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Background: Smart home systems could enhance clinical and self-management of

chronic heart failure by supporting health monitoring and remote support, but evidence

to guide the design of smart home system functionalities is lacking.

Objective: To identify consensus-based recommendations for functions of a smart

home system that could augment clinical and self-management for people living with

chronic heart failure in the community.

Methods: Healthcare professionals caring for people living with chronic heart failure

participated in a two-round modified Delphi survey and a consensus workshop.

Thirty survey items spanning eight chronic health failure categories were derived

from international guidelines for the management of heart failure. In survey Round 1,

participants rated the importance of all items using a 9-point Liket scale and suggested

new functions to support people with chronic heart failure in their homes using a smart

home system. The Likert scale scores ranged from 0 (not important) to 9 (very important)

and scores were categorized into three groups: 1–3 = not important, 4–6 = important,

and 7–9 = very important. Consensus agreement was defined a priori as ≥70% of

respondents rating a score of ≥7 and ≤15% rating a score ≤ 3. In survey Round 2,

panel members re-rated items where consensus was not reached, and rated the new

items proposed in earlier round. Panel members were invited to an online consensus

workshop to discuss items that had not reached consensus after Round 2 and agree on

a set of recommendations for a smart home system.

Results: In Round 1, 15 experts agreed 24/30 items were “very important”,

and suggested six new items. In Round 2, experts agreed 2/6 original items and

6/6 new items were “very important”. During the consensus workshop, experts

endorsed 2/4 remaining items. Finally, the expert panel recommended 34 items as

“very important” for a smart home system including, healthy eating, body weight

and fluid intake, physical activity and sedentary behavior, heart failure symptoms,

tobacco cessation and alcohol reduction, medication adherence, physiological

monitoring, interaction with healthcare professionals, and mental health among others.
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Conclusion: A panel of healthcare professional experts recommended 34-item core

functions in smart home systems designed to support people with chronic heart failure

for self-management and clinical support. Results of this study will help researchers to

co-design and protyping solutions with consumers and healthcare providers to achieve

these core functions to improve self-management and clinical outcomes in people with

chronic heart failure.

Keywords: Delphi survey, cardiovascular diseases, lifestyle behaviors, self care, health monitoring, information

technology

KEY POINTS

- Question: What essential functions are recommended by
healthcare professionals for a Smart Home system for people
with heart failure?

- Findings: An expert panel of healthcare professionals agreed
on 34 items as essential functions for a smart home system to
support self-care for heart failure, including healthy eating,
body weight and fluid intake, physical activity and sedentary
behavior, monitoring of symptoms, tobacco cessation and
alcohol reduction, medication adherence, physiological
monitoring, interaction with healthcare professionals, and
mental health.

- Meaning: The recommendations from the expert panel can
guide the development of future smart home systems for
people with heart failure.

INTRODUCTION

Chronic heart failure is an increasingly prevalent condition and
is associated with a considerable health burden (1). Despite
significant advances in medical treatment, approximately
44% of people with heart failure are re-hospitalized within
1 year of discharge (2), and 50% die within 5 years (3).
This is primarily due to rapid health deterioration, severe
comorbidities and lack of post-acute care monitoring.
International guidelines recommend self-management as
an essential strategy to improve care for people with chronic
heart failure (4, 5). Self-management includes monitoring
symptoms, adhering to prescribed medications, and adopting
and maintaining lifestyle behaviors such as a healthy diet
and physical activity (5, 6). A meta-analysis of patient-level
data from 20 trials (n = 5,624 patients) demonstrated that
self-management interventions reduced the risk of time to
the combined endpoint of heart failure-related hospitalization
or all-cause death (HR 0.80; 95% CI 0.71–0.89), and time
to heart failure-related hospitalization (HR 0.80; 0.69–
0.92) (7). However, sub-optimal symptom recognition, a
lack of patient education, delayed symptom reporting, and
medication non-adherence make optimal self-management
challenging (8, 9). Innovative approaches that support people
to better manage their heart failure are needed to improve
individual’s health and wellbeing, and ease burden on the
healthcare system.

Previous trials involving implantable devices, mobile
phone applications, text messaging, web-based programs and
telemonitoring have shown to support self-management in
people with heart failure (10–12). A systematic review and meta-
analysis of randomized controlled trials, comparing whether
people with heart failure received telemedicine or usual standard
care, showed overall all-cause mortality (pooled OR = 0.80,
0.71 to 0.91, p < 0.001) and heart failure-related admission rate
(pooled OR = 0.63, 0.53 to 0.76, p < 0.001) were significantly
lower in the telemedicine group (13). Notwithstanding these
findings, telemedicine has focussed predominantly on medical
outcomes (such as symptoms) and has largely ignored the
need to support people with heart failure to better self-manage
their condition. Technology has the potential to address these
limitations, by empowering people with heart failure to better
manage their health, and to optimize communication with their
clinicians when and if needed. Further, current approaches
for designing technology interventions have typically failed to
include patients and clinicians in the product design (14), which
leads to lower levels of acceptance, dissatisfaction, stress and
non-adherence (15–17).

In recent years, more smart technology solutions, which
move beyond soley monitoring have emerged. Smart solutions
incorporate network-connected sensors and communication
platforms, have been used to monitor people’s daily activities,
communicate with care providers and support independent
living (18–20). These smart systems have the potential to enable
post-discharge monitoring, detect a worsening health status,
allow healthcare professionals to tailor treatments remotely
and support people to be proactive in seeking support (21).
In collaboration with clinical, behavioral, and information
technology experts, we are developing a smart home system for
people living with chronic heart failure in the community. The
smart home system connects different elements to support self-
management of people living with chronic heart failure, thereby
improving health ouctomes. Smart home systems incorporate
network-connected sensors and communication platforms and
have been used in recent years tomonitor patients’ daily activities,
communicate with care providers, and support independent
living (18, 19, 22, 23). For the purpose of this research, a
smart home ecosystem carries out three key actions: sensing,
processing, and communication (24). Specifically, the system
will connect sensors (e.g., wearable and environmental) and
medical devices (e.g., blood pressure monitor), send data from
these devices to a cloud-based server for interpretation, and
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provide feedback to the end-users (people with chronic heart
failure and healthcare professionals) (Figure 1). The system
will also facilitate communication between people living with
chronic heart failure and healthcare professionals. One step in
the development process is to identify necessary functions. To
the best of our knowledge, no published studies have undertaken
this work. Therefore, we aimed to develop a consensus-based
set of core functions, based on international guidelines, that
healthcare professionals recommend for inclusion in a smart
home system to support people living with chronic heart failure
in their homes.

METHODS

We used a modified Delphi survey methodology with two
survey rounds and an online consensus workshop. The Delphi
technique is a well -established approach to answering a
research question through the identification of a consensus
view across subject experts. This study is compliant with
the “Recommendations for the Conducting and REporting of
DElphi Studies” (CREDES) (25). Delphi consensus processes
systematically aggregate expert input to identify areas of
agreement and are commonly used to develop clinical guidelines,
standards and quality measures(26). Consensus methods are
appropriate where published information is inadequate or non-
existent to provide a means of harnessing the insights of
appropriate experts to enable decisionmaking (27). Furthermore,
the anonymous and iterative features of the Delphi method
permit panel members to share their opinion without any

individual dominance and peer pressure, which offers an
advantage over other group research methods (28).

Participants and Panel Recruitment
Panel members with experience caring for people with chronic
heart failure were sought from a range of healthcare professionals
(e.g., general practitioners, cardiologists, nurses, pharmacists,
and physiotherapists) from clinical and academic settings.
A research team member (SMSI) established initial contact
with potential panel members via email, phone, or an in-
person meeting. Contacts were also asked whether they could
recommend others who may add value to the project. The
final selection of panel members aimed to ensure representation
from multiple clinical fields. The identity of panel members
was kept confidential throughout the survey process to ensure
that each member felt free to agree or disagree with other
members’ responses.

Delphi Surveys
A limit of two survey rounds was chosen to reduce the panel
members’ burden and ensure a high response rate. Each survey
was tested prior to distribution using people who were not
participants in the Delphi rounds. They were asked to consider
comprehension and the structure and readability of statements,
and to identify any procedural problems when administering
the surveys. Round 1 was tested by five clinical researchers,
including a general practitioner, cardiologist, nurse, pharmacist,
and physiotherapist with clinical experience inmanaging patients
with heart failure for completeness, applicability and clarity.

FIGURE 1 | A conceptual framework of Smart Home for people with heart failure.
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Round 2 was tested by three clinician researchers. Panel members
received links to electronic surveys (hosted on Qualtrics) via
email, and were asked to complete each survey within 2 weeks,
with reminders sent after 1 week. Panel members rated the
importance on a 9-point Likert scale ranging from 0 (not
important) to 9 (very important) and scores were categorized into
three groups: not important (score 1 to 3), important (score 4 to
6), and very important (score 7 to 9). The scale and the scoring
were based on the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach, which is used
to rate the strength and quality of evidence (29). Instructions
to panel members were to consider the importance of including
each item in a smart home system for delivering information
technology-supported care at home to a typical patient with
chronic heart failure living in the community. Furthermore,
panel members were instructed not to consider cost implications
when making judgements to ensure ratings were not impacted by
a lack of information about the technologies and costs needed to
deliver each component. Participant anonymity was maintained
by individualized communication for each round.

Survey Round 1
Survey items were derived from a review of the literature and
relevent guidelines for people with chronic heart failure. Sources
included international heart failure guidelines (4, 5, 30, 31) and
previous systematic reviews (1, 8). Given the lack of published
research on the topic, a free-text item asked panel members
to suggest other items that they felt may warrant inclusion in
a smart home system. The first survey consisted of 30 items
grouped into eight categories (Table 1): (1) healthy eating, body
weight and fluid intake; (2) physical activity and sedentary
behavior; (3) heart failure symptoms; (4) tobacco cessation and
alcohol reduction; (5) medication adherence; (6) physiological
monitoring; (7) interaction with healthcare professionals; and (8)
mental health.

Survey Round 2
Round 2 was developed based on Round 1 analysis. Panel
members were invited to re-rate items where consensus
agreement was not reached in the previous round and rate new
items generated from free-text responses in Round 1.

Consensus Workshop
Panel members were invited to an online consensus workshop by
email, and the research team followed up with panel members
who did not respond to the initial email. The workshop began
with a welcome and introduction by SMSI, followed by a review
of the workshop objectives, an agenda, and information about
the group activity and introductions of the research team and
panel members. To provide additional context for the discussion,
researchers with experience in digital health for chronic disease
management presented their findings related to a scoping review
of smart home-based systems for chronic disease management,
a conceptual framework for a smart home ecosystem (Figure 1)
and the preceding Delphi surveys. The workshop facilitator (RN)
then encouraged the panel members to generate reasons to accept
or reject survey items that did not reach consensus, promote

discussion and guide panel members to reach a consensus
agreement for each item.

Data Analysis
Participant characteristics and survey response rates are reported
descriptively. For Likert scale items, the median rating, % rated
≥ 7 and % rated ≤ 3 were calculated. Consensus for both rounds
was defined as follows; items were classified as important if≥70%
of respondents rated a score ≥7 and ≤ 15% of respondents
rated a score ≤ 3 (32). During the workshop, items were
categorized as either “endorsed” if participant responses were
positive (i.e., use of words like “agree,” “support,” “good”). The
final list of recommended functions included items that reached
consensus agreement as “important” or were endorsed during
the workshop.

Ethics Approval
The study was approved by Deakin University Human Research
Ethics Committee (HEAG-H 151_2019). All participants
provided informed consent.

RESULTS

In total, 21 experts were invited to participate in the study;
15 provided consent and formed the panel (n = 9 female,
n = 4 general practitioner (GP), n = 3 cardiologist, n = 3
physiologist, n= 2 pharmacist, n= 2 nurse, and n= 1 dietician).
All participants responded to both surveys. Only four panel
members were able to attend the workshop (n = 2 GP, n = 1
cardiologist, and n = 1 nurse) therefore, a short report outlining
the results was circulated by email to the panel with a request
for feedback arising from any concerns; no panel members
responded with disagreements.

Survey Round 1
Consensus was reached for 24 of 30 items (80%); all were rated
as “very important” (Table 1). No items were considered “not
important”. Items that did not achieve consensus related to
physiological monitoring (items 18, 19, 21, and 23) and mental
health (items 29 and 30). Seven experts provided optional free-
text responses, and six additional items were generated from
these responses (items A1 to A6).

Survey Round 2
The second survey (Table 2) consisted of six items where no
consensus was reached (18, 19, 21, 23, 29, 30) and six new items
suggested by the panel during Round 1 (31–36). Items 18 and 21
reached consensus agreement as “very important”. Items related
to physiological monitoring (19 and 23) and mental health (29
and 30) (Figure 2). All new items suggested by the panel in
Round 1 reached a consensus agreement as “very important”.

Consensus Workshop
Four items where no consensus was reached during the survey
rounds were discussed at the workshop. Discussion of item
23 (“monitoring diet”) centered on feasibility, and the item
was subsequently endorsed. Discussion of item 30 (provide
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TABLE 1 | Delphi survey round 1 scoring and classification.

Item serial number/ Items Median % rated ≥7 % rated ≤3 Consensus Classification

Healthy eating, body weight and fluid intake

A Smart Home should provide education on…

1. healthy dietary choices (e.g., fresh fruits/vegetables) 8 80 7 Yes Very important

2. low sodium diet 8 80 0 Yes Very important

3. weight monitoring 9 93 0 Yes Very important

4. fluid monitoring 8 87 0 Yes Very important

Physical activity and sedentary behavior

A Smart Home should…

5. provide individualized exercise prescription 8 80 0 Yes Very important

6. monitor physical activity behaviors 8 87 0 Yes Very important

7. monitor sedentary behaviors 8 73 0 Yes Very important

Heart failure symptoms

A Smart Home should…

8. help participants to record heart failure symptoms (e.g., shortness of

breath, swelling of legs, fatigue, and weakness)

8 87 0 Yes Very important

9. remind participants about monitoring their heart failure symptoms 8 80 0 Yes Very important

10. engage individuals to monitor their symptoms 8 73 0 Yes Very important

Tobacco cessation and alcohol reduction

A Smart Home should…

11. provide support to reduce/quit tobacco 8 93 0 Yes Very important

12. provide support to reduce/quit alcohol consumption 8 93 0 Yes Very important

Medication adherence

A Smart Home should…

13. provide information on medication adherence 8 87 0 Yes Very important

14. provide medication alerts (e.g., sensors on medication packs) 8 87 0 Yes Very important

15. provide reminders to take prescribed medications 9 100 0 Yes Very important

Physiological monitoring

A Smart Home should…

16. monitor blood pressure 9 100 0 Yes Very important

17. monitor heart rate 9 93 0 Yes Very important

18. monitor blood glucose 8 60 0 No Round 2

19. monitor sleep duration 7 53 0 No Round 2

20. monitor weight 9 93 0 Yes Very important

21. monitor fluid intake 8 67 7 No Round 2

22. monitor medication use 8 100 0 Yes Very important

23. monitor diet 7 67 0 No Round 2

Interaction with healthcare professionals

A Smart Home should …

24. support communication between users and healthcare providers 8 93 7 Yes Very important

25. be linked with clinical management systems (e.g., electronic health

records)

8 93 0 Yes Very important

26. provide reminders for clinic appointments 8 87 0 Yes Very important

27. provide alerts to healthcare providers about the patient’s deteriorating

condition

9 93 0 Yes Very important

Mental health

A Smart Home should…

28. monitor individuals’ mental health (e.g., depressive symptoms) 8 80 0 Yes Very important

29. connect with a mental health support system (e.g., Beyond Blue) 8 67 0 No Round 2

30. provide support for optimizing mental health in the form of messages

delivered via a conversational agent (e.g., Google Home, Alexa)

7 53 0 No Round 2

Consensus for an item was defined as: ≥ 70% of respondents rated a score ≥7 and ≤15% of respondents rated a score ≤ 3 [Likert scale: 1 (not important) to 9 (very important)].
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TABLE 2 | Delphi survey round 2 scoring and classification.

Item serial number/ Items Median % rated ≥7 % rated ≤3 Consensus Classification

Items from round 1

A Smart Home should …

18. monitor blood glucose 8 73 13 Yes Very important

19. monitor sleep duration 7 67 7 No Discuss

21. monitor fluid intake 8 80 0 Yes Very important

23. monitor diet 7 67 0 No Discuss

29. connect with a mental health support system (e.g., Beyond Blue) 7 60 7 No Discuss

30. provide support for optimizing mental health in the form of messages

delivered via a conversational agent (e.g., Google Home, Alexa)

6 40 0 No Discuss

Additional items

A Smart Home should…

31. monitor ECG 7 73 7 Yes Very important

32. be able to provide individualized care package (e.g., fluid monitoring in

those with multiple fluid overload admission)

8 93 7 Yes Very important

33. provide peer support (e.g., connect with family, friends) 8 80 0 Yes Very important

34. use accelerometry for falls monitoring 8 73 0 Yes Very important

35. remind participants for self-management of medication titration if

symptomatic

9 100 7 Yes Very important

36. have exercise charts and dietary plans 7 73 0 Yes Very important

Consensus for an item was defined as: ≥ 70% of respondents rated a score ≥7and ≤15% of respondents rated a score ≤ 3 [Likert scale: 1 (not important) to 9 (very important)].

FIGURE 2 | Study flowchart.

support for optimizing mental health in the form of messages
delivered via a conversational agent) highlighted a need to
ensure messaging interventions to support mental health are
personalized. The item was reworded as ’provide personalized
mental health messages delivered via a conversational agent (e.g.,

Google Home, Alexa) before being endorsed. Item 19 (“monitor
sleep duration” was not endorsed as the panel perceived technical
challenges with sleep measurement, and cited a lack of evidence
suggesting sleep monitoring affects the clinical presentation of
heart failure. Finally, item 29 (“connect with a mental health
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support system”) was not endorsed as the panel perceived
referral to mental health support services would not provide a
personalized approach required by people with heart failure.

After two survey rounds and one workshop, 34 items were
classified as very important or endorsed by the panel (Box 1).

DISCUSSION

To our knowledge, this is the first study to use the Delphi
consensus process to identify recommended core functions
for smart home systems designed to support people with
chronic heart failure living in the community. An experienced
multidisciplinary expert panel agreed on 34 core functions
related to healthy eating, body weight and fluid intake;
physical activity and sedentary behavior; heart failure symptoms

BOX 1 | Smart Home system functions recommended as “Very important” by the panel.

Healthy eating, body weight and fluid intake

1. Provide education on healthy dietary choices (e.g., fresh fruits/vegetables)

2. Provide education on low sodium diet

3. Provide education on weight monitoring

4. Provide education on fluid monitoring

Physical activity and sedentary behavior

5. Provide individualized exercise prescription

6. Monitor physical activity behaviors

7. Monitor sedentary behaviors

Heart failure symptoms

8. Help participants to record heart failure symptoms (e.g., shortness of breath, swelling of legs, fatigue, weakness)

9. Remind participants about monitoring their heart failure symptoms

10. Engage individuals to monitor their symptoms

Tobacco cessation and alcohol reduction

11. Provide support to reduce/quit tobacco

12. Provide support to reduce/quit alcohol consumption

Medication adherence

13. Provide information on medication adherence

14. Provide medication alerts (e.g. sensors on medication packs)

15. Provide reminders to take prescribed medications

Physiological monitoring

16. Monitor blood pressure

17. Monitor heart rate

18. Monitor blood glucose

20. Monitor weight

21. Monitor fluid intake

22. Monitor medication use

23. Monitor diet

Interaction with healthcare professionals

24. Support communication between users and healthcare providers

25. Be linked with clinical management systems (e.g. electronic health records)

26. Provide reminders for clinic appointments

27. Provide alerts to healthcare providers about the patient’s deteriorating condition

Mental health

28. Monitor individuals’ mental health (e.g. depressive symptoms)

30. Provide personalized mental health messages delivered via a conversational agent (e.g., Google Home, Alexa)

Additional items

31. Monitor ECG

32. Be able to provide individualized care package (e.g. fluid monitoring in those with multiple fluid overload admission)

33. Provide peer support (e.g. connect with family, friends)

34. Use accelerometry for falls monitoring

35. Remind participants for self-management of medication titration if symptomatic

36. Have exercise charts and dietary plans

monitoring; tobacco cessation and alcohol reduction; medication
adherence; physiological monitoring; interaction with healthcare
professionals; and mental health among others to be included in
smart home systems.

Both survey rounds demonstrated high levels of agreement
amongst panel members, with no apparent differences between
disciplinary or clinical backgrounds. However, additional
clarification was still required on four items in the categories of
“physiological monitoring” and “mental health” after the two
survey rounds. The workshop provided this clarification and
panel members emphasized smart home system monitoring
functions should be limited to health parameters that have been
found to improve heart failure symptoms and self-management.
While monitoring self-management behaviors (physical activity,
sedentariness, diet, fluid intake, and medication use), vital signs
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(blood pressure, ECG/heart rate), and other health parameters
(blood glucose concentration, body weight, mental health)
were recommended, but monitoring sleep duration was not
recommended as a perceived lack of evidence about clinical
utility suggesting experts believed sleep data would not enhance
clinical management.

Experts specified that messaging to support mental health
should be personalized. A similar approach may be important for
other smart home functions as personalized interventions have
been shown to improve behavior change and maintenance (33).
However, persaonlization was not explicitly raised by the panel in
relation to other functions. Recommended monitoring functions
could play key roles in personalizing smart home system
functionality by enabling a better understanding of individuals’
self-management behaviors and health status. These data could
also be shared with clinicians to enable more personalized
clinical management; however, consideration is needed on how
to achieve this without overwhelming healthcare professionals.
Smart home systems can provide personalization at different
levels, for example functions can be easily added or in their
entirety, or tailored in their execution by applying data analytics
to sensed data. This is pertinent to people living with chronic
heart failure who may have different needs (e.g., types of support
at different stages of the disease trajectory) and preferences (e.g.,
willingness to use different types of digital technologies).

This study is an important contribution to the literature.
Delphi processes for establishing expert consensus have been
used to develop clinical guidelines, quality measures and identify
important processes of care associated with heart failure (26,
34). We extended these methods to the realm of a smart
home system for people with heart failure. The Delphi process
allowed for data to be collected anonymously, systematically
and iteratively which allowed for reasoned expert feedback with
less bias from more forthright participants (35). Whilst we
recruited a multidisciplinary panel of experts from a range of
clinical backgrounds, it was not representative of all clinicians
involved in caring for people with heart failure. Other clinicians
may have arrived at different conclusions with more opposing
views and debate resulting in a longer and more challenging
process of achieving consensus. Therefore, our findings should be
considered as an initial step in establishing the core functions of a
smart home system for supporting self-management and clinical
management in chronic heart failure (27).

While there was a high level of agreement between experts, the
results should be interpreted with the following limitations: First,
the homogenous scores across most items made it problematic
to determine their importance relative to one another. Second,
the small sample size (n=15) could be identified as a limitation.
However, there is no standard method to calculate the number
of experts required for a Delphi study, which can range from
a few to hundreds of participants (36), depending on the study
objectives, group heterogeneity, and available resources (36, 37).
A heterogeneous group of 5–30 experts have been suggested
to reduce bias in opinion, given that increasing the sample
size does not result in improved outcomes and can reduce the
response rate (36–38). Whilst all panel members responded to
both survey rounds, only four attended the workshop which is
lower than suggested previously (36–38). However, this smaller

group size did allow for all voices to be heard in the workshop
discussion, and different clinical backgrounds still represented
a range of expertise. Third, the consensus workshop took place
12-months after the final survey due to the challenges associated
with the COVID-19 pandemic (e.g., additional clinical load),
this may have contributed to the low workshop participation
and concerns that panel members would not remember details
of the surveys. The workshop presentations aimed to resolve
this, re-orienting the panel to the research topic and the survey
items. Finally, as panel members were asked not to consider
cost, these recommendations should be viewed as a guide for
ideal functionality. If resource constraints prevent execution of
all functions, additional work may be needed to inform an
iterative development roadmap that prioritizes functions based
anticipated benefits and costs.

This study contributes a significant element toward the
development of a smart home system to support clinicial
and self-management in people with chronic heart failure.
A smart home system with these functions could contribute
to evidence gaps outlined in international clinical guidelines,
including the need for more data on the effects of fluid
restriction, dietary salt restriction and nutrition; the role of
remote monitoring; optimal models for follow-up of stable heart
failure patients; better definition and classification of patient
phenotypes to facilitate improved treatment; and development
of better strategies for congestion relief, including monitoring
of diuretic administration (5, 6). Smart homes can address these
gaps by collecting these data directly from patients’ home, using
machine learning algorithms to create phenotypes, providing
automated alerts, remote medication titrations and care (39–
41). The findings may also have implications for technology-
based programs for other chronic diseases in which self-
management is important (e.g., chronic obstructive pulmonary
disease). However, further work is necessary to determine the
condition-specific functions, test specific items to determine
the practical feasibility, usability and validity of this approach
and frameworks (42–44). Combining the results of this study
with findings from formative research that gathers user insights
will guide the development of an innovative, intelligent smart
home system for people with chronic heart failure. Furthermore,
work to determine the most useful functions for different
disease phenotypes and people at different points on the disease
trajectory (e.g., acute or chronic decompensation, de novo or
worsening patients, patients with preserved or reduced ejection
fraction) is needed (45). Once functional prototypes have been
developed, clinical trials will be needed to understand the
effectiveness and cost-effectiveness of smart home systems in
improving health outcomes in people with chronic heart failure.

CONCLUSION

A multidisciplinary panel of heart failure clinicians
recommended 34 functions spanning healthy eating, body
weight and fluid intake, physical activity and sedentary behavior,
heart failure symptoms, tobacco cessation and alcohol reduction,
medication adherence, physiological monitoring, interaction
with healthcare professionals, and mental health among others
for inclusion in smart home systems designed to enhance clinical
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and self-management of chronic heart failure. Results of this
study will help researchers to co-design and protyping solutions
with consumers and healthcare providers to achieve these core
functions to improve self-management and clinical outcomes in
people with chronic heart failure.
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