was the
legally authorized representative. Next, the study team member
administered a pretrial demographic survey, helped create the
CareVirtue account, and provided a walk-through of
CareVirtue's functionality. Primary caregivers selected and
invited secondary caregivers (to form a care network) at their
own discretion. Once secondary caregivers were invited, they
were separately contacted via email to electronically obtain
informed consent.

Following enrollment, participants used CareVirtuefor 8 weeks.
During the use period, we administered aweekly survey starting
1 week after enrollment to assess caregiver workload and
confidence using CareVirtue. If the survey was not completed,
a follow-up reminder was sent the following day. At the
completion of 8 weeks of use, we conducted a posttrial visit
with the primary caregiver participant via Zoom where we
administered posttrial surveys and conducted a semistructured
interview as described in the following section. Primary
caregivers were provided with aUS $150 e-gift card at the end
of the study period. Secondary caregivers contacted the study
team if they wereinterested in participating in the postuse survey
and interview. Secondary caregivers received US $15 for
completion of the postuse survey and US $25 for completion
of the 30-minute postuse interview.

Data Sources

Demographic Data

We collected primary caregiver characteristics including age,
gender, race and ethnicity, income, education, marital status,
location, and employment. We a so collected demographicsfor
the care receiver including age, gender, ethnicity, living
situation, and relationship to the primary caregiver (Table 1).
Demographic data were not collected from the secondary
caregivers.
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CareVirtue Use

We collected dataon 8 CareVirtue platform usage metrics across
the study period: number of log-ins, journal posts, journal post
replies, calendar events, secondary caregiver invites sent,
secondary caregiver invites accepted, care guide sections
created, and resources accessed. The log-in data are not fully
representative of actual use because users could remain logged
in to CareVirtue depending on their preference to log out.

Acceptability Measures

Quantitative Acceptability M easures

To assess acceptability, we measured primary caregiver
perceptions of usability and usefulness. We measured usability
using aweekly confidence survey with asingle question: “rate
your confidence in using CareVirtue on a scale from 1 (not at
al confident) to 10 (very confident)” and using the System
Usahility Scale (SUS), which includes 10 statements (eg,
“Learning to use CareVirtue was quick for me”) and a 5-point
response scale (1=strongly disagree to 5=strongly agree) [29].
We measured usefulness with 3 surveys. First, we used the
National Aeronautics and Space Administration-Task Load
Index (NASA-TLX) to assess caregiver workload on a 6-item
subscale with a 100-point range (1=very low to 5=very high).
The purpose of this measure was to understand the relationship
between caregiver workload and CareVirtue use. Second, we
used the Behavioral Intention Scale, which included 4 statements
(eg, “If it were up to you, to what extent would you want to use
CareVirtue?’) and 5-point response scale from 1 (not at al) to
5 (agreat deal) [30,31]. Third, we used the perceived usefulness
survey, which includes 4 statements (eg, “Using CareVirtue
would make it easier to perform my caregiving role”’) and a
5-point response scale (1=strongly disagreeto 5=strongly agree)
[32]. Quantitative acceptability measures were collected from
all primary caregiver participants. Secondary caregivers could
opt in to complete these assessments by contacting the study
team.

Qualitative Interviews

To provide context to the quantitative measures of acceptability,
we conducted semistructured interviews with the primary
caregivers, which focused on caregivers experiences with
CareVirtue during the study period. The interview guide was
developed with input from the full research team (Multimedia
Appendix 3).

AnalysisPlan

Overview

We used Python 3.8 (Python Software Foundation) to compute
descriptive statistics and conduct statistical analyses for all
guantitative data. Qualitative data were coded using Microsoft
Excel. Analyses related to research questions are described in
detail below.

Who Used CareVirtue?

To determine participant characteristics, we computed
descriptive statistics from demographic survey responses.
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How Did Caregivers Use CareVirtue?

To assess usage heterogeneity, we computed descriptive
statistics for each of the 8 usage characteristics. We then used
k-means clustering to cluster care networks into “user types,”
where each care network is represented by an 8-dimensional
usage vector. The number of clusters, k, was varied from 1 to
20 and the elbow method was used to select the final k value:
8. See Multimedia Appendix 4 for more details.

How Did Caregivers Perceive CareVirtue Acceptability?

To assess perceptions of usability and useful ness, we computed
descriptive statistics for the SUS, Behavioral Intention Scale,
and Perceived Usefulness Scale. We also computed Pearson
correlation coefficient for the weekly NASA-TL X to assessthe
changein overall caregiver workload over the study period and
for the confidence survey to assessif confidence changed over
the study period.

To further explore perceptions of usability and usefulness, we
conducted a general content analysis of the interview

transcripts.> Three members of the research team (PL, SN, and
AL) with training in human factors engineering reviewed al
transcriptsand identified initial categoriesrelated to CareVirtue
usability and usefulness, with 2 team members coding each
transcript. Coders met weekly to discuss codes and resolve
discrepancies, which were also discussed in abiweekly meeting
with a senior research team member (NEW) with expertise in
qualitative research and human factors engineering. The
codebook was refined iteratively across the team-based
discussions and the final codebook was applied across all
transcripts using a team-based consensus process [33].

What Factors Were Associated With CareVirtue Use?

To explore the factors associated with CareVirtue use, we
conducted aseries of univariate analysesto assessthe correlation
between each of the 8 usage characteristics and each of the 14
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variables from the demographic survey: the NASA-TLX score
from each week, the confidence score from each week, the SUS
score, the average behavioral intention score, and the average
perceived usefulness score. For continuous variables, we
computed Pearson correl ation coefficient and the corresponding
95% Cl to assess if the correlation was statistically significant
(P=.05). For discrete variables, we first converted them into
binary variables (if not already) by merging classes to ensure
suitable sample sizes. Then, we used an unpaired t test to assess
whether the difference between the average from each classwas
statistically significant. We were unable to perform multivariate
analyses due to our limited sample size.

Ethics Approval

Research ethics approval was granted by the Institutional
Review Board at the University of Wisconsin-Madison (Protocol
#2020-1035).

Results

Who Used CareVirtue?

Weenrolled 51 primary caregiversof peoplelivingwith ADRD
(Table 1) and 61 secondary caregiversto use CareVirtue during
the study period. Care networks ranged from 1 to 8 members.
Primary caregivers were predominantly female (38/51, 75%),
White (44/51, 86%), married (37/51, 73%), college educated
(36/51, 71%), and were, on average, 60.3 (SD 9.8) years of age.
Care recipients were also primary female (34/51, 67%) and
White (45/51, 88%), with an average age of 79.2 (SD 10.6).
Care networks were located in both Wisconsin (29/51, 57%)
and California (19/51, 37%), with 18% (9/51) living in arural
area. During the study period, 4 primary caregivers dropped out
because of care recipient death (n=2) and personal situations
(n=2). Wewere unableto reach 6 primary caregiver participants
for the posttrial visit. A total of 12 secondary caregiver
participants completed the postuse survey.
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Table 1. Summary of primary caregiver and care recipient characteristics.

Characteristic Primary caregivers (n=51) Care recipients (n=51)
Female gender, n (%) 38 (75) 34 (67)
Age (years), mean (SD) 60.3 (9.8) 79.2 (10.6)
Race/ethnicity, n (%)
Asian 2(4) 2(4)
Black or African American 1(2 1(2
Hispanic or Latinx 24 2(4)
Native American or American Indian 1(2 0(0)
Not reported 1(2 1(2
White 44 (86) 45 (88)
Marital status, n (%) N/AZ
Married or domestic partnership 37 (73)
Divorced 11(22)
Single, never married 2(4)
Widowed 1(2
Education, n (%) N/A
Postcollege 19 (37)
4-year college 17 (33)
Technical school, vocationd training, communi- 10 (20)
ty college
High school diplomaor equivalent 5(10)
Employment, n (%) N/A
Full-time 21 (41)
Retired 19 (37)
Part-time 7(14)
Not working 4(8)
Income, n (%) N/A
<US $19,000 12
US $20,000-39,000 2(4)
US $40,000-59,000 8 (16)
US $60,000-79,000 4(8)
US $80,000-99,000 6(12)
>US $100,000 18 (35)
Do not wish to answer 8 (16)
Location, n (%) N/A
Wisconsin 29 (57)
California 19 (37)
Ilinois 2(4)
Virginia 1(2
L ocation type, n (%) N/A
Urban 42 (82)
Rural 9(18)
Relationship to caregiver, n (%) N/A
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Characteristic Primary caregivers (n=51) Care recipients (n=51)
Parent 28 (55)
Spouse/Partner 20 (39)
Other relative 3(6)

Distanceto caregiver, n (%) N/A
In household 34 (67)
<20 minutes 12 (24)
20-60 minutes 2(4)
>2 hours 3(6)

Living situation, n (%) N/A
In ahouse 40 (78)
In anursing home, retirement community, or 9(18)

other assisted living facility

8N/A: not applicable.

How Did Caregivers Use CareVirtue?

Figure 5 displays boxplots (across care networks) for each of
the 8 usage characteristics. The average (SD) was 18.3 (22.4)
log-ins, 32.5 (46.5) journa posts, 5.3 (13.2) journal post replies,
10.6 (28.5) calendar events, 2.2 (2.1) secondary caregiver invites
sent, 2.2 (2.1) secondary caregiver invites accepted, 6.1 (0.4)
care guide sections created, and 0.6 (1.9) resources accessed.
Thelog-indataare not fully representative of actual use because
users could remain logged in to CareVirtue depending on their
preference to log out.

Table 2 presents the centroid (the mean values across all care
networks in that cluster), cluster size, and a cluster label for
each of the 8 clusters. The 8 clusters could be further reduced
into 3 primary groups according to the degree of engagement
with the platform. There was heterogeneity in how the most
engaged care networksinteracted with the platform; for example,
2 care networks made heavy use of the calendar feature (average
of 141 events) with few posts (average of 41), while another
care network made heavy use of the journal (257 posts) with
only 1 calendar event.

Figure 5. Box plotsfor each of the eight usage characteristics. They are separated into two plots due to differencesin scale.
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Table 2. Cluster centroids for the 8 usage clusters identified by k-means. Each centroid component (eg, invites sent) represents the average across all

care networks within that cluster.

Cluster descrip-  Cluster size Cluster centroid
tion
Log-ins Posts Replies Invitessent  Invitesac- Calendar Careguide Resources
cepted events sections accessed

L ow engagement group

23 10 13 1 1 1 3 6 0
M oder ate engagement group
Small carenet- 12 13 25 2 3 2 6 6 0
works
Largecarenet- 7 19 40 11 6 6 3 6 0
works
High engagement group
Log-inheavy 3 88 56 9 3 3 18 6 0
Balanced usage 2 30 53 14 4 4 18 6 9
Calendar fo- 2 33 41 0 2 2 141 6 0
cused
Posts and 1 15 162 84 3 3 16 8 2
replies
Posts only 1 12 257 1 2 2 1 6 0

How Did Caregivers Perceive CareVirtue
Acceptability?

We used the NASA TL X scoreto assess usability and usefulness
interms of caregivers perceptions of their caregiver workload.
Figure 6A displays boxplots of the total NASA TLX score for
each week from week 0 (before the study began) to 7 (the final
week of the study). The average NASA TLX score increased
over the duration of the study (P=.02; r=0.79, 95% CI
0.65-0.87). However, at an individual level the NASA TLX
score only increased over the duration of the study for 3 primary
caregivers, decreased for 2 caregivers, and did not change for

the remaining 29 primary caregivers (17 were excluded due to
missingness).

We used a confidence scale to assess CareVirtue usability.
Figure 6B displays boxplots of the total confidence score for
each week of the study. The average confidence scoreincreased
significantly over the duration of the study from alow of 7.8
in week 2 to ahigh of 8.9 inweek 7 (P=.004; r=0.91, 95% ClI
0.84-0.95). At an individual level, 7 primary caregivers saw a
statistically significant increase (P<.05 in al cases, see
Multimedia Appendix 5 for precise P values) in confidence,
while the remaining 17 remained stable (27 were excluded due
to missingness).

Figure6. (A) Box plot for the weekly NASA TLX score. (B) Box plot for the weekly confidence (in using CareVirtue) survey.
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We also used the SUS to assess CareVirtue usability and the
Behavioral Intention Scale and Perceived Usefulness Scale to
assess usefulness. Multimedia Appendix 6 displays histograms
for the Behavioral Intention Scale score, SUS score, and the
perceived usefulness score for primary caregivers. The average
(SD) was 3.3 (1.2) for the Behavioral Intention Scale and 72%
(26/36) of primary caregivers reported an average score of at
least 3, indicating an above averageintention to use. The average
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(SD) was 81.8 (12.8) for the SUS score, indicating “good”
usability and 3.4 (1.0) for perceived usefulness, suggesting
above average perceived usefulness. For secondary caregivers
the average (SD) was 2.9 (1.1) for the Behavioral Intention
Scale (6/11, 55%, had an average score of at least 3), 77.9 (13.7)
for the SUS, and 3.4 (0.8) for perceived usefulness (Multimedia
Appendix 7).
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Through analysis of the qualitative interviews, weidentified 10
categories related to usefulness and 4 categories related to
opportunities to improve usefulness (Table 3). Participants
described CareVirtue as facilitating connection, exploration,
and awareness. In addition, CareVirtue allowed for
documentation and tracking of daily experiences and enabled
emotional catharsis by facilitating the capture and review of
significant momentsin their relationship with the person living
with ADRD. Additional facilitators of usefulness described by
participantsincluded centralization of information, coordination
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acrossthe care network, and the privacy afforded by controlling
user permissions. Participants further explained that using
CareVirtue made them feel supported and reduced feelings of
being overwhelmed. We also identified opportunities for
improvement, which included increasing engagement such as
creating a CareVirtue user support group; adding customization
such as additional emoji options for journal posts; refining
navigation such as expanding search types; and additional
functionality such as document upload and storage.
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Table 3. Categories of usefulness and opportunities for improvement with illustrative quotations.

Categories and subcategories Description

Ilustrative quotation

Usefulness

Connection Interaction across the care network

Documentation and
Tracking

View, explore, and understand
trends over time

Emotional Catharsis Capture, share, and recollect experi-
ences and important momentsin the
relationship with the person living

with ADRD

Awareness Real-time understanding of daily
care experiences and status of the
caregiver and person living with

ADRD

Centralization and Orga-  Communication, coordination, doc-

nization umentation, and tracking in one lo-
cation

Coordination Seamless, high-quality transitions
of care

Introspection Self-exploration of feelings, care
strategies, and goals

Privacy Customizable permissions on a se-
cure platform focused only on care

Reduce Burden Reduce demands associated with
communication, coordination, and
documentation

Support Accessibleand responsive customer

support

Opportunitiesfor improving usefulness

Provide additional interactive con-
tent such as private journaling
space, asupport group across Care-
Virtue users, and adaily checklist
of care activities

Engagement

Include additional customization
options such as for reminders, and
including more emoji options

Customization

Navigation Expand search feature

Thebiggest thing wasit [ CareVirtue] allowed meto bring my brother and sister,
both of whom live a thousand or more milesaway, closer into theloop...at crucial
times...there, you know, were some things going on, and they were actually
getting the email reminders, and they were actually logging in and looking at
my journal comments and responding in the journal. [P45]

It helped me in terms of measuring my spouse’s progression over those two
whole months. Because, you know, when you're with someone every day, 24/7
almost, you may not notice the differences other people do. So, you know, | found
that useful to go back and ook at what | wrote, you know, a month ago. Because
it appears the stage of the disease is, and...that it progresses could go, slow
down and could speed up. So, it seemed like the progression wasincreasing and
just help me quantify it to some degree in terms of what her capabilities were.
[PS0]

But the other day he said, you know, | love you. You're my favorite. And he
hadn’t said | love you to mein like, | don’'t know, a few years...but to document
amoment likethat asaway for meto kind of cathartically capture those moments
and have those to look back on. [P13]

[CareVirtue] also allowed me to let my kids know what was going on the same
timeit was happening, asfar aswhat, you know, when | was doing thejournaling.
It also helped my kids to be able to see probably a really good picture of all the
different aspects of what their mom is going through. [P15]

So, with the CareVirtue, having one spot, like if I'm going to communicate, I'm
going to put it in there, and then everybody can just go to that spot to look for
the information...people can log-in and just have their notifications and know
that stuff was going on. And it would be one step there versus metrying to figure
out how to get, you know, am | in theright [text message] thread, which infor-
mation needs to go to who? [P26]

But the app [CareVirtue] was really helpful, because before a person came in
for their quote, unquote, shift time, they can have advance information about
how things were before they came, so they could be kind of prepared. [P32]

[CareVirtug] just helped me to identify, | guess, where, how | was feeling and
what my plan was for going forward. [P16]

[Before CareVirtue] we kind of send stuff through Messenger, which is not
necessarily a secure, you know, thing, and this one [ CareVirtug] is. So, yeah, it
has just created something that was specifically and exclusively for her care,
and that, you know, that was good. [P1]

[CareVirtue] was really useful in terms of keeping a journal and telling every-
body what was going on without having to call every single family member, so
they could read [in CareVirtue] what was going on. [P7]

When | had a question, | just hit the little blue bubble and it sent a note. And in
absol utely no time somebody [ from CareVirtue support] ...answered the question
or told me how to do what | was, needed to do...It just made it really helpful,
really easy to reach out. [P23]

It's very personal. Even though they are family members, it'skind of like do |
really want themto read about my inner thoughts about this, you know, because
it could frighten them. [P37]

The[emoaji] smiley or the sad or whatever, it makes you really think about...|
would likeit that you could put a couple optionsin there though [instead of only
one]. Because, you know, | might start the entry out in one way and then key in
another because it turned. [P44]

Afilter to search, you know, for key words, or maybe not even key words, any
word search, you know, any text search, | find immensely valuable. [P12]
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Categories and subcategories Description

Illustrative quotation

Functionality Add functionality to include allow-
ing for an account with multiple
carereceivers and document upload

and storage

It still lacks the ability for it to be the all-inclusive kind of filing cabinet that |
personally need it to be. [P26]

What Factor s Were Associated With CareVirtue Use?

Thefollowing sociodemographic characteristicswere associated
with the number of posts: retired (average of 59.5 posts for
retired caregivers as compared with 16.9 for nonretired
caregivers), income (13 posts for those reporting >US $100K
and 55.4 for those reporting <US $100K), relationship to care
recipient (18.7 posts for child and 56.4 for partners/spouses),
and living situation (44.7 for those who live with the care
recipient and 13.1 for those who do not). Older care recipients
were associated with fewer posts (r=-0.33, 95% CI -0.55 to
-0.06).

The following workload characteristics were associated with
the number of posts: NASA TLX score representing the
perceived workload associated with the caregiving role from
weeks 2 to 7 (r=0.37-0.46) and the total hours caregiving
(r=0.38, 95% CI 0.11-0.60). In other words, higher perceived
mental workload associated with the caregiving role and a
greater number of hours spent caregiving were associated with
more journal posts.

Regarding usability, we found that a higher SUS score (r=0.40,
95% Cl 0.10-0.64) and a higher behavioral intention score
(r=0.378, 95% CI 0.11-0.59) were associated with anincreased
number of posts.

We found that 3 demographic characteristics were associated
with the number of log-ins. Retired caregivers had an average
of 27.410g-insas compared with 11.3 for nonretired caregivers.
Both primary caregiver age (r=0.31, 95% CI 0.03-0.54) and the
total behavioral intention score (r=0.38, 95% Cl 0.11-0.59)
were associated with morelog-ins. We found that ahigher SUS
score was associated with an increased number of secondary
caregiver invites sent (r=0.33, 95% CI 0.05-0.57).

Discussion

Principal Findings

This study establishes the acceptability and feasibility of
CareVirtue use among care networks of individualsliving with
dementia. The results indicate that CareVirtue was perceived
as highly usable and useful, with caregiversindicating arange
of ways CareVirtue was useful to them, including practically,
organizationally, and emotionaly. We found that retirees,
spouses/partners of the care recipient, and those who live with
the care recipient were more likely to post more frequently in
the journal. CareVirtue use was not correlated with caregiver
age or education level.

Participantswere confident in using CareVirtue, with confidence
increasing over time, which aigns with their reported
perceptions of CareVirtue as highly useful and usable. The
qualitative analysis revealed that CareVirtue is useful across
multiple dimensionsincluding reducing burden associated with
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logistics and organization; providing emotional and social
support; and facilitating documentation, tracking, and awareness
across the care network.

Interestingly, participants’ perceived workload associated with
their caregiving role increased over the study period. It is
possible that this result was reflective of the burden of
participating in the study. However, we also found that higher
caregiving workload was associated with more frequent use of
the CareVirtue journal. It is also possible that this consistent
increase in perceived caregiving workload was related to the
increased burden and isolation associated with the COVID-19
pandemic during which our study took place [34,35]. A recent
survey study [33] found that caregiver burden was not associated
with caregivers reported intention to adopt a mobile health
(mHealth) intervention. Our finding based on the engagement
with the technology intervention, that increased caregiver
workload was associated with increased journal posts, provides
additional insight into factors that may be influencing
caregivers adoption and use of technology interventions. This
finding also points to specific components, such as the ability
to journal about daily experiences and emotions, that may be
more useful during times of higher workload.

We found that usage varied along 2 axes: total usage and type
of usage. There was heterogeneity in how the most engaged
care networksinteracted with the platform; for example, 2 care
networks made heavy use of the calendar event feature (average
of 141 events) with few posts (average of 41), while another
care network made heavy use of the journal (257 posts) with
only 1 calendar event. These results confirm the importance of
technology interventions that can account for caregiver
heterogeneity [36,37]—that caregivers are diverse individuals
who have wide-ranging experiences, needs, and contexts. The
need for interventions responsive to caregiver heterogeneity has
been further supported by theidentified importance of multiple
component interventionsthat aretailorable to specific caregiver
needs [5,9-11]. Our findings expand on this by providing
insights into the acceptability and feasibility of a technology
intervention at the care network level. Like studies focused on
primary caregiver technology interventions, our results highlight
the importance of designing flexible, multicomponent
interventionsthat allow care networksto tailor their engagement
according to their needs and what is most helpful to them.
Importantly, this could also allow for tailoring over time, in
which care networks can shift engagement astheir needs change
across disease progression.

This study used asample size that ismuch larger than istypical
for afeasibility study [38]. Doing so gave us the opportunity to
leverage dataanalyticsto provideinsight into how care networks
engaged with the platform and provided depth to our
understanding of what components caregivers find useful [28].
Survey studies have been useful in capturing self-reported
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perceptions related to adoption and intention to use [39,40].
Findings such as ours along with others such as @ksnebjerg et
a [41] can complement and expand upon findings from
self-report studies by exploring caregivers engagement
behaviors. Given caregiver and care network heterogeneity
along with the evidence demonstrating theimportance of flexible
and tail orable multicomponent interventions [3,12-19], thereis
aneed for future research to continue to explore caregiver and
care network engagement behavior with technology
interventions to provide additional insight and begin to build
an evidence base regarding how to optimally tailor interventions
and support engagement according to individual caregiver and
care network needs. To do this, future feasibility trials could
striveto engage larger sampl e sizes, enabling the use of artificial
intelligence and machine learning to increase personalization.
Further, efficacy/effectivenesstrials that typically enroll larger
samples could be used to explore engagement. Doing so may
allow for an increased understanding of the relationship between
engagement with the technology intervention and the health
outcomes.

Although the purpose of this study was not to determine the
effectiveness of CareVirtue on caregiver outcomes, previous
research has demonstrated the potential of technology
interventionsto improve caregiver outcomes|3,12-19]. Research
suggeststhat the significant unmet needs associated with support
for communication and coordination among the care network
may contribute to the often-suboptimal outcomes experienced
by caregivers such as increased stress and burden [20,24,37].
Further, our findings related to caregiving workload and journal
use combined with our qualitative findings provide someinitial
indication that caregivers may experience positive effects such
as reduced burden, increased social support, and increased

Boutilier et al

quality of life from using CareVirtue. Our immediate plan for
future research is to conduct a randomized clinical trial to test
the hypothesis that CareVirtue reduces caregiver stress and
burden and increases caregiver quality of life.

Limitations

Our results should be considered in light of certain limitations.
First, although our sample size was much larger than is typical
for afeasibility study [38], the sample size should be considered
when interpreting the univariate results, asit is possible that a
small group of people could be driving our findings. Second,
although we achieved enrolIment of diversity in termsof income
and location within the United States, participantswere primarily
White, married, college-educated women of 60 years of age
who lived with the care recipient. Future work will endeavor
to achieve amore sociodemographically diverse sampleinterms
of race/ethnicity, education, age, and distance from the person
living with dementia. Third, although this study found a broad
range of care network sizes consistent with previous literature
[20], it is likely that the context of the COVID-19 pandemic
may have reduced the number of in-home supports, which may
have influenced the number of care network members using
CareVirtue.

Theresults of thisstudy establish the acceptability and feasibility
of CareVirtue use among care networks of people living with
ADRD. This study also highlights the importance of designing
flexible, multicomponent interventions that allow care networks
to tailor their engagement according to their needs and what is
most useful to them. The results of thisfeasibility study will be
used to improve CareVirtue feasibility and acceptability in
preparation for a subsequent randomized trial to test
CareVirtue's effectiveness in improving caregiver outcomes.
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Elbow plot for k-means clustering. Each care team is represented by an eight-dimensional vector with the following components:
the number of logins, the number of journal posts, the number of journal post replies, the number of calendar events, the number
of secondary caregiver invites sent, the number of secondary caregiver invites accepted, the number of Care Guide sections
created, and the number of resources accessed through CareVirtue. We clustered all observations using k-means clustering, with
a Euclidian distance metric and 10 random initializations. We varied k from 1 to 20 and used the elbow method (on the intra
cluster distance) to choose the final k value. Figure A1 displays the intra cluster distance for each k value.
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Multimedia Appendix 5

P valuesfor caregiver-reported confidence using CareVirtue over the duration of the study for the 24 participantsincluded in the
analysis (27 participants were excluded due to missingness).
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Histograms for primary caregiver responses to the behavioral intention scale, system usability scale, and perceived usefulness.
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Histograms for secondary caregiver responses to the behavioral intention scale, system usability scale, and perceived usefulness
scale.
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Abstract

Background: More than 6 million people in the United States have Alzheimer disease and related dementias, receiving help
from morethan 11 million family or other informal caregivers. A range of traditional interventions has been devel oped to support
family caregivers; however, most of them have not been implemented in practice and remain largely inaccessible. While recent
studies have shown that family caregivers of people with dementia use Twitter to discuss their experiences, methods have not
been devel oped to enable the use of Twitter for interventions.

Objective: The objective of thisstudy isto devel op an annotated data set and benchmark classification models for automatically
identifying a cohort of Twitter users who have afamily member with dementia.

Methods: Between May 4 and May 20, 2021, we collected 10,733 tweets, posted by 8846 users, that mention adementia-related
keyword, alinguistic marker that potentially indicates a diagnosis, and a select familial relationship. Three annotators annotated
1 random tweet per user to distinguish those that indicate having a family member with dementia from those that do not.
Interannotator agreement was 0.82 (Fleiss kappa). We used the annotated tweets to train and evaluate support vector machine
and deep neural network classifiers. To assess the scalability of our approach, we then deployed automatic classification on
unlabeled tweets that were continuously collected between May 4, 2021, and March 9, 2022.

Results: A deep neural network classifier based on a BERT (bidirectional encoder representations from transformers) model
pretrained on tweets achieved the highest F;-score of 0.962 (precision=0.946 and recall=0.979) for the class of tweetsindicating

that the user has a family member with dementia. The classifier detected 128,838 tweets that indicate having a family member
with dementia, posted by 74,290 users between May 4, 2021, and March 9, 2022—that is, approximately 7500 users per month.

Conclusions: Our annotated data set can be used to automatically identify Twitter users who have a family member with
dementia, enabling the use of Twitter on alarge scale to not only explore family caregivers experiences but also directly target
interventions at these users.

(IMIR Aging 2022;5(3):€39547) doi:10.2196/39547
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Introduction

More than 6 million peoplein the United States have Alzheimer
disease and related dementias, and the burden is projected to
double by 2060 [1]. Alzheimer diseaseisthe sixth leading cause
of death in the United States [2], and only 8% of people with
dementia do not receive help from family members or other
informal care providers[3], amounting to more than 11 million
family or other unpaid caregivers in 2020 [4]. Caregivers of
people with dementia are impacted physically, cognitively,
socially, mentally, and financially. For instance, compared with
noncaregivers, they are more vulnerable to disease due to
chronic stress[5] and have lower durations and quality of sleep
[6]. Compared with non—dementia caregivers, they are more
likely to experience adeclinein cognition [7] and social network
size [8]. They are also more likely to experience depression
compared with noncaregivers [9] and non—dementia caregivers
[10], and depressive symptoms in dementia caregivers are
associated with increased health care use and costs [11]. In
addition to the increased costs of their personal heath care,
family caregivers of people with dementia pay for much of the
recipient’s total care costs, with the costs being significantly
higher for people with dementia than without dementia [12].

A range of traditional interventions has been developed to
support family caregivers of people with dementia [13];
however, most of them have not been implemented in practice
and remain largely inaccessible [14]. Recent systematic reviews
have concluded that internet-based interventions are valued by
family caregivers of people with dementiafor their easy access
[15] and can have beneficial effects on caregivers health [16].
While recent studies [17-23] have shown that family caregivers
of peoplewith dementiause Twitter to discusstheir experiences,
to the best of our knowledge, methods have not been devel oped
to enable the use of Twitter as a platform for internet-based
interventions. Given that nearly 1 of every 4 adultsin the United
Statesuses Twitter [24], Twitter may present anovel opportunity
to reach family caregivers on a large scale, such as through
user-targeted advertisements providing information about
dementia, caregiving, resources, or services. The objective of
this study was to develop an annotated data set and benchmark
classification models for automatically identifying a cohort of
Twitter users who have afamily member with dementia.

Methods

Ethical Consider ations

The data used in this study were collected in accordance with
the Twitter Terms of Service. The Ingtitutional Review Board
of the University of Pennsylvaniareviewed this study (protocol
number: 828972) and deemed it exempt human subjectsresearch
under 45 CFR 846.101(b)(4) for publicly available data sources.

Data Collection and Annotation

Between May 4 and May 20, 2021, we collected 67,060 publicly
avalable tweets from the Twitter streaming application
programming interface (API) that are in English, are not
retweets, and include both a dementia-related keyword (eg,
dementia, youngdementia, #yod, #ftd, alzheimer’s, alz,

https://aging.jmir.org/2022/3/€39547
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alzheimer sdisease, mild cognitive impairment) and alinguistic
marker that potentially indicates a diagnosis (eg, diagnosed,
diagnosis, has, got, developed, with, from). The full list of API
search terms is available in Multimedia Appendix 1. We then
searched these tweets for references to select familial
relationships (Multimedia Appendix 2), identifying 10,733
(16%) of the 67,060 tweets. We randomly sampled 1 tweet per
user—8846 (82%) of the 10,733 tweets—and developed
annotation guidelines (Multimedia Appendix 3) to help 3
annotators distinguish tweets that indicate having a family
member with dementiafrom those that do not. Among the 8846
annotated tweets, 8346 (94%) were dual annotated, and 500
(6%) were annotated by all 3 annotators. Interannotator
agreement, based on the 500 tweets annotated by all 3
annotators, was 0.82 (Fleiss kappa). Upon resolving the
disagreements, it was determined that 5946 (67%) of the tweets
indicate that the user has a family member with dementia, and
2900 (33%) of the tweets do not.

Automatic Classification

We performed benchmark supervised machine learning
experiments to assess the utility of the annotated data set for
automatically identifying Twitter users who have a family
member with dementia. For the classifiers, we used the LibSVM
[25] implementation of support vector machine (SVM) in Weka
and SVM and 6 deep neural network classifiersbased on BERT
(bidirectional encoder representations from transformers): the
BERT-Base-Uncased [26], DistilBERT-Base-Uncased [27],
RoBERTaLarge [28], BioBERT-Large-Cased [29],
Bio+ClinicalBERT [30], and BERTweet-Large [31] pretrained
models in the Flair Python library. We split the 8846 tweets
into 80% (7077 tweets) and 20% (1769 tweets) random sets as
training data (Multimedia Appendix 4) and held-out test data,
respectively, stratified based on the distribution of the binary
annotated classes. For the SVM classifier, we preprocessed the
tweets by normalizing URLSs, usernames, digits, and keywords
related to dementia (Multimedia Appendix 1) and familial
relationships  (Multimedia Appendix 2), removing
nonal phanumeric characters and extra spaces, and lowercasing
and stemming [32] the text. We used the Weka NGram
Tokenizer to extract n-grams (n=1-3) as features in a
bag-of-words representation. We used the radial basis function
kernel and set the cost at c=32. For the BERT-based classifiers,
we preprocessed the tweets by normalizing URL sand usernames
and lowercasing the text. For training, we used stochastic
gradient descent optimization, a batch size of 8, 15 epochs, and
alearning rate of 0.001. During training, wefine-tuned al layers
of thetransformer model with our annotated tweets. To optimize
performance, the model was evaluated after each epoch on a
5% split of the training set. To assess the scalability of our
approach, we then deployed automatic classification on 198,674
unlabeled tweets, posted by 119,640 users, that were
continuously collected from the Twitter streaming API
(Multimedia Appendix 1) between May 4, 2021, and March 9,
2022, and mentioned a select familial relationship (Multimedia
Appendix 2).
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Results

Table 1 presents the precision, recall, and F;-scores of SVM

and 6 deep neura network classifiers for the class of tweets
indicating that the user has a family member with dementia,
evaluated on a held-out test set of 1769 (20%) of the 8846
manually annotated tweets. The classifier based on a model
pretrained on tweets (BERTweet-Large) achieved the highest
F,-score: 0.962 (precision=0.946 and recall=0.979). When
deployed on 198,674 unlabel ed tweets, posted by 119,640 users,
between May 4, 2021, and March 9, 2022, the BERTwest
classifier detected 128,838 tweets indicating that the user has
afamily member with dementia, posted by 74,290 users—that
is, approximately 7500 users per month.

Kleinetal

Table 2 presents examples of false positives and fal se negatives
of the BERTweet classifier in the test set. Among the 68 false
positives, 36 (47%) refer to people with dementia who are not
or may not be select family members (Tweet 1), 8 (12%) report
that a family member has a condition other than dementia
(Tweet 2), and 5 (7%) merely speculate that a family member
has dementia (Tweet 3). Another 8 (12%) of the 68 false
positiveswere aresult of manual annotation errors. Among the
25 false negatives, 14 (56%) use deixis or anaphora, requiring
additional context in the tweet to understand that a non—first
person determiner (eg, “their” in Tweet 4) actually refersto the
user, or that a personal pronoun (eg, “she” in Tweet 5) refers
to aselect family member with dementia. Furthermore, 12 (86%)
of these 14 tweets also include references to peopl e who are not
family members or do not have dementia. Another 4 (16%) of
the 25 fal se negatives were aresult of manual annotation errors.

Table 1. Precision, recall, and Fq-scores of classifiers for detecting tweets indicating that the user has a family member with dementia.

Classifier Precision Recall F1-score
VM3 0.884 0.939 0.910
BERT®-Base-Uncased 0.924 0.954 0.938
DistilBERT-Base-Uncased 0.930 0.942 0.936
RoBERTa-Large 0.918 0.982 0.949
BioBERT-Large-Cased 0.907 0.978 0.941
Bio+Clinica BERT 0.903 0.958 0.930
BERTweet-Large 0.946 0.979 0.962

83V M: support vector machine.
bBERT: bidirectional encoder representations from transformers.

Table 2. Sample false positives and false negatives of a BERTweet classifier for detecting tweets indicating that the user has a select family member

with dementia

Tweet Tweet Actual Predicted
number
1 Evelyn has dementia, | know. But when she asked me today how my dad was doing... it still ~ — +
hurt.
2 We really don't have a clue about what causes Alzheimer's. We don't have a clue about - +
Parkinson's, which iswhat got my dad, either.
3 | just listened to the Everywhere at The End of Time, by The Caretaker, and thought about my — +
grandmother. The songs are about dementia, something my grandmawasn't clearly diagnosed
with, but it hit hard.
4 If someonetells u their parent has Alzheimer's please don’t say your grandparent or great aunt  + -
did too. | appreciate that u can relate to the experience but it is so different. Tell me adifferent
time.
5 | have afamily member who is vulnerable and two children in their late 20s. | didn't wantto  + -
risk passing virus to her or from her to my family member. My sister made a bubble with her
and her carers. She has dementia so she probably hasn’t missed me!
: : tweets demonstratesthat alarge cohort of userscan beidentified.
Discussion J

Principal Findings

The benchmark performance of automatic classification
demonstratesthat our annotated data set has utility for accurately
identifying Twitter users who have a family member with
dementia, and deploying automatic classification on unlabeled

https://aging.jmir.org/2022/3/€39547
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Therefore, our annotated data set enables the use of Twitter to
scale up accessible, internet-based interventions directly targeted
at family caregivers of people with dementia. Because our
approach involves identifying tweets that mention a familial
relationship, it would also enableinterventionsto betailored to
the care recipient.
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Limitations care would underutilize the potential of Twitter for reaching

Our approach to identifying family caregivers assumes that Carediverson alarge scale.

having “close” relatives with dementiawould likely imply the  Conclusions
users involvement in caregiving; however, the users identified
in this study may not necessarily be caregivers or may have
been caregivers but are no longer. We took this approach
because we believethat limiting our identification of caregivers
to users who explicitly state that they are providing ongoing

This paper presented an annotated data set and benchmark
classification modelsfor automatically identifying Twitter users
who have afamily member with dementia, enabling the use of
Twitter on alarge scale to not only explore family caregivers
experiences among their tweets but aso directly target
interventions at these users.
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Abstract

Background: Identifying caregiver availability, particularly for patients with dementia or those with a disability, is critical to
informing the appropriate care planning by the health systems, hospitals, and providers. Thisinformation is not readily available,
and there is a paucity of pragmatic approaches to automatically identifying caregiver availability and type.

Objective:  Our main objective was to use medical notes to assess caregiver availability and type for hospitalized patients with
dementia. Our second objective was to identify whether the patient lived at home or resided at an institution.

Methods: In this retrospective cohort study, we used 2016-2019 telephone-encounter medical notes from a single institution to
develop a rule-based natural language processing (NLP) algorithm to identify the patient’s caregiver availability and place of
residence. Using note-level data, we compared the results of the NL P algorithm with human-conducted chart abstraction for both
training (749/976, 77%) and test sets (227/976, 23%) for atotal of 223 adults aged 65 years and older diagnosed with dementia.
Our outcomes included determining whether the patients (1) reside at home or in an institution, (2) have aformal caregiver, and
(3) have an informal caregiver.

Results:  Test set results indicated that our NLP agorithm had high level of accuracy and reliability for identifying whether
patients had an informal caregiver (F;=0.94, accuracy=0.95, sensitivity=0.97, and specificity=0.93), but was relatively less able
to identify whether the patient lived at an institution (F,=0.64, accuracy=0.90, sensitivity=0.51, and specificity=0.98). The most
common explanations for NL P misclassifications across all categorieswere (1) incomplete or misspelled facility names; (2) past,
uncertain, or undecided status; (3) uncommon abbreviations; and (4) irregular use of templates.

Conclusions; This innovative work was the first to use medical notes to pragmatically determine caregiver availability. Our
NL P algorithm identified whether hospitalized patients with dementia have aformal or informal caregiver and, to alesser extent,
whether they lived at home or in an institutional setting. Thereis merit in using NLP to identify caregivers. This study serves as
aproof of concept. Future work can use other approaches and further identify caregivers and the extent of their availability.

(JMIR Aging 2022;5(3):e40241) doi:10.2196/40241
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Introduction

Clinical practice creates a large amount of structured and
unstructured data[1,2]. Although the el ectronic medical record
(EMR) has dlowed health care systems to collect clinical
encounter data, the collection process and reporting are still
inefficient. This inefficiency is burdensome for health care
workers and providers and may negatively impact patient care
[1,2]. Furthermore, alarge portion of the datain health careis
in a free-text format. The data are entered into the system by
multiple individuals (medical students, nurses, social workers,
etc) and lack a specific template, are not easily searchable by
health care workers, and are not readily available for clinical
decision-making. Applying natural language processing (NLP)
to medical notes has shown promising results in diagnosing
certain conditions[3,4], predicting adverse health events [5,6],
and identifying socia determinants of health [7].

Systematic collection of caregiver information in EMR is a
challenging task [8]. Although caregivers play an essential role
inthe health and well-being of peoplewith complex care needs,
such as those with dementia or a disability [9], health care
systems are not equipped to readily identify caregiver
availability (or lack thereof), type of care provided, time
availability, and other helpful information about caregiver
support. Despite the emergence of NLP in health care [10-14],
there is a paucity of work examining the pragmatic collection
of caregiver information [9].

Approximately 6 million older adults in the United States live
with dementia. This number isexpected to double by 2050 [15].
Because of more cognitive and physical limitations, compared
with other older adults, people with dementia often have
complex care management needs, and their well-being depends
on their caregivers [16-19]. For example, postdischarge care
coordination with apatient’s caregiver may reduce readmission
or other adverse health events. It iscritical for the health systems
to quickly identify and act upon caregiver availability

https://aging.jmir.org/2022/3/e40241

information for patients with complex care needs, particularly
after hospital discharge.

In thiswork, we aimed to provide a proof of concept that NLP
can reliably identify caregiver availability and type viamedical
notes. we examined the following three outcomes: (1) whether
apatient livesat homevsin aninstitution, (2) whether a patient
has aformal caregiver (paid), and (3) whether a patient has an
informal caregiver (eg, a family member). We hypothesized
that using NLP, we would be able to reliably determine each
of the above outcomes.

Methods

Data Source

To examine caregiver availability and type of caregivers, if any,
for patients diagnosed with dementia, we used medical notes
from Michigan Medicine (MM)alarge academic medical center
in Southeast Michigan. Our initial patient cohort wasidentified
using the International Classification of Disease, 10th revision
codes (Table S1 in Multimedia Appendix 1) from structured
EMRs between October 2015 and January 2020. Using a1-year
look back period, we identified 2205 unique patients with
dementiawith at |east one hospitalization in MM.

There are 60 different types of medical notes in MM. We
randomly explored 10 notes from each category to identify the
most promising type of notes for this study. Moreover, we
sought expert advice from ageriatric MM nurse to identify the
most promising medical notesfor information about caregivers.
Both approaches led us to use tel ephone encounter notes. Out
of 2205 unique patients, 2017 had at least one telephone
encounter note. We randomly selected and annotated atotal of
976 telephone encounter notes (n=224 unique number of
patients), of which 749 (77%) and 227 (23%) notes were
partitioned into training (n=167 unigque number of patients) and
test (n=57 unique number of patients) sets, respectively.
Furthermore, we ensured that all notes for each patient were
kept within the same set. Figure 1 presents a schematic flow
diagram of our sampling process.
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Figure 1. Schematic flow diagram (source: 2016-2019 Michigan Medicine Electronic Medical Records). ED: emergency department.
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Annotations

To accomplish high interrater reliability, 2 team members, a
nurse experienced in reading and writing medical notesat MM
and asocid scientist with no medical background, independently
annotated all notes. Discrepancies in annotation were resolved
with al team members’ participation. Our research questions
included the following:

1. Doesthe patient reside at home or in an institution?
2. Doesthe patient have aformal (hired) caregiver?
3. Does the patient have an informal (a family member or a

friend) caregiver?

The above research guestions were chosen because the place
of residence and caregiver availability are interconnected.
Furthermore, our caregiver featureswere not mutually exclusive
becauseit is plausible that the patient has both an informal and
formal caregiver ssmultaneously [9]. Each criterion had the
following two levels for annotation: O (based on lack of
information or explicit negation) and 1 (based on implied or
explicit narration in the note). If the note had no information
about potential outcomes, we coded all features as zeros. Since
a patient’s circumstances (place of residence and caregiver
availability) may change over time, our unit of analysiswasthe
note (nested withinindividua patients). Each note was annotated
independently, relying only on information found in that note.
Using this method, we sought to identify the patient’s place of
residence and caregiver availability longitudinaly at each
specific time.

M odel

First, we preprocessed the data based on patterns we saw in the
training set and then used 2 lexicons to construct a rule-based
approach to characterizing each note. We measured the model’s
performance in training and test sets, separately, using the

https://aging.jmir.org/2022/3/e40241

F,-score, accuracy, sensitivity, and specificity of the model
against our gold standard—manual annotations of the notes.
F,-score summarizes the predictive power of an algorithm as
the harmonic mean of precision and recall. Accuracy measures
how many observations—positive and negative—were correctly
classified [20].

Preprocessing

Through our annotation process, we discovered multiple terms
that frequently led to false positives. For example, “family
medicine” raised a false positive for “family,” and “patient
portal” raised afalse positive for “patient.” Additionally, some
notes contain template sections and subheading phrases such
as"Family History,” which would list multiple familial relations
that, in this context, would not be caregivers. These words and
phrases were removed from medical notes before applying our
algorithm (items 3 and 4 in the “Description of Rule-Based
Algorithm” below).

L exicon

Our 2 lexicons were dictionaries of terms used to identify (1)
place of residence and (2) type of caregiver, if any. Specific
terms (eg, “home,” “atriaann arbor,” and “linden square”’) were
used to determine the current place of residence. To determine
if apatient resides in an ingtitution or at home, we used a list
of nursing homes and care facilities in Washtenaw County
(obtained from the University of Michigan) and alist of skilled
nursing facilities in the state of Michigan (obtained from the
Centers for Medicare and Medicaid Services website) [21].
Caregiver type was categorized into 2 groups—formal and
informal—using genera terms for caregivers (eg, “sister,’
“husband,” or “visiting nurse”). To determine the presence and
type of caregivers, we used a list of commonly used terms for
friendsand family membersand formal caregiversbased on our
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consultations with practitioners (nurses, physicians, and care
coordinators at MM).

Our data dictionary can be found in alphabetical order in Table
S2in Multimedia Appendix 1. Should aterm from thedictionary
be found in a medical note, we would use the corresponding
labels associated with the term to characterize the note. For
example, if a“visiting nurse” and “spouse” were both found in
anote, the algorithm would rule that the patient had both formal
(visiting nurse) and informal (spouse) caregivers.

Multipleruleswereimplemented to account for amore complex
logic in determining the place of residence and caregiver
presence or type. Throughout the algorithm, a 4-word window,
rather than a fewer- or more-word window, was used because
the 4-word window achieved the best accuracy in the training
set.

Patient Verb Neighborhood

A lexicon was created that included verbs such as “agreed,”
“asked,” or “reported,” suggesting that apatient residesat home
if these verbs appeared within a4-word window of the following
terms: “pt,” “patient,” or “patient’s’ (Table S3 in Multimedia
Appendix 1). This was used to determine whether the patient
had any relevant caregiver information, even if identified terms
in the dictionary were not found in the note. Since health care
workers would often discuss the “patient” in a non—caregiver
related context, we could not simply search for the previous 3
words.

I nstitution Negation Neighborhood

In many cases, aningtitution’s name appearsin the note without
any relation to patient’s current place of residence or status of
caregiver support. Examples include potential plans when a
patient was discharged from the hospital or in discussion with
family membersfor referral to an ingtitution or if a patient was
in an institution for subacute rehabilitation, which would not
be considered a place of residence or a caregiver. We created
alexicon for institution negation words and searched for them
within a 4-word window of each ingtitution’s name. If the
specified negation words were found, then the institution was
disregarded for that note.

If no terms were found, it was determined that the note had no
information available to predict the place of residence or
caregiver presence, and all fields were set to zero.

Description of the Rule-Based Algorithm

The 13 selection criteria, provided in the annotation guidelines
and coded in order in the algorithm, are described below:

1. Replace “PT" (uppercase) with “physical therapy” in the
original medical notes to avoid erroneous pickups of “pt”
as an abbreviation of “patient.”

2. Convert the origina text in notes to lowercase | etters.

3. Remove the following patterns in the lowercase notes to
avoid false positives. “nurse navigator,” “navigator nurse,”
“patient portal,” “patient name,” “relationship to patient”
followed by blank spaces with no answer, “e.g., visiting
nurse” “patient & caregiver,” “patient or caregiver,’
“patient &/or caregiver,” “family medicing” “family
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10.

11

12.

13.
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practice,” “family doctor,” “family physician,” “aone with
family,” “verbalizes understanding,” and *“verbalized
understanding.”

To avoid falsely labeling “family” as informal caregivers,
we removed each occurrence of “family history” and all
words that follow until a new line character.

Remove all occurrencesof “aid” and “aids’ in alowercase
note when any of the following shows up: “sleeping aid,’
“deeping aids,” “deep aid,” “deep aids,” “hearing aid,”
“hearing aids,” “hear aid,” and “hear aids.”

Substitute the following patterns with “patient” to avoid
falsely picking up “want” in the proximity of “patient” or
“pt”: “want the patient,” “wants the patient,” “wanting the
patient,” “want the pt,” “wants the pt,” “wanting the pt,’
“want pt,” “wants pt,” and “wanting pt.”

Substitute “pt or ot,” “pt and ot,” or “pt/ot” with “physical
therapy and ot” to avoid falsely picking up “pt” as* patient.”
Substitute “e-mail” with “email” before tokenization to
avoid “e-mail” being split into “€” and “mail.”

Substitute variants of “patient partner” (eg, “patient’s
partner,” “patients partner,” and “patient\ns partner” with
“\n” being a new line character) with itself.

Oftentimes, the evidence of a*“visiting nurse” may present
itself as avariant (eg, “visit from a home care nurse”). To
avoid missing such cases, for each sentence containing
“nurse,” we searched for variants of “visiting” (eg, “visit”)
before the occurrence of “nurse” within the sentence or
searched for variants of “visiting” after the occurrence of
“nurse” within that sentence and the sentence that follows.
To avoid falsely labeling informal caregiver or home when
an ingtitutional caregiver is present, in each lowercase
medical note, we removed all occurrences of “patient,”
“pt;” “care giver,” “caregiver,” and “guardian” in any
sentence that included an institutional n-gram.

If any ingtitutional term in the dictionary showed up in the
note, there is evidence of institutional caregiver. To rule
out false positives as potential, past, or unapproved
institutional caregivers or when the service is for
rehabilitation purpose only (eg, “patient discharged from
Glacier Hills” “returned home from Glacier Hills” and
“on the waiting list for Glacier Hills’), we looked for
variants of “return from” (eg, “returning from” and
“returned from™), “ discharged from” (eg, “ dischargesfrom”
and “discharging from”), “waiting list” (eg, “wait list” and
“walitlist”), “cancel,” “decline” “approve” require’
“suggest,” “request,” and “rehabilitation” (eg, “rehab”) in
the sentence containing an ingtitutional term. If any of the
variants shows up in the sentence, al occurrences of the
institutional term would be disregarded in the note.

To see whether there is evidence of home self-care
(home=1) when an ingtitutional caregiver is absent, we
looked for patient verbs within a prespecified (n=4) word
window of “patient,” “pt,” or “patient’s”” If thereisat least
one patient verb within a certain neighborhood, there is
evidencethat the patient isinvol ved in the decision-making
of their own health to some extent. In addition, the
occurrence of “relationship to patient:” followed by
“patient,” “pt,” or “salf” inthe note a so constitutes evidence
of home self-care.
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Potential Reasons for Misclassification

The main reasons for algorithm misclassifications using
annotated medical notes as our gold standard will be discussed
and summarized.

Generalizability Using Other Medical Notes

To test the generalizability of our algorithm in other notes, we
examined what percentage of the data dictionary features can
be found in other medical notes. None of these notes were
annotated. The findings provided some preliminary datafor the
next step, which is using other medical notes to make the
algorithm more generalizable.

Ethics Approval

Thisresearch isapproved by Michigan Medicine's|nstitutional
Review Board (HUM00129193).

Results

We used R package version 3.6.3 (The R Foundation) to develop
and test our NLP algorithm. Figure 1 presents the schematic
flow diagram of our sampling. Out of the 304,186 available
telephone encounter notes for our patient cohort, we annotated
749 notes for training and 227 notes for testing.

Table 1 displays some of the characteristics of our patient cohort
(n=223). The average age was 78 (SD 10.94) years, with the
majority being female (n=128, 57%). About 79% (n=176) were
of White and 15% (n=33) of Black racial backgrounds. The
average length of stay in the hospital was 6.78 (SD 6.54) days.
Approximately 24% (n=54) of our patient population were
readmitted or died within 30 days after discharge from the
hospital.

https://aging.jmir.org/2022/3/e40241
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Table 2 shows the results of our rule-based algorithm in our
training and test sets. Among our features of interest (residing
at home, residing at an institution, having a formal caregiver,
and having an informal caregiver), identifying an informal
caregiver was the most reliable feature. Theresult from our test
set indicates high levels of accuracy and reliability for
identifying an informal caregiver (F;=0.942, accuracy=0.947,
sensitivity=0.970, and specificity=0.928). Identifying whether
the patient lives at an institution was the least reliable measure,
with the algorithm being prone to false positives (F;=0.638,
accuracy=0.899, sensitivity=0.512, and specificity=0.978). The
overall accuracy level for all 4 featuresin training and test sets
were 0.858 and 0.655, respectively.

Table 3 summarizes the potential causes of misclassification,
along with some examples and plausi ble explanations. The most
common errors were related to (1) incomplete or misspelled
names of the facilities; (2) past, uncertain, or undecided
situations; (3) lack of specificity; (4) use of uncommon
abbreviations; and (5) irregular use of templates.

To examine the generalizability of our algorithm using other
medical notes, we measured the percentage of the features
defined in our data dictionary in 5 different types of medical
notes (patient care conference, pharmacy, psychiatric ED
clinician, socia work, and student) for our patient cohort (Table
4). The results indicate the highest level of generalizability for
the informal caregiver. For example, 83% (n=1768) and 76%
(n=595) of “patient care conference” and “social work” notes
included information about informal caregivers. On the other
hand, about 69% (n=333) of “pharmacy” notes had extractable
information about aformal caregiver. This information can be
used in future work to examine other types of medical notes.
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Table 1. Descriptive characteristics of individuals included in training and test sets (N=223%).

Characteristics Values
Age at the time of hospital admission, mean (SD) 77.96 (10.94)
Sex, n (%)
Female 128 (57.4)
Male 95 (42.6)
Race or ethnicity, n (%)
White 176 (78.9)
Black 33(14.8)
Hispanic 314
Others 11 (4.9)
Length of stay in hospital, mean (SD) 6.78 (6.54)
Payor, n (%)
Medicare+private 103 (46.2)
Medicare+Medicaid 34 (15.3)
Medicare only 53 (23.8)
Private only 6(2.7)
Others or missing 27 (12.1)
Readmitted or died within 30 days after hospital discharge, n (%) 54 (24.2)

@\ umber of unique individualsin the sample. Each person has one or more “ Telephone Encounter” medical notes.

Table 2. Model performance summary for training and test sets.

Model Training (N=749) Test (N=227)

Place of residence Caregiver Place of residence Caregiver

Home  Ingtitution Formal Informal Home Ingtitution Formal Informal
Fq.2 0.942 0.675 0.746 0.951 0.873 0.638 0.640 0.942
Accuracy® 0923  0.964 0.923 0.964 0.837 0.899 0.841 0.947
Sensitivity® 0.947 0.609 0.680 0971 0.870 0.512 0.571 0.970
Specifici tyd 0.875 0.987 0971 0.960 0.778 0.978 0.930 0.928

8 ,-score: the predictive power of an algorithm as the harmonic mean of precision and recall. Fq-score ranges between 0 and 1, and the closer it isto
1, the better. F1-score=2 * (precision*recall) / (precision + recall).

BNumber of observations, both positive and negative, correctly classified. Accuracy = (true positive + true negative) / (true positive + false positive +
true negative + false negative).

CAhility of the model to predict atrue positive of each category.

aa bility of the model to predict a true negative of each category.
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Table 3. Potential causes of misclassification with explanation and examples.
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Cause of error

Example

Explanation

Incomplete or mis-  «
spelled names

Past, uncertain, or .
undecided situations

Lack of specificity  «

“ Pt stated that the nurse from Residential had difficulty
drawing her blood.”

“Medications are managed by staff at Gilbert House”
“Hartland of Ann Arbor” .

Will aso need “in Home Care” order.

“He shares that he has explored home health agencies
(found them to be not suitable to what he is seeking).”
“1 love that her long-term goal is already established,
and Glacier Hillsis her final choice”

“Will have avisit nurse in the near future (will be at
sister’s house).”

“ Spoke with Donna who was caring for Mr. xxx." .
“ Ellen manages medications using monthly organizer.”
“Calling from rehab facility and has some questions

Residential is short for “ Residential Home Health.” If we
add only “Residential” to our data dictionary, the false pos-
itive would increase.

Gilbert House is not in the dictionary. Formal nameis
Gilbert Residence.

Hartland is not in the dictionary. Formal nameis Heartland
Health Care Center.

“Home care” picked up by NLP as formal=1.
Falsely picked up “home health” asformal=1.
Falsely picked up institution=1 and formal=1.
Falsely picked up visiting nurse as formal=1.

Itisnot clear whether “Donna’ isaformal or informal
caregiver. The agorithm picked up formal=1.
Algorithm missed Ellen as aformal caregiver (formal=0).

regarding wound care”

Uncommon abbrevi-
ations .

“pt'sdtr”
“her dau isworking during the day.”

« Insome cases, patient staysin the rehab facilities (institu-
tion=1 and formal=1), and in some cases, patient stays at
home and goes to the rehab facility (institution=0 and for-
mal=0). Due to this ambiguity, we did not include rehab
facility in the dictionary.

» dtr and dau are short for daughter. They were not listed in
the dictionary.

Table 4. Results of the natural language processing caregiver algorithm in other medical notes (the results show what percentage of the data dictionary

features can be found in other medical notes).

Note type Count, N overall, n (%)2 Residesat home, n  Residesinaningtitution,n Formal caregiver,n  Informal caregiver,
(%) (%) (%) n (%)

Telephoneencounter 2000 1744 (87.2) 1326 (66.3) 426 (21.3) 704 (35.2) 1612 (80.6)

Patient care confer- 2130 1825 (85.7) 1442 (67.7) 481 (22.6) 688 (32.3) 1768 (83.0)

ence

Pharmacy 483 411 (85.0) 128 (26.4) 320 (66.2) 333(68.9) 140 (29.0)

Psychiatric ED 488 351 (71.9) 394 (80.7) 41 (8.4) 55 (11.3) 345 (70.7)

clinician

Social work 783 621 (79.3) 612 (78.2) 147 (18.8) 212 (27.1) 593 (75.7)

Student 1201 921 (76.7) 873 (72.7) 160 (13.3) 240 (20.0) 852 (70.9)

8The overall percentage represents the proportion that at least one of the featuresin our data dictionary was used in the listed medical notes, while the
feature-specific percentage indicates the proportion of notes containing information regarding the specific outcome. Thiswas doneto test the generalizability

of the algorithm in other medical notes for future work.
bED: emergency department.

Discussion

Principal Findings

This project was the first to assess whether medical notes can
beused to identify caregiver availability and place of residence.
We used a rule-based NL P algorithm on a subset of telephone
encounter notes recorded between 2016 and 2019 for patients
diagnosed with dementia to determine caregiver availability
(formal and informa) and place of residence (home or
institution). Our agorithm reliably identified the avail ability of
an informal caregiver (F;-score=0.94), moderately identified

https://aging.jmir.org/2022/3/e40241

RenderX

home as a place of residence (F;-score=0.87), and poorly
identified if the patient lives in an ingtitution (F;-score=0.64)
or hasaformal caregiver (F,-score=0.64).

Comparison With Prior Work

Hospitalsand health systems have made, and continueto make,
substantial investments in their EMR systems. Although a
systematic collection of salient medical and social dataremains
awork in progress, successful effortsusing NL P algorithm have
enabled efficient mining of rich free-text medical notes for
various risk assessment or decision-making tools aimed at
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reducing the occurrences of adverse health events and wasteful
spending [22-24]. Our study aligns with this work to identify
caregiver availability for patientswhose well-being depends on
caregivers.

For many older patients, especially peoplewith cognitive decline
or disability, information on caregiver availability has numerous
applications. For instance, arecent work by Choi et a [9] reveals
that among people with dementia or disability, those with a
greater number of informal caregivers (ie, family members or
closefriends) arelesslikely to beingtitutionalized. Availability
of caregiver information in medical settings may inform abetter
care transition (ie, discharge planning from the hospital), care
use (ie, institution vs home), and care costs [25-29]. Through
care coordination with caregivers, patients may experience better
adherence to follow-up appointments and more effectively
follow a prescribed diet and medication regimen. Moreover,
patientswho need a caregiver but havelittle or no family support
can be identified by social workers or care coordinators to
proactively navigate the use of formal care (ie, nursing home
or paid home care) [29-32].

For this study, we used telephone encounter notes, initiated
based on phone conversations with patients or their caregivers.
Most of these notes are written by nurses based on their
conversations with patients or family members of the patient at
different time points. Perhaps because tel ephone encounter notes
were based on direct conversations with patients or family
members (or other informal caregivers), the algorithm was
highly accurateinidentifying informal caregivers. Furthermore,
sinceusually informal caregiversare closefamily members, we
had a better data dictionary to identify them in text. On the
contrary, considering the vast number of places that offer a
range of services from adult day care centers to independent
living, perhaps we overfitted the model in training set. Hence,
there was adrop in accuracy for the other 3 variablesin the test
set. More work is needed to detect short- and long-term
residential places or paid caregiver organizations or agencies.

Furthermore, in many cases, it was hard to manually—through
human interpretation—deci pher the notes. Medical noteseither
have no standard template or the existing templates were not
standardized or wused irregularly. Various health care
professionals (residents, physicians, nurses, socia workers, etc)
with limited resources and under time pressure write these notes.
Hence, nonstandardized abbreviations (ie, “dau” for “ daughter”),
spelling errors, and incorrect and uncommon names are used
regularly. Many of these issues cannot be addressed using
off-the-shelf packages or programs. By contrast, although not
generalizable, the rule-based NLP algorithm served as a proof
of concept for addressng many institution-specific
terminologies. we plan to address many of the following
limitations in our future work.
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Limitations, Strengths, and Future Work

Our study had afew noteworthy limitations. First, medical notes
are based on unstructured text. We found large variationsin the
amount and type of information provided [31,32]. We used
telephone encounter notes because, based on our examination
of more than 60 different medical notes created within our
institution, they provided the most relevant information
regarding caregivers. We had, however, reasonable results
detecting at least some elements of our data dictionary in other
notes. In thefuture, we plan to make our algorithm generalizable
by training and validating it using other medical notes and data
from other health care centers. Second, manual annotation of
the notes is resource intensive. Thus, our sample size was
relatively small, which we plan to expand in the future. We will
also explore the use of more sophisticated and unsupervised
machinelearning algorithms. Third, to makethe algorithm more
straightforward, we did not distinguish between a lack of
objective and negative evidence. Thus, if there was no evidence
about acaregiver or place of residence, we marked that outcome
aszero. Inour future work, we plan to make the algorithm more
granular by identifying how many of the notes had (1) apositive
indicator, (2) anegativeindicator, and (3) no indicator. Further,
to identify whether the patient lived in an institution, we used
alist of skilled nursing facilities provided by the Centers for
Medicare and Medicaid Services. There are, however, many
unlisted independent living centers, adult day care centers, and
other facilities designed to provide various services (residential
and otherwise). It is challenging to include a comprehensive
list of these facilities and their services. Having a reliable
national directory of these facilities would help improve the
model’s accuracy in determining whether a patient lives in a
facility or isthe recipient of paid or formal services. Finaly, in
thisexploratory work, we only examined the binary availability
of caregivers. Our future work will be focused on more critical
information such asthe caregiver’s proximity to the patient, the
days and times of availability, the caregiver's relation with the
patient, and their capacity to help.

Conclusion

In this study, we used a rule-based approach to train, test, and
develop an NLP algorithm using telephone encounter notes
from our ingtitution to identify whether a patient has a formal
and informal caregiver and whether the patient resides at home
or in an institution at each point in time. Our validated test
results show high levels of accuracy and reliability, particularly
inidentifying whether a patient has an informal caregiver. This
information is critical for vulnerable patient populations such
as those with dementia. Our algorithm can be used as a
stand-alone modul e or in conjunction with other toolsto identify
caregiver availability among high-risk patient populations.
Future work will focus on making the algorithm more granular
and generalizable so it can be used at other institutions.

We would like to thank Victoria Bristley, a registered nurse and clinical informaticist, for her help in annotating the medical

notes.
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Abstract

Background: Racial/ethnic minority and immigrant caregivers of persons with dementia experience high rates of psychosocial
stress and adverse health outcomes. Few culturally tailored mobile health (mHealth) programswere designed for these vulnerable
populations.

Objective: This study reports the development of a culturally tailored mHealth program called Wellness Enhancement for
Caregivers (WECARE) to improve caregiving skills, reduce distress, and improve the psychosocial well-being of Chinese
American family caregivers of persons with dementia.

Methods: Community-based user-centered design principles were applied in the program devel opment. First, the structure and
curriculum of the WECARE program were crafted based on existing evidence-based interventions for caregivers with input from
4 experts. Second, through working closely with 8 stakeholders, we culturally adapted evidence-based programsinto multimedia
program components. Lastly, 5 target users tested the initial WECARE program; their experience and feedback were used to
further refine the program.

Results:  The resulting WECARE is a 7-week mHealth program delivered via WeChat, a social media app highly popular in
Chinese Americans. By subscribing to the official WECARE account, users can receive 6 interactive multimedia articles pushed
to their WeChat accounts each week for 7 weeks. The 7 major themes include (1) facts of dementia and caregiving; (2) the
enhancement of caregiving skills; (3) effective communication with health care providers, care partners, and family members;
(4) problem-solving skills for caregiving stress management; (5) stress reduction and depression prevention; (6) the practice of
self-care and health behaviors; and (7) social support and available resources. Users also have the option of joining group chats
for peer support. The WECARE program also includes a back-end database that manages intervention delivery and tracks user
engagement.

Conclusions: The WECARE program represents one of thefirst culturally tail ored social media—based interventionsfor Chinese
American caregivers of persons with dementia. It demonstrates the use of community-based user-centered design principlesin
developing an mHealth intervention program in underserved communities. We call for more cultural adaptation and devel opment
of mHealth interventions for immigrant and racial/ethnic minority caregivers of persons with dementia.

(IMIR Aging 2022;5(3):e40171) doi:10.2196/40171
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Introduction

Currently, more than 6 million Americans aged =65 years are
living with Alzheimer disease or related dementias (ADRD)
[1]. More than 11 million family caregivers of persons with
dementiaprovide an estimated 15.3 billion hours of unpaid care
valued at US $255.7 billion a year [1]. Family caregivers of
people with dementia have high rates of emotional distressand
negative health outcomes [2]. For example, 59% of caregivers
of personswith dementiareported high rates of emotional stress
[3], 40% reported depression, and 44% reported anxiety [4-6].
Family caregiversof personswith dementiaal so reported higher
levelsof physical stress[3,7], lower quality of sleep [8-10], and
lower quality of life[11-13]. Some caregivers devel oped chronic
conditionsincluding impaired immune functions, hypertension,
and coronary health diseases[14]. Asthe US populationisaging
and the number of persons with dementiais expected to reach
13 million by 2050, the burden on family caregivers and their
psychosocial well-being requires more public health attention

[1].

Asian Americans represent the fastest-growing racial group in
the United States; they accounted for 7% of the total US
population in 2020 and are projected to reach 12% in 2050.
Chinese Americans represent nearly a quarter (23%) of the
Asian American population [15]. The literature on Chinese
American caregivers of persons with dementia is limited and
mostly descriptive. Available literature indicates that cultural
values of family harmony and the practice of filial piety
permeate all aspects of the Chinese American caregiving
process, including their appraisal of stressand coping strategies
[16]. Caring for older family membersisnot only asign of love
and pride but also amoral obligation [17,18]. Compared to their
White counterparts, Chinese Americans are more likely to live
in multigenerational households [19]. Chinese caregivers are
often providers of young children and older adults while also
being engaged in the formal labor force themselves [19,20].
Although caregiving can strengthen attachment and emotional
bonds, it also leads to tensions and feelings of being neglected
[18]. These frustrations are amplified in immigrant families
where cultural differences often clash with generational gaps
[20].

Most of dementia care is received at home where family
caregivers play acentral role but often lack the knowledge and
skillsto perform caregiving duties to meet the needs of persons
with dementia. Chinese caregiverstend to keep problemswithin
the family and do not seek external help because of the stigma
associated with dementia or cognitive impairment [17]. The
isolation and challenge are exacerbated by their minority and
immigrant status, and those without English proficiency are
further marginalized [21]. Most Chinese caregivers have limited
knowledge and use of formal care and support services; they
are also disconnected from “mainstream” dementia support
groups due to language and cultural barriers [22]. Therefore,
they endure higher levels of stress, mental disorders, and chronic
conditions [23,24].

https://aging.jmir.org/2022/3/e40171

To date, few interventions have been conducted to serve the
needs of Chinese American caregiversof personswith dementia.
Specifically, in arecent systematic review, only 2 interventions
targeting Chinese American caregivers were identified [25].
One was a home-based in-person behavioral management
program [26], and the other was a DV D-based psychoeducation
skills training program [27]. Both interventions, developed by
Gallagher-Thompson and colleagues in early 2000s, cannot
meet needs of a large population of Chinese persons with
dementia, asface-to-face intervention isresource-intensive, and
DV Dsare not commonly present in most American households
anymore. The need for accessible and scalable mobile health
(mHealth) interventions has become more salient during the
COVID-19 pandemic, when in-homevisits or in-person services
are prohibitive, and many people adopted tel ehealth or mHealth
programs. However, the existing mHealth interventions for
caregivers of persons with dementia were mainly designed for
people of higher socioeconomic status with limited programs
for racial/ethnic minority or immigrant populations. Adapting
evidence-based interventionsfor digital delivery in underserved
communities remains a critical literature gap. As racial/ethnic
minority and low-income populations are more likely to be
smartphone-dependent for internet access (without a computer
or other mobile devices) and rely on social media as aprimary
source of health information [28], an mHedlth intervention
delivered via a social media app used by the target population
is alogic solution. Nevertheless, evidence or research in this
regard is rather limited. For example, in a recent systematic
review of mHealth interventions for dementia caregivers, none
was delivered via a social media app [29].

Out of nearly 4 million Chinese Americans, more than 70% are
foreign-born [30]. Over 3 million Americans speak Chinese,
thethird most spoken language, only after English and Spanish.
As the Asian American population continues to grow, a
culturally tailored and linguistically appropriate mHealth
intervention has atremendous potential to reach alarge number
of Chinese American caregivers of persons with dementia.

More than 95% of Chinese Americans own asmartphone [31].
Similar to other immigrantswhosefirst languageis not English,
many Chinese Americans use asocial mediaapp of their native
language. For example, WeChat, a highly popular social media
app, has a 97% penetration rate in smartphone users in China
and a 90% penetration rate in Chinese-speaking Chinese
Americans [32]. As a social media app, WeChat has the
functions of “moments’ (sharing photos and storieswith friends
and receiving “likes’ and feedback), texting, voice call, video
call, private chat, group chat, location sharing, file transfer, and
making/receiving payment. These built-in functions allow
intervention developers to focus on the content, thus saving
time and cost. It also enables easy adoption and long-term use,
especialy in low-income communities [33]. Thus, WeChat
would be an efficient delivery channel for an mHeath
intervention for Chinese Americans caregivers.
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To address the literature gap and public health needs, our team
developed a WeChat-based intervention called “Wellness
Enhancement for Caregivers’ (WECARE) for Chinese American
family caregivers of personswith dementia. This paper reports
the process of devel oping the WECARE program and the design
features of this social media—based intervention.

Methods

Overview of Study Design

The study was conducted from September 2021 to April 2022
with the goal of developing aculturally tailored WeChat-based
intervention to improve the psychosocia well-being of Chinese
American family caregivers of persons with dementia. The
development of the WECARE program consisted of 3 steps.
First, with experts input, we designed the structure and
curriculum of the WECARE program based on existing
evidence-based behavioral interventions for persons with
dementia. Second, using a community-engaged user-centered
design, we developed the multimedia components of the
WECARE program that used the built-in functions of the
WeChat app; we al so devel oped aback-end database to manage
intervention delivery and track user engagement. Finally, the
complete WECARE program was refined after a beta test in
target users.

Ethics Approval

The study protocol was approved by the Institutional Review
Board of the George Mason University (IRB1849712). Informed
consent was obtained from all participants prior to data
collection. Given that this study was focused on protocol
development, we did not collect participants personal
information including their demographic data.

Step 1: Structural Design Based on Experts Input and
Evidence-Based Programs

We first conducted interviews with 4 experts in the fields of
ADRD, caregiving, cultural adaption, and mHealth intervention
development, with 1 expert from each field. We sought input
from the experts on (1) how to apply existing theories and
evidence to enhance caregiving skills and reduce psychosocial
stress among underserved family caregivers, (2) how to adapt
evidence-based caregiving interventions for Chinese American
caregivers, and (3) how to identify and prepare for potential
barriers and facilitators during the intervention delivery.

The experts al so suggested that the curriculum design be based
on evidence-based interventions proven to be effective in
minority and underserved caregivers of personswith dementia.
Specifically, we used the Resourcesfor Enhancing Alzheimer’s
Caregiver Hedlth 1l for its major domains of the intervention
[34], Building Better Care for its short courses and training
materials [35], and the DVD program of Gallagher-Thompson
and colleagues [27] for culturaly relevant problems and
solutions for Chinese American caregivers of persons with
dementia [27].

https://aging.jmir.org/2022/3/e40171
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Step 2: Iterative Design With Key Stakeholders

Following the principles of community-engaged user-centered
design [36] while developing the program components, we
worked closely with 8 stakeholders, including Chinese American
family caregivers of persons with dementia (n=3), health care
providers (n=3), and community leaders (n=2). Weekly meetings
were organized to seek immediate input from stakeholders in
termsof cultural appropriateness, ease of use, user engagement,
and error reduction. The program components underwent the
iterative process of being developed, reviewed, revised, tested,
and refined. We also hired a software engineer to develop a
back-end database to manage the WECARE delivery and user
profiles. The database reflects the required functionsidentified
in Step 1, including prescheduled automatic intervention
delivery, user profile management, and user engagement
tracking.

Step 3: Testing and Refinement

When the complete WECARE program was ready, we tested
it among 5 target users. Of these 5 Chinese American family
caregiver participants—1 man and 4 women—all had limited
English proficiency and were recruited by our community
partner. Participants were invited to a conference room and
received the WECARE program on their WeChat accounts to
test its navigation and the functions of the back-end database.
During thetest, participants were encouraged to “think out loud”
and share their feedback while going through the program
components. Participants were asked to check if al program
components were delivered at prescheduled times and if all
program components could be opened without problem.
Meanwhile, research staff monitored all user activities on
WECARE'sback-end database. All interviews were conducted
in Chinese or Mandarin and audio recorded, and detailed notes
were taken while observing users’ navigation behaviors. The
research team discussed users’ feedback, addressed the glitches
reported in the test, and further refined the program.

Results

Program Curriculum and Components

WECARE is a 7-week program with each week focused on a
theme and the final week for summary and additional resources.
These themes include (1) facts of ADRD and caregiving; (2)
enhancement of caregiving skills; (3) effective communication
with providers, care partners, and family members;, (4)
problem-solving skills for caregiving stress management; (5)
stress reduction and depression prevention; (6) practice of
self-care and health behaviors; and (7) socia support and
available resources. The 7 mgjor themes were derived from the
evidence-based programs (see Step 2). The curriculum schedule
is detailed in Multimedia Appendix 1. The sample screenshots
of WECARE areillustrated in Figure 1. By subscribing to the
official WECARE account on their own WeChat accounts,
participants could receive interactive multimedia programs on
their smartphone or tablet once a day, 6 times a week, for 7
weeks. Participants who did not open the program components
within aweek would be reminded to do.
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Figure 1. Wellness Enhancement for Caregivers (WECARE) screenshots: (A) amultimedia article with audio recording on how to deal with the angry
behaviors of personswith dementia; (B) ashort video clip asacase study to explain angry behaviors of personswith dementia; and (C) push notifications
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Cultural Adaptation

The content of the WECARE program was adapted for Chinese
American culturebased on input from our stakeholders, and the
following changes were made. First, we ensured that the
language trangl ation reflected Chinese values and tradition. For
example, following the tradition of respecting seniority, Chinese
participantsdid not like theliteral trand ation of “care recipient”
or “carepartner”; instead, they preferred to use“theelder” (“Lao
Ren” in Chinese) to refer to the care partner, which we adopted
inthe WECA RE program. Second, program components specific
for our target users were added. For example, given that many
Chinese caregivers have limited English proficiency, we added
a section on how to communicate with health care providers
with a practical checklist as well as a list of terminologies
commonly used in medical encounters and dementia care.
Additionally, as many Chinese caregivers have limited
knowledge and use of formal care and support services [22],
we added a section on local resources specific to the
participant’slocation, including health insurance, dementiacare
support, transportation assistance for medical care, and
trandation services. Third, we modified components to meet
users demand and characteristics. For example, many
stakeholders demanded “useful skill-building” content; we
included videos demonstrating caregiving skills such as how to
transfer, bath, feed, and clean the care partner. We also included
many real-life cases to illustrate how to deal with difficult
situations such aswhen acare partner has problematic behaviors
inthe public. Fourth, we adapted componentsto reflect cultural
practice. For example, many Chinese caregivers live in
multigenerational households and value “filia piety”; thus, we
modified the component on how to communicate between family
members, including communication on how to share
responsibilities and how to discuss sensitive topics such as death.
Additionally, as stress and depression are not commonly
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discussed in Chinese culture, we included a section to explain
the importance of stress reduction and depression prevention
from the perspective of family and love, citing real-life stories
and demonstrating practical stress-reduction techniques.

Multimedia Features

The WECARE program consists of multimedia componentsto
engage users and enhance understanding. Considering that many
caregiversare older adultsand many havelower levels of health
literacy, each article is accompanied by an audio recording, so
participants with vision impairment can listen to audio
recordingsfor most of the WECARE content. We also included
many short videos (3-5 minutes) adapted from other caregiver
interventions with subtitles for illustration. Culturally relevant
characters, storylines, and background music are embedded in
all program components.

Social Networking and Social Support

AsWECARE isdelivered viathe popular WeChat social media
app, the built-in functions of social networking in WeChat were
used to enhance social support among participants. For example,
participants were invited to attend staff-moderated group
meetings scheduled at week 3, week 5, and week 7 and welcome
to share their persona experiences during the course of
WECARE. Participants could aso initiate their own “group
chat”; inagroup chat, they could “friend” any fellow caregiver
participant for a private chat. Prior to the group meetings,
participants agreed to the protocol that al participants in the
group meetings address each other by first names only and that
no personal information discussed in the meetings be shared
with other people outside the group.

Back-end Database

Along with developing the front-end program components of
WECARE, we aso created an interactive web-based application
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to serve as the back-end database to manage intervention
delivery and monitor user engagement. Thisinteractivewebsite
has 3 corefunctions: (1) storing information on every participant
enrolled, including characteristic and user preferences; (2)
pushing the program components based on user preferences and
response (eg, if a participant does not open the WECARE
program component within a week, a reminder message will
be sent); and (3) tracking program receipt and responses. User

Figure 2. Back-end database: scheduled delivery system.
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engagement indicators tracked in the database include whether
aprogram component is opened, how many times the program
is opened or played, and how much time is spent on each
component. Figure 2 illustrates the scheduled delivery system
through which the components of the WECARE program can
be sent to users at prescheduled time. Figure 3 illustrates the
user management system that stores user information and tracks
user activities.
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Figure 3. Back-end database: user management system.

masonwecare =

admin

user management system

- (intervention Group Account)

Discussion

Principal Findings

This study reports the process of developing WECARE, a
culturally tailored social media—based intervention to enhance
caregiving skills and reduce psychosocia distress in Chinese
American caregivers of persons with dementia, and its key
features. Community-based user-centered design principles
were applied in the intervention development. We first crafted
the structure of the WECARE curriculum based on existing
evidence-based interventions and input from experts. Second,
working closely with key stakeholders and through an iterative
design-discuss-revise process, we devel oped culturally tailored
multimedia program components at the frontend and an
interactive database for intervention delivery and user profile
management at the backend. Finally, we conducted a beta test
of the complete WECARE program in target users and further
refined it. The resulting WECARE is a 7-week mHealth
program. Through subscribing to the official WECARE account,
users could receive 6 multimediaarticles pushed to their WeChat
account each week for 7 weeks. Users could also use the built-in
functions of WeChat for social networking. The back-end
database automatically pushes program components with a
preset schedule and tracks user activities on WECARE.

Strengths

The First mHealth I ntervention for Chinese American
Caregivers of Persons With Dementia

The WECARE program represents one of the first culturally
tailored mHealth programsfor Chinese American caregivers of
persons with dementia. The health disparities experienced by
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minority and immigrant caregivers of persons with dementia
have been exacerbated during the COVID-19 pandemic. There
is an urgent need to adapt evidence-based interventions for
wider dissemination in underserved populations. The cultural
adaptation and digitalization of evidence-based interventions,
such as developing the WECARE program as described in this
paper, could be an effective approach to address the literature
gap and public health needs.

Capitalizing on a Popular Social Media App for
I ntervention Delivery

When adapting and devel oping mHeal th interventions, we need
to consider the mobile use behaviors of the target population.
The popular social media apps used by minority populations
can serve as an efficient channel for intervention delivery [37].
The WECARE program isdelivered viaWeChat, asocial media
app with a high penetration rate in Chinese Americans. This
program is the first time a social media app popularly used by
minority populations is being used to deliver an intervention
for minority caregivers of persons with dementia. Delivering
mHealth interventions via such apps can save costs, increase
accessibility, and enhance sustainability [38].

Cultural Adaptation for Target Users

Cultural sensitivity is critical for developing interventions for
minority populations. A community-engaged user-centered
design is an effective approach for the cultural adaptation of
evidence-based programs. Using this approach, we made
substantial changes in the WECARE program components in
response to the input of our stakeholders and target users. The
resulting program reflects the values, needs, and practices of
Chinese American caregivers of persons with dementia.
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Multimedia Features

The WECARE program features multimedia components of
audio recording, short video clips, pictorial messages as well
as automatic and interactive delivery based on user preferences
and responses. The built-in functionsin WeChat such as“ private
chat” “group chat,” and “video chats’ facilitate social
networking and enhance social support. Literature suggeststhat
mHealth programs with multimedia features and social
networking functionsarelikely to engagetarget users, especialy
those with lower levels of health literacy [39]. The design and
innovative features of WECARE will inform future designs of
mHealth interventions for caregivers.

Back-end Database

The back-end database has the functions of user profile
management, the automatic delivery of program components,
and user activity tracking. These functionsare similar to another
WeChat-based intervention and enable potential scale-up and
long-term follow-up [40]. The user activity tracking function
also allows a future study to examine the relationship between
user engagement and intervention effect [41].

Limitations

First, the beta test of the WECARE program was based on a
small sample of 5 target users. The devel opment was arigorous
process following community-engaged user-centered design
principles[36] with input from experts and iterative discussion

Hong et a

with key stakeholder. Further, according to Nielsen[42], 5 users
are sufficient to elaborate usability. Second, the back-end
database was designed specifically for WECARE delivery and
requires a software engineer. We are seeking open-sourced
solutionsto lower costs and increasethe potential of WECARE's
adoption and scale-up. Third, the biggest limitation of the study
isthat we do not have data on the feasibility and effectiveness
of WECARE as a complete program as well as user feedback
on its innovative features and functions. A pilot study is
ongoing, and the results will be available once the trial is
complete.

Future Directions

In conclusion, this paper reports the devel opment process and
key features of the WECARE program—a culturally tailored,
linguistically appropriate, and interactive social media—based
interventions to improve caregiving skills and reduce
psychosocial distress among Chinese American caregivers of
persons with dementia. As the US population becomes older
and more diverse, an urgent need exists for more culturaly
sensitive mHealth interventions for minority and immigrant
caregivers of persons with dementia. We advocate for more
research and practice of the cultural adaptation of
evidence-based program for digital delivery, capitalizing onthe
widespread use of smartphonesand highly popular social media
apps, to meet the needs of racial/ethnic minority and immigrant
patients with dementia and their caregivers.
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Abstract

Background: Fallsandtherisk of fallingin older people pose ahigh risk for losing independence. Astherisk of falling progresses
over time, it is often not adequately diagnosed due to the long intervals between contacts with health care professionals. This
leads to the risk of falling being not properly detected until the first fall. App-based software able to screen fall risks of older
adults and to monitor the progress and presence of fall risk factors could detect a developing fall risk at an early stage prior to
thefirst fall. As smartphones become more common in the elderly population, this approach is easily available and feasible.
Objective: The aim of the study is to evaluate the app Lindera Mobility Analysis (LIN). The reference standards determined
therisk of falling and validated functional assessments of mobility.

Methods: The LIN app was utilized in home- and community-dwelling older adults aged 65 years or more. The Berg Balance
Scale (BBS), the Tinetti Test (TIN), and the Timed Up & Go Test (TUG) were used as reference standards. In addition to
descriptive statistics, data correlation and the comparison of the mean difference of analog measures (reference standards) and
digital measures were tested. Spearman rank correlation analysis was performed and Bland-Altman (B-A) plots drawn.

Results: Dataof 42 participants could be obtained (n=25, 59.5%, women). There was a significant correlation between the LIN
app and the BBS (r=-0.587, P<.001), TUG (r=0.474, P=.002), and TIN (r=-0.464, P=.002). B-A plots showed only few data
points outside the predefined limits of agreement (LOA) when combining functional tests and results of LIN.

Conclusions: Thedigital app LIN has the potential to detect the risk of falling in older people. Further stepsin establishing the
validity of the LIN app should include its clinical applicability.

Trial Registration: German Clinical Trials Register DRK S00025352; https://tinyurl.com/65awrd6a

(JMIR Aging 2022;5(3):€36872) doi:10.2196/36872

KEYWORDS
mobility; fall risk; smartphone; app; analysis; older people; accuracy; mobility restriction

: adults aged 70 years or more between 7500 and nearly 20,000
Introduction fallspjrg 100,00>(l) inhabitants and a death rate of up to ly53.2 per
As part of the aging process, older adults are affected by an 100,000 inhabitants [2]. In a study by Choi et a [3], observed
increasing risk of falling as well as accidental falls [1]. In fal-rélated injury locationsin older adults (260 years, n=1840)
Europe, this development leads to fall incidence rates for older  Included lower and upper extremities (32.06% and 23.12%,
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respectively) but also 15.26% of fallsresulting in head injuries,
while 30.9% suffered 1 or more fractures. Additionaly, fals
and therisk of falling have avariety of effects on older adults
attitudes and behavior. Falls and even the risk of falling can
pose ahigh risk of losing independence [4]. Therisk of fallsin
older people changes over time as health status [ 5] or medication
[6], either prescribed by a doctor or self-medication, changes.
Often, therisk of fallsincreaseswith age-related declinein body
musculature [ 7] and overall decreasein functional performance
[8]. The risk of falling develops over time, and it is often
underdiagnosed [9]. Therefore, the risk of falling is often not
properly detected until the first fall. One possible solution to
this dilemma is a more frequent self-assessment that should
start before the first fall. Technol ogy-based assessments of fall
risk can assist an older adult in assessing their own fall risk. In
this area, analyzing gait patterns is a widely used strategy to
track the progress of functional abilities and to assess the risk
of falling. However, gait analysis systems, such as GAITRite
or SensFloor, cannot be applied at home with minimal effort.
In contrast, as mobile phones become more widespread in the
elderly population [10], an app-based fall risk assessment would
be easily available and feasible. Mabile applicable apps, such
asFallSA (afall risk—screening app) [11] and LinderaMobility
Analysis (LIN; Lindera GmbH, Berlin, Germany) [12], 2
commercialy available apps, are location independent and
applicable at home.

As scientific evidence on the validity of such appsis limited,
the aim of this explorative study was to evaluate the app LIN
in comparison to established and validated functional
assessments of mobility as a reference standard.

Methods

Study Design and Ethical Considerations

In 2021, this explorative validation study was conducted in
Germany by the Geriatrics Research Group of Charité —
Universitatsmedizin Berlin. The study was approved by the
Ethics Committee of Charité — Universititsmedizin Berlin
(#EA1/363/20; date of approval: April 4, 2021). A sample size
calculation was not performed as the study was exploratory in
nature.

Recruitment

Participants were recruited from 3 sources: (1) the Geriatrics
Research Group database, comprising older people who gave
their consent to be contacted for participation in research
projects; (2) older peoplewho were staying in ageriatric hospital
or day-carefacility; and (3) agroup of nursing home residents.
Contact was made by mail, telephone, or a persona interview
on-site. Inclusion criteriawere age 65 years or older, being able
to walk, and getting up from a chair and sitting down again.
Participantswere allowed to use walking aids, such asawheeled
walker or crutches. Exclusion criteria were defined as any fall
events in the week before recruitment, more than 3 fall events
during the past 6 months, and incapability of giving consent.

Data Collection

Data collection was conducted in the laboratory of the Geriatrics
Research Group as well asin a nursing home and 2 day-care
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facilities. In addition to sociodemographic data, such asage and
gender, the carelevel, degree of disability, data of mobility, and
fall risk of the participantswere recorded. The official carelevel
within the German health care system ranges from level 0 (no
need for care) to level 5 (maximum need for care)—861b (1)
German Social Code (SGB) Xll, where SGB refers to the
German Social Code. The official level of disability is
characterized by level 20 (low disability) tolevel 100 (maximum
disability)—82 SGB IX. In addition, 4 mobility tests were
performed, 3 reference assessments and LIN. In all
measurements, LIN was used first. For this, participants filled
out the app’s questionnaire independently or, if preferred,
together with the researcher. A video of the patient’s gait was
recorded using LIN on a smartphone. In a second step, 3
reference assessments were used to test the participants fall
risk and mobility restrictions. Between assessments, the
participants could rest by answering the questionnaire on
sociodemographic data. All datawere collected within 1 on.

Lindera Mobility Analysis

LIN version 10.3.0 was used to determine the fall risk by
computing a fall risk score. Input parameters to compute the
fall risk score included (1) video analysis of each participant’s
gait through an artificial intelligence—based algorithm [13] and
(2)a standardized questionnaire on further fall risk factors.

The assessment was conducted with a mobile app using a
smartphone with anintegrated camera. Thefall risk scoreisthe
weighted sum of 14 fall risk factors, as defined by the German
National Expert Standard Fall Prevention [14], a guideline
developed and published by German Network for Quality
Development in Nursing (DNQP) [15]. The standardized
guestionnaire addresses both person-related risk factors, such
as polypharmacy, diseases, or a cohol consumption (“How often
do you consume alcoholic beverages during the week: not at
all, 1x-2x/week, 3x-5x/week, or 6x-7x/week?") and incontinence
(“How often do you feel a sudden and urgent need to visit the
toilet: never, rarely, sometimes, often, or always?’, as can be
seenin Figure 1), and environmental risk factors, such as floor
coveringsor door sills, as stated in the German National Expert
Standard Fall Prevention.

The results of the gait analysis and the questionnaire were
computed into a score of 0-100 points, with a higher scoring
indicating a higher fall risk.

The technical validity of LIN has been described elsewherein
several publications [12]. Thus, here, we provide a short
summary.

The scientific approach underlying the app is based on amodular
algorithm consisting of a video tester, a skeleton estimator
(skeleton estimator 2D, skeleton estimator 3D, skeleton
optimization 3D), and an analysis of mobility parameters. The
skeleton estimator plays a central role. Both the validity of the
mobility parameters and the validity of the analysis substantially
depend on the spatial and temporal precision of the skeleton
estimator [12].
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Figure 1. Questionnaire: example of a person-related risk factor.
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o Questionnaire 2

15. How often do you feel a sudden and
urgent need to visit the toilet?

Hewer
Rarely
Sometimes
often

Always

Reference Standards

Clinical guidelinesrecommend the evaluation of gait or balance
disturbancesto detect fall risk, but there is no gold standard for
assessing therisk of falling in older adults measuring functional
abilities[16]. However, there are several functional assessments
available that have demonstrated good validity for identifying
older people with arisk of falling. Three of the most widely
used mobility assessments performed in therapeutic and nursing
contextsarethe Berg Balance Scale (BBS) [17], the Tinetti Test
(TIN) [18], and the Timed Up & Go Test (TUG) [19]. In this
study, these assessments were used as reference standards to
evaluate functional mobility and balance.

TUG is a short-duration simple test on mobility [19], with a
wide variety in clinica use. At the beginning of TUG, the
participant sitson achair, with arms placed on the armrests. On
a command, the participant stands up, walks 3 m to amark on
thefloor, turns around, and walks back to sit on the chair. TUG
measuresthetime needed to completethetask in seconds. TUG
isrecommended asaroutine screening test for fallsin guidelines
published by the American Geriatric Society and the British
Geriatric Society [20] and has moderate-to-good sensitivity for
predicting fallsin older adults [16].

The BBS and TIN are scored based on a person’s ability to
perform specific tasks. The BBS was developed in 1989 to
determine balance stability among older adults [17]. Today, it
is commonly used to measure balance in people with various
disabilitiesand health conditions. The BBS consistsof 14 items
assessing static and dynamic components of mobility and
balance ability on multiple levels, including standing,
transitional movement, and a narrowed base of support. Each
item is scored on a 5-point Likert scale from 0 to 4, with 0
indicating the lowest level of function and 4 the highest. The
maximum scoreis 56, with higher scoresindicating higher levels
of functional mobility and lower risk of falling [21].

A score below 45 points indicates a higher risk of fals [22].
Based on a systematic review [23], the BBS has high interrater
reliability with a pooled estimate of 0.97 (95% CI 0.96-0.98)
and high intrarater reliability with a pooled estimate of 0.98
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(95% CI 0.97-to 0.99). The BBS can differentiate between
fallersand nonfallersin community-dwelling older people[23].

TIN, aso called Performance-Oriented Mobility Assessment
(POMA), is a clinical balance assessment tool originaly
developed for use with institutionalized patients. It measures
both balance and gait performance. Several versionsof TIN are
available, with varying numbers of items and score ranges[24].
In the version used in our study, mobility is assessed with 8
items each for balance and gait performance. The items are
scored on a 2-4-point Likert scale, with a maximum score of
28 points. A score below 19 pointsindicates ahigh risk of falls
[18]. TIN showed good-to-excellent interrater and intrarater
reliability (intraclass correlation coefficient [ICC]>0.80) in a
cohort of 30 participants with Parkinson disease [25].

Statistical Analysis

Baseline and sociodemographic data were collected, and
Spearman rank correlation analysis was conducted.

Additionally limits of agreement (LOA) between LIN and TIN,
the BBS, and TUG were evaluated using Bland-Altman (B-A)
plots [26]. For plots with TIN and the BBS, we reversed the
scale of LIN to adjust the direction of the scale to those of the
reference scales. Next, we transformed results from TIN and
the BBSinto aratio scale (0-100). As TUG and LIN both had
the same direction of results (ahigher scoreindicating a higher
fall risk) and a transformation of TUG was not feasible, we
performed al further steps with the original results obtained.
Differences between each of the assessments and the results of
LIN, aswell asthe mean of both respective measurements, and
normal distributions of the differences of both observations
were calculated. For this, we used the Shapiro-Wilk tests due
to the relatively low number of participants, as well as visua
inspection.

As the Shapiro-Wilk tests revealed mostly nonnormal
distributions for the calculated differences between the
measurements, we used the median and defined the upper and
lower 95% of the sorted results as the threshold instead of the
+1.96 SD used for B-A plotswith normal-distributed data. This
approach was recommended by Bland and Altman [26] in their
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original  publication on drawing B-A for

nonnormal -distributed data sets.

plots

Baseline and sociodemographic data as well as all correlation
analyseswere cal culated using SPSS Statisticsversion 28 (IBM
Corporation, Armonk, NY, USA). All B-A plots were drawn
using Microsoft Excel 2016.

Results

Participant Characteristics

Data of 42 participants, with amean age of 77.6 (SD 7.3) years
were analyzed. As can be seen in Table 1, there was a higher
percentage of female participants (n=25, 59.5%). In addition,
25 (59.5%) of the participants did not have acare level, and 26
(65%) of 40 participants did not have alevel of disability based
on the grading within the German health care system.

One participant was not able to perform TUG due to difficulty
inrising from the chair. Additionally, in 3 cases, datafrom LIN
could not beinterpreted and had to be discarded. Therefore, all
correlation analyses were performed and B-A plots drawn with
39 and 38 data sets, respectively.

Ascan beseenin Table 2, low scoresfor TUG indicated ahigh
degree of functional mobility, whilefor the BBSand TIN, high
scores indicated a high degree of mobility, and low scores for
LIN indicated alow level of fall risk.

Table 1. Baseline data.

Strutz et al

In Table 3, the correlations of the analogous fall risk and
mobility assessments and LIN are presented.

Low scores for TUG indicated a high degree of functional
mohility, while for the BBS and TIN, high scores indicated a
high degree of mobility, and low scoresfor LIN indicated alow
level of fall risk.

The results of LIN demonstrated a high correlation with the
BBS(r&=—0.611) and amoderate-to-high correlation with TUG

(r=0.583) and TIN (r=—0.563).

As can be seen in Figures 2-4, the results of the nonparametric
B-A plotsrevealed amedian of differencesof —-8.71 (TIN), 5.64
(BBS), and 3.3 (TUG). Most data pairs were within the
predefined LOA. Only 2 data pairs (5.1%) outside the LOA
could be found for the BBS, whilefor TIN, 3 outliers could be
observed (7.7%) and only 1 for TUG (2.6%). However, a
proportional bias could be observed in al 3 plots based on a
significant linear regression coefficient (0.014 for TIN and
<0.001 for the BBS and TUG). Visual inspection of the 3 plots
revedled a tendency for higher differences between
measurementsfor all comparisons. Additionally, as can be seen
in Figure 4, the B-A plot comparing LIN and TUG showed a
visible trend of a negative difference between the 2
measurements for lower means, while demonstrating positive
differences for higher means.

Characteristics Participants
Age (years, N=42), mean (SD) 77.6(7.3)
Female gender (N=42), n (%) 25 (59.5)
Level of disability (N=40)2 n (%)
No level 26 (65)
<30 1(2.5)
31-60 8(20.0)
61-80 5 (12.5)
>80 0
Carelevel (N=42), n (%)
0 25 (59.5)
1 2(4.7)
2 7(16.7)
3 7(16.7)
4 1(2.4)
5 0

3The official level of disability is characterized by level 20 (low disability) up to level 100 (maximum disability)—8§2 German Social Code (SGB) IX.
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Table 2. Mobility data.
Assessment Mean (SD) Minimum Maximum
TUG? (N=40) 13.7 (5.8) 6.9 36
TINP (N=42) 239 (5.3) 8 28
BBS® (N=42) 44.7 (13.0) 7 56
L|Nd (N=39) 19.8 (12.4) 5 68
3TUG: Timed Up & Go Test.
BTIN: Tinetti Test.
’BBS: Berg Balance Scale.
dLIN: Lindera Mobility Analysis.
Table 3. Spearman rank correlation of analog and digital fall risk and mobility assessment.
Assessment TUG? TINP LIN®
s P value N s P value N s P value N
BBS? -0.770° 001 40 730° 001 42 -0611° 001 39
TUG N/AS N/A N/A _0.526° .001 40 583° .001 38
TIN N/A N/A N/A N/A N/A N/A _0.563¢ .001 39
3TUG: Timed Up & Go Test.
BTIN: Tinetti Test.
CLIN: LinderaMobility Analysis.
d8BS: Berg Balance Scale.
®The correlation was significant at the level of .01.
'N/A: not applicable.
Figure2. B-A plot of LIN and the BBS. B-A: Bland-Altman; BBS: Berg Balance Scale; LIN: Lindera Mobility Analysis.
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Figure 3. B-A plot of TIN and LIN. B-A: Bland-Altman; LIN: Lindera Mobility Analysis; TIN: Tinetti Test.
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Figure4. B-A plot of TUG and LIN. B-A: Bland-Altman; LIN: Lindera Mobility Analysis, TUG: Timed Up & Go Test.
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Discussion

Principal Findings

The aim of this study was to evaluate the accuracy of LIN
compared to reference standards for anal og objective measures
of older people's fal risk. As our study shows, a
moderate-to-high correl ation according to Cohen [27] wasfound
for LIN and the BBS, TIN and TUG. In this, the lowest
correlation for the 3 reference assessments could be observed
for LIN and TUG.

Theresultsof our correlation analyseswere verified by the B-A
plots drawn. The B-A plots showed only aminority of the data
pairs outside the predefined 95% limits. However, we observed
alow-to-moderate proportional bias of the differences between
resultsof LIN and the respective reference standards, indicating
that both respective measurements might not be depicting the
same construct. Moreover, we observed a skew in al plots,
validating the observation of the correlation analyses. Due to
therange and direction of the scalesindicating ahigher fall risk,
we needed to transform our data for 2 plotsin order to be able
to obtain interpretable results. Additionally, as the differences
between measurements were not normally distributed, we had
to draw our B-A plots based on a nonparametric version.

This might have contributed to the results of the drawn plots.
However, results from both correlation analyses and B-A plots
could be interpreted asasign that LIN can actually be superior
in detecting older people at risk of falling compared to the 3
reference standards.

All 3 assessments are established tools for predicting fals in
older people; however, none of them can be labeled as a gold
standard. Although there might be different reasonsfor this, all
of them have known flaws that have to be considered when
planning to use any of them. As mentioned before, there are
several versionsavailablefor TIN, making comparison between
studies difficult. Additionally, both TIN and the BBS
demonstrate only good but not high sensitivity and specificity
for fall prediction in older adults living in care residence
facilities [28]. The authors recommended using a combination
of the BBS and a gait speed test in order to obtain more
dependable results in this population. For TUG, Haines et a
[29] found comparable problemsin apopulation of older adults
in ageriatric ward.

This merits some consideration. In contrast to TUG, LIN, TIN,
and the BBS record complex movement sequences and thus
evaluate balance, postural control, and gait symmetry.

In contrast, TUG merges al these functional requirementsinto
1 single information piece, the time needed to complete TUG.
As a consequence, a lot of technology-based research aims at
increasing the information value gathered through the relative
easy-to-administer TUG, where TUG performanceis often used
to gather not only the TUG time but also the TUG stride length,
as well as the forward und latera tilt of the trunk and gait
symmetry. Although TUG's ability to predict falls in older
adults has been established [19], severa attempts have been
made to increase the level of obtainable information while
performing TUG, using video data and different sensor arrays
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[30-32]. All these studies have been, at least partly, successful
in gathering information about gait and balance while
performing TUG, but it still makes direct comparison between
the original TUG and the expanded, technol ogy-based versions
difficult. In our study, LIN, in addition to information from a
guestionnaire and the time to complete TUG, measured other
factors, such as stride length and the forward and lateral tilt of
thetrunk and gait symmetry. Asstated before, TIN and the BBS
evaluate complex movement sequences that resemble a wide
variety of everyday activities and thus test a participant’s
balance, postural control, and gait symmetry. Therefore, the
gathered data seem to be more comparable to more complex
(and time-demanding) assessments, such asthe BBS and TIN.
This is, in our opinion, reflected in the high correlation
coefficients between LIN and the BBS and TIN in contrast to
the more modest correlation with TUG.

Additionally, LIN uses an additional questionnaire based on
the German National Expert Standard Fall Prevention and as
such provides a guideline for the prevention of falls[14]. The
guestionnaire encompasses items about not only intrinsic factors,
such as comorbidities, incontinence, fear of falling, and prior
fals, but also extrinsic factors, such as mobility aids, barriers
intheliving environment, shoes used at home, and several other
factors that have been identified as contributors to the risk of
faling. Therefore, LIN includes, in comparison to the functional
assessments of gait and balance that are recommended in
geriatrics and were used in this study, more dimensions of the
phenomenon of fallsin older adultsand is, thus, in our opinion,
more comprehensive that a purely functional assessment for
identifying patients with fall risk. Whether this leads to any
potential superiority of LIN cannot be answered based on the
available data. For this, additional research is necessary that
includes the prospective establishment of diagnostic criteriaas
well asits ability to prevent falls. We conclude therefore that
for gaining deeper insight into the potential of technol ogy-based
mobility and fall risk assessments, more detailed comparators
are needed.

Despite these limitations, we deem our results satisfactory. The
low number of data pairs outside the LOA indicate, in our
estimation, a satisfactory level of comparability of the results
of LIN with our reference standards. The observable biasin all
3plotsis, in our estimation, acceptable. Dueto the reason stated
beforeinsofar, acompl ete agreement between the measurements
cannot be expected. However, we are aware of the fact that the
results presented here have to be interpreted with caution and
have to be verified in further studies.

Compared to other apps for fall risk analysis, such as FallSA
[33], LIN showed a slightly higher significant correlation with
the established BBS. FalSA was significant moderately
correlated (r=0.518, P<.001) with the Physical Profile
Assessment [11]. In 2021, iPhone manufacturer Apple Inc.
offered afunction in the current version of itsiOS (iOS 15) that
is supposed to prevent falls. As the manufacturer stated,
“Walking Steadiness on iPhone is a first-of-its-kind health
metric that can give you insight into your risk of falling. It uses
custom algorithms that assess your balance, strength, and gait”
[34]. Based on calculated gait stability, the softwareis supposed
to predict therisk of falling. Both FallSA and iOS 15 measure
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functional ability. In contrast, LIN isbased on the measurement
of functional ability and surveying intrinsic factors of its users.
Furthermore, the FallSA app as well as iOS 15 are not
specifically labeled as medical devices in the sense of the
European Medical Device Regulation—Regulation (EU)
2017/745 of the European Parliament and of the Council of 5
April 2017 on Medical Devices. In contrast, LIN is a class 1
medical device. Being a medical device allows professionals
involved in care, such as nurses, physical therapists, and
physicians, to use the results of the app to assist their nursing
appraisals or diagnoses.

Using LIN or other medical devices with the ability to identify
fall risks in older people while involving health professionals
offers great potential. In 2021, Meekes et al [35] studied the
level of information general practitioners (GPs) had available
for any of their patients with frailty about their fall history as
well asthe occurrence of fear of falling. Intheir study, GPs had
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no information about fall history in 668 (48%) of the affected
patients [35].

Additionally, as severa studies have demonstrated that a
significant portion of patients tend to underestimate their own
fal risk [36,37], the LIN app offers high potential for
determining one'sown fall risk asanonprofessional. Thisgives
older people an opportunity to self-assess their own fall risk
and, with repeated measurements, any changesin their fall risk
status over time.

Conclusion

Using LIN has the potential to enable older people to be more
independent of the initial determination of afall risk by GPsor
other health care professional s and a so enablesthem to identify
and respond to positive or negative changes in their own fall
risk. This provides older adults with the ability to managetheir
own fall risk in an effective and adequate manner. Using LIN
can help reduce fal events in people aged 65 years or more.
Further study isindicated to verify validity.
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Abstract

Background: Sensor-based remote health monitoring can be used for the timely detection of health deterioration in people
living with dementia with minimal impact on their day-to-day living. Anomaly detection approaches have been widely applied
in various domains, including remote health monitoring. However, current approaches are challenged by noisy, multivariate data
and low generalizahility.

Objective:  This study aims to develop an online, lightweight unsupervised learning—based approach to detect anomalies
representing adverse health conditions using activity changes in people living with dementia. We demonstrated its effectiveness
over state-of-the-art methods on areal-world data set of 9363 days collected from 15 participant households by the UK Dementia
Research Institute between August 2019 and July 2021. Our approach was applied to household movement data to detect urinary
tract infections (UTIs) and hospitalizations.

Methods: We propose and evaluate a solution based on Contextual Matrix Profile (CMP), an exact, ultrafast distance-based
anomaly detection algorithm. Using daily aggregated household movement data collected via passiveinfrared sensors, we generated
CMPs for location-wise sensor counts, duration, and change in hourly movement patterns for each patient. We computed a
normalized anomaly scorein 2 ways: by combining univariate CM Ps and by devel oping amultidimensional CMP. The performance
of our method was eval uated rel ative to Angle-Based Outlier Detection, Copula-Based Outlier Detection, and Lightweight Online
Detector of Anomalies. We used the multidimensional CM P to discover and present the important features associated with adverse
health conditionsin people living with dementia.

Results: The multidimensional CMP yielded, on average, 84.3% recall with 32.1 alerts, or a 5.1% alert rate, offering the best
balance of recall and rel ative precision compared with Copula-Based and Angle-Based Outlier Detection and Lightweight Online
Detector of Anomalies when evaluated for UTI and hospitalization. Midnight to 6 AM bathroom activity was shown to be the
most important cross-patient digital biomarker of anomalies indicative of UTI, contributing approximately 30% to the anomaly
score. We also demonstrated how CM P-based anomaly scoring can be used for a cross-patient view of anomaly patterns.

Conclusions: To the best of our knowledge, thisisthefirst real-world study to adapt the CMP to continuous anomaly detection
in a health care scenario. The CMP inherits the speed, accuracy, and simplicity of the Matrix Profile, providing configurability,
the ability to denoise and detect patterns, and explainability to clinical practitioners. We addressed the need for anomaly scoring
in multivariate time series health care data by devel oping the multidimensional CMP. With high sensitivity, alow alert rate, better
overall performance than state-of-the-art methods, and the ability to discover digital biomarkers of anomalies, the CMP is a
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clinically meaningful unsupervised anomaly detection technique extensibleto multimodal datafor dementiaand other health care

scenarios.

(JMIR Aging 2022;5(3):€38211) doi:10.2196/38211
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unsupervised learning

Introduction

Background

Dementia is a progressive and irreversible decline in a wide
range of brain activities, including impaired memory, thinking,
orientation, comprehension, calculation, learning capacity,
language, and judgment, beyond what might be expected from
natural biological aging. The World Health Organization
estimates that approximately 55 million people have dementia
worldwide, which is set to rise to 78 million in 2030 and 139
million in 2050 [1]. Managing the care of this growing
population incurs significant costs. The Alzheimer’'s Society
puts the cost of care for people with dementia in the United
Kingdom at GBP 34.7 hillion (US $40 billion), rising sharply
to GBP 94.1 hillion (US $108.6 hillion) by 2040 [2]. The
hospitalization of people living with dementia because of
potentially preventable conditions such as fall injuries, sepsis,
pneumonia, and urinary tract infection (UTI) puts huge pressure
on health systems. To minimize preventable hospitalizations,
thereisasignificant investment in artificial intelligence—driven
technologies that enable the health of people living with
dementiato be remotely monitored and assisted whilethey live
in the comfort of their own homes.

The UK Dementia Research Ingtitute Care Research and
Technology Centre has made asignificant effort inthisdirection
withitsvision to “ use patient-centered technol ogy to help people
affected by dementia to live better and longer in their own
homes’ [3]. The team at the UK Dementia Research Institute
Care Research and Technology Centre has developed a
sensor-based remote health monitoring platform that enables
cliniciansto intervene early and allows researchers to improve
their understanding of dementia onset and progression [4]. The
cohort currently covers 102 people with dementia living with
their caregiversin their own homes. Data collection commenced
in 2019 and will continue until at least 2025, with more
participants being onboarded each year, making it one of the
largest, longest-running, and most diverse and unique dementia
data collection programs worldwide. The sensors, framework,
models, clinical monitoring workflows, app for participants,
and monitoring dashboard together form adigital platform called
Minder (please see the website of the UK Dementia Research
Institute [4] for more information).

Occasionaly, people with dementia present with behavioral
and psychological symptoms such as agitation, aggression, seep
disturbances, urinary system disorders, dehydration, and falls.
UTI is the most diagnosed infection in older adults, and early
identification is key to preventing further complications [5,6].
The diagnosis of UTI remains problematic because of the
presence of arange of nonspecific symptoms, ahigh prevalence
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of asymptomatic bacteriuria, and reduced hel p-seeking behavior
[7-9].

An*anomaly” in the context of home health monitoring can be
simply understood as an unexpected but significant irregul arity
in otherwise normal data, which is indicative of an adverse
condition. Anomaliesare difficult to detect within overwhelming
volumes of normal data. The cost of missing or misclassifying
anomalies can be high (eg, failing to detect a UTI could be
catastrophic). Current methodsfor health care anomaly detection
are challenged by one or more real-world issues:
high-dimensional and multivariate data; little to no information
on the distinction between normal and abnormal data; time
course data and the need to make predictions with low latency;
patient-to-patient variability; noise and lack of periodicity
because of social visits, pets, sensor issues, and noisy labels,
high false alert rate; high tuning needs; and low explainability
to clinical monitoring teams and caregivers [10].

The aim of our work was to develop a clinically useful,
domain-agnostic, fast, lightweight, unsupervised anomaly
detection approach for real-world noisy health care data. We
accounted for individual variability, generalizability across
individuals and domains, and explainability to clinicians and
carers in the form of digital biomarker discovery. Our work
makesthefollowing contributions: (1) it offersthefirst use case
for the Contextual Matrix Profile (CMP) for adaptive anomaly
detection in health care, specifically in a real-world remote
health monitoring scenario; (2) it devel opsthe multidimensional
CMP and uses it to identify and score anomalous patient days;
(3) it demonstrates the effectiveness of CMP-based anomaly
scoring over state-of-the-art methods; and (4) it uses the CMP
to discover biomarkers of anomalies using household movement
data.

Prior Work

Overview

Approaches to anomaly detection can be broadly categorized
as statistical, distance-based, reconstruction-based, domain-
based or decision boundary—based, information-theoretic, and
graph-based [11]. Many approaches in the literature use
combinations of techniques such as visual, knowledge-based,
and machine learning approaches. We highlight how some of
these techniques have been applied to anomaly detection in
remote health monitoring scenarios.

Statistical Methods

Statistical thresholding is a popular approach to finding point
anomalies. A Nationa Institutes of Health—funded pilot study
used dtatistical thresholding to generate aerts for UTI and
offered early interventionsfor 37 older adult participants, some
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with Alzheimer disease, residing in apartments equipped with
motion, pressure, and temperature sensors[12]. Clustering-based
techniques were used in the study by Mori et al [13] to detect
anomalies in the timing and duration of different activities.
Statistical methods typically ignore the multivariate nature of
anomalous events and can generate numerous false positives
[14].

Machine Learning Approaches

Using early data from our Minder study, Enshaeifar et a [15]
used a Markov chain to model activity sequences along with
an entropy rate to quantify the regularity of an individua's
patterns in their day-to-day life. They used a training set to
construct the Markov model and a verification set to define a
confidence threshold for deviations [15]. Novak et a [16]
detected anomalies such as long periods of inactivity, unusual
presence, and changes in daily activity patterns using a
combination of self-organizing maps for activity classification
followed by a Markov model for next activity prediction. The
limitations of the Markov approach include the inability to
address parallel activities, activitiesthat involve the same event
with different probabilities, and scalability issues[17,18].

Arifoglu and Bouchachia [5] explored convolutional neural
networks to capture temporal and spatial representations of
activity and detect abnormal behavior related to repeating
activities, sleep disruption, and confusion. Sensor data were
dliced into time windows, and activities were labeled via
sequence labeling to train convolutional neural networks that
could detect deviations from normal daily life sequences.
Supervised learning and interpretability are some limitations of
this approach.

Akl et al [19] used signal processing with machine learning
algorithmsto detect mild cognitiveimpairmentsin older adults.
They used sensors to extract the average, probability density,
and trgjectory of measures over diding windows of sensor data
asinput to support vector machinesand random forest classifiers
to assess cognitive status. This approach requires training data
annotations for cognitive status and has missing data issuesin
time windows.

Jakkula et al [20] considered the problem of anomaly detection
based on temporal relationships. They expressed relationships
between temporal events based on tempora logic, such as
before, after, meets, overlaps, and contains, and used these to
identify frequently occurring relationships between them.
Adopting a probability-based model based on prior evidence
from an inhabitant’s history, they reported low-probability
events as anomalies. The study acknowledges that hundreds of
sensors must be used to identify temporal relations at agranular
level. It also requires a large training data set that must be
updated to capture changing patterns.

Using data from our own remote monitoring study, Palermo et
al [21] devel oped asupervised long short-term memory network
to analyzetherisk of agitation episodesin peoplewith dementia
using environmental, physiological, and sleep data. They used
weak learning and label augmentation to address noise and class
imbalance. In another Minder study, Li et al [22] adopted a
semisupervised machine learning approach to predict the risk
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of UTI in people with dementia using environmental and
physiological data. A convolutional autoencoder was used to
learn arepresentation of the unlabeled sensor data. The encoder
was used to extract the corresponding features from a smaller
set of positively labeled data, which were then used to train a
supervised classifier—a probabilistic neural network with a
fully connected layer. Although this model isrobust and learns
continually, it approximates sensor data using Lagrangian
approximation, requiresinterpretability, and takes ageneralized
versus patient-specific approach to detecting UTIs.

In the study by Paudel et al [23], the authors used unsupervised
graph-based anomaly detection to identify cognitive health
decline in older adult residents living in smart homes. They
transformed motion sensor data from raw sensor log files into
individual activity graphs and performed anomaly detection
based on the normative pattern derived from the minimum data
length principle [24]. This study used cohort-wide thresholds
instead of the users' own thresholds.

Visual Approaches

Visualization of activity density is another intuitive way of
detecting anomalies in movement data. The study by Gupta et
al [25] describes how unsupervised learning can be used to
discover activity patternsin unlabeled datafrom passiveinfrared
(PIR) sensors. In this work, user activity data were visualized
and tracked through Uniform Manifold Approximation and
Projection, whereas kernel density estimation was used for
automatically extracting periods of dense sensor activity.
Although Uniform Manifold Approximation and Projection
plots are useful in informing daily patient-carer interactions,
they are not readily interpretable, and this approach does not
provide an anomaly score. Heat maps have also been used in
conjunction with deep learning techniques to determine the
probability of agitation- or UTI-related anomalies. In the study
by Li et a [26], hourly heat maps based on raw sensor datawere
encoded via positional encoding to extract relevant time steps
that were then passed into along short-term memory model to
extract relevant data and into an attention-based model to make
predictions. This method uses supervised learning and, as is
common with deep learning models, is computationally
expensive and requires sufficient training data for accurate risk
analysis and predictions.

Matrix Profile for Anomaly Detection

Research on real-world applications of Matrix Profile
(MP)—based anomaly detectionisscarce. Lin et al [27] used an
early version of the M P to detect discordsin electrocardiogram
time series. More recently, researchers have used MP for
web-based anomaly detection in IT operation time series [28].
In the study by Steenwinckel et al [29], researchers used an MP
with knowledge-driven algorithms to create an interpretable
system for sensor monitoring in the railway domain. Nieves
Avendano et al [30] used MP with clustering for web-based
anomaly detection and event prediction based on acoustic
emission sensors that relay information about the mechanical
conditions of a cold-forming manufacturing line. This method
isrobust to noise, missing values, and irregular sampling.
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The CMP has been shown to be moreflexible and effective than
the MPin 2 curated non—health care web-based data setswhere
the authors showed how the CMP can be used to detect more
subtle anomalies in addition to those detected by the MP [31].

Bijlani et a

In Figure 1 [11,32], we summarize the effectiveness of each
technique framed in the context of remote health monitoring
by evaluating the pros and cons of each technique presented in
the survey literature. The CMP overcomes many of the
drawbacks identified for distance-based methods and is well
suited to remote health monitoring scenarios.

Figure 1. Suitability of anomaly detection techniques for remote health monitoring [11,32]. CMP: Contextual Matrix Profile.
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MP and CMP Preliminaries

MP Overview

The MP, detailed in the study by Yeh et a [33], is an
unsupervised, state-of-the-art time series analysistechnique that
can be used for pattern detection, anomaly detection, time series
segmentation, and change point detection. Itsfast performance
stems from the use of the fast Fourier transform for the
z-normalized Euclidean distance computation. The algorithm
is useful for both static data and incremental modeling of
streaming valueswith limited slowdown on even very largeand
multivariate time series. In this section, we define the MP
preliminaries relevant to anomaly detection in our smart home
context.

MP Description

An MP P of time series t is a vector of the z-normalized
Euclidean distances between each subsequence in an
all-subsequence set A with its corresponding nearest neighbor

Textbox 1. Issues with the direct application of the Matrix Profile (MP).

matches are the set of subsequences around the query
subsequence, which are likely to have a very small Euclidean
distance from the query subsequence. Thisboundary istypically
set to m/2, where mis the length of the subsequence.

Multidimensional MP

A k-dimensional MP of a multidimensional time series t with
dimensionality d is a metatime series that stores the
z-normalized Euclidean distance between each subsequence
and its nearest neighbor (the distance is computed using the
k-dimensional distance function) [34]. In simple terms, the
algorithm works as follows. (1) it stores the MP for each
dimension (time series channel) in the subsequent rows of a2D
matrix, (2) the k-dimensional MP is computed by taking the
average of the k lowest valuesin the columns of the matrix, and
(3) the multidimensional MP is created such that row k (0< k<
m) contains the k-dimensional MP. For implementation, we
refer the reader to the STUMPY library tutoria [35].

Theissues with the direct application of the MP are outlined in
Textbox 1.

Direct application issuesrelated tothe MP

«  Theraw MPisnoisy and does not give a clear indication of which discords are true anomalies.
« ltisinsensitive to amplitude variations and low in localization accuracy [28].

. TheMPconsidersevery subsequence for comparison with every other, which impliesthat thelength of subsequence equalsthelevel of granularity
at which an anomaly may be identified. The two must be decoupled.

« Ananomaly could be masked when its subsegquence is close to another anomal ous subsequence [28].

«  TheMPishardwired to compute Euclidean distance. Although this has great advantages—complexity linear to the length of the time series, easy
to implement, indexable, and parameter-free—it can also be sensitive to noise and exhibit misalignmentsin time [36].
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CMP Overview

The CMPisanew flexibletime series analysis technique based
on the MP [31]. The CMP derives its motivation from the
distance matrix calculations that are used to compute the MP.
This section provides details on the CMP.

Bijlani et a

Context Window

It is the number of subseguences in a single time segment or
region of interest. Given a patient data set, using a context
window of 3 and a subsequence length of 3 (with no
subsequences omitted), the patient datawill be grouped into the
time segments shown in Figure 2.

Figure 2. Contextual Matrix Profile contexts or time segments are blocks of time comprising a set of subsequences. Each context shown here is made
up of 3 subsequences (context window=3), each subsequence being 3 days in length. We assigned anomaly scores to contexts instead of days.
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Subsequence length=3 days

Context (or Time Segment)

It is a single time segment with a size equal to the context
window and containing subsequences of length defined by the
user. One cell in the CMP represents 1 “context” or time
segment.

CMP Description

It is a configurable, 2D version of the MP that tracks the
minimum distance between each context of subsequences in
user-defined regions of the time series. First, the user
(optionally) defines regions of interest for a given time series.
They then determine the subsequence length and context
window size. For instance, for a subsequence length of 3 days
and a context window size of 3 days, the time seriesis divided

Figure 3. Matrix Profile versus Contextua Matrix Profile.
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into contexts, as shown in Figure 2. The CMP is formed by
comparing the z-normalized Euclidean distance between each
subsequence in one context and every subsequence in another
context and sel ecting the minimum distance, which forms 1 cell
inthe CMP. Figure 3 highlights the difference between the MP
and CMP. The M P comprisesthe column-wise minimum values
in the distance matrix, whereas the CMP is created by taking
the minimum over rectangular areas.

The application of the MP idea to blocks of data instead of
individual subseguences serves to aggregate and denoise the
distance computation and extract useful patterns. Figure 4 shows
the CMP for the late-evening daily bathroom activity for one
of our patients. It servesasavisual overview of the consistency
of activity and any break points.
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Figure 4. Each cell color codes the minimum distance between the time segments on the x- and y-axes. Green bands indicate anomalous activity or
consistently large minimum distance from other time segments. The Contextual Matrix Profile is symmetric around the diagona line.

2021-06-02
2021-05-03
2021-04-03
2021-03-044
2021-02-02
2021-01-03
2020-12-04
2020-11-04
2020-10-05
2020-09-05
2020-08-06
2020-07-07
2020-06-07
2020-05-08
2020-04-08
2020-03-09
2020-02-08
2020-01-09
2019-12-10
2019-11-10
2019-10-11
2019-09-11

A b o

ol
®
*.-,010 'i.ﬁﬂ"n P LA

o
%.“

1"-}1":’ 191'{}

Multidimensional CMP

We devel oped the multidimensional CM P based on the principle
of a multidimensional MP. A k-dimensiona CMP of a
multidimensional time series t with dimensionality d is a
meta—time series that stores the minimum z-normalized
Euclidean distance between any subsequence in one context
and any subseguence in another context, with the distance
computed using the k-dimensional distance function, which is
explained in the study by Yeh et a [34]. The agorithm works
as follows. First, we stack the feature-specific 2D CMPs to
obtain a 3D array. We then sort the array in ascending order
using this feature dimension. This gives, for each context, the
minimum distance values sorted in increasing order by feature.
Now, we apply the method in the study by Yeh et a [34] to

https://aging.jmir.org/2022/3/e38211

XSL-FO

RenderX

Contextual Matrix Profile - Context size: 3 (3-day subsequence)

2.0
@
e
&
8
1.5
1.0
0.5
oo ok ot o> ot
%U Q:\.’l ,ﬁ‘l .Vﬁb‘ .&,06 0.0

28F '10""} 2P ot

obtain the k-dimensional CMP. For k=0 (ie, 1D CMP), we query
thefirst row of the k-dimensional CMP. This providesthelowest
nearest-neighbor distance for each context based on a single
feature. The lowest-scoring feature for a context may be
different from the lowest-scoring feature for adifferent context.
Similarly, for k=1 (or 2D CMP), we query the second row of
the k-dimensional CMP, which, for each context, provides the
lowest average distance based on 2 features. Again, the 2
lowest-scoring features for one context may be different from
those for another context. The maximum value of k is the
number of featuresminus 1 (k is zero-based).

The multidimensional CMP (Figure 5) is key to anomaly
detection in our multidimensional data. The CMP offers
advantages over the original MP (Textbox 2).
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Figure 5. Multidimensional Contextual Matrix Profile (CMP) formation involves stacking feature-specific CMPs and then arranging each cell (time
segment) in order of distance. The final multidimensional CMP isformed so that each cell in row i contains the average of thei+1 lowest distances for

the cell.
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Textbox 2. Advantages of the Contextual Matrix Profile (CMP).
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CMP advantages

«  Other distance measures in addition to Euclidean distance can be used.

«  The CMP offersan intuitive way of visualizing time series window regions and detecting anomalies.

« It compares distance over a context instead of at a subsequence level, which isimportant for denoising the time series.

« Thecontext sizeis configurable. In addition, the CMP allows for specific regions to be defined to detect patterns and anomalies, and the distance
matrix need not be covered in its entirety.

« Anomalies cannot be easily masked, even if another similar anomaly has occurred elsewhere in the time series.

Anomaly Scoring With the CMP

We used the anomaly detection pipeline (Figure 6) described
in Textbox 3.

Figure 6. Contextual Matrix Profile (CMP)—based anomaly detection pipeline. UTI: urinary tract infection.
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Textbox 3. Anomaly detection pipeline.

Pipeline for anomaly detection

1.  Wedecided on asuitable context window. We used a context size of 3 and a subsequence length of 3 days taking into consideration the need for

maximum granularity, denoising, explainability, and time taken for the onset of an anomaly.

For each patient time series, we generated the z-normed Euclidean distance matrix for a self-join and then the Contextual Matrix Profile (MP)
based on our context window setting.

We used the CMPs directly or adapted them for visualization and monitoring purposes.

We computed the anomaly score for each context. This is the average distance between the current context and contexts in the past. This step
was repeated for every time series to obtain feature-specific anomaly scores.

The anomaly scores were used as inputs in different machine learning models trained for specific health events. Thiswill be explored in future

work.

The models were prepared to obtain a single-valued score for each time segment. We evaluated the following methods:

«  Combining feature-specific anomaly scores based on the sum of scores, median of scores, mean of scores, maximum of scores, and
entropy-based weighting (the scores were combined based on the entropy of the underlying time series using inverse weighting; greater
entropy implies lower weighting of the anomaly score obtained from using that time series). Two types of entropy measures were used:

«  Multidimensional CMP-based scoring: We used the multidimensional CMP to generate the multivariate anomaly score for each context
using 2 different settings for k:

«  We performed dliding window thresholding (7-, 14-, 21-, 30-, 60-, and 90-day windows) on the single context score using robust z, IQR,
and quantile-based methods to predict true likely anomalies and report the best results.

«  Thepredicted anomalies were then “ soft” validated against the anomaly labels available in the data set to compute recall.

Approximate Entropy (ApEN): ApEn approximates the exact regularity statistic Kolmogorov-Sinai entropy and reflectsthe predictability
of atime series by exploring repetitive patterns in the data. It is applicable to noisy data sets [37]. It relies on the Heaviside function
to define the similarity between 2 patterns. ApEn generates a unitless number from O (perfectly periodic) to 2 (noisy) [38].

Fuzzy Entropy (FuzzyEn): This aso uses the Heaviside function, athough similarity is evaluated by afuzzy function that computes a
membership coefficient ranging from 0 to 1. Consequently, in addition to the selection of N (length over which to compute entropy),
m (subsequence length), and r (tolerance in terms of the number of SDs), FuzzyEn requires a fourth parameter, n, the gradient of the
boundary of the exponential function used to assess similarity [39]. FuzzyEn provides a graded similarity instead of binary similarity
between parts of the time series[37].

k=auto: Here, we considered the optimal value of k when predicting true likely anomalies for a patient (Figure 7). To do this, we used
the elbow method on each patient’s multidimensional CM P. Specifically, we computed the median distance in each of the k-dimensional
CMPsfor the patient and used the “kneedle” algorithm to automatically find the optimal value of k at which the inflection point occurred
[40]. We then chose this optimal k row from the overall k-dimensional CMP to use this to extract the single-valued patient anomaly
scores for each context. Once the “optimal” CMP was obtained, we scored each context in 2 ways:

«  Distance-weighted multidimensional CMP scoring: The anomaly score for a context was calculated as the inverse-weighted
average of its nearest-neighbor distance from previous contexts. Thus, if a context is 3 hops in the past from the current context
being scored, its distance is given one-third weight when calculating the anomaly score for the current context.

«  Equal-weighted multidimensional CMP: Theanomaly scorefor acontext was cal cul ated asthe simple average of its nearest-nei ghbor
distance from previous contexts.

k=1: We took the CMP that is based on the top 2 features for each context.
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Figure 7. Multivariate anomaly scoring. Starting with the multidimensional Contextual Matrix Profile (CMP), we chose the optimal dimension for
each patient by taking the median of their scoresin each dimension and then selected the dimension at the inflection point. This optimal dimensional

CMP was then used for distance-based anomaly scoring.
k=i-dimensional CMP
k=1D CMP

k=0D CMP

Multidimensional CMP. Row i
contains the ith dimensional CMP.
Each time segment contains the
minimum average distance across
i features for that time segment.

Choose optimal value for k (K.z)
using elbow method on median
anomaly scores for all k

Data Set Description and Preprocessing

Data Set

Thedatafor our study camefrom an ongoing real-world remote
health care monitoring study (the“Minder” study mentioned in
the Introduction section) of 102 people living with dementia at
home and supported by their carers in England, United
Kingdom. This includes 51% (52/102) men (mean age 81.94,
SD 6.34 years) and 49% (50/102) women (mean age 80.80, SD
15.76 years). Movement data are captured via PIR sensors
instaled in different parts of the home—hallway, bathroom,
bedroom, lounge, and kitchen—that are triggered passively
based on movement throughout the day. There are door sensors,
smart plugs for appliances, light and temperature sensors, a
deep mat, and physiological data recorders as well. We
considered only PIR data in this study as they are the least
missing, most reliable, and available with the finest granularity
acrossthe cohort. Physiological dataare currently self-reported
by the person living with dementia or their carer once or twice
a day and with greater missingness, which would require
imputation. Sleep data are sparse for this cohort.

In our study, we focused on the 15 patients with dementiawho
had had at |east one clinically validated incidence of UTI. This
included 53% (8/15) men (mean age 85.13, SD 5.57 years) and
47% (7/15) women (mean age 82.86, SD 6.79 years). Of these
15 patients, 7 (47%) had also experienced =1 hospitalization
event. Altogether, we had 31 UTI and 10 hospitalization labels
across atotal of 9363 patient days, making up approximately
0.44% (41/9363) of the overal data set. The UTI labels were

https://aging.jmir.org/2022/3/€38211
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manually annotated after validation by the clinical monitoring
team using urine samples from patients. However, it is worth
noting that older adult patients often present with atypical
symptoms, making the differentiation of asymptomatic
bacteriuria from symptomatic UTI challenging [6]. Moreover,
the start time of UTI and the duration of symptoms are not
clearly defined. Thelist of hospitalization events was collated
based oninformation from general practitioners. It included the
date of hospitalization and, in some but not all cases, the cause
of hospitalization.

Preprocessing

Daily Aggregation

Household movement data captured via PIR motion sensors
were first aggregated daily to reduce noise, as hourly counts
can vary widely from one day to the next, and the high
granularity and variation make anomalies less discernible. We
ignored consecutive firing events from the same sensor,
considering thefirst firing event to compute the duration at the
previous location and the last firing event to compute the
duration at the current location. Any consecutive sensor firings
from the same sensor between the first and last firing were
ignored, thus reducing redundancy and noise.

Feature Engineering

To capture different types of movement-related information,
we calculated the features outlined in Textbox 4 for the daily
activity dataacrossthe various|ocations—bathroom, bedroom,
kitchen, lounge, and hallway.
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Textbox 4. Movement-rel ated features.

Feature and description

Location count: thisisthe daily count of sensor firings for each location.

Location early-morning count: thisis the count of sensor firings between midnight and 6 AM on the current day.
L ocation late-evening count: thisis the count of sensor firings between 6 PM and midnight on the previous day.
Location duration: thisis the daily total number of minutes spent at each location.

L ocation hourly movement change: thisis the Wasserstein distance between the hourly sensor distribution at alocation on the previous day with
that on the current day; alarger Wasserstein distance implies a greater change in hourly pattern from one day to the next; this measure is robust
to different motion densities across patient households. The Wasserstein distance or “earth mover” distance is a single explainable metric that
measures the approximate minimal work required to move between 2 probability distributions, where“work” can beloosely defined asthe product
of how much of the distribution’s mass moves and the distance by which it must be moved [41]. Unlike other measurements such as L2,
Kullback-L eibler divergence, and Jensen-Shannon divergence, the Wasserstein distance is sensitive to geometry [42].

Feature Selection

Similar to the study by Skubic et al [43], we applied the methods
outlined in Textbox 5 to select the features for anomaly
detection.

The simplified list of features included bathroom Wasserstein
distance, hallway Wasserstein distance, lounge Wasserstein
distance, bathroom early-morning and late-evening activity,
kitchen early-morning and late-evening activity, bedroom
early-morning and late-evening activity, bedroom activity
duration, and bathroom activity duration.

Textbox 5. Methods for selecting features for anomaly detection.

Anomaly detection feature selection methods

Domain knowledge: the study by Pevny [44] showed that detectors using only features that explain anomalies had equal or better performance
than detectors using all features. Erratic bathroom activity can strongly suggest urinary tract infection [45], and therefore, we captured daily
changes in bathroom activity. Similarly, disturbed sleep, agitation, and wandering are common characteristics in patients with dementia [46,47].
Hence, weincluded daily changesin the hourly distribution of bedroom, hallway, kitchen, and lounge activity. These features help capture unusual
daytime and night-time activity across locations and follow recommendations by clinical researchersin asimilar study supporting the modeling
of health decline with behavioral biomarkers[43].

The significant online discords technique was used to find the common features that are associated with the highest median recall value for
urinary tract infection and hospitalization using cross-validated data from our patient cohort [48].

We eliminated redundant variables based on the correlation between the features.

We also eliminated duration-related features for communal spaces such as hallways, living rooms, and kitchens, where distinguishing between
patient and carer activity is difficult as of yet.

The variables that were robust to differences in activity levels across househol ds were retained.

Experiments

i7-8700K central processing unit, 3.7 GHz Windows 10 machine
with 32 GB of RAM.

We conducted our experiments on the household movement
data of 15 patients selected from the ongoing Minder study,
which had 31 UTI and 10 hospitalization labels across a total
of 9363 patient days. All experimentswere run on a64-bit Intel

https://aging.jmir.org/2022/3/€38211

Our experimental settings are listed in Table 1. For each
anomaly-scoring model, we experimented with every
combination of window size, IQR threshold, robust zthreshold,
and quantile threshold and reported the best results obtained.
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Setting Values

Context window 3

Subsequence length (days) 3

Window sizes for diding window thresholding (days) 7,14, 21, 30, 60, and 90
IQR threshold l0and1.2

Robust z threshold 1.65,1.8, 3, and 4

Quantile threshold
Entropy-based methods
N (datasize)
r (SD tolerance)
m (subsequence length)
Soft buffer for label validation (days around actual label)

0.95, 0.96, 0.97, and 0.98

500

0.2

7

-10to +7

M odel Evaluation

We used the data from our 15 patients to evaluate
multidimensional CMP-based anomaly scoring relative to
univariate methods and 3 other popular modern, parameter-free,
and interpretable methodsin theliterature: Angle-Based Outlier
Detection (ABOD), Copula-Based Outlier Detection (COPOD),
and Lightweight Online Detector of Anomalies (LODA). To
be suitable for use in an unsupervised, streaming scenario, we
used only historical data at each time point.

ABOD measures the variance of the angle (cosine) spectrum
of the data points weighted by the corresponding distances.
ABOD works on the principle that if the spectrum of the
observed angles for a point is small, other points will be
positioned only in certain directions. This means that the point
is positioned outside of some sets of points that are grouped
together, implying that the point is an outlier [49]. COPOD is
inspired by copulasfor modeling multivariate data distributions.
COPOD first constructs an empirical copulaand then usesit to
predict the tail probabilities of each given data point to
determine its level of “extremeness” The outlier scores
produced by COPOD measure the likelihood of a point relative
to the other points in the data set. The method outputs a
“dimensional outlier graph” that provides insights into outlier

Textbox 6. Thresholding criteria for scores.

subspaces or features for a given outlier point [50]. LODA
comprisesacollection of k 1D histograms, each approximating
the probability density of the input data projected onto asingle
projection vector. Projection vectors act to diversify individual
histograms, which enables the ensemble system to improve the
performance of a single detector. The complexity of LODA is
linear with respect to the number of training samples and the
dimension of the input space [44].

We used 3 thresholding criteria for scores (Textbox 6).

To determine how competitive CMP-based anomaly scoring is
in identifying anomalies in real-world remote monitoring data
for patients with dementia, we report the measures shown in
Textbox 7 for each model.

Ananomaly isassumed to be correctly identified if the predicted
date iswithin the soft buffer of thelabeled date of anomaly. For
transparency, wereport both the average recall and patient-wise
recall. From a clinical perspective, this measure is a direct
indication of amodel’s effectiveness.

When choosing between models, aclinician will likely choose
a model with a higher average recal, as the cost and
inconvenience of false aerts in our scenario are considerably
less than the cost of missing areal anomaly.

Criteriafor thresholding of scores

«  Therobust z thresholding or Median Absolute Deviation method is less influenced by outliers and is used to calculate a modified z score that
quantifies the anomaly scorein terms of SD units away from the median [51].

«  Tukey or IQR thresholding uses the IQR of anomaly scores in the sliding window as the basis for thresholding. Any value greater than the third
quartilet+ x times IQR is deemed anomalous, where x is the IQR threshold from Table 1.

o Quantile-based thresholding uses a fixed percentile of anomaly scores as the basis for thresholding taken from Table 1.

https://aging.jmir.org/2022/3/€38211
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Model evaluation measures

«  Number of patients with >33% recall: given that the average patient had only 3 validated anomalies, we ranked the models based on how many
patients had greater than one-third of their anomalies correctly identified. This makesit transparent whether the model isjust effective for asmall

proportion of patients or across the cohort.

« Averagerecal: thisisthe average percentage recall across the 15 patients, where recall=true positives or all known anomaliesin the data set.
« Average number of anomalies detected: to minimize false alerts made to the clinical monitoring team, lower is better.

« Averagerecall percentage versus anomalies raised: according to the study by Pimentel et al [11], effectiveness in novelty detection is based on
the detection rate and the false alarm rate. The best model will demonstrate high recall together with alow number of anomalies raised.

«  Precision: here, precision has little meaning, as outliers may result from different types of health indicators, sensor failures, visitors, pet activity,
or rare unusual activities by the patient or carer, which are not labeled in our data set. Although we still report this metric, relative precision

across methods is more meaningful.

Digital Biomarkers

Digital biomarkers are consumer-generated physiologica and
behavioral measures collected through connected digital tools
that can be used to explain, influence, or predict health outcomes
[52]. The Food and Drug Administration-National Institutes of
Health “Biomarkers, EndpointS, and other Tools’ classification
for traditional biomarkers classifiestheir useinto the following
categories: susceptibility or risk determination, diagnostic use
to detect and confirm the presence of a condition of interest,
monitoring of the status of acondition, prognostic usetoidentify
likelihood, recurrence or progression of acondition, predictive
use, and measurement of response through exposure to amedical
product or agent [53]. We envisage these biomarkers of
anomalies to be used for susceptibility determination and
assistance with diagnosis, prognosis, and prediction of UTI or
another adverse clinical event.

The creation of the multidimensional CMP involves the
intermediate step of combining feature-specific CM Ps such that
each context is arranged in ascending order of the feature-wise
nearest-neighbor distance. Thisimplies that if we simply keep
track of the ordered set of features for each context in the
ordered stacked CMP, we can discover the most common
contributing featurein each of itsdimensions. Themodal feature
in the Oth dimension will be the most important biomarker
associated with the patient’s anomaly score. The modal feature
in the first dimension will be the second most important
biomarker and so on. Subsequently, by looking across the
ordered stacked CMPs for the entire cohort, we can determine
the generalized top k important biomarkers.

Ethics Approval

This study received ethics approval from South East Coast
Surrey National Health Service Research Ethics Committee
(Health Research Authority); Technology Integrated Health
Management Research Ethics Committee Reference:
16/L0O/1802; Integrated Research Application System ID:
211318.
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Results

Model Evaluation

We report the best results for each type of univariate and
multivariate model (Table 2).

All models could correctly identify more than one-third of the
known anomalies for two-thirds of the patientsin the study. Of
these, the multidimensional CM P with equal-weighted context
(at window size=7 days, robust z=1.65, and k=1) yielded >33%
recall for 100% (15/15) of the patients. Other CMP-based
methods showed similar recall for up to 93% (14/15) of the
patients. Thishighlightsthe strong support for multidimensional
CMP as an anomaly detection tool for this cohort.

We al so measured how many anomalies were raised by each of
the model s across the 624 average patient daysin our study. As
shown, the maximum number of aerts raised by any of the
CMP-based modelswas only approximately 34 or 5.4% (34/624)
of patient days. Our best-performing CMP model raised
approximately 32 alerts, which is, on average, 5.1% (32/624)
of patient days. Note that there were, on average, 3 labeled
anomalies in our data set per patient; however, as emphasized
previously, the annotated anomalies covered only UTI and
hospitalization, and our models were designed to pick up on
any anomalous activity.

Theaveragerecall, when viewed together with thetotal detected
anomalies, provides a holistic view of performance, as it is
easily possibleto obtain atop-performing model by identifying
an extraordinarily high number of anomalies. The overall best
model is one that demonstrates high recall but alow number of
raised anomalies. It isclear that the multidimensional CMPwith
equal-weighted contexts at window size=7 days, robust z=1.65,
and k=1 offers the best-balanced performance, raising only 32
alerts over a 624-day patient journey on average. ABOD yields
relatively low recall, whereas LODA and COPOD vyield high
recall but with a higher number of alerts raised than our
best-performing model.
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Table 2. Model performance (N=15).
Model Patientswith >33% Anomaliesraised,  Recal (%), Precision,
recal, n (%) mean mean %2
LODAP w=7: IQR 1.2) 14(93) 37.8 85.7 6.2
Sum of CMP® scores (w=7; quantile 0.97) 14(93) 331 84.7 7.0
Mean of CMP scores (w=7; quantile 0.97) 14 (93) 331 84.7 7.0
Equal-weighted multidimensional CMP (w=7; k=1; robust z=1.65) 15 (100) 321 84.3 7.2
copPoDY (w=7; quantile 0.95) 13(87) 36.8 79.1 59
ABOD® (w=21; quantile 0.95) 13(87) 300 e 7.1
Distance-weighted multidimensional CMP (w=14; k=0; robust z=1.65) 14 (93) 337 76.7 6.2
ApEnf-wei ghted CMP scores (w=7; quantile 0.97) 12 (80) 291 69.9 6.8
Median of CMP scores (w=7; quantile 0.97) 12 (80) 30.8 68.4 6.1
Fuzzy entropy—weighted CMP scores (w=7; quantile 0.97) 10 (67) 27.7 65.5 6.5
Maximum of CMP scores (w=7; quantile 0.97) 10 (67) 24.8 57.9 6.4

A\e have mentioned previously that it is more meaningful in this context to look at relative precision across methods and not at absolute precision.

b_ODA: Lightweight Online Detector of Anomalies.
“CMP: Contextua Matrix Profile.

dcOPOD: Copula-Based Outlier Detection.
€ABOD: Angle-Based Outlier Detection.

A pEN: Approximate Entropy.

Digital Biomarkers

As seen previously, the multidimensional CMP for a patient
can be used to discover the important digital biomarkers of
anomalies. In Figure 8, we show the magnitude of the
contribution of significant features toward the anomaly score
across the cohort.

We discovered that early-morning (midnight to 6 AM) bathroom
activity was the single largest contributor to the anomaly score
by a wide margin, with a median value of approximately 30%
for this cohort. This validates the findings in the literature that
unusual bathroom activity is a clinically significant feature of
UTIs[12,54], which comprises three-quarters of the anomalies
in our labeled data set. Patient-level investigation showed this
to be the top biomarker for 60% (9/15) of the patients.
Late-evening (6 PM to midnight) bathroom activity also had a
contribution of 12%. Both factors correlate with slegp disruption,
which is commonly seen in people living with dementia
Unusua bedroom and kitchen activity in the early hours of the
morning are al so among the significant contributorsto anomaly
scores, pointing to wandering and disturbed sleep seen in
dementia.

https://aging.jmir.org/2022/3/€38211

Themultidimensional CMP also providesintuitiveinsightsinto
patient-specific anomalies. Figure 9 shows the anomaly scores
associated with 2 patients, ordered by the median anomaly score.

For patient JYN9, unusual early-morning kitchen activity was
the prime biomarker of anomalous activity, where we also see
the largest variance in anomaly scores. For patient SFAV,
unusua bedroom activity was the largest contributor to their
anomaly score. Thesefiguresindicate different anomaly patterns
in the 2 patients, presumably agitation and wandering in the
first patient and sleep disruption and shifting bedroom activity
over time in the second patient. We can envisage an anomaly
detection dashboard to provide such insight to clinicians to
enable them to target interventions as needed.

We can also use the standardized anomaly scores to look at a
cross-patient view (Figure 10), where we see the cross-cohort
variation in multivariate anomaly scores using the patients’ own
optimal k-dimensional scores. It would be interesting to
investigate patient differences in relation to their cognitive
scores.
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Figure 8. Top contributing digital biomarkers of anomalies. Early-morning bathroom activity had the largest median contribution of approximately
30% to the overall anomaly score.
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Figure 10. Multivariate anomaly score distribution for all patients.
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Discussion

Principal Findings

Early identification of anomaliesin patientsliving with dementia
provides awindow of opportunity for early intervention before
a major health event occurs. This implies improved health
outcomes, reduced health care costs, continued independence,
and better quality of life [43]. In this study, we developed an
MP-driven approach for anomaly detection and evaluated its
usein areal-world study of sensor-based remote monitoring of
peoplewith dementia. We devel oped the multidimensional CMP
to model patient household activity from sensor data and used
the average Euclidean distance between activities in time
segments as the basis for generating a single anomaly score.
The CMP-based approach overcomestheissueswith traditional
distance-based anomay detection techniques, namely,
degradation because of noise, high aert rate, and identification
of local novelty. Our experiments show that multidimensional
CMP-based anomaly detection performs better than other
comparablefast, modern, exact, and parameter-free unsupervised
techniquesfor anomaly detection. Itiswell suited to real-world
remote monitoring data characterized by noise and incomplete
labeling and isadditionally useful asavisual tool for operational
monitoring, also lending itself to the discovery of personalized
and cohort-wide digital biomarkers. The personalized model
for each resident comes uniquely from their own sensor data
patterns[43]. These aspects make CM P-based anomaly detection
clinically significant, interpretable, and immediately usable,
freeing up clinicians' valuable time from having to annotate
patient activity. The CMPis domain agnostic and can be easily
extended to different types of health care data and domains. To
the best of our knowledge, our work is the first real-world use
case of CMP in hedlth care anomaly detection.

Our experimental parameters were selected to be clinically
relevant. A context window of 3 and a subsequence length of

https://aging.jmir.org/2022/3/€38211

Bijlani et a

Patient

Vmrl JYND wsdj GNGr 3LXU Ezjm CKPV SFAV

3 were selected for maximum granularity, noiseresistance, and
suitability for anomalies such as UTI, where a 3-day pattern is
more likely to throw up anomalous behavior than a more
granular daily analysis; it typically takes 3 to 8 daysfor aUTI
to present [55]. The context window and subsequence length
can be easily configured to investigate anomalies at different
levels of granularity, such as 7 days, 2 weeks, or 1 month.
Similarly, we used 7-, 14-, 21-, 30-, 60-, and 90-day windows
to threshold anomaly scores. Time segments such asthesefollow
typical human patterns of behavior and are easily understood
by clinicians. Threshold values for IQR, robust z and
guantile-based thresholding, and entropy parameters were
chosen to mirror values widely used in the literature. The soft
buffer for label validation (-10 days to +7 days of actual
anomaly label) reflects the issue of weak labeling because of
noise and inaccuracy because of manual labeling, the time it
takesfor aUT]I to develop and be clinically diagnosed, and the
need to catch anomalies early. Dau and Keogh [56] used a
similar evaluation technique for weakly labeled data. We chose
ABOD, COPOD, and LODA for comparison with CMP-based
methods asthey are similarly high-performing, parameter-free,
interpretable, unsupervised anomaly detection techniques
relevant to a streaming data scenario such as remote health
monitoring.

Our evaluation methods were also designed to be simple,
transparent, and clinically meaningful. A good method must
demonstrate high cross-cohort average sensitivity but also high
sensitivity for individual patients while raising minimal alerts.
Therefore, we report the overall sensitivity, patient-wise
sensitivity, average number of anomalies raised, and recall
versus anomalies raised, which provides a rounded measure of
performance. Although we report the precision for each model,
it must be noted that we only considered 2 types of labels—UTI
and hospitalization—whereas our models identify all types of
anomaliesin household movement data, many of which cannot
be validated using existing labeled data. For this reason, alow
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absolute precision is to be expected, and the relative precision
offersabetter indication of the cross-model performancein our
study. Moreover, the 5% alert rate is an acceptably low rate as
these aerts may have critical implications for the health of
people with dementia. This was also the approach taken by
Rantz et a [12], and our clinical care teams already conduct
weekly check-ins with the patients.

Our results show that for our top-performing models, the optimal
dliding window size for thresholding is 7 to 14 days (ie, 1-2
weeks). This makes intuitive sense as an “anomaly” regarding
human behavior can be perceived as a break in their recent
routine. Thiswasalso clinically validated in the study by Skubic
et al [43], where clinicians recommended a 2-week moving
baselinefor sensor data comparison and thresholding to balance
capturing sudden and gradual health changes. A short dliding
window has the added advantage of being robust to variations
in patient characteristics and environmental conditions.
However, the ABOD technique is highly sensitive, requires
sufficient data to capture true outliers, and performs best with
aminimum look-back of 21 days. This behavior of increasing
the samplefor better performance of ABOD was also validated
in the study by Domingues et al [57].

We make 3 striking observations. First, the top-performing
model in terms of balancing cohort-wide sensitivity and raised
anomalies was based on k=1 (ie, it considers only the top 2
contributing features for a patient). Thisimplies that areliable
anomaly detection model based on patient activity can besimple,
lightweight, easily interpretable, and generalizable. Second,
univariate models derived from combining feature-specific
CMPs via simple aggregation (ie, sum and mean of
feature-specific anomaly scores) achieve both high recall and
low volume of alerts. They are, in fact, closer in performance
to the best-performing multivariate CMP model than more
established high-performing models such as LODA, ABOD,
and COPOD and other complex ways of combining univariate
scores such as entropy-weighted scores. This showsonce again
that simple, interpretable models can generalize and perform
competitively. Third, it is surprising that an equal-weighted
time segment—scoring approach achieves considerably better
recall than distance-weighted time segment scoring. We would
expect that by emphasizing more recent time segments over
past time segments, we might obtain an anomaly score that is
reflective of a true anomaly in the current time segment.
However, this appears to not be the case in this study. We aim
to explore different ways of weighting previous time segments
to confirm whether this behavior was because of the specific
distance-weighting logic used or a more general finding.

Digital biomarkers are an incredibly useful artifact of our
method. They tell us what kind of household activity was
responsible for the anomaly at a specific period. Furthermore,
looking across a patient’s timeline, we can find the single most
common activity or feature that contributed most frequently to
the anomaly score in the time segments overal (ie, a digital
biomarker of their anomalous behavior). We discovered that
cohort-wide, early-morning (midnight to 6 AM) bathroom
activity was the most common digital biomarker of anomal ous
behavior (9/15, 60% of the patients), followed by late-evening
bathroom activity and early-morning bedroom and kitchen
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activity. These findings quantitatively validate observational
studies of patients with dementia, where agitation, wandering
at unusual hours, and unusual bathroom activity, particularly
early-morning and late-night bathroom activity, were observed,
especiadly in patients with dementia experiencing a UTI
[14,20,45,46]. Finaly, our method can provide a ranking of
digital biomarkers for anomalies at the time segment, patient,
and cohort levels. This outcome makes CMP-based anomaly
scoring independently useful for clinical monitoring and for
guerying and validating digital biomarkers.

There are a few notable differences between this work and
existing published research based on the Minder study. First,
published works have used a variety of supervised and
semisupervised machine learning methods to detect or predict
targeted health conditions such as agitation and UTI (one study
used unsupervised learning to isolate anomalous movement
patterns via clustering). As such, the models were trained with
data from the subset of patients clinically validated to have the
specific health condition in their trgjectory. In contrast, our work
evaluated a lightweight, unsupervised, and parameter-free
approach to detect general anomalies based on household
activity data. It requires no training data but is validated on data
from patients who have experienced one or more UTIs and
hospitalization events. Second, existing studies incorporate
patient physiological data and household appliance use in
addition to household activity. We currently use only household
movement data. Third, existing studies rely on either fixed
training data or periodically refreshed training data, whereas
our approach was designed to work in a streaming environment,
implying that our daily detection and alerting algorithm uses
the information in the patient timeline up to the current day.
Fourth, our algorithm is patient data driven rather than cohort
data driven. This means that we evaluate the average recall by
considering the algorithm’s performance on individual patient
data. In contrast, published work takes a cohort-wide or
patient-blind approach to assess algorithm performance. These
factors should be collectively considered when comparing our
work with other Minder-based research.

The CMP-based approach isideally suited to anomaly detection
applications where data and labels are characterized by
real-world noise and annotated training data required for
supervised learning may not be available because of resource
constraints or in astreaming data scenario, aswell aswherethe
distinction between normal and anomal ous datais not clear-cut.
Thisincludes sensor-based remote health monitoring in avariety
of industrial, urban, and health care settings. The CMP-based
approach excels at zooming out and focusing on temporal
patterns at configurable time scales. It is also designed with
personalization in mind, which makesit especially relevant for
health care, where patterns of similar anomalies or the same
disease can present differently in different individuals. It isideal
for situations in which explainability is key for operational
monitoring teams.

The CMP-based approach may not beideal for applicationsthat
prioritize sensitivity over interpretability. It is also not the best
tool for datathat have awell-defined, well-understood pattern,
such as electrocardiogram data, or where noise levels are low
or the distinction between normal and abnormal datais clearly
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understood. Finally, the CMP pipeline would need to be
augmented with feature reduction methods for it to scale to
high-dimensional data.

Limitations

A limitation of the anomaly detection method presented in this
paper isthat cross-sensor correlationswere not considered. This
will beinvestigated in future studies using interpretable machine
learning. Second, our study ignored sensor data from the front
and back doors. This omission was intentional as we were
interested in detecting anomalies arising from significant
changes in indoor household activity instead of those arising
from out-of-home situations. In addition, front door and back
door opening and closing are as of yet difficult to attribute to
the person with dementia. Third, a system to distinguish the
patient from other household members is needed to improve
the robustness of anomaly detection models based on passive
sensing. Fourth, to achieve finer granularity and lower latency
than 1 “context,” the CMP-based anomaly detection model
should be configured to ingest data hourly or at a higher
resolution than 1 day. Fifth, we assume that an anomaly in a
single time window can be deterministic of a complex health
event. However, the presence of pets and visitors could also
contribute to anomalies. To address this, we require not only a
distinction between patient and carer but aso a way of
monitoring anomalies in subsequent time windows to correlate
anomalies with health changes with high confidence. Finally,
we will require a larger sample size to further validate our
approach.

Conclusions and Future Work

In this study, we developed a novel lightweight unsupervised
anomaly detection pipeline based on the CMP and evaluated it
in sensor-based remote health monitoring of patients with
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dementia. We combined univariate CMP scores in novel ways,
developed the multivariate CMP, and tested it for identifying
anomalous patient days via thresholding in dliding windows.
We demonstrated CMP-based anomaly scoring to be more
effective and generalizable than other comparable methods for
unsupervised anomaly  detection.  Specificaly, the
multidimensional CMP based on a 7-day sliding window and
using the top 2 contributing patient-specific features exhibits
84.3% recall with only 32 alertsover the average patient timeline
of 624 days. In addition, we showed how the CMP can be used
to uncover and explain digital biomarkers of anomalies at the
time segment, patient, and cohort levels. Our study of 9363 days
collected from 15 people living with dementia who had UTI
and hospitalization eventsin their timeline showed that unusual
bathroom activity in the early and late hours of the day is a
prominent biomarker of anomaliesacrossour cohort. Thishelps
quantitatively validate observational studies of similar behavior
in patients with dementia.

Our future work will focus on the following areas: adding
physiological datato the anomaly-scoring pipeline, developing
the CMP as a tool for effective visual monitoring of patterns
and anomaliesin dataand accommodating other distance metrics
in addition to Euclidean distance, validating the CMP on alarger
patient cohort and different kinds of anomalies, and using
machine learning methods to use CM P-based scoresto classify
different types of anomalies. We will also investigate seasonal
effects and compare our method with other relevant anomaly
detection methods. We plan to integrate our model into the
Minder platform to raise alerts when anomalies are detected to
enable the monitoring team to investigate the underlying sensor
data and offer timely intervention to patients. Alerts that are
validated as true will be recorded in the patient timeline and
used to monitor the operational accuracy of our model.
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Abstract

Background: Geriatric care professionals were forced to rapidly adopt the use of telemedicine technologies to ensure the
continuity of care for their older patients in response to the COVID-19 pandemic. However, there is little current literature that
describes how telemedicine technol ogies can best be used to meet the needs of geriatric care professionalsin providing care to
frail older patients, their caregivers, and their families.

Objective: This study aims to identify the benefits and challenges geriatric care professionals face when using telemedicine
technologies with frail older patients, their caregivers, and their families and how to maximize the benefits of this method of
providing care.

Methods: Thiswas a mixed methods study that recruited geriatric care professionals to complete an online survey regarding
their personal demographics and experiences with using telemedicine technol ogies and participate in a semistructured interview.
Interview responses were analyzed using the Consolidated Framework for Implementation Research (CFIR).

Results: Quantitative and qualitative data were obtained from 30 practicing geriatric care professionals (22, 73%, geriatricians,
5, 17%, geriatric psychiatrists, and 3, 10%, geriatric nurse practitioners) recruited from acrossthe Greater Toronto Area. Analysis
of interview dataidentified 5 CFIR contextual barriers (complexity, design quality and packaging, patient needs and resources,
readiness for implementation, and culture) and 13 CHIR contextual facilitators (relative advantage, adaptability, tension for
change, available resources, accessto knowledge, networks and communications, compatibility, knowledge and beliefs, self-efficacy,
champions, external agents, executing, and reflecting and evaluating). The CFIR concept of external policy and incentives was
found to be aneutral construct.

Conclusions: Thisisthefirst known study to use the CFIR to develop acomprehensive narrative to characterize the experiences
of Ontario geriatric care professionals using telemedicine technologiesin providing care. Overal, telemedicine can significantly
enable most of the geriatric care that istraditionally provided in person but isless useful in providing specific aspects of geriatric
careto frail older patients, their caregivers, and their families.

(IMIR Aging 2022;5(3):€34952)  doi:10.2196/34952
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telemedicine; virtual care visit; geriatric care professionals; aging population; Consolidated Framework for Implementation
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Introduction

Canada’s older population remains at the greatest risk of dying
from COVID-19, caused by the novel SARS-COV-2 virus[1].
Yet, the same public health measures being imposed to protect
this population have also posed an ongoing challenge for older
persons in accessing in-person care in a timely manner since
the beginning of the COVID-19 pandemic. In response, the
Government of Ontario’s health care system, like several others,
rapidly supported the early and widespread adoption and use
of its existing and other telemedicine technologies, including
the telephone or popular videoconferencing platforms, such as
Zoom and Skype, for health care professionals to deliver safe
and effective remote or virtual care throughout the COVID-19
pandemic [2].

For older persons, previously noted beneficial outcomes of
Ontario’s telemedicine services have included a decrease in
wait timesfor accessto specidists[3] and asignificant reduction
in emergency department (ED) admissions [4]. However, until
the beginning of the COVID-19 pandemic, there remained major
challenges that hindered the widespread adoption of
telemedicine technologies by health care professionals across
Ontario. For example, a main barrier was that prior to the
COVID-19 pandemic, Ontario physicians could only be
reimbursed for providing telemedicine servicesif they and their
patients were able to use the Government of Ontario’s Ontario
Telemedicine Network (OTN) secure videoconferencing
technologies to conduct patient visits [5]. Telephone-based
consultations or follow-up were not reimbursable in general for
Ontario physicians, except for geriatricians when providing
caregiver advice and support to one of their established patients.
Furthermore, another main barrier was that acquiring the
required communication technologies to enable secure
videoconferencing viatelemedicine could be expensivefor both
patients, their caregivers and families, health care professionals,
and their organizations, although this was becoming less of an
issue in recent years with the greater availability of secure
web-based communi cation technol ogies using standard computer
equipment. Indeed, many older persons, their caregivers, and
their families might also not be able to access the technology
needed to use telemedicine services[6]. In addition, many older
persons with cognitive and sensory impairments need to rely
on health care professionals or unpaid caregivers and family
members to assist with or manage the technology [6]. Thisisa
particular concern for those who are homebound or live in
isolation, as they may not readily have access to the level of
health care professionals or caregiver support necessary for
accessing telemedicine technology-enabled supports [7].
Nevertheless, evaluations of Ontario telemedicine programs,
prior to the COVID-19 pandemic, have demonstrated high
satisfaction among older patient users[3,6,8-11].

Despite positive reported patient outcomes, there remain gaps
in the current literature on whether the use of telemedicine
technol ogies can adequately meet the needs of Ontario geriatric
care professionals to facilitate the delivery of the range of care
they provide. Many observed findings from previous eval uations
of Ontario telemedicine programs have reflected the needs of
patients and program stakeholders specific to individual
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conditions, such astelehomecarefor older patientswith chronic
obstructive pulmonary disease (COPD) and heart failure[6], or
more specific geographical needs, such as the provision of
geriatric medicine and psychiatry outreach clinicsto rural and
remote communities [9]. Meanwhile, the complexities that
geriatric care professionals in Ontario typically manage using
a holistic in-person approach that assesses the complex and
often interrelated health and social issues experienced by their
older patients have not been addressed through prior studies
examining the use of telemedicine technologies.

Another issueisthat many of the existing Ontario telemedicine
programs have tended to target older persons who were more
able-bodied, and have often excluded the more vulnerable, ol der
personswith complex conditions[6,12,13]. In particular, health
care professionals did not see the benefit of using telemedicine
technologies with older persons with physical and cognitive
impairments, as they were concerned that this older subgroup
of patients could not keep up with the unique demands aremote
consultation requires [6,14,15]. However, the exclusion of this
subgroup in prior studies has only served to pose a greater
challenge for geriatric care professionals in assessing their
ability to transition to using telemedicine, particularly with their
older patients with complex conditions [16].

At the outset of the COVID-19 pandemic, Ontario geriatric care
professionals could not be as selective with their older patients
regarding how best to care for them under existing public health
measures, including when lockdowns and other restricted
visiting orders were enacted and there was ageneral fear of the
possible consequences that could befall older patients with
complex conditions seeking nonemergent health care services.
Ironically, al these factors could further promote physical and
social isolation that increase the risk of worsening functional
decline and mental health issues that could actually result in
more ED visits and acute hospital admissions [15,17].

Existing telemedicine research also has not addressed how best
to facilitate and support the level of care that Ontario geriatric
careprofessionalsaimto provide. The current literatureindicates
that virtual care visits require various ongoing background
coordination supports, such as patient data management, patient
care monitoring, and facilitation of communications between
health care staff involved in care planning [6,15,18]. In addition,
telemedicine technologies have often been associated with a
limited ability to perform a physica exam [19,20] and a
difficulty in observing verbal and nonverbal cues that could
impact establishing reliable diagnoses [19,21]. Therefore, the
consulting health care professional has often needed to rely on
a health care facilitator, whenever possible, who would be on
the premises with the patient (eg, alocal physician or nurse),
astheir support, which has been seen as crucial for an effective
remotevisit [15]. However, inthe current COV1D-19 pandemic
paradigm, consulting health care professionals have aso had
to serveasfacilitators, managing all aspects of thetelemedicine
visit unless there was a family member, caregiver, or health
care professional present to assist with avisit.

Therefore, this study aims to determine the benefits and
challenges Ontario geriatric care professionals have faced in
using telemedi cine technol ogiesto provide routine consultations
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and follow-up care to their older patients with complex needs,
their families, and their caregivers, as well as the conditions
under which this method provesto be or not be an effective way
to provide care. Moreover, identifying frontline benefits and
challenges would also provide new learning opportunities for
geriatric care professionals across different health care settings
and regionsin the use of telemedicine technologies[22], which
is still a novel approach in the practice of geriatric medicine
[13].

Methods

Study Design

This was a mixed methods study that included the following:
(1) a survey that inquired about the demographic information
of participating geriatric care professionals, their experience,
and current satisfaction with the use of telemedicine
technologies to provide care to their older patients and their
caregivers and (2) a semistructured interview that reflected the
objective of the study but also allowed participants to freely
express their additional perspectives about the use of
telemedicine technologies to provide care. Please see the
Multimedia Appendix 1 for the semistructured interview guide.

The Consolidated Framework for Implementation Research
(CFIR) was used to assess the barriers and facilitators toward
providing care with telemedicine technologiesidentified in the
semistructured interviews. The CFIR was identified as an
appropriate methodological framework for providing a
comprehensive evaluation of the barriers and facilitatorsin the
implementation of health care technologies across multiple
contexts [16,23,24]. The CFIR consists of 5 domains:
intervention characteristics, outer setting, inner setting,
individual characteristics, and the process of implementation
[24]. Within each domain, there are various constructsthat guide
users to identify barriers and facilitators that impact
implementation [24].

Participants

This study targeted geriatric care professionals who use
telemedicine technol ogies with older patients, their caregivers,
and their family members in an outpatient setting to provide
routine consultations and follow-up care. The geriatric care
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professional s were recruited through the Divisions of Geriatric
Medicine and Geriatric Psychiatry at the University of Toronto,
Canada, and the local Regional Geriatric Program of Toronto
between January and April 2021.

A total of 30 geriatric care professional s representing the fields
of geriatric medicine, geriatric psychiatry, and geriatric nursing
were invited to the survey and participated in a semistructured
interview. These geriatric care professionals work in geriatric
outpatient clinicsthat often do not use allied health care workers.

Ethical Consider ations

Participants provided either written informed consent or
audio-recorded oral consent. The study protocol was approved
by the Toronto Metropolitan University Research Ethics Board
(#2020-513-1).

Data Analysis

The Statistical Package for the Social Sciences (SPSS; IBM
Corporation) was used to analyze the survey responses and
determine participant characteristics. A deductive thematic
approach to analysis was used to analyze the semistructured
interviews. Authors WC and AF independently coded the
transcripts using the codebook based on the CFIR constructs
[24], which was modified to reflect the local geriatric care
professionals practice. NVivo (March 2020 release; QSR
International) was used to facilitate the coding process.
Following a codebook helped to minimize coding differences,
and weekly discussionswere held to resolve coding differences.

Results

Participant Characteristics

Of the 30 participants, 22 (73%) were geriatric medicine
specialistsor geriatricians, 5 (17%) were geriatric psychiatrists,
and 3 (10%) were geriatric nurse practitioners. In addition, 28
(93%) participants completed both the survey and the
semistructured interview. The survey results of 2 (7%)
participants were not collected due to personal choice or
technical difficulties. Tables 1 and 2 provide adetailed overview
of the participant characteristics and satisfaction with
telemedicine use, respectively, from the 28 completed surveys.
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Table 1. Participant characteristics (N=28).

Participant characteristics Participants®

Age (years), mean (range) 44 (30-74)
Gender b, n (%)
Woman 15 (54)
Man 12 (43)
Clinical profession, n (%)
Doctor of medicine (MD) 26 (93)
Nurse practitioner (NP)© 2(7)
Medical discipline, n (%)

Geriatrics 23(82)

Geriatric psychiatry 5(18)
Years of professional experience, n (%)

Lessthan 3 years 6 (21)

4-10 years 10(36)

More than 10 years 12 (43)

Patient setting, n (%)

Outpatient 25 (89)

Other® 3(12)
Used telemedicine prior to COVID-19, n (%)

Yes 13 (46)

No 15(34)

Experience with telemedicine, n (%)

3-6 months 2(7)
6 months-1 year 15 (54)
More than 1 year 11 (39)

Frequency of telemedicineuse, n (%)

Rarely 1(4)
Sometimes 5(18)
Often 20 (71)
Always 2(7)
Types of telemedicine platforms, n (%)

OTN€ videoconferencing 5(18)
Zoom/Skype/Google Hangouts/Facetime 4(14)
Combination of telemedicine platforms' 19 (68)

#The survey results of 2 participants were not collected, 1 participant declined to complete the survey, and 1 participant’s survey was not collected due
to technical difficulties.

bone participant did not provide gender information.

®Both nurse practitioners practiced in a geriatric medicine setting.

HThe*“Other” setti ng included a combination of an outpatient setting, long-term care homes, and supportive housing.
€OTN: Ontario Telemedicine Network.

The combination of telemedicine platforms included Zoom, the OTN, email, telephone WebEx, Facebook Messenger, Microsoft Teams, electronic
medical record (EMR)-based applications, WhatsApp, and Facetime.
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Table 2. Geriatric care professional telemedicine satisfaction survey (N=28).

Questions Strongly disagree, n  Disagree, n (%) Neutral, n (%) Agree,n(%) Strongly agree, n
(%) (%)

1. Telemedicine can increase my productivity inde- 0 4(14) 5(18) 10 (36) 9(32)

livering patient care.

2. My patients provide mewith sufficient information 1 (4) 3(11) 4(14) 16 (57) 4(14)

about their comorbidities using telemedicine.

3.1 can conduct acomprehensive geriatric assessment 0 8(29) 1(4) 16 (57) 3(1y

using telemedicine®

4. Telemedicine services do not require alot of 1(4) 10 (36) 4(14) 12 (43) 1(4)

training to use®

5. Telemedicine services are compatible with the 1(4) 4(14) 2(7) 17 (61) 4(14)

existing clinical workflow.

6. Teleconsultation is as effective as an in-person 3(11) 12 (43) 5(18) 8(29) 0

consultation?,

7. My older patients can easily communicate with 2 (7) 10 (36) 10 (36) 5(21) 0

me using telemedicine.

8. | can engage with my patients, their families,and 0 1(4) 5(18) 18 (64) 4(14)

their caregivers about treatment plans using

telemedicine.

9. | would continue to use telemedicineto carefor 0 2(7) 2(7) 14 (50) 9 (36)

my older patients beyond the pandemic.

10. Overall, | am satisfied with using telemedicine 0 2(7) 6 (21) 17 (61) 3(1))

with older patients.

#The percentages do not add up to 100% due to rounding.

relevant key constructs identified within the 5 CFIR domains

Barriersto and Facilitators of Telemedicine Use are discussed herein.

Table 3 details the barriers and facilitators associated with the
implementation of telemedicine in geriatric care practice. Only
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Table 3. Adapted CFIR? operational codes.
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Domains and constructs

Operational definiti on®

Facilitator/barrier

|. Intervention characteristics

Relative advantage

Adaptability

Complexity

Design quality and packaging

I1. Outer setting

External policy and incentives

Patient needs and resources

I11. Inner setting

Networks and communications

Culture

Implementation climate: tension for change

Implementation climate: compatibility

Readiness for implementation

Readiness for implementation: access to
knowledge and information

Readiness for implementation: available re-
sources

IV. Individual characteristics

Knowledge and beliefs about the intervention

Self-efficacy

V. Implementation process
Engaging: champions
Engaging: external change agents

Executing
Reflecting and evaluating

Perception of geriatric care professionals seeing virtual care visits as an ad-
vantage versus in-person consultations

The degree to which the virtual care visit was tailored to meet the needs of
geriatric care professionas

Perceived complexity of how virtual care assessments compared to in-person
assessments

Perceived quality of telemedicine platformsand how theinnovation isbundled
and presented

Broad constructs on government policies, such as confidentiality issues/con-
sent with older patients, as well as discussions about how to bill for virtua
care visits (consults via telephone, text messages, or videoconferencing)

The degree to which the needs of older patients with complex needs, their
caregivers, and their families are accurately known and prioritized during
virtual care visits

The quality of information derived from fellow colleagues, caregivers, fami-

lies, and local EMR® systems to develop collateral history regarding older
patients with complex needs

Norms, values, and basic assumptions of geriatric care professionals toward
telemedicine use prior to the COVID-19 pandemic

The degree of willingness to transition to telemedicine use

The degree of tangible fit between meaning and val ues attached to virtual
carevisits, how those align with the geriatric care professionals' own norms,
values, and perceived risks and needs, and how virtual care visitsfit into the
existing workflow and systems

Geriatric care professionals’ readiness to implement virtual care visits

Ease of access to training and support provided on how to conduct virtual
visits

Thelevel of resources provided for telemedicine use, including technological

infrastructure, dedicated clinic space to conduct virtual care visits, and edu-
cational guidance

Geriatric care professionals’ attitudes toward the values placed on virtual
care, aswell asfamiliarity with facts, truths, and principles related to
telemedicine technologies

Geriatric care professionals beliefs in their own capabilitiesin using
telemedicine technol ogies with older patients, their caregivers, and their
families

Individuals who drove the implementation of virtual care visits forward

Outside individuals who formally influenced or facilitated virtual care visit
decisionsin adesirable direction

Carrying out and accomplishing tasks during care visits

Quantitative and qualitative feedback on progress and quality to enhance
virtual care visits

Facilitator

Facilitator

Barrier

Barrier

Neutral

Barrier

Facilitator

Barrier

Facilitator
Facilitator

Barrier

Facilitator

Facilitator

Facilitator

Facilitator

Facilitator
Facilitator

Facilitator
Facilitator

8CFIR: Consolidated Framework for |mplementation Research.
bThe operational definitions of the constructs are adapted to reflect the geriatric care professionals’ experiences.

“EMR: electronic medical record.
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Domain | Intervention Characteristics

Relative Advantage

Using telemedicine technologies increased access to older
patients who were homebound, were reluctant to come in due
to COVID-19, or lived in remote areas. Many geriatric care
professionals perceived that virtual care visits allowed older
patients the convenience to receive care in their own homes
without the hasse of traveling. Older patients who were
previously “no shows’ for their appointments were also more
likely to be reached. Virtual care visits also provided greater
schedule flexibility for geriatric care professionas to
accommodate the schedules of their older patients, their
caregivers, and their families more easily.

| started with thisidea that there are certain patients,
maybe like homebound people, who would be very
difficult for them to come into clinic. And so, these
kinds of people, | can provide service to who |
wouldn't have been able to otherwise. Patients who
are[reticent] to bein person because of the pandemic
would feel comfortable that way. You know...there
are some people who | would not have been able to
evaluate if it were not for virtual meet means.
[Geriatric care professiona 1]

| think one thing is because it works so well for their
schedule, for their lives. Now that they can call, they
can maybe work in the morning, and then they have
a break from like, say, 10 to 11...S0, we've had a lot
more people just working the same day, but they had
a break, or they took an hour off work, and they were
able to just do the Zoom or the virtual, and then it
worked out quite well. So yeah, | think for families
and for caregivers, it was definitely a convenience.
[Geriatric care professiona 26]

Adaptability

Many statements revealed that geriatric care professionalsfound
ways to adapt their assessments virtually. Adapted methods
included having thefamily membersor caregiversassist patients
in conducting tests, devel oping different backup communication
plans, using modified clinical assessment tools, or collecting
more information that was presently available.

Often what | was doing with the family members
assistance was just asking them to test strength. So,
asking the [patient to] put their hands up, and then
having the family member just press down and tell
me isthereresistance there, or do they just collapse?
And oftentimes, | can see that over the video if they
just collapse. So those are kind of the things that we
would collect over video. [Geriatric care professional
15]

| surprised myself that you can actually do geriatric
psychiatry for the most part, on a video, and/or a
telephone, which is about half my patients who do
not have a computer. And maybe another 10% who
don't know how to use it when they own it, and so, |
conduct at least half of my interviews by telephone
rather than video. [Geriatric psychiatrist 17]
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And then when we cometo the physical exam, then...I
would mute the OTN, so there's no feedback, and |
would talk to [the patient] on the phone and watch
them on the video. So, there's a lot of creativity that
needs to happen in order to make these things go
smoothly when, and not all the elderly people have a
younger person, like a family member, who can
physically go and help them get online. [Geriatric
care professional 20]

The cognitive piece, we have several tools, which can
be administered virtually, like[the] MoCA [Montreal
Cognitive Assessment], sharing the screen on Zoom,
and you can guide people through the virtual exam.
Even on the telephone, there are there are ways of
doing certain [ parts] of the mental status exams...you
can certainly assess for depression because you ask
people questions about that. [Geriatric care
professional 13]

So, what I've been doing is even more detailed
functional history, particularly focusing on what can
you do, but how hasit changed over thelast 6 months
and things like that to see if there's a progressive
nature, which | think is sort of a...you know, that's
what we're worried about with cognitive decline is
that there's going to be functional decline. So, | have
substituted in the virtual platform[a] more detailed,
functional history instead of doing [a] detailed
cognitive history. [Geriatric care professiona 5]

Complexity

The complexities of using tel emedi cine technol ogies with older
patients, their caregivers, and their families was an evident
barrier. Geriatric care professionals discussed the following
challenges. (1) navigating the transition from in-person
consultations to virtual care; (2) establishing interpersonal
connections with their patients for new consults; (3) difficulty
conducting comprehensive geriatric assessments (CGAS),
especialy the physical exam component; (4) engaging with
older patients with sensory or cognitive impairments or
behavioral issues; and (5) gathering sufficient collateral
information from caregivers, families, or information systems.

Soinitially, our nurses and even our admin, interms
of booking, there have been concerns about, well,
who are we supposed to be emailing? Who are we
calling? And trying to make surewe have all theright
players in place because we can't see Power of
Attorney documents. e need to be making decisions
regarding the[institutional] hierarchy. e don't know
all of that stuff up front. [Geriatric care professional
1]

Part of medicine is the patient interaction, the
physical exam, seeing how the person walks and
moves and talks. That is one element that is missing
is you cannot examine the patient beyond the very,
very basic exam. Even the cognitive paper examsare
limited. So, all of that needs to be taken very much
into account. Certain assessments are just not going
to be possible..are not going to be as accurate
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because of that absence. [Geriatric care professional
4]

The problem of course is not all doctors' files are
available there. And none of the family doctors that
I know of have any of their notes available on
Connecting Ontario. So, you miss that real
background importance that family doctors have.
[Geriatric care professiona 5]

The other kind of major area or barrier isthat sensory
impairments like hearing impairment or visual
impairments certainly were barriers. And patients
with cognitive impairment...it's already, like, it's an
unfamiliar person, potentially, especially for a new
consult. And it'sa sort of disembodied head, like over
the screen, and they sort of don't necessarily know
what's going on. And so that was a little bit more
difficult to establish rapport. [Geriatric care
professional 8]

Again, if patients are very cognitively impaired, they
tend not to understand what's happening. | had one
lady who, like, was literally running away from the
staff member with the camera because she was quite
paranoid, and she thought she was being filmed and
she was kind of covering her face. [Geriatric
psychiatrist 25]

The biggest challenge is actually building a human
connection with the patient. So, that's been very
difficult; especially we have a lot of new consults,
and we're trying to bring as few people into the
hospital aspossible. So, they hear my voice. They will
sometimes see me on video, and then same with our
nurse practitioners and our occupational therapist
in [the] clinic. But, it's not the same. So, they don't
get that same kind of connection. You don't build those
same bonds. [Geriatric care professional 19]

Design Quality and Packaging

Geriatric care professionals used avariety of videoconferencing
platforms and the telephone to conduct virtual care. However,
many statements revealed that connectivity issues were often
still abarrier for both geriatric care professionalsand their older
patients in using videoconferencing platforms.

Regarding the types of telemedicine technologies, many
statements indicated a preference for videoconferencing over
telephone communications as the geriatric care professionals
could see their older patients and their living environments.
Many statements also revealed that geriatric care professionals
would like videoconferencing platforms to have the ability to
facilitate more interactions with their older patients. However,
some indicated their older patients preferred telephone
communications. In addition, some found that their older
patients with hearing impairments could hear better since there
wasthe ability to adjust volume. Few geriatric care professionals
indicated they used email communications or text messages
with their older patients.

So, | think the connectivity has been a major issue.
So oftentimes, you'll lose audio or things are so
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delayed, that it's really a barrier to communicating
with the individual on the other side. [Geriatric care
professional 1]

Like it would be actually, really nice to have some
sort of digital interface where| could write something
on the screen, and they could like circle it, or | can
show them the cogpnitive testing on the screen, and
they could like draw it on the screen. So, there€'s a bit
more interaction. [Geriatric care professional 15]

The only thing we can do with themistelephone, okay
with this, which is quite suboptimal because you can't
actually see how they're doing. And they will just tell
you whatever. And the patients don't know to report
certain symptoms that may be concerning on the
telephone, whereas, like, if you have a visual of the
patient, you're more likely to not miss something, for
example. [Geriatric care professional 20]

So, to meet somebody new and to be spilling out your
guts when you don't see the person, | think it is very
hard. | think that is why in those cases, the video is
really, really important. [Geriatric psychiatrist 17]

Domain I1: Outer Setting

External Policy and I ncentives

Confidentiality and the security of networks were not a major
concern for geriatric care professionals. Several geriatric care
professionals questioned the future payment model and
discussed the need for more guidance on the billing process for
virtual visits.

So, there is a statement that we use from OMA
[Ontario Medical Association]. So, we read that out
to [the patient], or | usually send it to [the patient]
by email. And | then document that in my consult note
that your consent was reviewed and accepted.
[Geriatric care professiona 7]

And unless the government is prepared to pay a hell
of a lot more for the geriatricians' time, or, and can
continue with these hilling codes that they have
suddenly sprung up. [Geriatric care professional 13]

I do think that if you're going to have a certain
service, and meet a certain standard, then be
reimbursed at a certain level because there are
medical legal implications as well as providing
appropriate service. e haveto be very clear on what
we can and cannot provide, and what we should [and]
should not be reimbursed for. [Geriatric care
professional 28]

Patient Needs and Resources

Many statements revealed that telemedicine visits are more
effective if the patient has their own monitoring devices that
could provide clinical health information, such as vital signs,
and acaregiver, family member, or health professional to assist
the patient during the visit. However, many expressed concerns
about the support and available resourcesfor their older patients
to use telemedicine. Several aso expressed concerns about the
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health and technology literacy of their older patients and
caregivers.

S0, blood pressure, usually | can get by because most
familieswill have a blood pressure machine at home,
which | recommend they bring with them so that
they're ableto do that for mevirtually. [Geriatric care
professional 3]

| think a huge portion of the people | saw had
caregivers who were hel ping navigate this, and, and
the few that didn't, like some of them were able to,
but those were the less impaired. The more impaired
who weren't able to, if we didn't have nurses who
were able to go there to support them to get onto the
video call, thered be no way. [Geriatric care
professional 15]

The big thing is that you are missing a lot of people
that you don't even know, like all those who don't have
technology, or all the people that may live in public
housing, that are poor...those are individuals who
probably would have come to the hospital, but who
don't have the web; who don't have the iPhones, or
iPads or, or, high technol ogy, and we're missing them.
[Geriatric care professiona 13]

People who are more health literate, and more
technology literate, and have reasonable education,
of course, those are moderately correlated with each
other, are probably the best ones to be able to do the
televisits with ideally...if they don't have a caregiver
and they live alone and they are cognitively impaired
or they don't speak English fluently...they are [the]
ones that | think would be less well served by
telemedicine. [Geriatric care professional 28]

Domain I11: Inner Setting

Networks and Communications

Many statements revealed geriatric care professionalsrelied on
quality collateral information (eg, patient medica history)
derived from their older patients caregivers, families, referring
physicians, local team members, and electronic medical record
(EMR) systems.

| think that in the nature of how geriatrics sort of
worksin general, you can get alot of information just
from, sort of, descriptive, you know, scenarios and,
sort of, gaining that information, enough to make
significant changes and significant improvements.
And even though it would not be perfect, | find that
that thereisstill alot of good work that can be done.
[Geriatric care professiona 10]

Then, you mentioned the medication compliance. So
that's where collateral is really important. So, we
really rely on family and caregivers to tell us that,
you know, the blister pack...they're pretty reliable
withiit...or | came by the other day, and there'sthree
days of missing meds. So, we can't physically seethe
blister pack but except for video. Actually, if they have
video, sometimes we do have them show it to us. But
usually, the collateral there can help verify that, |

https://aging.jmir.org/2022/3/€34952

Chenet a

think, almost just as well as if we were there in
person. [Geriatric care professiona 19]

Culture

Prior to the COVID-19 pandemic, using telemedicine
technologies was not the norm for geriatric care professionals.
Geriatric care professionals preferred to be on-site with their
patients and fellow colleagues.

| had historically rejected participating in the Ontario
Telemedicine Network. | just wasn't interested. It was
a variation on home visits from my viewpoint. And |
prefer to sit and do what | did, which was see the
person with their family, have that direct interaction,
and proceed from there. [Geriatric care professional
11]

Implementation Climate

This construct was broken into two subconstructs: tension for
change and compatibility.

Tension for Change

The rapid implementation of telemedicine technologies by
geriatric care professionals across Ontario was due to the
COVID-19 pandemic.

Now when COVID hit, | had no choice, and we all
went virtually. [Geriatric care professional 10]

Compatibility

Many geriatric care professionals perceived that telemedicine
technologies are highly compatible for addressing polypharmacy
issues, effectively conducting follow-up care, and inquiring
about patient medical histories. Geriatric psychiatrists found

telemedicine technologies to be compatible with their clinical
practice.

And so often, | think it's good for maybe follow-ups
where, especially if it's a complex case, good to see
the person in person. But then, if you just want to
follow up and see how the pain is, see how they're
doing cognitively, then you can do that very
comfortably virtually. [Geriatric care professional 4]

So, one of the big issues that older adults often face
is polypharmacy, and with, like, video chatting, audio
chatting, we were dill able to review their
medications, review theindications, side effects, what
issues they were having, whether it wastiming, being
in bottles, it'snot blister-packed. That wasa big piece
of alot of the assessments or is till a big piece of a
lot of the assessments. So, that was very, very hel pful
to till be able to do that part of the assessment.
[Geriatric care professiona 15]

And I think it might be very different if you're geriatric
physician, who [deals] with a physical problem, as
opposed to a psychiatrist, where most of the
[ problems] we deal with are mental or psychological
and, therefore, can be assessed by questions.
[Geriatric psychiatrist 14]
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Readiness for | mplementation

Many geriatric care professionalsfound thetransition to virtual
care visits was unexpected and sudden. However, a few
statements al so reveal ed that those who had previous experience
with telemedicine use found the transition to be smooth.

I've already started using that in my training at
[Medical Institution] before transitioning into
practice. S0, it wasn't a big transition for me, and |
find it pretty easy to use. [Geriatric care professional
3

The training and my comfort in terms of making
assessments in person that had been honed, both
conscioudly and subconsciously, over 20 years, [ have]
now been abruptly changed to filter through a screen.
[Geriatric care professiona 12]

This construct was also broken down into two subconstructs:
available resources and access to knowledge.

Accessto Knowledge

Several geriatric care professionals indicated they could adopt
thetraining on telemedicineinto their clinical practice, but there
was still alearning curve.

Most of the session wastalking about how challenging
it is, which we all knew, it was very
challenging...Some of the cognitive assessment ideas
we got from that part of the workshop and
incorporated them and just kind of adopted it from
there. [Geriatric care professional 6]

| think there were opportunities by OMA. There were
webinars. And so yes, if somebody really needed to
learn it or had questions, | think there were
opportunities available for them. But of course, you
had to do your work. Therewasalearning curve. You
need to get used to it. [Geriatric care professional 7]

Available Resources

Many geriatric care professionals had avail able resources and
support for using communication infrastructure, standardized
clinical assessment tools, and training on virtual care. A few
did not initially have infrastructure available to them.

We did have the appropriate support in our hospital
for OTN connections. We did have appropriate
support in the hospital to provide the technical
support to be ableto do all of this, telemedicine from
home actually, from my office, which currently is at
home. And this was very helpful. [Geriatric care
professional 2]

Domain | V: Individual Characteristics

Knowledge and Beliefs About the I ntervention

Many geriatric care professionals perceived that virtual care
visitswill beincorporated into their clinica practiceinthefuture
due to their benefitsin reaching their older patients.

| think that there's definitely some of the benefits that
| think are helpful .. .isthat we have more options now.
| think that it'll sort of carry over. | think,
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post—-COVID, of having sort of the options to have
different pathwaysto see our patients. If for whatever
reason people can't come in, then our options were
home-visiting teams, or thingslikethat, that may have
[been much] more limited in the sense of [a] longer
waitlist. So, | think that that benefited that
accessibility. [Geriatric care professional 10]

Sdf-Efficacy

Many geriatric care professionals were confident in using
telemedicine technol ogies to meet the care needs of their older
patients with complex conditions, their caregivers, and their
families. However, some were still apprehensive about their
ability to conduct care virtualy.

But like, I'd say, like 90% of the encounters, | was
pretty satisfied with that | had achieved kind of the
same level of assessment that | would have
otherwise.[ Geriatric care professional 8]

And so aside from accuracy of diagnosis, | wonder if
my therapeutic presence, which can be hard to
quantify, islost over a virtual platform? Or doesthe
individual feel the same degree of therapeutic
presence with an office virtual assessment? [Geriatric
care professional 12]

Domain V: Implementation Process

Engaging
This construct was broken down into two subconstructs:
champions and external change agents.

Champions and External Change Agents

Severa statementsindicated that having achampionintheteam
or an external role model helped facilitate the implementation
of telemedicine technologies.

Wk, as a clinic, were very lucky to have a clinician,
which was just on top of all of these new changes,
and [were] able to switch from seeing patients in
person to telemedicine. [Geriatric care professional
2]

Executing

Several geriatric care professionals found that they were more
efficient with time during the virtual care visit, but it did not
increase their patient capacity. Some statements revealed that
therewas additional follow-up work required with telemedicine
use, especially if the older patient needed to be followed up in
person.

When you're in [an in-person] clinic situation, the
nurse or someoneis going pop their head in and say,
“[Doctor], the next patient is waiting.” In a virtual,
I've no one managing my time aside from me. So, |
am much more efficient. If | have a 30-minute
telephone assessment, I'm out at 30...because
historically, | would gauge my time, and it was just
about it. [Geriatric care professional 11]

But, | guess the biggest increase to workload is that
if I determine that we need to, | need to, see them,
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thenit'sanother visit soon afterwards. And oftentimes,
it'sa homevisit. And yeah, that addstime. [Geriatric
care professional 6]

Reflecting and Evaluating

Several statements revealed that geriatric care professionals
would frequently reconvene with their clinical teams or peers
to evaluate their experiences with telemedicine use.

And we would also meet with the RGP, which is the
Regional Geriatric Program. And it was weekly
meetings to kind of discuss what's working, what's
not working. How are you guys using your referral
forms? How are you generating email addresses? So,
it was a lot of communication within the city,
interestingly enough, to actually get these programs
up and going. And it was cool because it was great
to get those per spectives frominterdisciplinary teams.
| think that was the most important piece, that it was
all members, so physician, administrative assistant,
nurse practitioner, OT, PT, everybody was feeling it.
So, we all had to sort of pitch in and collaborate.
[Geriatric care professiona 23]

Discussion

Principal Findings

In this study, the CFIR was used to develop a comprehensive
narrative of the current experiences of geriatric care
professionals in routinely using telemedicine technologies in
Ontario in the light of the COVID-19 pandemic. Although 5
barriersand 1 neutral construct were identified, so too were 13
facilitators.

This mixed methods study addsto the growing literature on the
use of telemedicine to provide geriatric care before and during
the COVID-19 pandemic, and we found similar findings to
other recent studiesthat also explored geriatric care professional
experiences with the use of telemedicine during the COVID-19
pandemic [22,25-29]. The ubiquitous transition to using
telemedicine in the provision of geriatric care was uniformly
driven by the COVID-19 pandemic. Geriatric care professionals
faced an initial learning curve as they learned to incorporate
telemedicine technologies into their routine clinical practices.
However, for geriatric psychiatrists specifically, there was a
more seamlesstransition to virtual care dueto the nature of their
clinical practice that has always been more amenableto the use
of telemedicine technologies, which differs from geriatricians
and geriatric nurse practitioners. For example, the physical
examination is usually not necessary to complete a psychiatric
assessment [30,31]. Meanwhile, the main challengefor geriatric
psychiatrists was using telemedicine technologies with older
patients with severe cognitive impairment. In a systematic
review on telemedicine and dementia, Sekhon et al [15] had
identified that in-person consultations are more appropriate for
this subset of older patients with complex conditions.

Our study findings also raised additional unique insights being
experienced by Ontario geriatric care professionals. Notably,
our study was able to explore the range of strategies adopted
by Ontario geriatric care professionalsto completetheir clinical
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assessmentsvirtually, whereas other recent studies havelargely
focused on navigating the technological aspect of telemedicine
use to overcome barriers [22,26]. As noted in Adaptability,
Ontario geriatric care professionals quickly adopted the use of
validated clinical tools that could enable them to virtualy
conduct their assessments or better prioritize assessment
components when certain aspects were hindered by the
challengesin using telemedicinetechnol ogies. Thus, with regard
to improving telemedicine technologies to facilitate the more
effective provision of geriatric care, Ontario geriatric care
professionals would like videoconferencing platforms to have
the ability to facilitate more interactionswith their older patients,
such as the capability to see how their older patients complete
the actual written exercises in the validated clinical tools they
use. Observing how their older patients actually compl ete these
exercises, such asdrawing apicture or connecting dots, provides
important insights for the geriatric care professionalsregarding
the physical and cognitive abilities of their older patients.
Another notable finding to support overcoming identified
barriers was around the role of collateral information derived
from caregivers, friends, family members, referring colleagues,
and EMR systems. The responses of our study participants
illuminated the importance of collateral information, as
discussed in the Networ ks and Communi cations construct which
played a crucia role across the whole implementation process
in the virtual delivery of care. However, gathering sufficient
collateral information was a complexity for our study
participants, while Watt et al [28], in arecent study, had found
that the persistent need to collect collateral information is a
complexity for virtual care. Nevertheless, collateral information
hel ps provide acomprehensive overview of the patient’s medical
and social history for geriatric care professionals without
needing to see the patient in person to derive this. Furthermore,
linkable EM R data were associated with more opportunitiesfor
understanding the patient journey through the care continuum
[32]. Hence, geriatric care professional s were often till ableto
make effective clinical decisionsvirtualy for their older patients
when given sufficient collateral information that helped
compensate for the other factors that can limit the usefulness
of telemedicine. Watt et a [28] had also indicated that geriatric
care professionals found collateral history to be particularly
useful for telephone assessments in which visual assessment
was not possible.

Due to the inherent challenges that exist in using telemedicine
technologies, the Compatibility construct revealed a consensus
from the responses of study participants that the role of
telemedicinetechnology for Ontario geriatric care professionals
was more appropriate for follow-up visits. Participants reasoned
that follow-up visits do not regquire as comprehensive
assessments as an initial consultation that would likely have
components that benefit from an in-person assessment, such as
a physical examination or certain cognitive tests. This aligns
with findings by Watt et a [28] and studiesthat have evaluated
physicians’ experiences in telehealth visits with older patients
in the context of US practice [26,29].

Regarding the observed perceptions of patient needs and
resources, the responses of this study’s participants echoed
concerns around the “digital divide,” which continues to be a
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major barrier for older persons to using telemedicine
technologies in Ontario [8,25,26,33]. In particular, their
responses reveal ed important necessary aspectsfor an effective
virtual carevisit to take place without the assistance of ahealth
care facilitator present with their older patients. Many of our
study participants had indicated that their older patients often
relied on the presence of a caregiver or a family member to
access the communi cation technol ogy and to manage the virtual
care visit. This is also supported in recent studies in which
primary care physiciansfound the assistance of family members
and caregivers to be helpful in the facilitation of the telehealth
visit for their older patients [22,29]. Additionally, our study
found that the visits were even more effective for older patients
who had monitoring devices that could provide basic health
information, but not all older patients owned these devices.
However, the varied level of health and technology literacy of
their older patientsand their caregiversor family members posed
challengesfor the ability of geriatric care professionalsto collect
information for their clinical assessments virtually.

The responses of our study participants suggest that there exist
three necessary aspectsto achieve an effective virtual care visit
for both geriatric care professionals and their older patients: (1)
access to the telemedicine visit—enabling technology
(smartphones, tablets, computers, or telephone); (2) access to
health-monitoring equipment to provide basic health
information, such as blood pressure monitors, and (3)
appropriate health and technology literacy amongst older
patients and their caregivers or family members. Essentialy,
older patients or their caregiver or family member would need
to assumethetraditional role of the on-site health carefacilitator.
The reality, however, is that only a certain portion of older
Ontarians have the means and ability to support the effective
use of telemedicine services. It isless likely for older persons
to use telemedicine technologies if they lack confidence with
using related technologies [11,22,26] or to receive virtua care
visits via videoconferencing if their caregivers could not be
present [34]. Recent studies also indicate that older persons at
the lower end of the socioeconomic spectrum are often
overlooked as they lack equitable access to the appropriate
resources and support to facilitate virtual carevisits[25,26,35],
and geriatric care professionals have observed worsening of
this disparity during the COVID-19 pandemic [25]. This is
important to note since a main purpose of telemedicine
technologiesisto bridge the gap in care accessibility for older
persons who live in low-resource settings [36] .

Lastly, animportant consideration is how evolving policies and
incentives could fundamentally change the landscape for
providing virtual care visits in Ontario. As discussed in the
External Policy and Incentives section, our study’s geriatric
care professionals raised concerns, including around the
ambiguity about future billing processes for the provision of
virtual carevisits. Although the Government of Ontario quickly
implemented temporary billing codes and guidelinesto facilitate
the provision of virtual care visits at the start of the COVID-19
pandemic [37], the future funding model for virtual care visits
in Ontario will largely reflect the recent impact on the use of
telemedicine technologies due to the COVID-19 pandemic
[2,26]. If Ontario geriatric care professionals continue to
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embrace the use of virtual care visits, future funding policies
will need to determine how to broadly support the appropriate
use of telemedicineto provide high-quality geriatric care, while
recognizing there still exist socioeconomic barriersto accessing
it and trade-offs related to its use [28].

Strengthsand Limitations

This is the largest known study pertinent to the real-world
experience of geriatric care professional s using awide range of
telemedicine technologies in the light of and during the first
year and a half of the COVID-19 pandemic. This study further
used the CFIR to provide a comprehensive overview of the
various strategies geriatric care professionals have used to
overcome the complexities surrounding the provision of
outpatient virtual care with older persons, their caregivers, and
their families. Another strength is that this study included a
wide-ranging age group of geriatric care professionas. In
addition, this study primarily focused on the experiences of
geriatric care professionals and did not evaluate ol der patients
and their caregivers perspectives. Yet, despite the lack of these
perspectives, responses across al the constructs were effective
in revealing the various practice changes and strategies used to
address the diverse needs of older patients with complex
conditionsin the virtual care setting.

There are several limitationsto the study. First, thefindings are
limited to the experiences of geriatric care professionals in
Canada’s Greater Toronto Area. In addition, the experience of
nonmedical or nursing allied health professionals, who are al'so
integral members of some geriatric careteams, was not included.
Nevertheless, the majority of Ontario’s geriatric care
professionals work in the Greater Toronto Area, with the vast
majority being geriatricians, geriatric psychiatrists, and nursing
care professionalswho were included in this study. In addition,
thisstudy’s CFIR construct Reflecting and Evaluating indicated
that geriatric care professionals are continuously evaluating
their own experiences that shape their knowledge and beliefs
about the use of telemedicine in their practices. Hence, the
findings presented herein should represent a snapshot of the
current needs of geriatric care professionals that will likely
evolve as we continue to navigate the opportunities to using
telemedicine technologies to deliver geriatric care.

Recommendations

Based on the findings of this study, we offer the following four
recommendations to support the continued and enhanced use
of telemedicine technologies by geriatric care professionalsin
providing care to older patients, their caregivers, and their
families:

1 Continuing training and education for geriatric care
professionals in the use of telemedicine technologies is
needed: Prior training on telemedicine use had helped
facilitate a smoother transition for geriatric care
professional s during the rapid transition to predominantly
providing virtual care visits at the outset of the COVID-19
pandemic. In addition, the use of telehealth interventions
relies on the experiences of clinicians in using the
technology as intended [16]. Hence, continuing education
can provide new learning opportunities for the best use of
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telemedicine technologies for geriatric care professionals
[22].

2. Training in the use of telemedicine technologiesis needed
for older patients, their caregivers, and their families, as
well ason how to collect basic health information that may
facilitate a telemedicine assessment. This could help
alleviate some of the challenges in obtaining clinical
information and further enhance the feasibility of virtual
care visits without the presence of a health care facilitator
with the patient. As McLean et a [11] noted, providing
basic training for older patients, their caregivers, and their
families could help them better navigate and feel more
comfortable in using various telemedicine technologies.

3. Health care systems should maintain virtual care visits as
an option available to older patients, their caregivers, and
their families, with geriatric care professionals when this
option may represent an equally or better way to facilitate
care. This recognizes that virtual care visits give older
patients, their caregivers, and their families and geriatric
care professionals more flexibility to both provide and
receive care. It should represent amechanism through which
to provide older patients, their families, and caregiverswith
the appropriate community infrastructure supports that
could help reduce barriers for older patients, their
caregivers, and their families in accessing telemedicine
technologies.

4. Ensure that future reimbursement models to enable
telemedicineor virtua carevisitsarefinancially sustainable
for geriatric care professionals. Virtual carevisitswill likely
be incorporated into the future provision of geriatric care
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in Ontario. Hence, temporary payment models will likely
transition into long-term ones, and policy makerswill need
to ensure that the long-term methods of funding the
provision of telemedicine-based care are financially
sustainable, while ensuring the needs of geriatric care
professionals and older persons can aso be met.

Conclusion

The sudden need to find alternative waysto provide carein safe
and effective ways at the outset of the COVID-19 pandemic
forced health care systems worldwide to enable the rapid and
widespread adoption and use of telemedicine technologies by
geriatric care and other health care professionals. Overal, this
study found that Ontario geriatric care professionals could adapt
the use of telemedicine technologies to provide virtual care to
meet the complex needs of their older patients, but there also
existsathreshold in their ability to effectively provide geriatric
care using telemedicine technologies. Indeed, geriatric care
professionals have been found to perceive telemedicine
technologies or virtual care methods to be more appropriatein
the provision of follow-up visits that do not usually require
specific assessments that are better done in-person. However,
this study also noted that there are al so various additional issues
that will prohibit the greater widespread and permanent adoption
of telemedicine technologies in Ontario, especidly in the
provision of geriatric care, unless specifically addressed. Further
research on addressing older patient equity and inclusion,
medical information infrastructure, and economic policieswill
be beneficial for understanding the best practicesfor supporting
the use of telemedicine technologies to provide both more
effective and equitable geriatric care.
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Abstract

Background: The COVID-19 pandemic caused widespread societal disruption, with governmental stay-at-home ordersresulting
in people connecting more via technology rather than in person. This shift had major impacts on older adult residents staying in
retirement homes and residential care facilities, where they may lack the technology literacy needed to stay connected. The
enTECH Computer Club from the University of Waterloo in Ontario, Canada created a knowledge trandlation toolkit to support
organizations interested in starting technology literacy programs (TLPs) by providing guidance and practical tips.

Objective: This paper aimed to present aframework for implementing TLPs in retirement homes and residential care facilities
through expanding on the knowledge trand ation toolkit and the framework for person-centered care.

Methods: Major concepts relating to the creation of a TLP in retirement homes and residential care facilities were extracted
from the enTECH knowledge trandlation toolkit. The domains from the framework for person-centered care were modified to fit
aTLP context. The concepts identified from the toolkit were sorted into the three framework categories: “structure,” “process,”
and “outcome.” Information from the knowledge trandation toolkit were extracted into the three categories and synthesized to
form foundational principles and potential actions.

Results: All 13 domainsfrom the framework for person-centered care were redefined to shift the focus on TLP implementation,
with 7 domains under “structure,” 4 domains under “process,” and 2 domains under “outcome” Domains in the “structure”
category focus on developing an organizational infrastructure to deliver a successful TLP; 10 foundational principles and 25
potential actions were identified for this category. Domains in the “process’ category focus on outlining procedures taken by
stakehol dersinvolved to ensure a smooth transition from conceptualization into action; 12 foundational principlesand 9 potential
actions were identified for this category. Domains in the “outcome” category focus on evaluating the TLP to consider making
any improvements to better serve the needs of older adults and staff; 6 foundational principles and 6 potential actions were
identified for this category.

Conclusions: Several domains and their foundational principles and potential actions from the TLP framework were found to
be consistent with existing literatures that encourage taking active steps to increase technology literacy in older adults. Although
there may be some limitations to the components of the framework with the current state of the pandemic, starting TLPs in the
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community can yield positive outcomes that will be beneficial to both older adult participants and the organization in the long

term.

(JIMIR Aging 2022;5(3):€34997) doi:10.2196/34997
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Introduction

Older adults' ahility to stay socially connected has become more
challenging as aresult of the COVID-19 global pandemic. The
World Health Organization and public health agenciesin North
America have advised al individuals to follow physica
distancing measures and limit gatherings to minimize
transmission of COVID-19 [1-3]. Older adults (individualswho
are 65 years of age or older) are identified as a group at greater
risk for severeillnessfrom COVID-19, compared to the general
public [4]. Throughout the course of the pandemic, long-term
care (LTC) visitor restrictions have been implemented to protect
the health of residents and staff members in these settings.
Although it isimportant to limit the spread of COVID-19, these
measures have disrupted the normal socia routines of older
adults, which may increase the risk of anxiety, depression,
cognitive dysfunction, heart disease, and overall mortality [5,6].
Throughout the pandemic, the World Health Organization and
public health agencies have encouraged individualsto maintain
social connections through digital aternatives, using phones,
computers, tablets, and other el ectronic devices, but little support
isavailable to assist those who need help using technology for
these purposes.

Previous research has identified that older adults are often
interested in using technology for recreation, but feelings of
apprehension and difficulty in accessing and using technology
limit its uptake by older adults[7-9]. Existing literature suggests
that active steps should be taken to educate and support older
adults in their engagement with technology to help them build
and maintain social connections with their family, friends, and
the wider community [9-12]. Implementing teaching and
education opportunities by volunteer organizations, for instance,
that involve peer-to-peer learning and intergenerational
relationships to help older adults adopt technology are
recommended [5,9,13].

Although technology adoptionin LTC settingsincreased during
the pandemic, ensuring continued access to technology and
technology education can maintain and increase its uptake by
older adults [8]. In many regions, community organizations
provide technology education and assistance to older adults at
alow cost or for free, such as the enTECH Computer Club,
based out of the University of Waterloo in Waterloo, Ontario,
Canada. Before the pandemic, enTECH volunteersworked with
residents of local LTC homes and supported older adults
reaching their technology goals [13,14]. To facilitate the
expansion of club activities to other locations, enTECH club
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members have also devel oped a knowledge translation toolkit
in consultation with the University of Waterloo faculty [15].
The toolkit serves as a starting point for LTC homes to
implement technology programming, consolidating much of
the club’s work.

The purpose of this paper is to describe a framework to guide
the implementation of technology programming in residential
carefacilitiesand retirement home settings, using the framework
for person-centered care by Santanaet al [16] asatemplate. To
complement the toolkit by Nagallo et a [15], we aimed to
develop a comprehensive framework with which a technology
program can be started. Additionally, we wish to frame the
development and rollout of atechnology literacy program (TLP)
asbeing fundamentally person focused, leading to the selection
of theframework for person-centered care. Through consultation
with theenTECH team, the TL P framework mapsthe knowledge
trand ation toolkit onto the framework for person-centered care,
inwhichit providesfoundational principlesand potential actions
to guide the framework’s implementation. The implementation
of technology literacy programming through this framework
aims to encourage older adults to use technology and to create
opportunities for fostering social connections and maintaining
healthy aging.

Methods

Framework Model Exploration

A search using Google Scholar was conducted during June 2020
to search for existing frameworks involving or implementing
change in hedlth care contexts, particularly with the use of
technology. The framework for person-centered care by Santana
et a [16] (Figure 1) was identified as having general
person-centered domains that could be consistent with a TLP
program for older adults, the residential care facility, and its
staff. The framework for person-centered careisitself based on
the Donabedian Model [17] for the assessment of quality of
care, which divides assessment into “structure,” “process,” and
“outcome” components. The framework for person-centered
care was selected over other frameworks, such as those
applicable to adult education (eg, Kirkpatrick model [18]) or
implementation (eg, RE-AIM [19,20]), due to a focus on
implementation, person-centeredness, and provider-patient
partnership [16]. The framework for person-centered care
contains 13 domains split between 3 themes that serve as
foundational pillars to implement person-centered care in a
health care environment [16].
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Figure 1. Framework for person-centered care (PCC) by Santana et a [16]. PRO: patient-reported outcomes.

Health Care System/Organization
Level

§1. Creating a PCC culture

§2. Co-designing the development and
implementation of educational
programs

53. Co-designing the development and
implementation of health promotion
and prevention programs

S4. Supporting a workforce committed to

Care

Patient - Healthcare Provider Level
PI. Cultivating communication

P2. Respectful and compassionate care

P3. Engaging patients in managing their

P4. Integration of care

Patient - Healthcare Provider -
Healthcare Systems

01. Access to care

02. Patient-Reported Outcomes (PROs)

PCC

§5. Providing a supportive and
accommadating PCC environment

56. Developing and integrating structures
to support health information
technology

§7. Creating structures to measure and
monitor PCC

Domain Mapping

The lead author of the knowledge trandation toolkit (NN)
modified the 13 domains from the framework for
person-centered care to reflect the requirements of starting a
TLP in a LTC setting. The language in framework for
person-centered care by Santanaet al [16] was adapted to focus
on technology literacy programming, incorporating program
implementation, technology education, quality assurance, and
stakeholder relations [16]. To identify relevant foundational
principles and potential actions for TLPs, the 13 domains for
the TLP implementation framework were inserted into a Miro
whiteboard (RealtimeBoard, Inc), a cloud-based collaborative
whiteboard software. Foundational principles are defined as
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ideal stepsto betaken to implement asuccessful TLP. Potential
actions are defined as action items to help with a particular
domain, but they are not completely mandatory for aTLPto be
implemented. Author KL identified and extracted every major
concept from enTECH’sknowledge trandlation toolkit, focusing
on TLP; these concepts were organized under the 13 TLP
domains. Authors NN, CW, and KL performed afinal check of
the domains and associated concepts on the Miro whiteboard.
The resulting Miro whiteboard is shown in Multimedia
Appendix 1. Authors KL, NN, EM, and CW finalized the
categorization of the conceptsinto either foundational principles
or potential actions for each domain. This process is detailed
in Figure 2.
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Figure 2. Process of developing the technology literacy program implementation framework.
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Results were placed under “structure,” 4 domains were placed under
“process,” and 2 domains were placed under “outcome.” To
Framework Overview build this framework, domains were used to guide discussion

about foundational principlesand potential actions. The3main
categoriesand their domains are organized in the order that they
should be executed during the implementation process. The
final TLP framework model is shown in Figure 3.

Similar to theframework for person-centered care[16], the TLP
implementation framework uses the 3 main categories of
“structure,” “process,” and “outcome” to sort the 13 domains
needed toimplement aTLP. Under these 3 categories, 7 domains
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Figure 3. Technology literacy program (TLP) framework.

Structure

P1: Establish intergenerational
partnerships to help technology
literacy in older adults

S1: Create a tech-friendly culture
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P2: Practice patience and
compassion throughout the TLP

S3: Outline the benefits of
implementing technology for older
adults
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01: Perform check-ins with older
adults to gain insight on progress
and aid with quality improvement

02: Create documentation to track
education progress

P3: Use interactive teaching and

learning techniques

S4: Provide resources for active TLP
volunteers and LTC home staff
members

P4: Create partnerships with
stakeholders to provide effective

TLPs for older adults

S5: Curate an effective and impactful
tech-friendly environment

S6: Offer support to instructors
before working with older adults

§7: Explore the availability of
instructors and provide "after-hours"
programming

Domains Overview

The TLP framework consists of 3 main categories that are
essential to designate the domains and components of the
framework; these 3 categories are “structure,” “process,” and
“outcome.” The domains and components under each category
are detailed in Tables 1-3.

Structure (S1-S7)

According to Donabedian [17], “ structure” definesthe attributes
of the setting in which caretakes place. It describesthefacilities,
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financials, human resources, and organizational structure of the
place where care occurs. The framework for person-centered
care also uses this definition to build their domains for this
category [16]. As shown in Table 1, the “structure” category
for TLP implementation focuses on developing organizational
infrastructure to deliver a successful TLP. This category also
includes strategies on how various resources may be used to
serve as the foundation of TLP implementation.
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Table 1. Structure domains and components of the technology literacy program (TLP) framework.

Structuredomains  Foundational principles

Potential actions

« Sl Createa .
tech-friendly
culture

Ensure staff buy-in

e«  S2: Create .
clear-cut goals
for the TLP

Define aclear goal for the program

« S3:Outlinethe

benefits of im- loneliness

plementing «  Emphasize that learning can happen at any age
technology for

older adults

« S4: Providere- .
sources for ac-
tive TLPvolun-
teers and long-
term care
homes staff
members

Ensure robust onboarding and training

e Sh:Curatean

effective and that some documentation might be needed

impactful tech- . .

frign dy evi-  * Ensure that technology is user-friendly and accountsfor
ronment differencesin strengths between individuals

e S6:Offersup-
port to instruc-
tors before
working with
older adults

ware (ie, email and YouTube) is needed

e  S7:Explorethe «

availability of nities for learning and follow-up if questions arise when
instructors and thereisno instructor available

provide “after-

hours’ program-

ming

Remove barriersto accessing technology for older adults  «

Demonstrate the ability for tech to reduce isolationand  »

Reduce paperwork burden on instructors, understanding  «

Stress that the requirements to become an instructor are  «
low: only basic technology literacy with common soft-

Schedule sessions at practical times and create opportu-

Ensure that thereis easy access to the internet, preferably
wirelessinternet (ie, Wi-Fi)

«  Create support structures if older adults have questions

«  Encouragefamily member buy-in and technology provision

«  Focus on technology that allows for connection between
older adults and family

«  Break technology instructions into smaller steps building
to larger goals

«  Consult existing resources to help start the program

Show how technology can be used to achieve older adults

goals and interests

«  Encourage word-of-mouth advertisement of the program
between older adults

«  Expand toinclude other easy-to-access services (eg,

Wikipediaand YouTube)

«  Encourage open communication between instructors and
administrators

«  Ensurethat the program'’s schedule meets the needs of
older adults and instructors

«  Recruit community volunteers to reduce staff workload
burden

«  Create clear policies around how technology issues are
resolved

« Designateasingle point of contact to manage educational
tools and documents

Have resources that can be easily accessed by instructors,
including printouts

Advertise the benefits of technology to older adultsvia

posters and town halls

«  Consider abuddy or group system where older adults can
be taught the same content together

« Listentoand act on what older adultsthemselvesindicate

they want to learn or achieve

Ensure instructors have basic tech literacy skillsto help

older adults

«  Create astraightforward onboarding process

«  Host practice sessionswith instructors (eg, on ethical sce-
narios and common technology problems)

«  Useaweb-based platform (eg, Slack and Microsoft Teams)

whereinstructors can easily communicate, while maintain-

ing confidentiality

Create a knowledge base that older adults can accessif
there are no instructors available or for self-study (eg, an
easy-to-access website or binder)

« Reevaluate instructor availability frequently

«  Ensureolder adults can anonymously leave feedback about
programming (eg, an anonymous comment box)

Process (P1-P4)

The “process’ category used in the framework for
person-centered care includes the processes to deliver
person-centered care [16]. Specifically, it describes strategies
that can be used by hedth care practitioners to ensure
person-centered careis being provided [16]. These steps closely
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resembl e the action items to begin and maintaina TLPin LTC
homes in the “process’ category of TLP implementation. As
depicted in Table 2, the domains in the “process’ category
outline procedures undertaken by stakeholders involved (eg,
volunteers, club executives, resident facility staff, and older
adults) to ensure a smooth transition from conceptualization
into action.
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Table 2. Process domains and components of the technology literacy program (TLP) framework.

Lietd

Process domains

Foundational principles

Potential actions

«  P1: Establish intergenerational
partnershipsto help technology lit-
eracy in older adults

o P2 Practice patience and compas-
sion throughout the TLP

o  P3: Useinteractive teaching and
learning techniques

o P4 Create partnerships with stake-
holders to provide effective TLPs
for older adults

Thereisno set number of instructors needed to help
set up asuccessful TLP

Instruction can bein person, digital, or over video
chat or phone

Encourage older adults to protect their personal in-
formation, including financial information

Encourage instructors to use their judgement and
limit their support to their comfort level

Ensure that instruction allows older adultsto learn
at their own pace

Instructors can develop or improve their teaching,
leadership, and communication skills

Programs can be one-on-one, in small groups, or
lecture based, depending on older adultsand instruc-
tor'scomfort and knowledge aswell as room capac-
ity limitations

Facilitation must be sensitive to the needs of older
adults, including vision, hearing, and mobility chal-
lenges

Encourage instructors to adapt to different learning
stylesto assist older adults as best as possible
Remember that layperson terms for instructors may
not be layperson terms for older adults

Identify what existing TLPs do in other settings to
develop curriculum and foster participant engage-
ment

Be open to the potential for collaborating with exist-
ing organizations that provide digital services

Encourage older adults to write any ques-
tions they have in between teaching ses-
sions

Network with other community groups to
identify potential volunteers

Repetition and practice are key to support
learning and are sometimes overlooked

Limit session to 1.5- to 2-hour blocks to
minimize participant and instructor fatigue

Have diverse learning resources available
for older adults and instructors

Advertise this opportunity broadly; pre-
health professional students may be partic-
ularly interested in participating in it
Identify existing local supportsfor commu-
nity programs, including organi zations that
may provide technology at a discounted
price

Reach out to long-term care or retirement
home stakeholders and the community at
largeto seeif any organizationsarelooking
to liquidate older technology

Designate one representative from your
organization to liaise with other stakehold-
ersfor the purposes of acquiring technology
donations and recruiting instructors

Outcome (01-02)

In the framework for person-centered care, the “outcome”
category describesthe effects of person-centered care on patients
[16]. It also describes performanceindicators of person-centered
care in hopes of measuring such indicatorsto identify areasfor
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improvement to better serve patients [16]. Table 3 reflects how
TLPimplementation shares similar attributeswith the* outcome”

category, as it focuses on how TLPs can benefit older adults
even with diminished volunteer capacity, and how quality
improvement can be used to adjust programming to better serve
the needs of the community.
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QOutcome domains

Foundational principles

Potential actions

OL1: Perform check-ins with older adults
to gain insight on progress and aid with
quality improvement

0O2: Create documentation to track educa-
tion progress

Older adults progresson accomplishinggoals

can betracked using aweb-based spreadsheet
like Google Sheets

Focus on the person not the technology; tech-
nology should always come second

Validated tools like the Single Ease Question
[21] can be used to evaluate the difficulty of
atask

Questions or questionnairesto befilled out by
older adults can be hosted viatheinternet, us-
ing Google Forms, to encourage older adults
to practice their tech skills

Consider curriculum and training documents
as “living documents,” and iterate on them

Check inwith older adults to see how they
feel about their progress

o A brief informal postsession feedback
question is recommended, even asimple
“did you like this session today?’

«  Lesson plans can be used to teach content
and can optionally be used by residentsin

based on feedback

o A "best practices’ guide can be used to struc-
ture lessons more generally

the absence of instructors
«  Providetraining documents to instructors
« Platformslike Google Docs and Notion
(Notion Labs Inc) can be used to organize
documents and can be updated immediately
«  Tracking students' progress and interests
can facilitate transition between different
instructors

Discussion

Overview

This paper outlines an implementation framework for TLPsin
LTC and residential homes and with older adults. Building on
a person-centered care framework, the TLP framework starts
by outlining how the program should be structured to create a
safe learning environment for older adults to learn to use
technology. The framework also outlines processes that can be
used to build confidence and competence among both older
adult learners and instructors, including multigenerational
pairings, focusing on web-based safety, and ample hands-on
learning opportunities. The framework concludes with 2
domains under “outcome” that are focused on identifying the
benefits to older adults and opportunities for quality
improvement.

Structure

Domains S1 to S7 are aimed to create a safe learning
environment for older adults to learn how to use technology.
Having a positive initial experience supported by a
well-established, friendly, and supportive learning environment
can promote continual participation of the TLP and continual
use of technology among older adults, and so domain S1
reinforcesthis[22]. Domain S3 concentrates on informing ol der
adults of the benefits of implementing technology in their lives.
Beyond increasing technology literacy, existing research has
suggested that learning new skills and keeping an active mind
may maintain cognition and mental health throughout life [23].
In addition, the “structure” category of the framework aims to
reduce the social isolation and loneliness that older adults may
experience during the pandemic through delivering interactive
learning [24,25]. Many of the foundationa principles and
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potential actions of domain S7 were consistent with existing
findings, including those suggesting astrong training preference
for self-teaching through methods such as reading a printed
manual and learning through “trial and error” or “playing
around” approach [22,26]. Although self-practicing after alesson
can be beneficial, the TLP framework focuses on the value of
instructors to teach older adults and facilitate their learning in
TLPs (domains S7 and O1). There is a focus on providing
resources for program leaders so that they can effectively
support older adults, as emphasized in domains $4 through S7.

Process

Domains P1 to P4 outline the means by which TLP should be
operated. Thisincludes engaging older adult learners with staff
of TLP within retirement homes and residential care facilities
to lead to a person-centered programming. A study conducted
during the COVID-19 pandemic suggested that LTC facilities
should have dedicated staff to assist residents in using
information communication technologies that are aready
provided by thefacilities, such astablet devices[27]. Therefore,
domain P1 has considered thisby creating agroup of instructors
to teach older adult learners and facilitate the TL P operations.
Existing cognitive aging research has outlined recommendations
on techniques that instructors may find useful when teaching
older adults to use computer software applications [28]. Many
of the “process’ domains align with recommendations based
onthat research [28]. Additional research identified reasonsfor
older adults' negative attitudes about technology use, which
were frequently associated with inconvenience with the
technology device, disliking the features of technology, and
security and reliability concerns [29]. Given these concerns,
foundational principles from domain P2 emphasize the
importance of protecting personal and financial information.
Social contact or other social interactions have been shown to
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be the second most important motivator for older adult learners
to participate in learning activities[30]. Therefore, domains P2
and P3 aim to have older adults develop healthy interpersonal
relationships with instructors to foster participant engagement.
Another study that examined teaching modality themes used
by student mentors to help older adults learn technology
reinforces the foundational principles and the overall theme of
domains P2 and P3 [22]. Finally, other research has suggested
social engagements may also maintain cognitive aging and
lower mortality outcomes as much as physical activity,
depending on the level of socia activity [31].

Outcome

Domains O1 and O2 aim to evaluate the progress of the TLP
and determine if it is meeting older adults' goals to learn
technology. Existing research has recognized the need for
technological training programs focused on older adults to
evaluate and analyze the effectiveness of teaching technology
to them [32]. To enhance the experience of TLP for staff and
older adults, TLPs must determine the positive feedback and
improvements that can be made. The insights received from
following the foundational principles and potential actions of
domain O2 allow for more research to be conducted to determine
the strengths and improvements needed for TLP.

Strengths and Applicability of the Framework

Governments and health care systems have been encouraging
peopleto remain engaged with their communitiesviathe internet
during the COVID-19 pandemic [1-3]. The implementation of
TLPs for older adults may help them overcome some of the
known barriersto engage with technol ogy. I ncreased technol ogy
literacy, fostered through TLP, may aso support older adults
in accessing health care digitally, an adoption of which hasbeen
accelerating in response to the pandemic [33,34].

It has been suggested by findings of arecent study that using a
person-centered care approach to engage older adults with
technology is cruciad in creating  meaningful
technology-mediated enrichment experiences for them [35].
The TLP framework supports this approach as it aims to
implement fundamentally person-focused TLPs, hence the
framework for person-centered care was chosen asthetemplate
[16]. By organizing the domains content into foundational
principles and potential actions, we hope that organizations can
identify parts of the framework that are readily applicable and
can beimplemented with little diffi culty, which can be beneficia
during times of high visitor restrictions. For instance, during
visitor restrictions in LTC, organizations may begin with
creating a knowledge base that older adults can access with
minimal assistance if there are no instructors available, which
isapotentia action from domain S7. In addition, organizations
can plan opportunities to expand their existing TLPs. Lastly,
there is a focus on creating and externalizing partnerships to
run the program to reduce costs and foster new relationships
with others in the community.

Limitations

Despite the benefits of implementing TLPs using this
framework, there are some drawbacks to consider. The
COVID-19 pandemic has highlighted how complex it can be
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to support older adults through periods of intense isolation.
Periods of visitor and volunteer service restrictions, such as
local or global disease outbreaks, can present challenges to the
implementation of TLPs. For instance, older adults may have
to ask LTC staff outside of TLP for help, and this may interfere
with the techniques they learned with their usual TLP
instructors. Organizations implementing TLPs could consider
incorporating agroup of on-site staff who can assist older adults
during periods of visitor and volunteer service restrictions if
they seefit. Although these events cannot easily be anticipated
aside from typical seasonal patterns (ie, increased probability
of influenza outbreaksin fall and winter months), ensuring TLP
participants are sufficiently trained such that they can
accomplish basic communication tasksindependently can foster
independence and reduce feelings of isolation.

Furthermore, the authors experience of TLPs are based on
implementing TLPs directly and assisting with situating them
in existing retirement and LTC settings as an external
organization. The authors do not have experienceimplementing
a TLP as an employee of a retirement home or LTC home.
EnTECH’s experience in TLP implementation is also limited
to Ontario, Canada. Thus, the generalizability of this TLP
framework may be limited, as the structure of residential care
facilities and retirement homes outside of Ontario may differ
from thosein Ontario. Finally, despite the value of technol ogy,
the financial cost of the devices and additional equipment to
run a TLP is a concern in both private and publicly funded
residential care facilities, and that is addressed in domain P4.

Future Research

Further research should be conducted to validate the utility of
this framework in retirement homes and residential care
facilities. This could include evaluating the success in
implementing a TLP in retirement homes and residential care
facilities according to the insights on the progress and quality
of the program gained from the check-ins with older adults
(domain O2). Additionally, there is an interest in exploring
whether older adults are able to independently apply the
technology literacy skills they have developed or improved
from their TLP to achieve and expand on their technology use.
After the implementation of a TLP in retirement homes and
residential care facilities, the publication of case studies aimed
at both industry and academicsis suggested to raise awvareness
of this framework for residentia care employees and
stakehol ders.

Conclusions

Recognition in staying socially connected through technology
has undoubtedly increased throughout the course of the
COVID-19 pandemic. A framework for implementing TLPs
was devel oped to support retirement homes and residential care
facilitiesthat areinterested in starting their own TL P to support
older adults' technology competence. The foundation of the
framework was constructed from enTECH's knowledge
tranglation toolkit for implementing TLPs for older adults, and
it was structurally organized by following the framework for
person-centered care by Santana et a [16]. Although
modifications to the framework may be required depending on

JMIR Aging 2022 | vol. 5 | iss. 3 |€34997 | p.204
(page number not for citation purposes)


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

JMIR AGING Lietd

an organization’s needs, starting TLPsfor older adultscanhave  potential positive impacts on them in the long term.
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Abstract

Background: There are 15,632 nursing homes (NHs) in the United States. NHs continue to receive significant policy attention
due to high costs and poor outcomes of care. One strategy for improving NH care is use of health information technology (HIT).
A central concept of this study isHIT maturity, which is used to identify adoption trendsin HIT capabilities, use and integration
within resident care, clinical support, and administrative activities. This concept is guided by the Nolan stage theory, which
postulates that a system such as HIT moves through a series of measurable stages. HIT maturity is an important component of
the rapidly changing NH landscape, which is being affected by policies generated to protect residents, in part because of the
pandemic.

Objective: Theaim of thisstudy isto identify structural disparitiesin NH HIT maturity and seeiif it is moderated by commonly
used organizational characteristics.

Methods: NHs (n=6123, >20%) were randomly recruited from each state using Nursing Home Compare data. Investigators
used avalidated HIT maturity survey with 9 subscalesincluding HIT capabilities, extent of HIT use, and degree of HIT integration
in resident care, clinical support, and administrative activities. Each subscale had a possible HIT maturity score of 0-100. Total
HIT maturity, with a possible score of 0-900, was calculated using the 9 subscales (3 x 3 matrix). Total HIT maturity scores
equate 1 of 7 HIT maturity stages (stages 0-6) for each facility. Dependent variables included HIT maturity scores. We included
5 independent variables (ie, ownership, chain status, location, number of beds, and occupancy rates). Unadjusted and adjusted
cumulative odds ratios were cal culated using regression models.

Results. Our sample (n=719) had alarger proportion of smaller facilities and a smaller proportion of larger facilities than the
national nursing home population. Integrated clinical support technology had the lowest HIT maturity score compared to resident
care HIT capabilities. The majority (n=486, 60.7%) of NHSs report stage 3 or lower with limited capabilities to communicate
about care delivery outside their facility. Larger NHs in metropolitan areas had higher odds of HIT maturity. The number of
certified beds and NH location were significantly associated with HIT maturity stage while ownership, chain status, and occupancy
rate were not.

Conclusions: NH structural disparities were recognized through differencesin HIT maturity stage. Structural disparitiesin this
sample appear most evident in HIT maturity, measuring integration of clinical support technologies for laboratory, pharmacy,
and radiology services. Ongoing assessments of NH structural disparitiesiscrucial given 1.35 million Americansreceive carein
these facilities annually. Leaders must be willing to promote equal opportunities across the spectrum of health care services to
incentivize and enhance HIT adoption to balance structural disparities and improve resident outcomes.

(JMIR Aging 2022;5(3):€37482) doi:10.2196/37482
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Introduction

Background

There are 15,632 nursing homes (NHs) in the United States
with 1.7 million beds and 1.3 million Americans residing in
them [1]. For decades, care delivered in NHs has received
significant policy attention due to the poor outcomes of care
[2]. Recently, national expertsin NH care were charged with
examining how our nation delivers, regulates, finances, and
measures quality [3]. The committee concluded that the current
state of quality of care in NHs is “...ineffective, inefficient,
fragmented, and unsustainable” [4]. NH quality has severa
components that interact to affect residents’ health, functional
status, and resident outcomes. Researchers have studied these
interactions to understand how policy (ie, regulation and
reimbursement), clinical interventions, management practices,
and individual worker, resident, and family characteristics
account for variation in NH quality [5]. A promising strategy
for improving NH quality is the use of health information
technology (HIT).

In this paper, we define HIT as a system that is used in health
care to process, store, and exchange health information in an
electronic environment. The use of HIT in NHs has also been
recognized by expertsin the field as a method to improve NH
quality [6]. For example, NH HIT improves timely and secure
exchange of electronic dataand medical record access, enabling
cliniciansto gain direct accessto clinical information, enhances
efficiency, and improves resident outcomes[7,8]. Furthermore,
HIT strengthens care coordination processes |eading to greater
consistency and better accountability among clinicians and staff
[9]. Unfortunately, wide differencesin NH HIT adoption exist.
Researchers have found that 95% of NHs use HIT including
electronic health records (EHR), and nearly half (46%) use
health information exchange capabilities for resident care.
However, they also discovered variations in use of technology,
such as an EHR (ie, urban NHs were 2.5 times more likely to
have EHR compared to rural NHs) [10]. One element missing
from national NH quality reporting systems includes measures
of the maturity of HIT adoption, which could help policy
makers, researchers, quality improvement specialists, families
and residents, and other stakeholders to identify where gaps
exist.

Theoretical Approach

A central concept of thisstudy isHIT maturity guided by stage
theory by Nolan [11], which postulates that a system of
coordinated processes (eg, an EHR) evolvesthrough a series of
stages as it matures. HIT maturity models, such as the Health
Information Management System Society Electronic Medical
Record Adoption Model, are used to assess levels of EHR
maturity over timein acute care, and other maturity models are
used to assess the general health care environment, mobile
health, interoperability, telemedicine, and usability [12-14].
These general models of HIT maturity are not adaptable to NH

https://aging.jmir.org/2022/3/e37482

contexts because NHs provide adifferent model of care delivery
[15]. For instance, NH residents’ length of stay istypically much
longer than that of a patient in acute care. Furthermore, providers
are largely off-site, and the nursing workforce is different in
NHs compared with other settings (eg, NHs have higher staffing
of licensed practical nurses, and the bulk of the workforce are
certified nursing aides) [16]. Other HIT maturity models have
been proposed that stress the importance of continuous cycles
of reassessment that could be influenced by policy or change
insolutions[17]. Previously, we have defined NH HIT maturity
in 3 dimensionsincluding HIT capabilities, use, and integration;
these dimensions are further defined among the following 3
health care domains. resident care, clinical support (eg,
laboratory, pharmacy, and radiology), and administrative
activities. Furthermore, NH HIT maturity is categorized into 7
stagesranging from stage 0 * nonexistent HIT or EHR solutions”
to stage 6 “integrated HIT systems that generate clinical data
to drive self-management” [11]. HIT maturity is best measured
longitudinally to enable better estimates of change in adoption
over time [18]. Widespread NH HIT maturity has not been
achieved due to unbalanced nationa policies, which have not
promoted meaningful use or provided financial incentives in
NHSs for HIT adoption, similar to other health care sectors
[19,20]. Thisimbalance has created wider structural disparities
leading to variation in resource capabilities and use that may
influence disparities in resident outcomes. For instance,
following the emergence of the COVID-19 pandemicin March
2020, early analyses of telehealth use found that compared to
rural NHs, urban NHs were more than 11 times more likely to
use telehealth for web-based evaluations, pretransfer
arrangements, second opinions, and transfer of diagnostic images
following major policy changes [21,22]. Ongoing NH
assessmentsare critical to truly understand the linkages between
these types of organizational differencesand impactson quality
of NH care, including disparities in resident outcomes.

HIT maturity isanimportant component of therapidly changing
NH landscape. In previous work, we have found alternating
patterns of total HIT maturity over 3 years (2014-2017) among
815 NHs; that is, (n=579, 71%) of NHs exhibited net positive
increasein total HIT maturity, (=155, 19%) had a net negative
decreaseintotal HIT maturity, and (n=58, 10%) had consistently
negative patterns of total HIT maturity over time [18,23].
Facilitieswith anet increase reported increasing HIT capabilities
and use aswell asgreater integration over time. However, NHs,
reporting anet decreasein HIT maturity over time, have reduced
their capabilities, use, and system integration. For instance, one
of the areas that had the most variation over time in HIT
maturity was the clinical support dimension associated with
laboratory, pharmacy, and radiology technologies used in NHs
[23]. Clinically, this makes sense, since NHsthat are unaffiliated
with hospitals typically do not have alaboratory, pharmacy, or
radiology department in house, so they will oftentimes use
disparate, stand-alonetechnologiesto facilitate related activities
for staff and residents. These disparate, isolated systems may
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be easy to remove if they are not found to be efficient, are too
costly, or do not meet the expectations of the users.

The development of HIT maturity surveys has allowed
researchers to begin exploring the relationship between
technology use and NH resident level outcomes. For instance,
recent studies have revealed mixed associations between HIT
maturity and antibiotic use and urinary tract infections. In one
study, linking HIT maturity datawith aresident-level minimum
dataset yielded 219,461 regular resident assessmentswithin 90
days of survey completion on 80,237 unique, older adult
long-stay residents. We found that for every 10-point increase
in the HIT maturity score, the expected odds of antibiotic use
increased by 7% [24]. Although this result was unexpected,
NHs with higher HIT maturity may have enhanced systems
enabling nursesto monitor when antibiotics are used; therefore,
higher levels of awareness could eventually lead to reductions
in inappropriate antibiotic use. Additionally, we examined
associations between HIT maturity and urinary tract infections.
Controlling for NH and resident characteristics, HIT maturity
was associated with 10% less urinary tract infections [25].

The COVID-19 pandemic has also influenced changesin HIT
use [22,26]. These changes include the expansion of Medicare
payment for telehealth, increasing collaborations between
academic medical centers and NHs, and the Centers for
Medicare & Medicaid Services requiring NHs to report
COVID-19 metrics to the Centers for Disease Control
electronically [21,27,28]. Following national telehealth policy
expansion in Spring 2020, the use of NH telehealth using
computer software and web applications surged across the
country [22]. However, 16% of NHs were not using telehealth,
and this was more likely to occur in rural NHs [22]. Similar
findings have been confirmed by other researchers exploring
the explosive growth of telehealth since the pandemic started
[29]. Technology adoption, especially in the face of emergent
conditions, yields positive and negative outcomes that must be
recognized, identified, and addressed [10]. The purpose of this
study wasto identify structural disparitiesin NH HIT maturity
and how HIT maturity is moderated by various commonly used
NH characteristics (eg, ownership, location, number of certified
beds, chain &ffiliation, and occupancy rate).

Methods

Ethics Approval

This research was conducted as part of alarger ongoing 3-year
national study (2019-2022) exploring trendsin NH HIT maturity
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in the United States. Data were collected in 2019 using an NH
survey that measures 3 dimensions of HIT maturity (ie, HIT
capabilities, use, and integration) in the 3 domains of resident
care, clinical support (ie, laboratory, pharmacy, and radiology),
and administrative activities. All methods used in this research
were approved by the ColumbiaUniversity Institutional Review
Board (PT-AABR3810).

Sample

Nursing home compare is a publicly available database,
maintained by the Centers for Medicare & Medicaid Services,
which provides information about every US NH serving
beneficiaries of Medicare or Medicaid [1]. Nursing home
compare was used to identify NHs in continental US, Alaska,
and Hawaii. NHs were excluded from Guam, Puerto Rico, and
Virgin Islands. NHs designated as a special focus facility were
also excluded, because these facilities have a history of serious
quality issues and are automatically included in a program to
stimulate quality-of-careimprovements[30]. Finally, NHswith
a hospital-based designation was not included as their HIT
maturity is likely different due to national incentives for HIT
adoption in acute care [8,31]. After applying the exclusion
criteria, the population size was 14,109 (Table 1).

The sample recruitment goal for this study was 10% of all NHs
in the United States (N=1570 NH). Based on our previous
experience with a 45% response rate, more than 20% (n=6123)
of the facilities were randomly recruited from each state. The
number of facilities selected in each state was proportional to
the number of NHs located in that state. For example, because
Cadliforniahasthelargest number of homes (n=1241), 248 homes
(20% of facilities) were randomly selected from all California
NHs. To ensure that responses were received from multiple
NHSs in each state, we overrecruited in states with smaller
numbers to have a minimum of 6 homes per state. Although
sampling was stratified by state, facilities were not stratified
further by the number of certified beds, ownership, location,
and so on prior to recruitment; this is because some states may
not have any NHs in some strata. Wyoming, for example, has
only 38 homes. In Wyoming, there are fewer large homes in
rural areas. By including every NH in the random selection
processwithin each state, every homein each state—regardless
of their characteristics—had an equal opportunity to participate.
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Table 1. Comparison of national nursing home population vs sample.

Alexander et d

Nursing home characteristics National (N=14,109) Sample (n=719) Probability ratio or Cohen d? P value
Location, n (%) .07
Metro >50,000 9823 (69.68) 453 (63) 1.11
Micro 10,000-49,999 1936 (13.73) 114 (15.86) 0.87
Small town 2500-9999 1414 (10.03) 90 (12.52) 0.80
Rural <2500 925 (6.56) 62 (8.62) 0.76
Number of certified beds, n (%) <.001
<60 2418 (17.14) 150 (20.86) 0.82
60-120 7582 (53.74) 420 (58.41) 0.92
>120 4109 (29.12) 149 (20.72) 1.41
Ownership, n (%) .89
Nonprofit 3903 (27.66) 193 (26.84) 1.03
For-profit 10,206 (72.34) 526 (73.16) 0.99
Chain, n (%) 43
Yes 10,627 (75.32) 551 (76.63) 0.98
No 3482 (24.68) 168 (23.37) 1.06
Occupancy rate, mean (SD) 0.812 (0.2) 0.806 (0.15) 0.03 46

8Calculated as the probabilities of national data divided by the sample data for categorical variable or Cohen d (italicized) for continuous variable.

M easures

Dependent Variables

Our psychometrically sound NH HIT survey has 9 subscales,
from which 7 HIT maturity stages are derived [32]. The
composite score has good internal consistency (Cronbach 0=.86)
[33]. HIT capabilities are scored O if the technology is “Not
Available” or 1 if HIT is “Available” as indicated by the
respondents’ feedback. If an NH respondent indicates the
availability of HIT capability, the respondent rates the extent
of use on ascale of 1 (barely used) to 7 (extensively used). To
determine the degree of integration, the respondents indicate
the degree of electronic transfer of information among NH
systems on a scale of 0 (not a all) to 6 (very much). The
maximum rangein scoresfor each HIT maturity dimension and
domainisOto 100. Total HIT maturity scorefor al dimensions
and domains combined ranges between 0 and 900. The 7 HIT
maturity stages are correlated with total HIT maturity [34].
Stage O is the lowest stage of HIT maturity. Stage O indicates
that HIT solutions or EHRs are nonexistent in the NH. Stage 6,
the highest stage of HIT maturity, indicates the use of data by
residents or residents’ representatives to generate clinical data
and drive self-management.

I ndependent Variables

Five NH characteristics were included. Ownership type was
collapsed into the 2 categories of “For Profit” and “Nonprofit”
(nonprofit included NHs with a government classification in
nursing home compare). A binary chain status variable was
created. Rural-Urban Commuting Area Codes were used to
classify the NHs by ZIP Codes into 4 regiona locations
including the following: metropolitan >50,000; micropolitan
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10,000-49,999; small town 2500-9999; and rural <2500 [35].
NHs were classified into 3 classes based on the number of
certified beds, including small (<60 beds), medium (60-120
beds), and large (>120 beds), which are common classifications
in other NH research projects. Occupancy rate was calculated
as the number of residents divided by the numbers of certified
bedsin the facility.

Analysis

Probability ratios were computed to compare NH characteristics
between the national data and the study sample [36].
Subsequently, weights were computed for each state. Internal
consistence measured by Cronbach a and descriptive statistics
of the raw and weighted total HIT maturity score aswell asthe
9 subscales were computed, followed by atable with stage and
proportion per stage. The relationship between the NH
characteristics and HIT stage was assessed. Since HIT stageis
measured as a 7-point Likert scale, ordinal logistic regression
was used. Unadjusted cumulative odds ratios (ORs) and
associated 95% confidence intervals were computed with each
independent variable entered into the regression model
separately, and the adjusted cumulative ORs were computed
from multivariable ordinal logistic regression where all
independent variables were entered into the model. Using the
continuous total HIT score as the outcome measure, multiple
linear regression was performed as a sensitivity analysis to
verify the significant NH factors on the HIT measure. All
statistical analyseswere performed using SASversion 9.3 (SAS
Ingtitute), and PROC SURVEYLOGISTIC, using variance
estimators that are appropriate for survey sampled data, was
used in the ordinal logistic regression analysis.
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Results

A total of 719 homes completed the survey with all 50 states
and the District of Columbiabeing represented. The comparison
of the national population of eligible NHs and the study sample
is provided in Table 1, and the differences were very small.
However, the sample had a larger proportion of facilities with
less than 60 certified beds and a smaller proportion of larger
facilities with more than 120 certified beds.

The aggregated raw HIT maturity scores are shown as Table
S1in Multimedia Appendix 1 for the 719 NHs. Median (50th
percentile) scoresamong all 9 subscalesfor the 719 NHsranged
from a low of 2222 in integration of clinical support
technologiesto ahigh of 68.97 inresident care HIT capabilities,
both with aminimum and maximum score possible of 0to 100.
In7 (78%) out of 9 subscales, at least 1 NH indicated the lowest
possible score of O, the lowest HIT maturity score indicating
that HIT systems were nonexistent. Total HIT maturity scores
reflect the aggregated score of all 9 subscales. At least one
facility reported a total HIT maturity score of 58.32

Alexander et d

(minimum=0), while the maximum reported by facility was
869.74 (maximum=900). The median score (440.38) closely
approximated the mean score (447.2; SD 158.4), indicating a
highly symmetric distribution of total HIT maturity scores. The
internal consistency of the HIT maturity scores were validated
(Cronbach a>.80).

The weighted HIT maturity scores accounting for number of
responses by state are illustrated in Table S2 in Multimedia
Appendix 2. Figure 1 includes a description of HIT maturity
stages and associated total HIT maturity stagesin this sample.
In this sample, 1.81% (13/719) of the NHs were at a stage 0,
meaning that those facilities had nonexistent HIT solutions or
EHRs at the time of the survey. A total of 71/719 (9.87%)
facilities were at a stage 1. NHs at stage 1 have disparate or
fragmented HIT systems that typically have distinct
functionalities, which are not well integrated into care delivery
activities. Just over 25% (n=182) of NHs have formal,
established HIT leadership involved in governing and
coordinating various aspects of HIT systems, putting them at
stage 2. Themajority of NHs surveyed (220/719, 30.6%) report
achieving an HIT maturity of stage 3.

Figure 1. Nursing Home HIT Maturity Stages and Definitions. EHR: electronic health record; HIT: health information technology.
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NHs at stage 3 have internal connectivity and reporting
capabilities, meaning that these staff have limited capacity to
communicate about care delivery with people outside their
facility, such as with staff from external clinics, laboratories,
or pharmacies. To be able to communicate electronically with
people outside their facilities, NHs must reach a stage 4 or
higher, and 32.4% (n=233) reached a stage 4 or higher. Nearly
3% (20/719 NHs) have achieved stage 6, the highest possible
stage. In these facilities, data use by residents or residents

https://aging.jmir.org/2022/3/e37482

representatives are available to generate clinical data and to
drive self-management activities.

The results of the ordinal logistic regression models (Tables 2
and 3) demonstrated that the number of certified beds and
location were significantly associated with HIT maturity stage,
while ownership, chain status, and occupancy rate were not.
The results from simple (Table 2) and multivariable (Table 3)
ordinal logistic regression models are similar. From the final
multivariable models (Table 3), for the number of certified beds
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(<60 vs >120), the odds of being at a higher stage increased by
55% for larger homes (cumul ative OR=0.45; P=.001), when all
other variables in the model were held constant. For location,
the odds of being at a higher stage decreased by 55%
(cumulative OR=0.45; P<.001) for rura homes versus
metropolitan homes; the odds of being at a higher stage

Alexander et d

decreased by 43% (cumulative OR=0.57; P=.048) for small
town homes versus metropolitan homes. The results from
sensitivity analysis, using the total HIT maturity score as
outcome, demonstrated similar associations between NH
characteristics and HIT maturity measure (Table S3 in
Multimedia Appendix 3).

Table 2. Simple ordinal logistic regression model assessing the relationship between nursing home characteristics and health information technology

maturity stage (n=719).

Nursing home characteristics Unadjusted cumulative odds ratio 95% Cl P value
Bed size (ref: >120)

60-12 0.93 0.64 (1.35) 71

<60 0.39 0.25(0.63) <0012
L ocation (ref: metro)

Micro 0.66 0.42 (1.02) .06

Rural 0.36 0.23 (0.58) <0012

Small town 053 0.31(0.91) 022
For-profit

Nonprofit vs for-profit 0.80 0.58 (1.10) .16
Chain

Chain vs nonchain 1.09 0.77 (1.56) .63
Occupancy rate 221 0.83 (5.90) A1

3P value significant at .05 level.

Table3. Multivariable ordinal logistic regression model assessing the relationship between nursing home characteristicsand HIT maturity stage (n=719).

Nursing home characteristics Adjusted cumulative odds ratio 95% CI P vaue
Bed size (ref: >120)

60-12 0.99 0.67 (1.46) .96

<60 0.45 0.28 (0.73) 0012
L ocation (ref: metro)

Micro 0.65 0.41 (1.03) .07

Rural 045 0.29 (0.71) 0012

Small town 0.57 0.33 (1.00) 0452
For-profit

Nonprofit vs for-profit 0.84 0.61(1.17) .30
Chain

Chain vs nonchain 112 0.78 (1.61) 54
Occupancy rate 171 0.63 (4.66) .30

3 value significant at .05 level.

Discussion

Principal Findings

The results from this study indicate that structural disparities
in HIT maturity exist. Mot facilities, nearly 68% (n=486) report
being at stage 3 or lower of HIT maturity indicating they are
not able to electronically communicate externally with other
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facilities. Thislack of connectivity can result in reduced levels
of electronic data sharing, leading to deficiencies in care
delivery, substandard care coordination activities, and poorer
resident outcomes [37]. Structural disparities in this sample
appear to be most evident in HIT maturity domains and
dimensions, measuring integration of clinical support
technologies used for laboratory, pharmacy, and radiology
services. Clinically, this makes sense, since many NHs without
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a hospital designation do not have these services available on
site. However, that should not deter leaders from adopting
systems that support higher integration and data sharing
opportunities. NH leaders are challenged by alack of financial
and other incentives to adopt HIT systems that support these
clinical activities and optimize care delivery [38]. Other
challenges affecting outcomes of adoption supported in the
literature relate to human factors design and usability issues
such as excessive data entry, information overload, and slow
system response times [39]. In addition to these influences, our
study revealed structural disparitiesinfluenced by organizational
characteristics, including NH size and location, which place
some residents—usually the most vulnerable—at adisadvantage
for receiving optimal care [40].

Ongoing assessments and characterization of structural
disparities in NHs is crucia given 1.35 million Americans
receive care in these facilities annualy [41]. Without
determining where disparities exist and what factors influence
them, it isdifficult for policy-setting organizations that oversee
NH quality and care delivery to act effectively. This includes
recommending and implementing strategies to reduce
differences in care delivery across settings that can have a
positive effect on resident outcomes. Nevertheless, |leaderswho
focus on health care policy and disparities must be willing to
promote equal opportunities across the spectrum of health care
servicesto incentivize and enhance HIT adoptionin all settings
to balance these types of structural disparities to maximize
resident outcomes. Otherwise, facilities such as NHs, which
historically have not had the same support for promoting HIT
infrastructure as other health care facilities, will certainly
experiencewider structural disparitiesand likely poorer resident
outcomes.

Clearly, when incentives are provided or barriers are removed
from HIT adoption, facilities will respond in ways that reduce
structural disparities and promote better care delivery. To some
extent, current incentive programs through meaningful use
appear to be influencing HIT adoption in NHs and
information-sharing practices with other clinical settings such
as hospitals[8]. However, decisionsto integrate electronic data
sourcesis also dependent on organizational characteristics. For
example, contrary to our findings, Burke et a [31] found that
there were lower odds (OR=0.11; P=.04) of forma data
integration between NHs and hospitalsif an NH were for-profit
versus not-for-profit. In arelated work, Adler-Milstein et al [8]
reported that higher odds (OR=1.96; P=.008) of sharing more
complete resident information occur between Hospitals and
NHsin metropolitan versusrural locations. Disparities enhanced
by the size or location of afacility arelikely related to resources
including knowledgeabl e staff available to support technology
implementation throughout its lifecycle. Policy makers have
begun to address these deficits. For example, the Office of the
National Coordinator provided funding to develop a toolkit
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called the Usahility Change Package to support organizations
that did not have ready accessto usability expertsand resources
for EHR adoption and maintenance [42], afrequent occurrence
in NHs in the United States. It is not clear how well the uptake
has been or how effective these tools are for the NH industry.

Limitations

Our survey uses broad constructs to describe structural
disparities in this sample of NHs. However, we have used
rigorous methods to be sure our measures have been informed
by highly experienced and qualified members of the NH
community [32]. One limitation, however, may be a response
bias for NHs choosing not to participate. Some NH
administrators may not participate because they have no
technology and do not perceive relevance, which could result
in an overall higher level of HIT maturity. Some NHs may not
join because administrators do not have the knowledge to
complete the survey. We offered help to overcome barriers by
providing our contact information and answering questions as
administrators participated. Our team’s increased availability
and responsiveness may have reduced respondent burden, which
in turn may have increased participation. Although we found
some areas indicating significant differences in HIT maturity
and stage when comparing some commonly used organizational
characterigtics, we cannot assumethat lack of significance means
that structural deficiencies are not present.

Conclusion

In this national sample, we identified important structural
disparitiesin NHs that are likely impacting the quality of care
their residents are receiving. The mgjority of these NHs have
lower HIT maturity levels, reporting agap in connectivity with
external facilities that might otherwise enhance health data
sharing across different organizations. These differences could
be due to inadequate infrastructures, availability of a
knowledgeable workforce, or financial resources to promote
higher levels of adoption. It is crucia that we begin to
consistently identify a means to address these disparities, first
by increasing transparency and public reporting about the trends
in NH HIT maturity in the United States, followed by
implementing national policiesto level these deficits.

Practice Implications

Increasingly, at the forefront of policies affecting NH care
delivery is the awareness that structura disparities can place
undue burden on practicing NH leaders and staff to provide
high-quality careto residents. However, underneath this problem
isalack of structured and standardized means to identify and
report existing structural disparitiesin NHsin the United States.
In the absence of systematic reporting mechanisms to identify
existing structural disparities in NHs, these issues will go
undetected, and leaders, staff, and residents will continue to
suffer the conseguences.
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Abstract

Background: Digital interventions have been shown to be effective for a variety of mental health disorders and problems.
However, few studies have examined the effects of digital interventionsin older adults; therefore, little is known about how ol der
adults engage with or benefit from these interventions. Given that adoption rates for technology among people aged =65 years
remain substantially lower than in the general population and that approximately 20% of older adults are affected by mental health
disorders, research exploring whether older adults will use and benefit from digital interventionsis needed.

Objective: Thisstudy aimed to examinethe extent to which older adults engaged with adigital well-being intervention (Happify)
and whether engaging with this program led to improvements in both subjective well-being and anxiety symptoms.

Methods: In this retrospective analysis, we analyzed data from 375 real-world Happify users aged =65 years who signed up
for the platform between January 1, 2019, and December 23, 2021. Changes in well-being and anxiety symptoms across 42 to
182 days were assessed using responses to the in-app assessment, which users were prompted to take every 2 weeks, and were
compared among users who engaged with the program at the recommended level (ie, 2 or more activities per week) or below the
recommended level.

Results: Inall, 30% (113/375) of the sample engaged with the platform at the recommended level (ie, completed an average of
2 or more activities per week), and overall, users completed an average of 43.35 (SD 87.80) activities, ranging from 1 to 786,
between their first and last assessment. Users were also active on the platform for an average of 19.36 (SD 27.16) days, ranging
from 1to 152 days. Moreover, older adultswho engaged at the recommended level experienced significantly greater improvements
in subjective well-being (P=.002) and anxiety symptoms (P<.001) relative to those who completed fewer activities.

Conclusions: These data provide preliminary evidence that older adults engage with and benefit from digital well-being
interventions. We believe that these findings highlight the importance of considering older adult populations in digital health
research. More research is needed to understand potential barriersto using digital interventions among older adults and whether
digital interventions should be modified to account for this population’s particular needs (eg, ensuring that the intervention is
accessible using a variety of devices). However, these results are an important step in demonstrating the feasibility of such
interventions in a population that is assumed to be less inclined toward digital approaches.

(IMIR Aging 2022;5(3):€39851) doi:10.2196/39851
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Introduction

Background

According to the United Nations, the proportion of the global
population >65 years is increasing and is expected to reach 1
in 6 people by 2050, compared with 1in 11 in 2019 [1]. In the
United States, the US Census Bureau estimated that by 2030,
the population of older adults will exceed that of children for
the first time, with 1 in 5 Americans being of retirement age
[2]. Although the aging population has spurred discussions
surrounding the added burden of chronic illness and complex
medical conditions in this cohort [3-6], comparatively less
attention has been dedicated to understanding the implications
of poor mental health in this “silver tsunami.”

The World Health Organization reports that 1 in 5 adults aged
>60 years is affected by a mental or neurological disorder,
excluding headaches, and these disorders account for 17.4% of
the years lived with disability [7]. The most common mental
health disorders in this age group are depression and anxiety,
affecting approximately 7% and 3.8% of older adultsworldwide,
respectively [7]. In the United States and Australia, the
prevalence of depressive symptoms aone among older adults
is estimated to be 9.8% [8]. Poor mental health in older adults
subsequently contributes to elevated health care costs [9],
directly and indirectly by worsening comorbid health conditions
[10]. Moreover, research suggests that approximately 1 in 4
older adults with mental health disorders report experiencing
discrimination, including racism and ageism, compared with 1
in 10 older adultswithout mental health disorders. Among those
with mental health disorders, this discrimination was also more
likely to occur within health care settings, thus increasing the
likelihood that the individual will delay treatment or not seek
treatment at all [11].

In fact, older adults are less likely than middle-aged adults to
seek mental health care [12]. In a study, 6.5% of older adults
self-reported some level of mental health care in the previous
12 months, but 65.9% of respondents with clinical levels of
depression and 72.5% of those with anxiety never received
treatment [13]. Research suggests that the lack of treatment
seeking may not be related to perceptions of mental health care
but to access. Specificaly, astudy found that older adults were
more likely to indicate that access to mental health care was
important but lesslikely to indicate that they had accessto such
care [14]. Although lower rates of treatment seeking may be
because older adults are less likely to report having insurance
coverage for mental health services compared with younger
adults[14], it is further compounded by the shortage of mental
health professional's speciaizing in geriatric populations [15].

Given these difficulties in accessing mental health care, the
need to explore scalable and affordabl e options for mental health
care is imperative as a growing proportion of the population
enters old age and requires more services. Over the past 2
decades, anumber of digital interventions have been devel oped
to address the general unmet need for mental health care [16],
and research suggests that these can effectively help improve
mental health, including depression, anxiety, and stress[17-20].
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However, research on whether older adults will engage with or
benefit from digital interventionsis limited.

We should be careful not to assume that the evidence suggesting
that digital interventions are usable and effective within the
general population applies to older adults. Although an
increasing number of older adults reports owning a smartphone
and using the internet, the proportion of older adults owning
smartphones or having access to broadband services at homeis
still lagging behind that of younger age groups. For example,
a national survey of adults in the United States conducted by
the Pew Research Center in 2021 showed that 85% of
respondents indicated owning a smartphone, whereas among
older adults, only 61% reported owning smartphones. Among
those aged =75 years, only 43% owned smartphones [21].
Age-related issues with manual dexterity and vision aswell as
alack of confidence in using new technologies may contribute
to the slower adoption of digital interventions and tools among
older adults [22].

However, the few studies conducted with older adults suggest
that those who engage with digital interventions show
improvements in mental health outcomes. A meta-analysis of
9 studies exploring the effects of internet-based cognitive
behavioral therapy (CBT) in older adults (mean age 66 years)
found that these programs were generally effective at reducing
depressive symptoms, athough there was some evidence that
their effectiveness was negatively related to the user’'s age [23].
However, limited research on theimpact of digital interventions
on loneliness has shown no significant improvement in
loneliness among older adults[24]. Other research suggeststhat
engagement with digital interventions may improve with age
[25-27]. One study of patients prescribed internet-based CBT
in Australiafound that patients aged =60 yearswere morelikely
to complete all treatment modules than younger patients, and
improvements in psychological distress and disability were
consistent across age groups [25]. However, researchers have
argued that these studies provide little information about the
uptake and engagement of digital interventions among older
adults outside of controlled research conditions [28].

Objectives

The purpose of this study was to explore whether older adults
engaged with a publicly available digital intervention, the
Happify wellness program, and the extent to which engaging
with thisintervention led to improvementsin mental health over
time. Happify is a self-guided wellness program that aims to
improve psychological well-being by delivering brief gamified
activities adapted from evidence-based activities from various
therapeutic approaches. Previous research has shown that
completing 2 or more activities via Happify per week led to
significant improvements in subjective well-being and anxiety
symptoms after 6 weeks [29-31], but none of these studies
examined the effects of age or focused specifically on older
adults. Therefore, in the current retrospective analysis, we
analyzed data from real-world Happify userswho self-reported
being aged =65 years to determine whether completion of
intervention activities was related to changes in subjective
well-being and anxiety symptoms after at least six weeks of
use.

JMIR Aging 2022 | vol. 5 | iss. 3 |e39851 | p.219
(page number not for citation purposes)


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

JMIR AGING

Methods

Study Design

This study was a retrospective analysis of real-world Happify
users who signed up for the program between January 1, 2019,
and December 23, 2021.

Sample Selection

When signing up, all users were prompted to complete an
onboarding questionnaire after downloading the Happify
application or accessing thewebsite. Thisquestionnaireinquired
about demographic information, including age group, gender,
relationship status, and employment status, intended to help
tailor the program for individual users. Upon completing this
guestionnaire, users must agree to the terms of the service and
privacy policy before creating their account, which includes
language indicating that their data may be used for research
purposes. All data presented here were generated by real-world
usersaspart of the standard user experience and stored on secure
company servers, and only deidentified data were extracted for
analysis.

Data from all users located in the United States who selected
“65 or older” as their age category when responding to the
onboarding questionnaire and who completed at least two in-app
assessments were initially considered. To be included in the
analysis, users also had to meet the following criteria: (1)
complete at least two in-app assessments within 182 days, (2)
the time between their first and last assessments was no less
than 42 days, and (3) complete at least one Happify activity
between their first and last assessments.

https://aging.jmir.org/2022/3/€39851
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Ethics Approval

The use of Happify consumer data for retrospective analyses,
such as this one, where data represent only those of users who
naturaly sign up for Happify and engage with the generic
version of the program (ie, where no content or assessments
have been changed for the purposes of research), was reviewed
by IntegReview, an independent institutional review board, and
labeled as exempt research (HLS-018).

Materials and Procedure

Digital Well-being I ntervention

Happify isaself-guided wellness program that draws on various
theoretical approaches to improve well-being including CBT
[32], mindfulness-based stress reduction [33], positive
psychology [34], acceptance and commitment therapy [35], and
behavioral activation [36]. Activities based on these therapeutic
approacheswere devel oped by identifying activitieswithin each
evidence-based approach (ie, demonstrated effectiveness in at
least two different studies and with different samples) [37].
These activities are then organized into “tracks,” which are
meant to help users address a specific area of concern, such as
coping with stress or improving sleep (Figure 1). Each track
consists of 4 parts, and users progress through the track by
completing apercentage of the activitieswithin each part (Figure
2). Userscan changetracks at any time, and they can also access
activities outside tracks via the instant play feature. A more
detailed description of the Happify program is available in a
previous research [31].
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Figure 1. Screenshot of a Happify track on the smartphone app version.
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Figure 2. Screenshot of Happify track part on the web-based version.
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Assessment

As part of the regular Happify program, users are prompted to
complete an in-app assessment the second time they log into
the platform and every 2 weeks thereafter. This assessment
consists of two measures: a proprietary measure of subjective
well-being, the Happify Scale, and the Generalized Anxiety
Disorder 2 (GAD-2) scale [38].

Thein-app assessment is optional ; therefore, users may choose
to skip or delay the assessment when prompted. Owing to the
optional nature of the assessment, many users do not provide
this outcome data. Among those who compl eted the assessments,
the time between assessments and the number of assessments
also varied across users. Thus, the time between assessments
was treated continuously in our analysis. For the analysis,
assessments compl eted within 182 days after thefirst assessment
were included. Consequently, the potential range of time
between a user’sfirst and last assessment was 42 to 182 days.
Happify Scale

TheHappify Scaleisa9-item, proprietary measure of subjective
well-being. This scale was designed to measure two primary
components of subjectivewell-being: positive emotionality and
life satisfaction [31]. A total of 4 items assessed the frequency
of positive emotions over the past month (eg, “In the past month,
how often have you felt joyous, exuberant, inspired, and/or
awestruck?’) and were based on the Positive and Negative
Affect Schedule, awidely used measure of positive and negative
emotions[39]. Theseitemsarerated on a5-point scale ranging
from O (never) to 4 (very often [almost every day]). The 5
remaining items assess user satisfaction across various life
domains (eg, “How satisfied do you feel with the relationships
in your life?") and were based on the Satisfaction with Life
Scale [40], which isawidely used measure of life satisfaction.
These items were rated on a 7-point scale ranging from O (very
dissatisfied) to 6 (very satisfied). Scores on each subscale were
computed by summing the ratings and computing a percentage
score ranging from O to 100. A composite score was then
generated by averaging the 2 percentages, with higher scores
indicating greater subjective well-being.

Asdescribed elsewhere[29], an unpublished internal validation
study was conducted on the Happify Scale with 559 adults
recruited from the general population using Amazon MTurk.
In this study, the Happify Scale was shown to have good internal
consistency (a=.89), and the internal consistency for each
subscale was at least adequate (positive emotions: a=.72; life
satisfaction: 0=.88). The subscaleswere al so strongly associated
with the scales they were based on (r=0.76-0.80), and the total
Happiness Scale score was strongly correlated with the
Subjective Happiness Scale (r=0.78) and the Center for
Epidemiological Studies Depression Scale (r=—0.75), in the
predicted direction.

GAD-2 Scale

The GAD-2 [38] is a 2-item screening tool for generalized
anxiety disorder, consisting of thefirst 2 items from the longer
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7-item GAD scale. Respondents indicate the extent to which
they have been bothered by each of the issues over the past 2
weekson ascalefrom O (not at all) to 3 (nearly every day). The
ratings were summed so that higher scores indicated greater
anxiety symptoms. Although the GAD-2 istypicaly used as a
screening tool, where a score of >3 indicates the likelihood of
an anxiety disorder, it has also been used as a continuous scale
to assess changes in anxiety in response to treatment [41].

Statistical Analysis

To examine changes in well-being and anxiety symptoms, we
fit linear mixed effects models for each outcome, treating days
from the first assessment to each subsequent assessment as a
fixed effect. We selected this approach because of its ability to
handle a varied number of assessments across participants at
various time points. Models were fitted with R (version 4.1.0
[42]), using the nime package [43]. Models with random
intercepts only and those with both random intercepts and
random slopes were evaluated using the Akaike Information
Criterion. Thefinal modelswerefitted using random intercepts.
Owing to the variability in the number of assessments and time
between assessments, we fitted a continuous autoregressive
error structure, conditional autoregressive (1) [44]. For each
outcome, we fit amain effects model and then amodel with an
added interaction between time and use level (recommended
vs below recommended). Each model included time, use
(recommended level vs below recommended level), gender
(dummy coded as“woman”), relationship status (dummy coded
as “in arelationship”), number of chronic conditions, number
of activities completed before the first assessment, and initial
scores on the other outcome variables as predictors. Model
comparison and selection were then made using Akaike
Information Criterion; the interaction model better fit the data
for both well-being and anxiety symptomsand thus, are reported
here. All statistical tests were 2-tailed with an a criterion of
.050.

Results

Sample and Demographics

During the qualifying period, 1292 new users reported being
>65 years, residing in the United States, and completing at least
two in-app assessments. After excluding participants whose
second assessment was >182 days from their first assessment
(n=89), whose last assessment was <42 days from their first
(n=476), who completed no activities between their first and
last assessments (n=306), or who had missing demographic
information (n=46), our final sample consisted of 375 older
adults. The sample demographics are presented in Table 1.

Users completed an average of 4.17 (SD 2.63) assessments,
ranging from 2 to 13 assessments, with an average of 49.89 (SD
38.52) days between assessments. Initial well-being was not
correlated with the number of completed assessments (r=.06)
or with the average number of days between assessments
(r=—.07), whereas initial anxiety symptoms were significantly
correlated with both (r=—0.17 and 0.21, respectively; P<.001).
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Table 1. Baseline sample characteristics (N=375).
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Characteristic Value
Gender? n (%)
Woman 297 (79.2)
Man 76 (20)
Other 2@
Relationship status, n (%)
In arelationship 265 (70.7)
Single 110 (29)
Chronic conditions
Users with at least one chronic condition, n (%) 269 (71.7)
Number of chronic conditions, mean (SD) 1.39(1
Self-reported chronic physical conditions, n (%)
Arthritis 56 (15)
Asthma 17 (5)
Cancer 12 (3)
Chronic pain 70 (19)
Diabetes 37 (10)
Eczema 8(2)
Heart disease 4(1)
High blood pressure and/or cholesterol 127 (33.9)
Insomnia 80 (21)
Migraine 19(5)
Multiple sclerosis 2(1)
Psoriasis 4(1)
Rheumatoid arthritis 10 (3)
Other conditions 76 (20)

3During onboarding, users are asked “ Everyone's Different: Tell Us Your Gender” Before October 2020, response options were “male,” “female;” and
“none of the above”; after thistime, response options were changed to “man,” “woman,” and “none of the above.” Userswho selected “male’ or “man”
are both represented in this table as “man,” whereas those who selected “female” or “woman” are both represented under “woman.”

Use

We were able to verify how 326 of the 375 users (86.9%)
accessed the Happify program. A small proportion of these users
(54/326, 16.6%) accessed the program exclusively using a
computer. Older adults were more likely to access Happify
either using a smartphone or tablet (129/326, 34.3%) or a mix
of devices (143/326, 43.8%). Among those who used either a
smartphone or atablet, the program was accessed primarily via
a smartphone (117/129, 90.5%) compared with the tablet
(12/129, 9.5%). Among those who used all 3 devicesto access
the program, access via a smartphone was the most common
(mean 50.78%, SD 22.46%; range 0% -75%), followed by access
via a computer (mean 36.12%, SD 10.63%; range 20%-50%)
and atablet (mean 13.10%, SD 18.25%; range 0%-25%).

https://aging.jmir.org/2022/3/€39851

The sample use statistics are listed in Table 2. Overall, older
adult users completed an average of 43.35 (SD 87.80) activities,
ranging from 1 to 876 activities, between their first and last
assessment. On average, more activitieswere completed within
a dedicated track (mean 35.47, SD 67.31; range 0-415)
compared with activities completed viathe instant play feature
(mean 7.88, SD 37.56; range 0-558). A total of 113 (30.1%) of
the 375 retained users engaged with the program at the
recommended level of 2 activities per week during that period,
whichisconsistent with other Happify research with adifferent
sample[31]. Theolder adultsin our sample also had an average
of 19.36 (SD 27.16) active days on Happify, ranging from 1 to
152 days between their first and last assessment.
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Table 2. Characteristics of engagement with Happify program.
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Value, mean (SD) Value, range

Number of in-app assessments 4.17 (2.63) 2-13
Days between first and last assessments 104.54 (46.55) 42-182
Number of days between assessments 49.89 (38.52) 13.75-177
Activities completed before first assessment 1.22 (1.75) 0-19
Activity between first and last assessment

Total activities completed 43.35 (87.80) 1-786

Track activities completed 35.47 (67.31) 0-415

Instant play activities completed 7.88 (37.56) 0-588

Days between first and last activity 92 (63.20) 1-152

Active days® 19.36 (27.16) 1152

8Any day when auser logged on to the Happify platform and completed an activity but does not include days when the user may have logged on without

completing an activity (including completing the assessment).

Subj ective Well-being

Across the sample, the mean well-being score on the first
assessment was 52.56 (SD 19.82), ranging from 5 to 99. This
is below the 50th percentile of the Happify Scalein the general
population (ie, ascore of 61-63) [29]. Wefound that ol der adults
with a higher number of chronic conditions had lower Happify
Scale scoresoveral, B=—1.58 (95% Cl —2.72 to -0.45; P=.007),
which is consistent with research showing that health statusis
correlated with subjective well-being [45]. Not surprisingly,
older adults with higher levels of anxiety symptoms on their
first assessment also had lower levels of subjective well-being
overall, B=-5.24 (95% Cl -6.10 to —-4.38; P<.001). These
effects were consistent for both the main effects and the
interaction models.

We aso found significant main effects for both use (B=4.38;
95% ClI 1.00-7.77; P=.011) and time (B=0.03; 95% CI

0.01-0.04; P<.001). However, these effects were qualified by
a significant timexuse interaction when added to the model
(B=0.04; 95% CI 0.02-0.07; P=.002), and the main effectswere
no longer significant for use (B=-1.884; 95% CI -1.874 to
5.641; P=.33) or time (B=-0.012; 95% CI -0.005 to 0.029;
P=.18).

As shown in Figure 3, older adults who completed an average
of 2 or more activities per week while on Happify reported
significantly greater improvements in subjective well-being
than did those who completed fewer activities. More
specifically, those who completed an average of 2 or more
activities per week had an average improvement of 24.5% (SD
79.3%) intheir Happify Scale scores compared with 11.7% (SD
45.5%) among those who engaged below the recommended
level. No other effects were significant in either model.

Figure 3. Changes in subjective well-being (as measured by the Happify Scale) over time as moderated by use (recommended use: average of =2

activities per week; low use: average of <2 activities per week).
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Anxiety

The mean GAD-2 scores on the first assessment were 2.14 (SD
1.82), ranging from 0 to 6, and 116 of the 375 (30.9%) users
scored above the cutoff (ie, scores between 3 and 6) for likely
anxiety disorder. In addition to the significant main effects of
use (B=-0.31, 95% ClI -0.60 to -0.02; P=.03) and time
(B=-0.002, 95% CI: -0.004 to -0.001; P<.001), the only other
significant main effect was for initial Happify Scale scores.
Older adults with higher Happify Scale scores on their first
assessment also had significantly lower levels of anxiety
symptoms overall (B=—0.04, 95% CI —0.05 to —0.04; P<.001).

As with subjective well-being, both main effects for use and
time were qualified by a significant usextime interaction

Boucher et d

(B=-0.004, 95% CI —0.007 to —0.002; P<.001) and were no
longer significant once this interaction was added to the model
(use (B=-0.098, 95% ClI -0.409 to 0.212; P=.54); time
(B=-0.001, 95% CI -0.002 to 0.001; P=.05). As depicted in
Figure 4, older adults who completed an average of 2 or more
activities per week reported significantly greater improvements
in anxiety symptoms than those who compl eted fewer activities.
More specifically, among older adults who engaged with the
program at the recommended level, there was a 25.6% (SD
58.3%) improvement in GAD-2 scores compared with 10.5%
(SD 88.3%) improvement among those who engaged below the
recommended level.

Figure4. Changesin anxiety symptoms (as measured by the Generalized Anxiety Disorder 2 [GAD-2] scal€) over time as moderated by use (recommended
use: average of =2 activities per week; low use: average of <2 activities per week).
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Discussion

Principal Findings

The purpose of thisanalysiswasto explore whether older adults
would engage with a digital well-being intervention and the
extent to which engaging with this intervention led to
improvements in subjective well-being and anxiety symptoms.
Our results show that approximately one-third of older adults
who qualified for our analysis engaged with the program at the
recommended level, which is consistent with the rates of
engagement reported in other analyses of Happify users that
did not include older adults [30].

Our results further showed that when older adults engaged at
this optimal level, they experienced significant improvements
in both subjective well-being and anxiety symptoms over time.
These improvements are also comparable (or better) to those
reported in other populations. For instance, areal-world analysis
of Happify users found a 10.47% improvement in positive
emotions (a subscale from the Happify Scale) over 8 weeks
[31], whereas a more recent analysis of Happify users with
self-reported migraines, where <1% of the sample was

https://aging.jmir.org/2022/3/€39851

represented by older adults, found an average improvement of
23.5% in subjective well-being and 26.05% in anxiety symptoms
[46]. The magnitude of change observed in the current analysis
is consistent with those observed in the migraine analysis and
better than what was reported in the study by Carpenter et al
[31], with improvements in well-being averaging 24.5% and
improvements in anxiety symptoms averaging 25.6%. These
findings add to the growing body of literature suggesting that
although technol ogy adoption remainslower among older adults
[21], they nevertheless respond to digital interventions
[23,25-27,47]. By examining data from real-world users, our
data provide evidence that even outside controlled research
environments, older adults will sign up for digital well-being
interventions and engage with them at comparable rates to
younger users. Thisisimportant to understanding whether digital
interventions are a viable means of addressing the unmet need
for mental health care among older adults, regardless of their
efficacy. If older adults do not engage with digital interventions,
they cannot improve access to care.
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Improving Uptake of Digital Interventions Among
Older Adults

Our data show that older adults can benefit from digital
well-being interventions when they engage with them and that
those who adopt thistechnology appear to engage at rates similar
to what we find in younger age groups. However, it is worth
noting that the uptake of these digital interventions was lower
than that in other age groups. In the case of the Happify
program, older adults who qualified for our analysis made up
<3% of the general user base that met all other criteria for
inclusion. Therefore, it is important to explore methods to
increase older adults' willingness to use these interventions.

One potential explanation for this lower uptake is that older
adults are less comfortable with emerging technol ogies. Indeed,
research has shown that older adults who are more confident in
their ability to use computers and the internet are more willing
to adopt new technologies [48] and become long-term users of
new digital programs[49]. Some researchers suggest that tablets
may be the answer to increased adoption of technology among
older adults [50]; however, our data suggest that only a small
proportion of older adults on Happify used tabletsto accessthe
program. Generaly, older adults still seemed to use
smartphones, followed by computers, to access the program.
Although more research is needed to explore the impact of
optimizing digital interventions for tablets, these data suggest
that the mode of delivery for digital interventionsis not the root
cause of lower uptake.

Rather, theissue may have moreto do with alack of familiarity
with the interventions themselves than with technology. For
example, qualitative research with adults aged =50 years
suggests that the most common barrier to uptake of digital
interventions in this age group is alack of understanding [28].
More specifically, many participants were unaware of digital
interventions, although they developed positive attitudes toward
such interventions when introduced to them during the study
session. However, other research suggeststhat awareness alone
may not be sufficient to overcome older adults' skepticism about
how digital interventions can help improve their mental health
[51]. Consequently, education to improve awareness among
ol der adults may need to be coupled with support while learning
new technologies to increase use [52].

Designing Digital Interventions With Older Adultsin
Mind

Beyond efforts to introduce older adults into digital
interventions, we also need to consider the unique needs of this
population, which might make digital interventions designed
for younger groups impractical for older adults. For instance,
qualitative research with older adults suggests that although
participants felt there were numerous benefits to technology,
many reported concerns with usability based on age- or
health-related changes in abilities (eg, difficulties with small
screens and manual dexterity) [51,53]. Certain features, such
as audio and voice recognition technology, may be required to
increase the usability of digital interventionsin this population
[22]. Despitethe proliferation of digital interventions available
on the market, few, if any, have been developed specifically
with older adultsin mind. Given theincreasing need for scalable

https://aging.jmir.org/2022/3/€39851

Boucher et d

mental health solutions among older adults, and the unique
barriersto engaging with digital toolsin thisage group, product
development that actively includes end user feedback will be
imperative to the success of digital interventions among older
adults, both in terms of uptake and efficacy. Indeed, other
researchers have called for patient-centered or user-focused
research with older adults as part of digital intervention
development [54] or even exploring opportunities for
participatory co-design [55]. Although qualitative research on
older adults’ general perspectives on digital interventions and
technology exists[28], more user-centered work on older adults
as they engage with specific programs is needed.

Strengthsand Limitations

Although the strength of this study is its ability to provide
insights into the real-world uptake of digital well-being
interventions among older adults, it also has several limitations.
First, given the lack of a control group, we could not determine
whether the changes in well-being or anxiety symptoms were
directly related to the intervention. We found that changes in
outcomes were significantly different based on use, such that
older adults who engaged with Happify at a minimal level
showed less improvement in both well-being and anxiety
symptoms compared with those who completed an average of
at least two activities per week. This moderating effect of use
suggests that the completion of Happify activities contributed,
at least in part, to changesin outcomes. However, research with
a control group is required to determine the causdlity. In
particular, given recent criticisms that the effects of digital
interventions are much weaker when compared to active controls
[56], future research should include arigorous control that would
account for potential placebo effects aswell astime.

Second, because of the naturalistic design, our analyses were
limited to users who signed up for the program on their own.
Consequently, it is likely that the older adults included in our
analysiswere not representative of al older adults. In particular,
our sample predominantly consisted of older adults who
identified aswomen. Although thisis often the casein research
on digita interventions and we found no significant effects of
gender in either of our models, some research suggests that
women may show greater improvements in mental health and
well-being outcomes after engaging in digital interventions[57].
Consequently, these findings may not be generalizable to men.

Thisiscompounded by the fact that our analysisincluded those
users who engaged with the intervention for at least six weeks,
who completed activities, and who compl eted at |east two in-app
assessments. Thus, our sample likely represents older adults
who are early adopters of digital interventions and are more
comfortable with the technology overall. Although it is
important to understand how this group of older adults will
respond to digital interventions, to determine whether these
interventions are a viable solution to address the unmet need
for mental health care among older adults, we need to test the
usability of these interventions with a broader population of
older adults. In particular, it is important to test the impact of
digital interventions among older adults who may experience
more barriers to engaging with these technologies, including
those less familiar or comfortable with technology, those with
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conditions that might interfere with their ability to use digital
tools (eg, cognitive deficits and mobility concerns), and those
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been presented as one way to address unmet needsin the general
population, few studies have specifically examined the impact

of such interventions on older adults. The current data add to
the growing body of evidence suggesting that although older
adultsarelesslikely to begin using digital interventions without
effortsto familiarize themselves with these interventions, those
who engage with these interventions show corresponding
improvements in their mental health. This suggests that digital
interventions may present aviable opportunity to improve access
to mental health care among older adults. Importantly, digital
health programs may also help foster a sense of independence
among older adults[58], offering them opportunitiesto address
mental health concerns without feeling like they burden others
[51]. Given the potentia benefits, developing digital
interventions specifically for older adultsto addresstheir unique
needs and to provide education surrounding digital interventions
to improve awareness of and comfort with these tools among
older adults should be a priority.

from diverse backgrounds.

Finally, although we were able to isolate users aged =65 years,
because the question about agein the onboarding questionnaire
iscategorical, it isimpossible to examine the continuous effects
of age within this cohort. Research suggests that technology
adoption may be even lower among adults aged >75 years[21]
and that the benefits of digital interventions may be negatively
related to age among ol der adults [23]. Conceivably, our effects
may be driven by younger older adults, and in future research,
it will be important to determine users’ age more precisely.

Conclusions

As the population ages, the increasing need for mental health
care coupled with the shortage of mental health professionals
specializing in geriatric populations presentsimportant concerns
regarding unmet care needs. Although digital interventions have
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Abstract

Background: Little is known about engaging patients and stakeholders in the process of scaling up effective knowledge
translation interventions targeting the public.

Objective: Using an integrated knowledge translation approach, we aimed to scale up and evaluate an effective pilot program
to disseminate research resultsin public libraries.

Methods: We conducted a scaling-up study targeting the public. On the basis of our successful pilot project, we codevel oped
and implemented alarge-scale program of free citizen workshopsin public libraries, in aclose research partnership with stakeholders
and patient representatives. Citizen workshops, each facilitated by 1 participating physician and 1 science communicator, consisted
of a45-minute computer-assisted presentation and a45-minute open exchange. The intervention outcome was knowledge gained.
The scale-up outcomes were satisfaction, appropriateness, coverage, and costs. An evaluation questionnaire was used to collect
data of interest. Both quantitative and qualitative analyses were performed.

Results: The workshop theme chosen by the patient and stakeholder representatives was the high prevalence of medication
overuse among people aged =65 years. From April to May 2019, 26 workshops were conducted in 25 public libraries reaching
362 people. The mean age of participantswas 64.8 (SD 12.5) years. In total, 18 participating physicians and 6 science communicators
facilitated the workshops. Participants reported significant knowledge gain (mean difference 2.1, 95% Cl 2.0-2.2; P<.001). The
median score for overall public satisfaction was 9 out of 10 (IQR 8-10). The public participants globally rated the workshops as
having a high level of appropriateness. Coverage was 92% (25/27) of the total number of public libraries targeted. Costs were
CAD $6051.84 (US $4519.69) for workshop design and CAD $22,935.41 (US $17,128.85) for scaling them up.
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Conclusions: Thisproject successfully established alarge-scale and successful implementation science or knowledge translation
bridge among researchers, clinicians, and citizens via public libraries. This study provides amodel for a dissemination practice
that benefits the public by both engaging them in the dissemination process and targeting them directly.

(JIMIR Aging 2022;5(3):€39016) doi:10.2196/39016
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scaling up; knowledge transl ation; dissemination strategies; integrated knowledge transl ation; public libraries; citizen workshops;

potentially inappropriate medicines

Introduction

Scale Up of Health Interventions

Much research remains on the shelf. The average delay for
integrating research findings into healthcare delivery is still
estimated in units of decades, despite recent advances madein
implementation science or knowledge trandation (both hereafter
referredtoasKT) [1-3]. While KT attemptsto addressthisgap,
most KT interventions target health professionals and ignore
the public [4]. Within the clinical context of primary care, the
public and patients are key end users of research findings. They
should beinformed about new evidence that could benefit them
and be involved in any KT process that targets them [5,6].
Without patient and stakeholder involvement in judging the
relevance of the knowledge being transferred, the new
knowledge may not be patient-centered and remainsin the hands
of the professionals delivering care. Any patient engagement
in KT is still mostly low level engagement [7]. Most health
intervention pilot projects, even if proven effective, remain on
the shelf. One way to bring effective pilot projects off the shelf
is to scale them up so that their benefits reach a broader
population. Scaling up is becoming an important motor of KT
and is developing into a science unto itself [8,9]. The process
of scaling up can be defined as “deliberate efforts to increase
the impact of successfully tested health innovations so as to
benefit more people and to foster policy and program
development on alasting basis” [10].

KT interventions rarely target the public directly, who are their
potential if not actua patients. Even web-based surveys are
unrepresentative of the public, as they only reach people with
educational and technological resources[11]. Meanwhile, public
librariesare known for their extensive population reach, asthey
attract homeless and other marginalized patrons [12-14]. Their
patrons also see public libraries as a vauable resource for
medical information [15,16]. Furthermore, unlike other
service-providing ingtitutions (eg, medical and some social
welfare ingtitutions), libraries are widely trusted by the public
[14]. Therefore, they can be an excellent avenue for
disseminating accurate medical information to users. Ultimately,
this could lead to increased public expectations and demands
for care that is more patient-centered, thus changing the
dynamics of care between patients and providers [17] by
fostering positive behaviors such as shared decision-making by
both partners in the care relationship [18].

https://aging.jmir.org/2022/3/€39016

Workshopsin Public Librariesas Effective KT
I nterventions

In 2017, we established a proof of concept on the dissemination
of research results to the public through workshops in public
libraries. These pilot workshops, designed to raise avareness
of new knowledge in primary care research, were conducted
across 9 public libraries in Quebec City, Quebec, Canada. We
demonstrated evidence of their effectiveness by measuring the
acquisition of knowledge among participants [19]. First, we
hypothesized that one of the reasons for our pilot’s positive
results was the library setting. Public libraries are free
community-based civic institutions associated with increasing
knowledge at one's own pace and in accordance with one's
interests. This setting thus helped reduce the usual power
differential between health professionals and patients, as these
potential patients had freely chosen to be present instead of
being obliged to hear messages from health professionals.
Second, we give credence to our communication strategy,
whereby research findings were delivered by physicians who
were credible messengers and by a science communicator using
plain language accessible to lay people. Third, we successfully
mobilized several key stakeholders, such as physicians, ascience
communicator, and a public library manager, and attracted the
public. Overall, our successful pilot workshops appeared to be
an appropriate candidate for scaling up, according to a World
Health Organization guide to scale up [10]. Evidence of their
effectiveness was sound, observable, and documented. They
had already been tested in a setting similar to the target setting.
We succeeded in maintaining comparable participation rates
for workshops across public libraries, which was a good
indication of the generalizability of our project. The model was
easily transferable, it matched the val ues of thetarget institutions
(such as libraries), and similar logistics could be applied. On
the basis of our body of evidence, our next step was to
investigate how these results would hold on alarger scale; that
is, by targeting more public libraries and delivering more
workshops. Ultimately, we expected that reaching alarger public
and increasing their knowledge would greatly impact population
health.

However, thereisno point in scaling up KT intervention projects
that are not relevant to their target popul ations. Knowledge must
also be accessible to end users. To this end, the integrated
knowledge trandation (IKT) approach has been increasingly
adopted in implementation studies[20]. IKT aimsto gather the
views of all stakeholders, including knowledge users, throughout
the research process in an inclusive, engaging, and interactive
manner [21]. It is based on research partnership, the equitable
sharing of power, and mutual respect among all stakeholders.
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The benefits of this approach have been widely demonstrated
in the literature [22]. In this scaled-up version of our pilot, we
planned to engage patients and stakehol ders from start to finish,
involving men and women at a high level of engagement [23];
that is, in choosing the theme, defining its content, and
evaluating its outcomes while maintaining or improving
workshop effectiveness.

Therefore, we aimed to scale up an effective pilot program to
disseminate research results to the public through citizen
workshops in public libraries using an IKT approach, while
maintaining fidelity and with equal or improved effectiveness.

Methods

As no specific reporting guidelines for scaling up studies are
available, we used an adapted version of the Standards for
Reporting |mplementation Studies guidelinesto report our study
[24]. We dso relied on the Template for Intervention
Description and Replication reporting guidelines for the
description of the intervention [25].

Study Design

Aswith the pilot project, we conducted a pre-post intervention
study. Participants self-reported both preintervention and
postintervention outcome measures only after the intervention
was completed (reducing response shift bias for the outcome
measures and the burden on participants) [26,27]. Usingan IKT
approach, we adapted the pilot methodol ogy to engage patients
and stakeholders throughout this scaling up study. Therefore,
this study was not registered.

Context

While the pilot project took place in Quebec City, Quebec,
Canada, the scaled-up intervention was extended to Montreal,
Quebec, Canada, which, similar to Quebec City, is largely
Francophone, so the culture and language were similar.
However, it should be noted that Montreal has a higher
immigrant population and includes the city of Westmount,
Quebec, Canada, which is more Anglophone. There are aso
economic differences between localities, with Westmount being
richer than most districts of Montreal and Quebec City.

Targeted Sites and Population

Convenience sampling was conducted to select libraries in
Quebec City, Montreal, and Westmount, which were able to
include acitizen workshop in their spring 2019 agenda and had
the necessary amenities (ie, video projector, laptop, speaker,
and room for 30 people). The target population for our study
was public library patrons aged =18 years. Their participation
was voluntary. To maximize the number of participants in the
libraries, and also to ensure a variety of profiles (eg, sex, age,
and education level) among all participants, libraries were free
to schedule citizen workshops on the dates and times they
deemed most convenient (ie, during the workday or in the
evenings and weekdays or weekends).

https://aging.jmir.org/2022/3/€39016
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Planning to Scale Up the I ntervention

Establishing a Committee

This scale-up study began with the formation of a preliminary
project steering committee and was informed by the Canadian
Ingtitutes of Health Research Integrated and End-of-grant
knowledgetrandation frameworks[28]. The proposal for scaling
up the pilot intervention, that is, a presentation with layman-
and user-friendly content followed by an exchange period, was
consensually retained by the committee.

Name

We named this intervention citizen workshops because of the
strong involvement and responsibility of all stakeholdersinthe
process. primary care researchers would produce results and
make them avail able to physicians, science communicators, and
patient and research partners for dissemination to the public;
the public would identify the most relevant results; public
librarieswould host the workshops; and science communicators
would facilitate them.

Recruitment

Through a convenience selection, we recruited stakeholder
representatives, including 4 expertsin patient-oriented research,
1 science communicator, 1 primary care physician, and 2 public
library officials. The primary health care researcher, whose
resultswere selected for dissemination, and apatient expert (ie,
apatient or informal caregiver trained in research), who was a
caregiver of a patient facing the health problem addressed,
joined the committee for the remaining stages. The library
officials on the committee arranged for invitations to be sent to
all public libraries in Montreal, Westmount, and Quebec City
and then helped to identify the libraries that would host the
citizen workshops. In addition to thelibraries usual information
channels (programming pamphl ets, websites, and social media
platforms), posters, a dedicated website [29] and radio
advertisements, social media platforms (Facebook), and
newsl etters were used to reach the participants. These means
of promotion were designed and approved by all final committee
membersincluding the patient expert.

The committee decided that each citizen workshop would be
moderated by a team consisting of a family physician as the
speaker and a science communicator in charge of facilitating
and articulating the message in plain language. Thus, researchers
and physicians on the committee issued aletter to be included
in primary care professiona and research organization
newsletters, inviting any willing primary care physician
(emergency and family medicine) or resident to participate in
the project. The only prerequisite was that they had to have
good knowledge and practical experience of the health problem
addressed. Science communicatorswere selected by the science
communicator member of the steering committee according to
their ability to communicate orally in plain language, to lead a
constructive discussion with an audience, and to manage the
unforeseen (inappropriate questions, speaker forgetting
important details or explaining key concepts poorly, or technical
or operational mishaps) and their respectful and empathetic
attitude.
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IKT Strategies

We have involved different stakeholders as research partners
at all steps of our research process, except the patient caregiver
and the representative of winning researchers who were
identified and involved after the selection of the research results
to be disseminated. The research results selected alowed usto
determine the health problem addressed and therefore the
relevant profile of patients to be involved as research partners
inour study. Therelevant patient profile we determined required
the permanent support of a caregiver. Therefore, we included
as the research partner a caregiver having substantia life
experience with the patient having a health problem of interest.

Asresearch partners, the stakehol ders contributed to the research
process using the following strategies. (1) the members of the
preliminary steering committee discussed and approved theaim
of the citizen workshops, which was to inform and raise
awareness of the research results that would be selected. (2)
Then, they identified the themefor which research resultswould
be disseminated in the citizen workshops: a call for research
results was issued to al primary health care research teamsin
the province with aletter, validated by all committee members,
encouraging them to submit their research results for free
dissemination. The physicians and researchers on the committee
helped to identify the best means for disseminating the call for
research results throughout the province of Quebec
(dissemination networks of primary care research centers,
university hospital centers, faculties of medicine, pharmacy,
and nursing care in universities in Quebec). (3) Applications
were evaluated exclusively by the preliminary committee
members who reflected the voice of the main stakeholders,
including librarians, primary care physicians, experts in
patient-oriented research, and science communicators. (4) All
final committee members, including the patient expert and the
owner of the selected research results, participated in writing
and approving the script for the workshops. (5) Patients and
stakeholders on the committee were involved in al stages of
the implementation, including workshop observation, data
collection, and outcomes evaluation. (6) Meetings among all
actors, including the patient expert, were organized on a
bimonthly basis. A progress report was sent every 2 months
over 18 months. (7) Patients and stakehol ders on the committee
were assigned to observe al workshops. Their role was to
distribute and collect evaluation questionnaires completed by
the participants of the citizen workshop. They ensured the
smooth running of the workshop and counted the number of
participants at the beginning of each citizen workshop. (8)
Preliminary results of the data analysis for the project were
discussed with stakeholders, and their comments and suggestions
were considered in the final interpretation of the results.

I mplementing the Scaled-up Intervention

Preparation

To ensure consistency of citizen workshops across libraries,
materials for moderation (ie, PowerPoint [Microsoft Inc]
presentation, handouts, and notesfor each individual moderator)
were sent 6 weeks earlier to al participating moderators. They
had 2 weeksto familiarize themselveswith the materials. Then,
two 1-hour preparatory meetings, spaced 2 weeks apart, were
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held by the committee and all participating moderators. During
these meetings, the committee gathered moderators' feedback
on the documents for consideration and sought their approval .

Workshop Content

Each citizen workshop was divided into two 45-minute
equivalent parts: the first was a computer-assisted presentation
of the results, and the second was a knowledge exchange
between participants and physician presenters moderated by a
science communicator. The knowledge exchange included not
only the question-and-answer round but al so knowledge sharing
through the lenses of scientific evidence, beliefs, personal
experiences, and values disseminated about the topic. First, an
introductory part raised public awareness of the health issues
related to the results by defining terms and providing context.
Then followed the actual results of the selected study and a
detailed description of their direct impact on the public and
potential repercussions on their heath. In the knowledge
exchange session, the science communicator ensured that any
guestions from the participants did not seek a personalized
medical consultation. This format was identical to that of the
pilot phase workshops, except for one major adaptation: the
addition of a video clip to the presentation in the first part of
the workshop with the testimony of the patient expert associated
with the project. We made this change because, in the pilot
study, the workshops generated greater gains in knowledge
among young peopl e than among older people. We hypothesized
that older people might need information presented in adifferent
format to reach them better. On completion of the workshops,
participants were left with a handout outlining the research
results along with additional documents and resources about
the health problem addressed. Detailed information on the
content of the intervention and handouts can be available upon
request.

Maintaining Fidelity

Except for the addition of the video clip to the presentation,
efforts were made to maintain fidelity to the piloted workshop
concept and content. Workshops were given in French in all
libraries, even in areas that were predominantly Anglophone.
The same content was offered with moderators having
comparable profiles. To maintain fidelity, we had to add some
elementsto the new contexts; for example, some public libraries
did not have projectors for the slide presentations with sound,
so we purchased our projection materials.

Evaluation

Outcomes of Scaling Up

Outcomes of scaling up were related to selected aspects of
acceptability and appropriateness of citizen workshops among
participants, workshop coverage, time, and costs.

According to the taxonomy of implementation outcomes by
Proctor et al [30], acceptability is the perception among
stakeholdersthat an innovation is agreeable or satisfactory while
appropriatenessisthe perceived fit, relevance, or compatibility
of the innovation. These outcomes were measured using 12
closed-ended questions regarding participants' opinions of the
workshop. Acceptability was measured using 3 questions that
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focused on the structure of the activity, 3 questions on workshop
facilitation, and 2 questions on whether the workshop met their
expectations and whether they would recommend it to others.
Participants also indicated their overall satisfaction with the
workshop using adiscrete 11-point scale where 0 corresponded
to unsatisfied and 10 corresponded to fully satisfied.

Appropriateness, on the other hand, was measured using 4
guestions on the workshop quality and relevance. Answers to
all questions except general satisfaction were chosen from a
4-point Likert scale (ranging from 1, “totally disagree,” to 4,
“totally agree”). Qualitative data on participants acceptability
were also collected from open-ended questionsin the evaluation
form.

Coverage was determined by determining the ratio between the
numerator (ie, the number of librariesthat hosted the workshops)
and the denominator (ie, the number of libraries targeted for
participation).

A partial economic evaluation focusing solely on costs was
conducted separately for the workshop design costs and the
scaling-up coststo distinguish between modifiable costsrelated
to the scale-up strategy and nonmodifiable costs related to the
intervention. Costs for scaling up included remuneration of
steering committee members, medical moderators, science
communicators, and patient observers;, purchase of the necessary
equipment; and actual delivery of workshops. Expensesrelated
to designing the citizen workshops included fees for steering
committee members for designing and writing the workshop
script, as well as filming the video clip incorporated into the
presentation.

I ntervention Outcomes

The main outcome of the intervention was knowledge gain, as
perceived by the participants about the health problem
addressed. To assess this, we adapted the self-administered
guestionnaire used in our pilot study [19]. This questionnaire
was administered to participants at the beginning of the
workshop, and they were invited to complete it at the end
(Multimedia Appendix 1). They rated their knowledge using a
discrete scale from O (very low) to 10 (very high).

Data were also collected on participants sociodemographic
characteristics, such as age, sex, and highest level of education.
Finally, other variables pertaining to workshop characteristics
were collected by direct observation during their delivery: the
time of day during which the workshopswere held, the presence
or absence of the patient expert as an observer during the
workshop, and whether the speaker was a physician or resident.

Analysis
First, we performed a descriptive analysis of the participants
according to their sociodemographic characteristics and the

workshops they attended, their opinions, and their levels of
satisfaction and knowledge.

We used a 2-tailed paired t test to compare self-reported pre-
and postknowledge levels[31,32]. Comparative analyses of the
knowledge gain were then conducted according to the
characteristics of not only the participants but a so the workshop
in which they participated. To this end, univariate linear
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regression models of knowledge gain were constructed [33].
To assess how knowledge gains would vary across public
libraries, comparisons were also made according to the
workshops moderators (ie, each facilitator, speaker, and pair
of moderators) using an ANOVA test [34]. However, given the
skewed distributions of knowledge levels and gain, sensitivity
analyses were performed: first, the Wilcoxon signed rank
comparison test was used to compare before and after median
knowledge levels [35]. Second, unmatched rank tests on the
median and nonparametric multiple comparisons were
performed using the SAS NPARIWAY procedure [36].
Statistical significance was defined as P<.05 (2-sided test).

All analyses were performed in the SAS software (version 9.4;
SAS Indtitute Inc). Qualitative data collected through
open-ended questions were transcribed by 1 author (JS) and
analyzed using an iterative deductive method discussed with
team members. For the economic evaluation, we cal cul ated the
sum of expenses separately for the scaling-up strategies and for
the design of citizen workshops. The cost results are presented
in Canadian dollars. On April 5, 2019, CAD $1 was equa to
US $0.75.

Ethics Approval and Consent to Participate

Ethics approval was granted from the Comité d'éthique du
Centre intégré universitaire de santé et services sociaux de la
Capitale-National e under project 2019-1513. Informed consent
was first obtained verbally from the study participants at the
beginning of each conference asthe conferenceswere recorded.
Written consent was obtai ned from the participants who agreed
to complete the conference eval uation forms. The study protocol
was approved by the ethics committee.

Results

Overview

Following the committee’s call for research results, 5 research
teams submitted their results. The results selected that responded
to public or patient interest, according to the selection
committee, addressed the high prevalence of the use of
potentially inappropriate medicines among people aged =65
yearsin Quebec [37].

Population

A total of 25 libraries, including 9 in Quebec City and 16 in
Montreal, agreed to host the citizen workshops. From April 4
to May 29, 2019, 26 workshops were offered in Montreal,
including 1 workshop in Westmount and 10 workshops in
Quebec City, with 1 library agreeing to host 2 workshops. A
total of 18 physicians were mobilized to present the selected
findings, and 6 facilitators were recruited. Consequently, 22
distinct pairs of moderators were assembled.

The citizen workshops drew 362 participants, with a mean of
13.9 (SD 6.0) participants per workshop. The evauation
questionnaire was returned by 320 participants (Figure 1). Table
1 presents the sociodemographic characteristics of the
participants and characteristics of the workshopsin which they
participated. The mean age of the participants from the public
was 64.8 (SD 12.5) years. Women accounted for 71.6%
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(229/320) of the participants from the public, and half had a  18.1% (58/320) had a patient partner present at their workshop.

university-level education (172/320, 53.8%). Approximately Most participants (279/320, 87.2%) had a physician as the
half (150/320, 46.9%) attended workshops in the evening, and  speaker.

Figurel. A flowchart of participants in citizen workshops.

362 participants
26 workshops
18 physicians
6 facilitators
22 pairs of moderators

42 participants who did
| notreturn the evaluation
form

v

320 respondents

44 respondents with
- incomplete data

v

276 includedin final analyses
26 workshops
18 physicians
6 facilitators
22 pairs of moderators
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Table 1. Distribution of participants and citizen workshops and their characteristics.

Montreal and Westmount (n=178) Quebec (n=142)

Total (N=320)

Participant characteristics

Sex, n (%)
Female 128 (71.9) 101 (71.1) 229 (71.6)
Mae 38(21.4) 38(26.8) 76 (23.8)
Missing data 12 (6.7) 3(21) 15 (4.7)
Highest educational level, n (%)
Secondary or lower 29 (16.3) 25(17.6) 54 (16.8)
College 42 (23.6) 34(23.9) 76 (23.8)
University 94 (52.8) 78 (54.9) 172 (53.8)
Missing data 13(7.3) 5(3.5) 18 (5.6)
Age (years)
Value, mean (SD) 65.5 (12.4) 64 (12.6) 64.8 (12.5)
Missing data (participants) 13 5 18
Workshop characteristics
Time of day, n (%)
Morning 34(19.1) 47 (33.1) 81 (25.3)
Afternoon 81 (45.5) 8(5.6) 89 (27.8)
Evening 63 (35.4) 87 (61.3) 150 (46.9)
Presence of the patient partner, n (%)
Present 58 (32.6) 0(0) 58(18.1)
Absent 120 (67.4) 142 (100) 262 (81.9)
Qualification of physician speaker, n (%)
Physician only 163 (91.6) 116 (81.7) 279 (87.2)
Physician + resident 0(0) 20 (14.1) 20 (6.6)
Resident only 15 (8.4) 6(4.2) 21 (6.6)
Outcomes therefore did not have dedicated roomsfor thistype of activity.

Outcomes of Scaling Up

Coverage

Of the 27 public libraries initialy planned for the citizen
workshops, 25 held workshops, corresponding to a coverage of
92%.

Acceptability and Appropriateness of Citizen Workshops,
According to the Public

The median level of overall satisfaction was 9 (IQR 8.0-10) out
of 10. With regard to qualitative data, participants pointed out
the good quality of the PowerPoint presentation. They
particularly liked the inclusion of theinterview with the patient
partner in the layout of the presentation. This could be
considered an indicator of the value of the patient caregiver in
IKT. Many participants also perceived and praised the effort to
communicate the research resultsin plain language through the
PowerPoint presentation and during workshop facilitation.
However, participants expressed some negative impressions,
notably that several libraries were open-plan concept and

https://aging.jmir.org/2022/3/€39016

Although most participants found the length of the workshops
adequate (275/320, 86%), some found that there was not enough
time to discuss their concerns. The lowest approval score was
obtained for an item that assessed whether their active
participation had been encouraged (255/320, 79.7%). However,
for the same item, a high rate of missing responses (42/320,
13.1%) was noted. Regarding the moderation of the workshops,
most participants reported that the moderators provided an
atmosphere conducive to discussion (299/320, 93.5%) and gave
them useful answers (296/320, 92.5%). They also appreciated
the enthusiasm of the moderators and their complementarity
(308/320, 96.2%). Finally, most participants felt that the
workshop met their expectations (294/320, 91.9%), and 94.1%
(301/320) recommended the activity to others (Figure 2).

In terms of appropriateness, more than 9 out of 10 participants
found that the citizen workshops were accessible to a layman
audience and that the information presented to them was clear
and relevant. However, alow agreement was obtained regarding
the usefulness of the documentation provided to them (214/320,
66.9%). This was aso the item for which the proportion of
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missing responses was the highest (79/320, 24.8%). However,
many participants found that information in the handouts was
too brief, and 1 participant suggested a more substantial

Figure 2. Public participants’ opinions on citizen workshops (N=320).

Massougbod;i et a

document with more information such as examples, useful
websites, and a detailed outline of the presentation.
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Cost and Time

Workshop Design

In total, 16 people were mobilized to participate in the
committee. Regarding the design of citizen workshops, costs
were mainly the fees of the science communicator member of
the steering committee for the writing of the workshop's script
and for the shooting of video clips embedded in the presentation.
These costs were CAD $6051.84 (US $4519.69). The patient
caregiver who had worked for the Quebec Strategy for
Patient-Oriented Research Support for People and
Patient-Oriented Research and Trials Unit did not receive
additional compensation in our study context. Thescript revision
and video clip editing were free, as they were performed by
other members of the steering committee with the tool s already
at their disposal in their workplaces.

Scaled-up Workshop Delivery

None of the steering committee members billed for their time
since they were professionals who were already paid in their
respective workplaces, except the science communicator and
the patient expert. Their fee for scale up was CAD $3511.05
(US $2622.15). A software was purchased for the posters and
the website creation at a cost of CAD $453.10 (US $338.39).
The preparatory meetings for the scal ed-up workshops, interms
of travel, per diem, and food, cost CAD $4380.12 (US
$3271.20). For the scaled-up delivery of the citizen workshops,
7 external observers were mobilized in addition to the 24
moderators (18 physicians and 6 facilitators). The external
observers were research assistants and graduate students. They
were mandated to give and collect the evaluation questionnaire
completed by participants. They also counted the number of
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participants and noted any incident occurred during the citizen
workshop. The per diem, travel, and accommodation expenses
of observers and moderators totaled CAD $13,620.65 (US
$10,172.31). The material used during the workshops (office
supplies, recorders, and pointers) was eva uated at CAD $970.49
(US $724.79). Total costs for scaling up the intervention were
CAD $22,935.41 (US $17,128.85). Therefore, the overall cost
for the project was CAD $28,987.25 (US $21,648.55).

The duration of the scaling-up process using the IKT approach,
from the creation of the steering committee to the beginning of
the citizen workshops, was 17 months and 8 months,
respectively, longer than that of the pilot project.

I ntervention Outcomes

Knowledge Gain

The final analyses were carried out on 276 participants after
removing those whose information on their level of knowledge
about potentially inappropriate medicines either before or after
the citizen workshops was missing. On a knowledge scale of 0
to 10, participants reported that they were, on average, fairly
well informed about M| Ps before the citizen workshops (mean
6.2, SD 1.8) and more so afterwards (8.2, SD 1.4). This
represented a significant (P<.001) mean increase in knowledge
of 2.1 (95% CI 2.0-2.2). Neither the range of participants
sociodemographic profiles, the workshop characteristics, nor
the variety of workshop moderators (as individuals or as pairs)
appeared to modify the effect of the workshop on knowledge
gain (Table 2).

These results were confirmed in our sensitivity analysis
(Multimedia Appendix 2).
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Table 2. Comparison of knowledge gain among participants in citizen workshops (N=276)2.

Characteristics Population, n B (95% CI) P value®
Participant characteristics
Sex .97
Male (reference female) 208 .01 (-0.46 to 0.48)
Age (years) 276 -.02 (~0.02 to 0.00) .06
Highest educational level .28
Up to secondary (reference university) 48 .01 (-0.54 t0 0.56)
College (reference university) 70 .37 (-0.10t0 0.85)
Workshop characteristics
Time of day .59
Morning (reference evening) 72 -0.18 (-0.68t0 0.31)
Afternoon (reference evening) 76 .10 (-0.39t0 0.58)
Presence of the patient partner .38
Present (reference absent) 51 .23 (-0.29t0 0.75)
Qualification of physician speaker 22
Physician + resident (reference physician only) 18 -0.72 (-1.54t0 0.10)
Resident only (reference physician only) 19 .05(-0.75t0 0.84)
According to the physician speaker 18° N/AS 638
According to the facilitator 6 N/A 478
According to the pair of moderators 229 N/A 608

8N=276 (after deletion of observations with missing variables).
bp value of linear bivariate regression.

“Number of physician’s groups.

IN/A: not applicable.

P value of ANOVA test.

*Number of facilitator’s groups.

INumber of pair of moderator’s groups.

Harms

No harm was reported from stakeholders or workshop
participants.

Discussion

Principal Findings

We aimed to evaluate the scaling up of an effective pilot
program to disseminate research results through citizen
workshops in public libraries. The main departure of the
scaled-up intervention from dtrict fidelity to the pilot
intervention was that we adopted an IKT approach to ensure
that the citizen workshops faithfully reflected the needs and
interests of patients and other stakeholders at every step of the
intervention. We achieved high coverage of the project to scale
up the workshops, which generated high levels of satisfaction
among participants and high levels of acceptability and
appropriateness. Participantsin the scaled-up citizen workshops
also reported anincreasein their knowledge level of the subject
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being discussed. These findings lead us to make the following
observations.

First, we achieved high coverage for the scaling-up citizen
workshop. Thisfinding could be explained, in part, by thetopic
being disseminated that was of great interest to most public
library users (old people). Another explanation could be that
the citizen workshop wasintegrated into the conference program
of participating public libraries. Therefore, there was no
additional logistica management that could limit the
participation of public libraries.

Second, our scaled-up citizen workshops led to an increase in
knowledge among participants. Interactive workshops have
been established as ideal for sharing knowledge across
professional and sectoral boundaries [38]. In this project, the
interactive aspect was emphasized as much as possible by adding
a video clip to the initial format of the workshops to better
communicate the patient’s perspective. Although the participants
in the scaling-up audience were much older than those in the
pilot project audience, our scaled-up citizen workshops, in
addition to being highly satisfying, led to an improvement in
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knowledge among these participants. These results confirm the
importance of designing a more detailed and inclusive format
for citizens workshops, regardless of the topic under discussion,
toincrease knowledge among all age rangeswithin the audience.
However, it should also be noted that these results did not allow
usto assessthe extent to which an increase in knowledge among
public participants produced behavioral changes. A study inthe
United Statesthat evaluated the midterm impact of after-school
nutrition workshopsin apublic library setting and that targeted
adolescents and their parents, aprogram deemed by the authors
to be of low intensity even though it consisted of 5 workshops,
did not produce any lasting behavioral change after just 3
months [39]. Our citizen workshops, which were one-time
events, sought primarily to raise awareness, with behavioral
change as an indirect goal. The next step would be to evaluate
theimmediate and midterm impacts of citizen workshopsamong
the public by assessing health outcome data related to the
themes, both at the time of the workshops and at intervals
afterward.

Third, adopting an IKT approach improved our scaling-up
results in the following ways: (1) the involvement of library
network stakeholdersin identifying participating libraries could
explain the high coverage of our scaling-up project; (2)
prioritizing the public’'s perspective to identify the results to be
disseminated, adopting a co-constructive approach to designing
the workshops, and holding preparatory meetings to allow
workshop moderators to make the content of the message their
own are al reasons that could explain our positive results in
terms of acceptability and appropriateness among the public.
These positive findings are also consistent with those of our
(non-IKT) pilot project. However, interestingly, they also turned
out to be of equal magnitude [19] despite the differences
between the pilot project and the scaling-up project. This last
observation also holds true for the increase in knowledge. This
maintenance of improved outcomes despite the changein subject
matter, the involvement of various workshop moderators, and
the sociodemographic and linguistic differences within the
participating public libraries is likely due to the modification
of theintervention by incorporating an IKT approach from start
to finish.

Fourth, to the best of our knowledge, thisisthe first scaling-up
study to address such high levels of patient and other stakeholder
engagement. Our scaled-up version of the workshop achieved
fidelity in terms of being true to the concept and content from
one site to another and largely true to the concept implemented
in the pilot trial, with the addition of a patient-designed video
clip. In this video clip, a caregiver having substantial life
experience with the patient told the patient’s story. We involved
this caregiver in the rest of the research process once the
research results to be disseminated were selected. Therefore,
the caregiver contributed as a research partner to the research
team meetings; workshop content development, planning, and
scaling up; and the revision of different research documents
(eg, materials related to citizen workshop). However, our pilot
project did not use an IKT approach; thus, in theory, our
scaled-up version of the intervention did not meet the strictest
fidelity requirements of adhering to theintervention, asoutlined
in the original pilot design. This raises an interesting question

https://aging.jmir.org/2022/3/€39016

Massougbod;i et a

about KT. If new knowledge emerges between the pil ot program
and the scaling-up phase (eg, evidence about the importance of
high-level patient engagement), should the scaled-up
intervention maintain fidelity at al costs or should this new
knowledge beintegrated into the scaled-up version? The science
of scaling up must not restrict researchers to reproduce
interventions at ascale that excludesimportant new knowledge.
Indeed, we propose that, going forward, the IKT approach
should be, asfar aspossible, an essential and integral dimension
of scaling up. At first glance, IKT appears to be acumbersome
approach because it requires constant consultation and
adaptation that could slow the process of scaling up [40,41].
However, it ensures that the effectiveness of the interventions
would not be diluted with scaling up and that the interventions
areworth scaling up because they respond to the real needsand
interests of patients and other stakeholders. In this sense, IKT
can also be perceived as a necessary regulator of the upscaling
process.

Fifth, as Milat et al [42] suggested, before scaling up an
intervention, evidence of its effectiveness should ideally be
provided through randomized controlled trials. In our case, it
was impossible to manipul ate exposure to the intervention, and
so our evidence was from a natural experiment performed in
thereal world. Therefore, we skipped the randomized controlled
trial step and went straight from our pilot project, a feasibility
study, to the scale-up phase. However, the results of the pilot
phase had aready provided us information on scalability
elements. Scaling up has been taking place, under different
names, for several decades (especially in low- and
middle-income countries for quickly stemming the spread of
infectious diseases) [43], and current scale-up efforts in low-
and middle-income countries show that scale-up strategies must
be sufficiently flexible to respond to emerging questions [44].
Scaling upisstill anew scienceand, asMilat et al [42] concede,
must build flexibility in its application to real-world
interventions.

Sixth, Quebec City, where our pilot took place, is amost
unilingual and Francophone. Our workshops were scaled up to
include libraries in Montreal, which has more immigrants and
is more culturally diverse, and Westmount, which is more
Anglophone. Although we did not measure these contextual
differencesin our sociodemographic questionnaires, the positive
and consistent effect of citizen workshops on knowledge gain
isagood indication that extending our model to more diverse
populations will maintain acceptability and knowledge
acquisition levels. However, this does not preclude the
importance of adapting to different sociodemographic profiles
when scaling up. Further adaptations may depend on the theme
addressed, the target population, and the social situation. For
example, the modalities of mass gatherings have changed
dramatically during the COVID-19 pandemic. As a result,
modifications in delivery will have to be made to our citizen
workshops to follow public health recommendations.

Finaly, we lacked the opportunity to conduct a complete
economic (cost-effectiveness) analysis. However, our partial
cost evaluation could be useful in the future for scaling-up
studies, which so far have rarely included economic evaluations
[43]. In addition, costs are considered an essential reporting
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item in the proposed guidelines for reporting on scaling-up
studies [45]. Full economic evaluations in the real context of
scaling up will also help choose efficient strategies involving
the high-level engagement of patients and stakeholders across
the scaling-up process and predicting the economic and human
resource costs of further scale up.

Limitations

The limitation of our study was, first, the fact that it had no
comparison group. However, our earlier pilot project results
helped us better understand some of the findings. It would be
interesting to compare the costs of using an IKT approach to
scale up our mode! without integrating patients and stakeholders,
although it is ethically questionable. Second, we included only
1 patient caregiver in the research process. This could have
limited the variety of patient perspectives in our research
process. However, our patient caregiver, as the daughter of the
patient, had not only agreat life experience with the patient but
also a substantial experience of health system use. Indeed, the
caregiver supported her mother during different phases of her
disease progression. Third, participantsin the citizen workshops
were self-selected citizens who responded to an advertisement
for the workshop. However, self-selection sampling has some
advantages: it reduces recruitment time, and self-selected
participants are more likely to be committed to participate in
the study (eg, more willing to spend time filling in the
guestionnaire) and to provide insights into the theme [46].
Nevertheless, wefailed to meet the more vulnerable populations

Massougbod;i et a

with lower literacy levels: half of the public in the workshops
were university graduates and therefore not representative of
Quebec's overall older adult population literacy level. Fourth,
the data were collected using self-reporting tools; however, the
impact of this on the effectiveness analysis should be, if
anything, an underestimation of the knowledge gain among
participants.

Conclusions

Thisproject successfully established alarge-scale and successful
KT bridge among researchers, clinicians, and citizensviapublic
libraries. We found that scaling up a program of citizen
workshops in public libraries resulted in high levels of
knowledge gain, content appropriateness, and acceptability. The
addition of an IKT approach involving patients and other
stakeholders as research partners throughout the process and
remunerating them improved thefinal product without harming
the scale-up outcomes. These findings, based on citizen
workshops integrating a computer-assisted presentation on
scientific evidence and patient video clips plus a knowledge
exchange session, highlight that an IKT approach and
patient-oriented research should no longer be optional. This
study providesamodel for adissemination practice that benefits
the public by targeting and directly engaging them in the
dissemination process. Public libraries are free and
power-neutral educational institutions, and this smple and
reproducible intervention is a ground-breaking knowledge
trandlation model.
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Abstract

Background: Older adults who engage in physical activity can reduce their risk of mobility impairment and disability. Short
amounts of walking can improve quality of life, physical function, and cardiovascular health. Various programs have been
implemented to encourage older adultsto engage in physical activity, but sustaining their motivation continues to be a challenge.
Ubiquitous devices, such as mobile phones and smartwatches, coupled with machine-learning algorithms, can potentially encourage
older adults to be more physically active. Current algorithms that are deployed in consumer devices (eg, Fithit) are proprietary,
often are not tailored to the movements of older adults, and have been shown to be inaccurate in clinical settings. Step-counting
algorithms have been developed for smartwatches, but only using data from younger adults and, often, were only validated in
controlled laboratory settings.

Objective: We sought to develop and validate a smartwatch step-counting app for older adults and evaluate the algorithm in
free-living settings over along period of time.

Methods: We developed and evaluated a step-counting app for older adults on an open-source wrist-worn device (Amulet).
The app includes algorithms to infer the level of physical activity and to count steps. We validated the step-counting algorithm
in the lab (counting steps from a video recording, n=20) and in free-living conditions—one 2-day field study (n=6) and two
12-week field studies (using the Fitbit as ground truth, n=16). During app system devel opment, we evaluated 4 walking patterns:
normal, fast, up and down a staircase, and intermittent speed. For the field studies, we evaluated 5 different cut-off values for the
algorithm, using correlation and error rate as the evaluation metrics.

Results. The step-counting algorithm performed well. In the lab study, for normal walking (R?=0.5), there was a stronger
correlation between the Amulet steps and the video-validated steps; for al activities, the Amulet’s count was on average 3.2
(2.1%) steps lower (SD 25.9) than the video-validated count. For the 2-day field study, the best parameter settings led to an

association between Amulet and Fitbit (R?=0.989) and 3.1% (SD 25.1) steps |lower than Fithit, respectively. For the 12-week field
study, the best parameter setting led to an R? value of 0.669.

Conclusions: Our findings demonstrate the importance of an iterative process in algorithm development before field-based
deployment. This work highlights various challenges and insights involved in developing and validating monitoring systemsin
real-world settings. Nonetheless, our step-counting app for older adults had good performance relative to the ground truth (a
commercia Fithit step counter). Our app could potentially be used to help improve physical activity among older adults.
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Introduction

Older adults are faced with an increased risk of developing
multiple comorbid medical conditions, social isolation, and
reduced physical function, which can lead to an increased risk
of disability [1]. An inability to engage in activities of daily
living may increase mortality risk and premature nursing home
placement [2]. Hence, it is critical to encourage older adults
with multimorbidity to engage in interventions that improve
health, including physical activity. In fact, simple
community-based walking programs and resistance-based
programs [3] have effectively demonstrated reductions in the
long-termrisk of disability [4]. Even short bouts of walking can
improve quality of life, physical function, and cardiovascular
fitnessin older adults [5].

Traditional consumer-based health-promoting endeavors, such
as Silver Sneakers [6], have been scaled and widely
disseminated across the United States. Randomized control
trials have aso shown the short- and long-term benefits of
physical activity. However, sustained motivation continues to
be a challenge for many individuals. Simple encouragement by
clinicians may enhance engagement [7]. Yet, a study of
accelerometry data demonstrated that only 7.6% of older adults
aged 65 years meet Physical Activity Guidelinesfor Americans
[8]. These pragmatic challenges demonstrate the need to
overcomethebarriersof traditional health promotion to enhance
self-efficacy and behavioral change.

Older adults are the fastest-growing group of technology users;
one survey suggested that 61% of older adults use smartphones
[9], an increase from 23% in 2013 [10]. In fact, over 50% of
older adults use social media [9]. Remote monitoring using
fitness devices has now become ubiquitous in many countries
where technology isreadily available. In both consumer-based
and academic-focused trials, it continues to be challenging to
find abalance between clinical accuracy and ease of use. Current
algorithmsin consumer devices (such as Fitbit) are proprietary
and often are not tailored to the group being evaluated in a
clinical setting, such as older adults in free-living conditions,
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and have been shown to have wide error rates in such contexts
[11,12]. A few smartwatch-based step-counting algorithms have
been devel oped using data from young adults and validated in
controlled settings only [13,14]. Matthies et al [15] developed
a smartwatch step-counting app for older adults who use a
walking frame equipped with wheels, which was evaluated
outdoors, but only in a controlled setting, with 5 older adults.
To the best of our knowledge, a smartwatch step-counting app
for older adults has not been developed and validated in
free-living settings over a long period of time with a large
sample.

We previously devel oped GeriActive, an app that measuresthe
daily activity levels (low, moderate, or vigorous) of older adults
[16]. We aimed to develop and validate a smartwatch-based
step-counting algorithm for older adults that runs as an app on
the Amulet device. The Amulet is an open-source wrist-worn
device that has been used for various mobile health studies,
such as stress and physical activity monitoring [17,18]. The
Amulet platform enables developers to write energy- and
memory-efficient apps.

Methods

Study Overview

We validated the step-counting algorithm with older adultsin
the lab (using videorecordings as ground truth) and in 2
free-living studies (using the Fitbit as ground truth) lasting 2
and 12 days.

Overview of Step Counter App

Our step-counting Amulet app estimates the number of steps
taken over the course of a day and displays the information on
the Amulet screen, similar to the functionality of a pedometer
or of other wearable devices (Figure 1). The app continuously
estimates the number of steps for each 5-second window,
updating the count viewed by the user. It uses a 2-step process:
machine learning is used to determine if physical activity
occurred in the most recent 5 seconds of data, and then, the
number of stepsis estimated by counting the number of peaks.
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Figure 1. The Step Counter App with the step count displayed at the bottom.

Activity-Detection Algorithm

We used a linear support vector machine that classifies each
5-second window of accelerometer datainto low, moderate, or
vigorous activity [16]. We trained the algorithm on data
collected from older adults who performed various physical
activities: sitting, standing, lying down, walking, and running
[16,19]. Our evaluation of the algorithm produced an accuracy
of 91.7% using leave-one-subject-out cross-validation. If the
output of the algorithm is moderate or vigorous, the
step-detection algorithm isrun to determine the number of steps
in the 5-second window. This 2-phase approach was necessary
to reduce fal se positives by preventing various actions such as
random hand motions from being counted as steps.

Step-Detection Algorithm

The step-detection algorithm estimates the number of stepsin
5 seconds of acceleration data. The algorithm usesthe magnitude
of the acceleration of the 3-axis accelerometer of the Amulet.
It isa3-stage process consisting of zero-meaning, filtering, and
peak detection, using an approach similar to that described in
[13]. Fird, to ensure the data have a mean of zero, for each
sample, we subtract the average of the preceding 20 data
samples. Subsequently, a moving-average filter is applied, that
is, each sample is replaced with the average of the 3 preceding
samples. Finaly, peaks in the filtered signal are identified by
checking for change of dope. If the slope changes from positive
to negative, and the peak value is above a certain threshold,
then the peak is counted as a step. The cut-off threshold was
initially empirically determined and then tuned.

Ethics

Studies were approved by the Committee for the Protection of
Human Subjects a Dartmouth College and the
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Dartmouth-Hitchcock Institutional Review Board (28905). All
participants provided signed informed consent.

Participants

Participants were recruited through the Center for Health and
Aging a Dartmouth and primary care practices at
Dartmouth-Hitchcock using flyers, listservs, and posters. This
was a convenience sample; our results may not necessarily be
applicable to other groups.

Laboratory Study

Data for the development and evaluation of the step-detection
algorithm were collected at our Dartmouth campus laboratory.
Older adults (n=20, age =65 years) were asked to perform
different types of walking (normal, fast, up and down astaircase,
and intermittent) while wearing an Amulet. The Amulet
collected raw acceleration data at a frequency of 20 Hz and
logged the magnitude, which we later used to develop the step
algorithm. The participants were videotaped. The video was
independently reviewed to count steps by 2 individuals
independently (JAB, RKM) and any differences were later
reconciled. We used these datafor the preliminary devel opment
of the step-detection algorithm and evaluated the algorithm
using the error rate (the percentage difference between the
algorithm's estimated step count and the ground-truth step count
measured from the video).

2-Day Field Study

We conducted a 2-day field study in which older adults (n=7,
age =65 years) wore an Amulet device (running our step counter
app) and a Fitbit Flex 2 device (Fitbit Inc) on the same wrist
for 2 days. We compared each participant’s step count estimated
by their Amulet (exploring 5 different cut-off values) with their
step count reported by the Fitbit (downloaded from the
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