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Abstract

Background: The COVID-19 pandemic forced the spread of digital health toolsto address limited clinical resourcesfor chronic
health management. It also illuminated a popul ation of older patients requiring an informal caregiver (1C) to access this care due
to accessihility, technological literacy, or English proficiency concerns. For patients with heart failure (HF), this rapid transition
exacerbated the demand on |Cs and pushed Canadians toward a dyadic care model where patients and | Cs comanage care. Our
previous work identified an opportunity to improve this dyadic HF experience through a shared model of dyadic digital health.
We call this alternative model of care “Caretown for Medly,” which empowers ICs to concurrently expand patients' self-care
abilities while acknowledging ICs' eagerness to provide greater support.

Objective: We present the systematic design and devel opment of the Caretown for Medly dyadic management module. While
HF isthe outlined use case, we outline our design methodology and report on 6 core disease-invariant features applied to dyadic
shared care for HF management. Thiswork lays the foundation for future usability assessments of Caretown for Medly.

Methods: We conducted a qualitative, human-centered design study based on 25 semistructured interviews with self-identified
ICs of loved ones living with HF. Interviews underwent thematic content analysis by 2 coders independently for themes derived
deductively (eg, based on the interview guide) and inductively refined. To build the Caretown for Medly model, we (1) leveraged
the Knowledgeto Action (KTA) framework to translate knowledgeinto action and (2) borrowed Google Sprint’s ability to quickly
“solve big problems and test new ideas,” which has been effective in the medical and digital health spaces. Specifically, we
blended these 2 concepts into a new framework called the “KTA Sprint.”

Results:. We identified 6 core disease-invariant features to support ICs in care dyads to provide more effective care while
capitalizing on dyadic care's synergistic benefits. Features were designed for customizability to suit the patient’s condition,
informed by stakeholder analysis, corroborated with literature, and vetted through user needs assessments. These featuresinclude
(2) live reports to enhance data sharing and facilitate appropriate | C support, (2) care cards to enhance guidance on the caregiving
role, (3) direct messaging to dissolve the disconnect across the circle of care, (4) medication wallet to improve guidance on
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managing complex medication regimens, (5) medical eventstimeline to improve and consolidate management and organization,
and (6) caregiver resources to provide disease-specific education and support their self-care.

Conclusions: Thesedisease-invariant featureswere designed to address | Cs' needsin supporting their care partner. We anticipate
that the implementation of these features will empower a shared model of care for chronic disease management through digital

health and will improve outcomes for care dyads.

(IMIR Hum Factors 2023;10:e45035) doi: 10.2196/45035
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Introduction

The COVID-19 pandemic forced the spread of digital health to
address limited clinical resources for managing chronic health
conditions. It also illuminated the population of older patients
who could not access this care without an informal caregiver
(IC) due to accessihility, technological literacy, or English
proficiency concerns, thereby widening the digital divide[1,2].
For example, as heart failure (HF) prevalence increases with
age and continues to impose chronic deterioration, individuals
living with this disease often experience loss of independence
[3,4] and significant declinesin their quality of life. Asaresult,
ICs often step in and take on the task of supporting their loved
oneswith activitiesof daily living, psychosocial aid, improving
and maintaining self-care, and navigating the health care system
[5]. There are 2.7 million ICs aged older than 45 years who
provide the majority (~75%) of home care services in Canada
[6,7]. The rapid transition to digital health further exacerbated
the demand on | Cs and pushed Canadians toward adyadic care
model in the management of chronic disease, where patients
and |Cswork to manage care together [8].

Traditiona, in-person care for patients with HF consists of
infrequent specialist appointments, medication, surgery, and
device therapies[9]. Asaresult, care tends to be more passive,
waiting on adecompensation or hospital visit astheimpetusto
make an adjustment to the patient’s care plan. However, with
the proper tools and resources, self-management can become
possible and effective. For example, Medly, adigital therapeutic
for HF management, provides users with self-care feedback
messagesin responseto patient-reported physiol ogical measures
and symptoms and offers daily remote nurse monitoring. The
nurse-led Medly program is the standard of care for HF at the
Peter Munk Cardiac Centre and hasincreased HF-rel ated quality
of life, improved health outcomes, and reduced HF-related
hospitalizations by 50% [10].

Others have created digital therapeutics with similar impact,
including Humafor HF [11], Livongo Health for diabetes[12],
and Vineheadlth for cancer [13,14]. However, for Medly and
others [10-14], the challenge remains that these interventions
were designed for patient self-management, missing the
opportunity to capitalize on the synergistic benefits of dyadic
care [15]. Our previous work identified an opportunity to
improve the dyadi ¢ experience through ashared model of dyadic
digital health, expanding beyond individual HF self-management
to include support for ICs [2]. The core concept is that this
aternative model of shared dyadic care can be added as a
module to Medly. We refer to this module as “Caretown.”

https://humanfactors.jmir.org/2023/1/e45035

Through “Caretown for Medly,” 1Cs concurrently expand the
patient’s ability for self-care while acknowledging their own
personal needsto facilitate a greater level of support.

In this study, we extend our previous work [2] and outline the
output of this qualitative, human-centered design study. Here,
we outline our systematic design methodology for Caretown
and report on the output (6 core features) of this methodology
applied within the space of ICs dyadic shared care of HF
management.

Methods

Overview

Our previous work outlines the underlying data collection and
analysis of a qualitative descriptive study comprised of
interviews with ICs who have lived experience supporting
individuals with HF in Ontario, Canada [2]. However, while
Medly is used as a benchmark technology to apply this new
model of dyadic care for 1Cs supporting their loved onesliving
with HF, Caretown for Medly was intentionally co-designed
for adaptability to support any chronic disease self-management
tool. Our co-design process included the following: needs
assessment; framework devel opment; and requirements, design,
and feature validation.

Needs Assessment

To ensure data saturation, we conducted a needs assessment
informed by a convenience sample of 25 IC interviewsenrolled
inthe Medly HF management program at the University Health
Network. These included 5 additional interviews beyond those
reported elsewhere [2]. The ICs supporting patients on the
Medly program were invited to be research partners in the
co-design of Caretown. A semistructured interview guide
directed the 25 IC remote interviews conducted by NED
(woman, MSc; research associate) and CB (woman, MHI;
research analyst) without an established relationship with
participants before study commencement. Audio-recorded
interviews were conducted either through telephone calls or
video calls using Microsoft Teams (Microsoft Corporation)
based on participant preference and lasted approximately 1 hour
in duration. Theseinterviews explored ICs’ personal goals and
the barriersthey faced in achieving them through the following
three main themes: (1) ICs' relationship with their care recipients
and their experiences with caregiving, (2) the IC'srolein and
views on the Medly program, and (3) opportunities to improve
the Medly experience to further support the dyad [2]. Analysis
of interviews was conducted using NVivo (QSR International)
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software through the preliminary development of a codebook
based on IC activities outlined by Buck et al [16] and areview
of theinherent initial themesidentified in thefirst 6 transcripts.
Interviews were analyzed by NED, CB, KGMY (woman, MSc
student), RL (woman, MHI; research associate), and QP
(woman, PhD; scientific director) to discuss key ideas, thoughts,
and potential feature suggestions, al with formal training in
qualitative research methods. A final version of the codebook
for forma data analysis was developed iteratively after
establishing consensus in the codes with input from 4 coders.
Each interview underwent thematic content analysis [17]
independently by 2 coders, with themes both derived deductively
(eg, based on the interview guide) and inductively refined to
incorporate additional identified themes [17]. To ensure the
quality of this study, we looked at the 8 big-tent criteria for
high-quality qualitative research [18]. Methodological rigor
was sought using relevant frameworks. The context was
preserved through rich descriptions of the sample. We used
theoretically informed data collection and analytical methods.
Our reflexivity and positionality addressed the additional key
criterion of sincerity to be transparent to ourselves and our
readers, aware of our motivations for pursuing this work and
any biases we may have held in the process of data collection
and analysis. Additional details are available el sawhere [2].

Framewor k Development

KJP and CB developed an adaptation of an overarching
framework positioned by an informal scoping review focusing
on disease-invariant evidence to support ICs' unmet needs for
chronic disease comanagement. Our team wanted a framework
that is clinically relevant, positioned well for trandational
research, and supportive of animble, agile research environment
to avoid the 17-year lag [19] between research and trandlation.
To address this, (1) we looked to the Knowledge to Action
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(KTA) framework [20] for its ability to trandate knowledge
into action, and (2) we borrowed the Google Sprint [21] from
industry titans to quickly “solve big problems and test new
ideas,” which has been effectivein the medical and digital health
spaces [22-24]. Specifically, we blended these 2 concepts into
a new framework we call the “KTA Sprint.” The KTA Sprint
merges user-centered and participatory design [25,26] with rapid
prototyping methods[21,27] to provide an actionable framework
(Figure 1). The result is the infrastructure for quick and
systematic iteration of user-directed solution concepts through
4 stages. Stage 1 identifieslong-term goal's, assesses needs, and
establishes a user base. This first stage aligns the “determine
gap,” “adapt,” and “assess’ aspects of the KTA cycle [20] with
the“map” process of the Google Sprint [21]. Stage 2 commences
solution thinking, where concepts are sketched and critiqued,
and the most promising ideas are voted on. This second stage
aligns the “assess’ and “select, tailor, and implement” aspects
of the KTA cycle [20] with the “ sketch and decide” process of
the Google Sprint [21]. Stage 3 runswith these solution sketches
to develop a Goldilocks quality (ie, “just right” fidelity)
prototype to assess and test the workflow. This third stage is
similar to the “monitor” and “evaluate” aspects of the KTA
cycle [20] and aligns with the “prototype” stage of the Google
Sprint [21]. Stage 4 implements user feedback after a pilot
deployment to further improve the prototype. This fourth stage
aligns with the “evaluate” and “sustain” aspects of the KTA
cycle [20] and the “validate” stage of the Google Sprint [21].
ThisKTA Sprint iswell positioned for early conceptualizations,
with rapid iterative eval uation conducted early on. While stages
3-4 were outside of the scope of this human-centered study, the
focus of this paper is on stages 1 and 2, the design aspects of
our collaborative, participatory, iterative design sprint for
Caretown.
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Figure 1. The Knowledge to Action (KTA) Sprint provides the infrastructure for quick and systematic iteration of user-directed solution concepts
through 4 stages. The KTA Sprint fusesthe KTA framework with Google Sprint methodology for conducting early rapid iterative eval uation positioned

for subsequent piloting and rigorous pragmatic eval uation.
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Requirements, Design, and Feature Validation

We translated user needs and requirements into designs and
features. Human-centered design principles drove our feature
vaidation. The opportunity for the core features described below
arose from 25 semistructured IC interviews and was further
vetted by afeature prioritization survey with asubset of 11 1Cs
using a 5-point Likert scale set of responses. Through a
standardized approach to product design, we can provideamore
tailored experienceto concurrently address patient and | C needs
[2]. To explore this opportunity within the Caretown for Medly
context, we conducted a stakeholder analysis, a market scan,
and a user needs assessment to better understand the
fundamental caregiving processes and experiences with dyadic
HF digital health management. The stakeholder analysis
revealed that 1Cs in care dyads could be classified into 1 of 3
dyadic typologiesin the use of digital health tools[28]., which
include: 1C-oriented (ie, IC as a primary user), collaborative
(ie, IC asasecondary user), or patient-oriented dyads (ie, IC as
a nonuser). A market scan was conducted to identify existing
dyadic chronic disease management programs and digital
products to extrapolate the feasibility, effectiveness, and
sustainability of potential features along with existing gaps. In
reviewing the several |C applications that exist on the market
[29], we found that many supported the management of care
tasks but lacked disease-specific dyadic symptom management
features[15,30]. Here, we explore how existing chronic disease
self-management tools can be adapted to support shared care.
To identify user needs, a total of 25 research partners who

https://humanfactors.jmir.org/2023/1/e45035
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self-identified as informal 1Cs of an individual living with HF
were recruited through convenience sampling. As described
elsewhere [2], research partners completed a preinterview
demographic questionnaire and a semistructured interview
exploring daily 1C experiences to support patientswith HF and
the role of technology in supporting ICs in achieving their
caregiving goals.

Ethical Consider ations

All recruitment and data collection activities, including ethics
review, informed consent, privacy, and compensation, were
approved by the University Health Network Research Ethics
Board (REB 20-5238). Compensation was provided based on
the Canadian Institutes of Health Research SPOR
recommendations [31].

Results

Principal Findings

Based on the user needs assessment, we identified 6 core
features pertinent to enhancing dyadic management of achronic
condition, including live reports, care cards, messenger,
medication wallet, medical timeline, and caregiver resources
(Figures 2-7). Each of these features was further corroborated
by the literature and qualitative narrative exposition below. A
total of 5 of these 6 features were included in the feature
prioritization survey completed by 11 ICs; the live reports
feature was previoudly integrated into Medly.
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Figure 2. Live reports provide a snapshot of the patient’s health status at the present time through data sharing. They are color-coded according to
urgency and contain information about the actions required for symptom management (eg, visiting the emergency department) along with the
patient-reported outcome measure (PROM) that triggered the alert. The expanded version provides additional information within the context of the
PROM data, highlighting the values that contribute to the level of urgency or remain grayed out for missed readings.

2:55 PM

care partner » sara chen care partner - sara chen
Results refreshed June 21, 2022 at 5:00 PM Results refreshed June 21, 2022 at 5:00 PM

care partner « sara chen

filter reset filter reset

date range sort by alert type date range sort by alert type

Call the Toronto General Clinic now. MJ |MJ [‘all—VJ M@] [HH_VJ
Visit Emergency [
you should today today

[ Vieb_v. :I_e!ailed reports urgent action required by patient <7

Your symtoms are critical
Visit the emergency department now
Call 911 if you feel you should

Consume low calorie dense foods!

If your care patient tends to eat a lot, or 330
looks to indulge in a big meal, suggest to |_J|DG.C| pressure 90

your care patient to have low calorie .
y are pa G @ yesterday e
dense foods

view detailed card ]I heart rate 80
S— U pir bpm

O symptoms chest pain,

tired

weight 210

. ] . It would be great for me to be able to jump on the app
Live Reports: Overview and Need and just have alook and see, well, how many pillows
Live reports (Figure 2) are a data-sharing feature that provides did she sleep with? Is she having a hard time doing
apatient’s circle of care with alive view of their health status. the stairs, that kind of thing. [C24]

ICswill be able to see their patients' patient-reported outcome
measures (PROMSs) in real time. Color-coded by urgency, ICs
can be notified when a patient’s PROMs indi cate that no action
is required, action is required, or urgent action is required to
support dyadic symptom management and improve ICs Care Cards. Overview and Need

awareness. Furthermore, to improve adherence, ICs are S0 pgjly tip cards (Figure 3) can provide prescriptive, actionable,
notified when a patient misses a daily reading. As evidenced  gnq practical symptom management suggestionsto support |Cs
by the participant interviews, caregivers suggested that sharing  frequent feelings of uncertainty related to daily PROMs. Our
PROMsmay helpimprove dyadic communication, increasethe  jnterview findings reflect the current state of care, inwhich ICs
IC's understanding of HF and its symptoms, and lead to more  gitest to receiving inadequate guidance on how to best perform
proactive care by increasing the |C's awareness of the patient’s  their caregiving role.

health status.

It might just clarify for me, OK, it's all right, | can
go [out] today. Because otherwise | may go ‘oh, |
don't know, I'll just stay here again. [C14]
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Figure 3. Care cards provide a color-coded tip of the day that matches the current action required on the live report. Upon expanding the care cards,
moreinformation isavailable about which patient-reported outcome measure (PROM) contributed to receiving thetip and can be saved for later reference.
If theinformal caregiver (1C) wishes to learn more, they can be connected to additional, relevant educational resources.

2:55 PM

care partner - sara chen

June 23, 2022 4:50 PM
Medly user was shown this message:
Call the Toronto General Clinic now.
Visit Emergency Department if you fee
you should

view detailed reportsq

Watch your care partner’s fluid intake!

For patients with heart failure, fluid intake
should be around 6 to 8 cups per day (1.5-2
L/day). It's important to remember that
fluids are not limited to water.

view detailed card } O

It's clear that | was a caregiver but there wasn't
anyone necessarily looking out for how to keep me
in the loop... So there is on one side of this the
acknowledgement that you need to have your
caregiver present but there wasn’t many tips, guides,
supports for caregivers. [C27]

| would way rather people be absolutely honest with
me, and my performance as a caregiver so | know
what to do. | want someone who would be very
constructive in their communication to help me be a
better caregiver. [C29]
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caregiver card of the day

care partner * sara chen

care card

Watch your care partner's fluid intake!

For patients with heart failure, fluid intake
should be around 6 to 8 cups per day
(1.5-2 L/day). It is important to remember
that fluids are not limited to water. It
includes: tea, juice, soup, JELL-O, some
fruit (such as watermelon) and more.

How is this helpful?

dly user inputted this reading

weight

When an individual drinks too much fluid,
the heart has to work extra hard to pump
it around the body. For someone living
with heart failure, this can make things
worse and lead to weight gain, shortness
of breathe, swelling, and more. Limiting
fluid intake can help to avoid these
symptoms and maintain better heart
function.

Direct Messaging: Overview and Need

The messaging function (Figure 4) alows for improved
communication between the IC and the patient’s professional
health care team, providing an avenue for ICsto stay informed
and resolve concerns. From our experience with Medly
providers, the availability of the health care team plays an
integral rolein providing reassurance and peace of mindto ICs.
We have found that 1Cs who perceive the health care team to
be readily available are better able to cope with uncertain
situations.
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Figure 4. Messaging provides informal caregivers (ICs) with the opportunity to connect with their patients’ clinical team. They can share photos (eg,
swollen ankles), videos, documents, and live reports to facilitate communication and receive appropriate feedback to elicit effective care.

new chat

new group

@ Hi, how are you?

Sara chen

list of care team

Sara chen
Care partner

Ashley Craig
Medly Nurse Coordinator

Dr. Amira Mohammed
Family Doctor

Harry Smith
Caregiver

Dipak Mariko
Caregiver

Liz Jones
Caregiver

It's nice to know that | can get a hold of a nurse or |
can get a hold of someoneif | get a little anxious or
| have a question, that means a ot to me. [C26]

And the nurse is an email away, like seriously an
email away or a phone call away. It'sjust — | can’t
say enough. [C28]
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Hello there

M edications Wallet: Overview and Need

The medication management wallet (Figure 5) storesall patient
medication information in one place. Drug information overload,
which is especially common for those |Cs supporting patients
living with multiple comorbidities, often leaves ICs feeling
overwhelmed and uncertain about medication management
reguirements.
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Figure5. The medication wallet allowsinformal caregivers (ICs) to input their patients’ medication details. It provides reminders at the defined dosage
intervals along with the purpose, dose, frequency, and schedule. The expanded view provides additional information, including photos of the medication
packaging and label, along with afree-form notes section where |Cs can include details such as adverse reactions. Accessible through the “learn more”
button, | Cs can seek medication education to learn more about the drug’s purpose, function, and potential side effects.

3429 W Iﬂ

care partner - sara chen

current

® captopril (capoten)
heart regulator, 60mg

enalapril (vasotec)
heart regulator, 30mg

metoprolol (betaloc)
blood pressure regulator, 100mg

® furosemide (lasix)

water pill, 50mg

® spironolactone (inspra)

heart regulator, 25mg

® metformin (glucophage)

blood sugar regulator, Sml O

N pioglitozone (actos)

learn more

Purpose

Furosemide (lasix) is a diuretic (commonly

reduce
s living
yuild-up can cause

f

strain which can cause further damage

How it Works?

The challenge is because there's so many pills ... do
you take all seven at the sametime? Are you supposed
to space them out between time? [C08]

| think that would take stress off of her [patient] and
be able to confidently say, “ Here's her most recent
list of medications” Because even when you get a
printout from Rexall, it's just a list of meds. So if
there's a way for her to update that in a clean way
that would be really good. [C27]

| kind of had a panic, and | thought, is he taking the
wrong kind of pill, doesit get put inincorrectly. That
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frequency
@ O

schedule

+ add time

before mea after meal

notes

Take this with a lot of water to avoid
an upset stomac

photos

would be really helpful if you could say, he's taking
this, it's the blood thinner, it's this much he gets a
day, and yeah and it's for blood thinning, whatever.

[C29]

Medical Timeline: Overview and Need

ICs are often responsible for managing and overseeing 2
schedules: their own and those of their patients. The medical
health care timeline (Figure 6) outlines significant medical
events like diagnosis dates, surgeries, hospitalizations, and
medication changes to facilitate effective appointment
conversations and efficient care management.
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Figure 6. The timeline function alows informal caregivers (ICs) to keep al significant medical events, such as diagnoses, surgery dates, and
hospitalizations, in one place. Informed by the live reports, the calendar and summary view dates are also color-coded to reflect the aert type received
on the given date. The expanded list view summarizes all events within a specified date range.

care partner « sara chen

art date end date event type select
jun 22, 2022 H jun 30, 2022 Fj all v

today
E] diagnosis: diabetes

may 12-15
@ hospitalization

@ hospitalization: fainting

EJ diagnosis
april 2

E appointment: check-up (9 medication start/end date

(O 8:00 am
E Diagnosis: diabetes E appointment: Cardiclogy appt @ adverse medical event
@ 200 Elizabeth St, Toronto, ON M5G 2C3

Alert Type: Urgent Action march 2

They always say, when was your first surgery, when Caregiver Resources: Overview and Need

was this, when was this?... If it was all on a Caregiver resources (Figure 7) [32] were borne out of our user
spreadsheet wewouldn't have to go through that every needs assessment interviews, which highlighted 2 major factors
time we see a new doctor. [C18] that affect a high-quality and supportive environment for ICs:

Every time he came home from the hospital — | don’t the issue of IC self-neglect and a lack of resources, which
put things on Facebook, but I just would write manifestsin self-inefficacy. ICs, especially thosein | C-oriented
“home” and post it... And that wasit. So | could go dyads, often devote a significant amount of their time and
back into my posts and say, “ oh we came home on prioritizetending to their patients' care, causing them to neglect
this date, we came home on this date, and this date, their own needs.

and this date” And that was the only way | could
figure out when we came home. [C29]
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Figure 7. The caregiver resources feature provides informal caregivers (ICs) with timely support resources that are vetted from credible resources. In
line with the “timing it right” framework [32], this section is divided into the various stages of caregiving and accompanied by the appropriate resource
and support needs. For example, disease-specific educational resources, resources on adjusting to life as an IC, and ICs mental and physica hedth
resources would be provided in various forms (academic literature, gray literature, videos, etc).

care partner * john smith

) ) ‘ phase 1— short duration
patient diagnosis patient health stabilization
This is the start of the caregiving journey,

and typically occurs after a significant
medical event which results in hospital
admission, followed by a diagnosis
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typically occurs after a significant medical
event which results in hospital admission,

followed by a diagnosis diagnosis and surviving the current event,

family care, concern for survival, not aware

of what the informal caregiver may entail as
a result of this illness event

care focus

l view more details

resources support needs
]
what is heart failure?

diagnosis, prognosis, current treatment
5 min

. someone to talk to
[> life expectancy and stages

10 min

expected outcomes

m treatment options

- knowledge on survival/prognosis, enhanced
min

informed decision making regarding
treatment, emotional distress

| have dropped off all my self-care.. like | said, | was beginning. And even still, there’s probably more
neglecting myself, my own health. [C20] information | need to learn about heart failure that |
. . . just don't know yet and | don’t know what | don’'t
Yes, it's [capacity to achieve personal goals] very know, right? [C28]
limited. Everything [gets] cut down to size... Really, ' '
| have to be at home to make sure he’'s OK. [C14] Discussion
The lack of resources available to support these typically ]
untrained ICsin providing quality care for their patients gives Overview

riseto |C self-doubt and alack of confidence. Our discussion is organized based on the anticipated effects of
I wish at the beginning, particularly before we even each of the 6 core features, with corroboration from existing
were referred to Toronto that we had learned more literature. It concludeswith amore action-focused, generalizable
— we have received more information right at the resource outlining key components and opportunitiesto support

ICsinformed by this study (Table 1).
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Table 1. Summary of opportunities to support dyadic management of heart failure (HF) and their key components to address unmet dyad needs.

Opportunity Summary Solution Key components

Opportunity to enhance datashar- Informal caregivers (ICs) would  Livereports . Daily records of patient-reported outcome

ing to foster improved dyadic appreciate improved data sharing measures (PROMs)

communication and decisions and a salient overview of the pa- «  Remindersto take missed readingsto improve
tient’s health status to foster im- clinical adherence
proved dyadic communication and «  History of previous readings
decision-making.

Opportunity to enhance guidance ICswould appreciate actionable  Care cards « Actionable, prescriptive tips, and education

for the caregiving role and prescriptive feedback for based on alert types associated with daily
practical dyadic symptom manage- PROMs
ment.

Opportunity to dissolvethediscon-  ICswould appreciate aplatform  Messenger « 1:1 messaging with the patient’s nurse

nect across the circle of care

Opportunity to improve guidance
on drug management

Opportunity to improve | C access
to apatient's medical history

Opportunity to improve IC re-
sources and support their self-care

to unify care plans and enhance
communication with professional
health care teams.

ICswould appreciate amedication
management system to help track
medication details like name, pur-
pose, dosage, and frequency.

ICswould appreciate the ability to
track patients' medical histories.

ICswould appreciate disease-spe-
cific education to understand

Medication wallet

Medical timeline

Caregiver resources

Direct group messaging between the patient,
IC, and hedlth care team

Attachment sharing (photos, videos, live report
readings etc)

Medications list

Purpose for medication
Time, dose, and frequency
Medication education

Self-entry calendar and timeline of significant
patient events (eg, diagnosis date, hospital
visits, and appointments)

|C mental health and physical health resources
Educational resources

prognosis and supportive strategies
across the HF trgjectory (early di-
agnosisthrough palliative care and
end-of-life support).

Live Reportsto Foster Improved Dyadic
Communication and Decisions

Existing work has shown this type of data-sharing feature has
the potential to improve quality of life for both the patient and
caregiver, along with the quality of patient care, by improving
transparency and awareness among the dyad [33], enhancing
the accuracy of datameasurements[33], providing greater peace
of mind [34], and supporting enhanced communications within
the dyad, enabling ICs to better develop personal coping
strategies [35]. While these improvements reflect the views of
our interviewed ICs, it is aso important to note that in some
cases, data sharing may negatively impact the trust held by
patients toward their ICs as they feel an invasion of privacy
[36], increase caregiver anxiety associated with concern for the
patient’s health, or augment relationship tensions [34]. The
value of data sharing must therefore be weighed on a
dyad-by-dyad basis. We also noted that this functionality may
be of higher interest to ICs who are not already accessing the
platform on behalf of the patient or who do not live with the
patient.

Care Cardsto Enhance Guidance for the Caregiving

Role

Although it is common practice for ICs to receive
di sease-specific education from nurses upon hospital discharge,
this may be insufficient given the extent of care required to
support patients and the complex and dynamic patient and IC

https://humanfactors.jmir.org/2023/1/e45035

needs over time [37,38]. Traditionally, IC applications have
addressed only part of the ICs' need for caregiving guidance
through untailored (ie, not disease-specific) educational
resources or patient support tools [39]. There is high value in
providing disease-specific educational resources, as they have
been shown to improve disease management, patients’ and ICs’
quality of life[40,41], and the ICs confidence and effectiveness
in their caregiving role[42].

Direct M essaging to Dissolve the Disconnect Across
the Circle of Care

The literature al so supports the direct messaging feature, noting
that the majority of care occurs outside a health care facility
and that connecting ICs with a nurse has been identified as a
helpful support mechanism [39,43]. We expect this feature will
mitigate how caregivers have stated they often feel neglected
in their needs by the health care team [44], and protect them
against feeling lost in their unchosen role without support [45].

Medication Wallet to mprove Guidance on Drug
M anagement

Specifically, we expect this feature will support ICs by helping
them to better understand the purpose of the patient’s
medications and empower the IC’s self-€efficacy in comanaging
this task. Managing HF, like many other chronic conditions,
often involves managing polypharmacy. Consistent with
research [46,47], our qualitative descriptive research revealed
the propensity for ICs to support their patients with the
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administration and management of medications (eg, dosages,
timing, and frequency) to improve adherence [48].

Medical Timeline Tracker to Improve Informal
Caregiver’'s Accessto Patients Medical History

ICs carry asubstantial mental load to remember appointments,
and significant medical events can contribute to caregiver
burden. Calendars are commonly used by ICs as an effective
organizing tool [49-51], and contribute to positive and improved
care coordination [52]. Typically, thisistracked using nondigital
methods; however, there is a need for digital health care
applications to build solutions to standardize and support
information management [53].

Caregiver Resourcesto I mprove Dyadic Outcomes

Our results were in line with other studies reporting how
prioritizing their patients' care causes | Cs to neglect their own
mental, emotional, and physical health needs [54,55]. This
self-neglect broadly accounts for 7 of the 10 highest-scored
unmet IC needs [56]. Providing ICs with tailored education,
peer support, and direct communication with the clinical care
team (as described above) can help resolve their perturbations.
According to the “timing it right” framework, ICs require
different types of support and education acrossthe various stages
of caregiving in order to facilitate more effective care for the
patient while also improving the ICs well-being and
self-efficacy [32]. Often, there is a lack of disease-specific
education pertaining to disease prognosis, how to properly
provide care for patients after diagnosis, and how required
supports change and shift for palliative care and end-of-life
support [5,39,57]. As a developing area of research, there is
inconclusive evidence as to which aspects of 1C support are
most effective in improving overall 1C well-being. However,
current literature suggests that education combined with peer
and professional support can improve mental well-being [58].
Whilefinding the balance of which typesand formats of support
and resources to provide may be nuanced, our interviews
illuminated several candidate components, including linking to
trusted sources, the development of maintained resources, IC
wellness check-ins to prompt self-care, or creating groups
(moderated or unmoderated) for 1Cs to connect through peer
support. Corroborated by research [54], we expect that providing
tailored knowledge to educate and support the ICs in times of
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uncertainty will improve their clinical knowledge and coping
skills to reduce their stress and enhance their well-being.

Actionable Insight Into Opportunitiesto Support
Dyadic Management

Based on feedback from participants, we have amalgamated 6
broad opportunities and how 6 sol ution components may address
these opportunities (Table 1).

Conclusion

This study outlines the systematic design and development of
Caretown for Medly, a new model of dyadic care for ICs
supporting their loved ones living with HF. We designed the
KTA Sprint to nest within the broader KTA framework. More
broadly, we presented 6 core disease-invariant features to
support ICsin care dyads to provide more effective care and to
capitalize on the synergistic benefits of dyadic care. These 6
features were designed to be customizable to suit the patient’s
condition, informed by stakeholder and task analysis,
corroborated with the literature, and vetted through user needs
assessment interviews. These features include: (1) live reports
to enhance data sharing and facilitate appropriate 1C support,
(2) care cards to enhance guidance on the caregiving role, (3)
direct messaging to dissolve the disconnect across the circle of
care, (4) medication wallet to improve guidance on managing
complex medication regimens, (5) medical events timeline to
improve and consolidate management and organization, and
(6) caregiver resources to provide disease-specific education
and support their self-care. We anticipate that both patient and
caregiver outcomes will improve by enabling a dyadic model
of digital health care. Thismodel should reflect the shared nature
of care and effectively support the holistic needs of this dyad
as they collaboratively experience HF.

As our team continues to build the Caretown model, our next
stepsfocus on stage 3 (prototype, test, and monitor) of the KTA
Sprint. As part of this stage, we will facilitate usability testing
sessions with Medly caregiver partners to test the prototype.
Feedback from this stage will be used to refine, evaluate, and
validate our design, completing stage 4 of the KTA Sprint cycle.

Data Availability

The data sets generated and/or analyzed during this study are
not publicly available due to sharing having not been part of
the informed consent agreement.

The authors would like to thank Kelly Ge for her contribution to her previous analysis of data leveraged within this study. This
study wasfunded by the 2021 AM S Healthcare Fellowship in Compassion and Artificia Intelligence and the TRANSFORM-Heart
Failure (HF) 2021 Collaboration Starter Grant.

Authors Contributions

K JP conceptualized this design process with design and implementation by CB and KJP. NED, RL, and QP developed theinitial
project protocol. CB and AS conducted requirements gathering from interview transcripts, which informed the prototype designs.
ADL led thevisual design components of prototypes. KJP drafted theinitial manuscript with support from CB. KJPled thereview
and editing of the manuscript with support from CB. All authors reviewed and approved the final version. QP acquired funding
for thiswork, oversaw the research activities, and served as the guarantor for this manuscript.

https://humanfactors,jmir.org/2023/1/e45035 JMIR Hum Factors 2023 | vol. 10 | e45035 | p. 12

(page number not for citation purposes)


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

JMIR HUMAN FACTORS Benmessaoud et al

Conflictsof Interest

Authors CB, KJP, NED, KGMY, RL, TX, and QP are employed by the University Health Network, where the Medly system was
developed.

References

1.

2.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pham Q, El-Dassouki N, Lohani R, Jebanesan A, Young K. The future of virtual care for older ethnic adults beyond the
COVID-19 pandemic. JMed Internet Res. 2022;24(1):€29876 [ FREE Full text] [doi: 10.2196/29876] [Medline: 34994707]
El-Dassouki N, Pfisterer K, Benmessaoud C, Young K, Ge K, Lohani R, et a. The value of technology to support dyadic
caregiving for individuals living with heart failure: qualitative descriptive study. J Med Internet Res. 2022;24(9):e40108
[FREE Full text] [doi: 10.2196/40108] [Medline: 36069782]

Savarese G, Lund LH. Global public health burden of heart failure. Card Fail Rev. 2017;3(1):7-11 [FREE Full text] [doi:
10.15420/cfr.2016:25:2] [Medline: 28785469]

Kdberich S, Lohrmann C, Mittag O, Dassen T. Effects of a hospital-based education programme on self-care behaviour,
care dependency and quality of lifein patients with heart failure—a randomised controlled trial. J Clin Nurs.
2015;24(11-12):1643-1655 [doi: 10.1111/jocn.12766] [Medline: 25661470]

Kitko L, Hupcey JE, Pinto C, Palese M. Patient and caregiver incongruence in advanced heart failure. Clin Nurs Res.
2015;24(4):388-400 [FREE Full text] [doi: 10.1177/1054773814523777] [Medline: 24599063]

In focus: informal caregiving. Canadian Research Network for Care in the Community. URL: https.//www.ryerson.ca/
content/dam/crncc/knowl edge/infocus/informal caregiving/| nFocus-1nformal Caregiving.pdf [accessed 2022-04-12]

Sabia JJ. There's no place like home: ahazard model analysis of aging in place among older homeownersin the PSID. Res
Aging. 2008;30(1):3-35 [doi: 10.1177/0164027507307919]

Archer J, Reiboldt W, Claver M, Fay J. Caregiving in quarantine: evaluating the impact of the Covid-19 pandemic on adult
child informal caregivers of a parent. Gerontol Geriatr Med. 2021;7:2333721421990150 [ FREE Full text] [doi:
10.1177/2333721421990150] [Medline: 33532515]

Heart failure. Heart& Stroke. URL : https.//www.heartandstroke.ca/heart-disease/conditions/heart-failure [ accessed 2022-08-18]
Ware P, Ross HJ, Cafazzo JA, Boodoo C, Munnery M, Seto E. Outcomes of a heart failure telemonitoring program
implemented as the standard of care in an outpatient heart function clinic: pretest-posttest pragmatic study. JMed Internet
Res. 2020;22(2):€16538 [FREE Full text] [doi: 10.2196/16538] [Medline: 32027309]

Shah SS, Gvozdanovic A, Knight M, Gagnon J. Mobile app-based remote patient monitoring in acute medical conditions:
prospective feasibility study exploring digital health solutions on clinical workload during the COVID crisis. IMIR Form
Res. 2021;5(1):€23190 [FREE Full text] [doi: 10.2196/23190] [Medline: 33400675]

Amante DJ, Harlan DM, Lemon SC, McManus DD, Olaitan OO, Pagoto SL, et a. Evaluation of adiabetesremote monitoring
program facilitated by connected glucose meters for patients with poorly controlled type 2 diabetes. randomized crossover
trial. IMIR Diabetes. 2021;6(1):e25574 [FREE Full text] [doi: 10.2196/25574] [Medline: 33704077]

A mobile platform to alow patientsto track, manage, and understand their care from home. NHS England: Transformation
Directorate. URL : https://transform.england.nhs.uk/key-tools-and-info/digital -playbooks/cancer-digital - playbook/
a-maobile-platform-to-all ow-patients-to-track-manage-and-understand-their-care-from-home/ [accessed 2022-08-22]
Gvozdanovic A, Mangiapelo R, Patel R, Kirby G, Kitchen N, Miserocchi A, et al. Implementation of the Vinehealth
application, adigital health tool, into the care of patients living with brain cancer. J Clin Oncaol.
2021;39(15_suppl):e13582-e13582 [FREE Full text] [doi: 10.1200/JC0O.2021.39.15 suppl.e13582]

LyonsKS, LeeCS. Thetheory of dyadicillness management. JFam Nurs. 2018;24(1):8-28 [doi: 10.1177/1074840717745669]
[Medline: 29353528]

Buck HG, Hupcey J, Juarez-VelaR, Vellone E, Riegel B. Heart failure care dyadic typology: initial conceptualization,
advances in thinking, and future directions of aclinically relevant classification system. J Cardiovasc Nurs.
2019;34(2):159-165 [FREE Full text] [doi: 10.1097/JCN.0000000000000548] [Medline: 30475246]

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77-101 [doi:
10.1191/14780887060p0630a]

Tracy SJ. Qualitative quality: eight "big-tent" criteriafor excellent qualitative research. Qual Ing. 2010;16(10):837-851
[doi: 10.1177/1077800410383121]

Morris ZS, Wooding S, Grant J. The answer is 17 years, what is the question: understanding time lags in trand ational
research. JR Soc Med. 2011;104(12):510-520 [FREE Full text] [doi: 10.1258/jrsm.2011.110180] [Medline; 22179294]
Ward V, House A, Hamer S. Developing a framework for transferring knowledge into action: athematic analysis of the
literature. J Health Serv Res Policy. 2009;14(3):156-164 [FREE Full text] [doi: 10.1258/jhsrp.2009.008120] [Medline:
19541874]

Knapp J, Zeratsky J, Kowitz B. Sprint: how to solve big problems and test new ideas in just five days. Simon and Schuster.
2016. URL: https://play.google.com/store/books/detail s?id=rV0JCgAAQBAJ [accessed 2023-12-01]

https://humanfactors,jmir.org/2023/1/e45035 JMIR Hum Factors 2023 | vol. 10 | e45035 | p. 13

RenderX

(page number not for citation purposes)


https://www.jmir.org/2022/1/e29876/
http://dx.doi.org/10.2196/29876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34994707&dopt=Abstract
https://www.jmir.org/2022/9/e40108/
http://dx.doi.org/10.2196/40108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36069782&dopt=Abstract
https://europepmc.org/abstract/MED/28785469
http://dx.doi.org/10.15420/cfr.2016:25:2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28785469&dopt=Abstract
http://dx.doi.org/10.1111/jocn.12766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25661470&dopt=Abstract
https://europepmc.org/abstract/MED/24599063
http://dx.doi.org/10.1177/1054773814523777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24599063&dopt=Abstract
https://www.ryerson.ca/content/dam/crncc/knowledge/infocus/informalcaregiving/InFocus-InformalCaregiving.pdf
https://www.ryerson.ca/content/dam/crncc/knowledge/infocus/informalcaregiving/InFocus-InformalCaregiving.pdf
http://dx.doi.org/10.1177/0164027507307919
https://journals.sagepub.com/doi/10.1177/2333721421990150?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2333721421990150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33532515&dopt=Abstract
https://www.heartandstroke.ca/heart-disease/conditions/heart-failure
https://www.jmir.org/2020/2/e16538/
http://dx.doi.org/10.2196/16538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32027309&dopt=Abstract
https://formative.jmir.org/2021/1/e23190/
http://dx.doi.org/10.2196/23190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33400675&dopt=Abstract
https://diabetes.jmir.org/2021/1/e25574/
http://dx.doi.org/10.2196/25574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33704077&dopt=Abstract
https://transform.england.nhs.uk/key-tools-and-info/digital-playbooks/cancer-digital-playbook/a-mobile-platform-to-allow-patients-to-track-manage-and-understand-their-care-from-home/
https://transform.england.nhs.uk/key-tools-and-info/digital-playbooks/cancer-digital-playbook/a-mobile-platform-to-allow-patients-to-track-manage-and-understand-their-care-from-home/
http://paperpile.com/b/MbM98l/B84Nx
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.e13582
http://dx.doi.org/10.1177/1074840717745669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29353528&dopt=Abstract
https://europepmc.org/abstract/MED/30475246
http://dx.doi.org/10.1097/JCN.0000000000000548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30475246&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1177/1077800410383121
https://journals.sagepub.com/doi/abs/10.1258/jrsm.2011.110180?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1258/jrsm.2011.110180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22179294&dopt=Abstract
https://europepmc.org/abstract/MED/19541874
http://dx.doi.org/10.1258/jhsrp.2009.008120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19541874&dopt=Abstract
https://play.google.com/store/books/details?id=rV0JCgAAQBAJ
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Benmessaoud et al

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pfisterer KJ, Boger J, Wong A. Prototyping the Automated Food Imaging and Nutrient Intake Tracking System: modified
participatory iterative design sprint. IMIR Hum Factors. 2019;6(2):€13017 [FREE Full text] [doi: 10.2196/13017] [Medline:
31094336]

SalimH, LeePY, Sharif-Ghazali S, Cheong AT, Wong J, Young |, et al. Devel oping an asthma self-management intervention
through aweb-based design workshop for peoplewith limited health literacy: user-centered design approach. JMed Internet
Res. 2021;23(9):e26434 [FREE Full text] [doi: 10.2196/26434] [Medline: 34499039)]

Jake-Schoffman DE, McVay MA. Using the design sprint process to enhance and accel erate behavioral medicine progress:
a case study and guidance. Transl Behav Med. 2021;11(5):1099-1106 [doi: 10.1093/tbm/ibaal00] [Medline: 33057685]
Postma CE, Zwartkruis-Pelgrim E, Daemen E, Du J. Challenges of doing empathic design: experiences from industry. Int
JDes. 2012;6(1):59-70 [FREE Full text]

On modeling: an evolving map of design practice and design research. Interactions. URL: https://dl.acm.org/doi/10.1145/
1409040.1409043 [accessed 2023-12-18]

Norman D. The Design of Everyday Things: Revised and Expanded Edition. New York. Basic Books; 2013.

Buck HG, Mogle J, Riegel B, McMillan S, Bakitas M. Exploring the relationship of patient and informal caregiver
characteristics with heart failure self-care using the actor-partner interdependence model: implications for outpatient
palliative care. J Palliat Med. 2015;18(12):1026-1032 [doi: 10.1089/jpm.2015.0086] [Medline: 26540092]

Margarido MG, Shah A, Seto E. Smartphone applications for informal caregivers of chronically ill patients: a scoping
review. NPJ Digit Med. 2022;5(1):33 [FREE Full text] [doi: 10.1038/s41746-022-00567-z] [Medline: 35314766]

Bining M, Wasserman S, Brahim LO, Belzile E, MagalhaesM, Lambert SD. An evaluation of publicly available smartphone
apps to support unpaid cancer caregivers. J Pain Symptom Manage. 2022;63(3):430-439 [doi:
10.1016/j.jpainsymman.2021.09.017] [Medline: 34606930]

SPOR Networks in Chronic Diseases and the PICHI Network. Recommendations on patient engagement compensation.
URL: https://diabetesaction.ca/wp-content/upl oads/2018/07/
TASK-FORCE-IN-PATIENT-ENGAGEMENT-COMPENSATION-REPORT_FINAL-1.pdf [accessed 2018-07-25]
Cameron JI, Gignac MAM. "Timing It Right": aconceptual framework for addressing the support needs of family caregivers
to stroke survivors from the hospital to the home. Patient Educ Couns. 2008;70(3):305-314 [doi: 10.1016/j.pec.2007.10.020]
[Medline: 18155388]

Wolff JL, Darer JD, Larsen KL. Family caregivers and consumer health information technology. J Gen Intern Med.
2016;31(1):117-121 [FREE Full text] [doi: 10.1007/s11606-015-3494-0] [Medline: 26311198]

Polonsky WH, Fortmann AL. Impact of real-time CGM data sharing on quality of lifein the caregivers of adultsand children
with type 1 diabetes. J Diabetes Sci Technol. 2022;16(1):97-105 [FREE Full text] [doi: 10.1177/1932296820978423]
[Medline: 33322931]

Yamashita N, Kuzuoka H, Hirata K, Kudo T, Aramaki E, Hattori K. Changing moods: how manual tracking by family
caregiversimproves caring and family communication. New York, NY, USA. Association for Computing Machinery; 2017
Presented at: Proceedings of the 2017 CHI Conference on Human Factorsin Computing Systems; May 6-11, 2017; Denver
Colorado, USA p. 158-169 [doi: 10.1145/3025453.3025843]

Yamashita N, Kuzuoka H, Kudo T, Hirata K, Aramaki E, Hattori K. How information sharing about care recipients by
family caregiversimpacts family communication. Ney York, NY, USA. Association for Computing Machinery; 2018
Presented at: Proceedings of the 2018 CHI Conference on Human Factorsin Computing Systems; April 21-26, 2018;
Montreal, QC, Canada p. 1-13 [doi: 10.1145/3173574.3173796]

Badovinac LM, Nicolaysen L, Harvath TA. Are we ready for the CARE act?: family caregiving education for health care
providers. J Gerontol Nurs. 2019;45(3):7-11 [doi: 10.3928/00989134-20190211-02] [Medline: 30789984]

Agren S, EvangelistaL S, Hjelm C, Stromberg A. Dyads affected by chronic heart failure: a randomized study evaluating
effects of education and psychosocia support to patientswith heart failure and their partners. J Card Fail. 2012;18(5):359-366
[FREE Full text] [doi: 10.1016/j.cardfail.2012.01.014] [Medline: 22555264]

Park JYE, Tracy CS, Gray CS. Mobile phone apps for family caregivers: a scoping review and qualitative content analysis.
Digit Health. 2022;8:20552076221076672 [FREE Full text] [doi: 10.1177/20552076221076672] [Medline: 35154806]
Walden JA, Dracup K, Westlake C, Erickson V, Hamilton MA, Fonarow GC. Educational needs of patients with advanced
heart failure and their caregivers. JHeart Lung Transplant. 2001;20(7):766-769 [FREE Full text] [doi:
10.1016/s1053-2498(00)00239-4] [Medline: 11448807]

Molloy GJ, Johnston DW, Witham MD. Family caregiving and congestive heart failure. Review and analysis. Eur J Heart
Fail. 2005;7(4):592-603 [FREE Full text] [doi: 10.1016/j.ejheart.2004.07.008] [Medline: 15921800]

WeisA, Pohimann S, Poss-Doering R, Strauss B, Ullrich C, Hofmann H, et al. Caregivers roleinusing apersonal electronic
health record: aqualitative study of cancer patients and caregiversin Germany. BMC Med Inform DecisMak. 2020;20(1):158
[FREE Full text] [doi: 10.1186/s12911-020-01172-4] [Medline: 32660600]

Macias-Colorado ME, Rodriguez-Pérez M, Rojas-OcafiaMJ, Teresa-M orales C. Communication on safe caregiving between
community nurse case managers and family caregivers. Healthcare (Basel). 2021;9(2) [FREE Full text] [doi:
10.3390/healthcare9020205] [Medline: 33672971]

https://humanfactors,jmir.org/2023/1/e45035 JMIR Hum Factors 2023 | vol. 10 | e45035 | p. 14

(page number not for citation purposes)


https://humanfactors.jmir.org/2019/2/e13017/
http://dx.doi.org/10.2196/13017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31094336&dopt=Abstract
https://www.jmir.org/2021/9/e26434/
http://dx.doi.org/10.2196/26434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34499039&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibaa100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33057685&dopt=Abstract
http://www.ijdesign.org/index.php/IJDesign/article/view/1008
https://dl.acm.org/doi/10.1145/1409040.1409043
https://dl.acm.org/doi/10.1145/1409040.1409043
http://dx.doi.org/10.1089/jpm.2015.0086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26540092&dopt=Abstract
https://www.nature.com/articles/s41746-022-00567-z
http://dx.doi.org/10.1038/s41746-022-00567-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35314766&dopt=Abstract
http://dx.doi.org/10.1016/j.jpainsymman.2021.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34606930&dopt=Abstract
https://diabetesaction.ca/wp-content/uploads/2018/07/TASK-FORCE-IN-PATIENT-ENGAGEMENT-COMPENSATION-REPORT_FINAL-1.pdf
https://diabetesaction.ca/wp-content/uploads/2018/07/TASK-FORCE-IN-PATIENT-ENGAGEMENT-COMPENSATION-REPORT_FINAL-1.pdf
http://dx.doi.org/10.1016/j.pec.2007.10.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18155388&dopt=Abstract
https://europepmc.org/abstract/MED/26311198
http://dx.doi.org/10.1007/s11606-015-3494-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26311198&dopt=Abstract
https://europepmc.org/abstract/MED/33322931
http://dx.doi.org/10.1177/1932296820978423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33322931&dopt=Abstract
http://dx.doi.org/10.1145/3025453.3025843
http://dx.doi.org/10.1145/3173574.3173796
http://dx.doi.org/10.3928/00989134-20190211-02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30789984&dopt=Abstract
https://europepmc.org/abstract/MED/22555264
http://dx.doi.org/10.1016/j.cardfail.2012.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22555264&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076221076672?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221076672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35154806&dopt=Abstract
http://paperpile.com/b/MbM98l/0KK44
http://dx.doi.org/10.1016/s1053-2498(00)00239-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11448807&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1016/j.ejheart.2004.07.008
http://dx.doi.org/10.1016/j.ejheart.2004.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15921800&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-01172-4
http://dx.doi.org/10.1186/s12911-020-01172-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32660600&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare9020205
http://dx.doi.org/10.3390/healthcare9020205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33672971&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Benmessaoud et al

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

Saunders MM. Family caregivers need support with heart failure patients. Holist Nurs Pract. 2003;17(3):136-142 [doi:
10.1097/00004650-200305000-00004] [Medline: 12784897]

Wingham J, Frost J, Britten N, Jolly K, Greaves C, Abraham C, et al. Needs of caregiversin heart failure management: a
qualitative study. Chronic 11In. 2015;11(4):304-319 [FREE Full text] [doi: 10.1177/1742395315574765] [Medline: 25795144
While C, Duane F, Beanland C, Koch S. Medication management: the perspectives of people with dementia and family
carers. Dementia (London). 2013;12(6):734-750 [doi: 10.1177/1471301212444056] [Medline: 24337637]
Hahn-Goldberg S, Jeffs L, Troup A, Kubba R, Okrainec K. "We are doing it together”; the integral role of caregiversina
patients' transition home from the medicine unit. PLoS One. 2018;13(5):€0197831 [FREE Full text] [doi:
10.1371/journal .pone.0197831] [Medline: 29795623]

Aggarwal B, Pender A, Mosca L, Mochari-Greenberger H. Factors associated with medication adherence among heart
failure patients and their caregivers. J Nurs Educ Pract. 2015;5(3):22-27 [FREE Full text] [doi: 10.5430/jnep.v5n3p22]
[Medline: 25635204]

Holden RJ, Karanam Y L P, Cavalcanti LH, Parmar T, Kodthala P, Fowler NR, et a. Health information management
practicesin informal caregiving: an artifacts analysis and implicationsfor IT design. Int JMed Inform. 2018;120(5):31-41
[FREE Full text] [doi: 10.1016/j.ijmedinf.2018.09.017] [Medline: 30409344]

Schorch M, Wan L, Randall DW, Wulf V. Designing for those who are overlooked: insider perspectives on care practices
and cooperative work of elderly informal caregivers. 2016 Presented at: CSCW '16: Proceedings of the 19th ACM Conference
on Computer-Supported Cooperative Work & Social Computing; February 27-March 2, 2016; San Francisco p. 787-799
Sala-Gonzalez M, Pérez-Jover V, Guilabert M, Mira JJ. Mobile apps for helping informal caregivers: a systematic review.
Int J Environ Res Public Health. 2021;18(4):31-41 [FREE Full text] [doi: 10.3390/ijerph18041702] [Medline: 33578819]
Dam AEH, van Boxtel MPJ, Rozendaal N, Verhey FRJ, de Vugt ME. Development and feasibility of Inlife: a pilot study
of an online socia support intervention for informal caregivers of people with dementia. PLoS One. 2017;12(9):e0183386
[EREE Full text] [doi: 10.1371/journal.pone.0183386] [Medline: 28886056]

Tennant R, Allana S, Mercer K, Burns CM. Exploring the experiences of family caregivers of children with specia health
care needs to inform the design of digital health systems: formative qualitative study. IMIR Form Res. 2022;6(1):e28895
[FREE Full text] [doi: 10.2196/28895] [Medline: 34989692]

Acton GJ. Health-promoting self-care in family caregivers. West J Nurs Res. 2002;24(1):73-86 [doi:
10.1177/01939450222045716] [Medline: 11829276]

Matus A, Thomas G, Garo J, Luciani M, Ausili D, Riegel B. Abstract 13892: self-careis poor in lay caregivers of patients
with heart failure, especialy if caring more than eight hours daily. Circulation. 2020;142(Suppl_3):€28895 [FREE Full
text] [doi: 10.1161/circ.142.suppl_3.13892]

Denham AMJ, Wynne O, Baker AL, Spratt NJ, Turner A, Magin P, et al. An online survey of informal caregivers unmet
needs and associated factors. PLoS One. 2020;15(12):e0243502 [FREE Full text] [doi: 10.1371/journal.pone.0243502]
[Medline: 33301483]

Bekelman DB, Nowels CT, Retrum JH, Allen LA, Shakar S, Hutt E, et al. Giving voice to patients and family caregivers
needsin chronic heart failure: implicationsfor palliative care programs. JPalliat Med. 2011;14(12):1317-1324 [EREE Full
text] [doi: 10.1089/jpm.2011.0179] [Medline: 22107107]

Sherifali D, Ali MU, Ploeg J, Markle-Reid M, Valaitis R, Bartholomew A, et al. Impact of internet-based interventions on
caregiver mental health: systematic review and meta-analysis. JMed Internet Res. 2018;20(7):€10668 [FREE Full text]
[doi: 10.2196/10668] [Medline: 29970358]

Abbreviations

HF: heart failure

IC: informal caregiver

KTA: Knowledgeto Action

PROM: patient-reported outcome measure

Edited by A Kushniruk; submitted 19.12.22; peer-reviewed by P Khorasani, P Dunn; comments to author 02.02.23; revised version
received 08.03.23; accepted 20.11.23; published 25.12.23

Please cite as.

Benmessaoud C, Pfisterer KJ, De Leon A, Saragadam A, El-Dassouki N, Young KGM, Lohani R, Xiong T, Pham Q
Design of a Dyadic Digital Health Module for Chronic Disease Shared Care: Development Sudy

JMIR Hum Factors 2023; 10: 45035

URL: https.//humanfactors.jmir.org/2023/1/e45035

doi: 10.2196/45035

PMID: 38145480

https://humanfactors,jmir.org/2023/1/e45035 JMIR Hum Factors 2023 | vol. 10 | e45035 | p. 15

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1097/00004650-200305000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12784897&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1742395315574765?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1742395315574765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25795144&dopt=Abstract
http://dx.doi.org/10.1177/1471301212444056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24337637&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0197831
http://dx.doi.org/10.1371/journal.pone.0197831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29795623&dopt=Abstract
https://europepmc.org/abstract/MED/25635204
http://dx.doi.org/10.5430/jnep.v5n3p22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25635204&dopt=Abstract
https://hdl.handle.net/1805/17591
http://dx.doi.org/10.1016/j.ijmedinf.2018.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30409344&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041702
http://dx.doi.org/10.3390/ijerph18041702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33578819&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0183386
http://dx.doi.org/10.1371/journal.pone.0183386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28886056&dopt=Abstract
https://formative.jmir.org/2022/1/e28895/
http://dx.doi.org/10.2196/28895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34989692&dopt=Abstract
http://dx.doi.org/10.1177/01939450222045716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11829276&dopt=Abstract
https://formative.jmir.org/2022/1/e28895/
https://formative.jmir.org/2022/1/e28895/
http://dx.doi.org/10.1161/circ.142.suppl_3.13892
https://dx.plos.org/10.1371/journal.pone.0243502
http://dx.doi.org/10.1371/journal.pone.0243502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33301483&dopt=Abstract
https://europepmc.org/abstract/MED/22107107
https://europepmc.org/abstract/MED/22107107
http://dx.doi.org/10.1089/jpm.2011.0179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22107107&dopt=Abstract
https://www.jmir.org/2018/7/e10668/
http://dx.doi.org/10.2196/10668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29970358&dopt=Abstract
https://humanfactors.jmir.org/2023/1/e45035
http://dx.doi.org/10.2196/45035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38145480&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Benmessaoud et al

©Camila Benmessaoud, Kaylen J Pfisterer, Anjelica De Leon, Ashish Saragadam, Noor El-Dassouki, Karen G M Young, Raima
Lohani, Ting Xiong, Quynh Pham. Originally published in IMIR Human Factors (https://humanfactors.,jmir.org), 25.12.2023.
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 Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

https://humanfactors,jmir.org/2023/1/e45035 JMIR Hum Factors 2023 | vol. 10 | e45035 | p. 16
(page number not for citation purposes)


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

