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Abstract

Background: Anincreasingly aging population, accompanied by a shortage of residential aged care homes and workforce and
consumer feedback, has driven a growing interest in enabling older people to age in place through home-based care. In this
context, smart home technol ogies for remote health monitoring have gained popularity for supporting older peopletoliveintheir
own homes.

Objective: This study aimsto investigate the impact of smart home monitoring on multiple outcomes, including quality of life,
activities of daily living, and depressive symptoms among older people living in their own homes over a 12-month period.

Methods: We conducted an open-label, parallel-group randomized controlled trial. The control group continued to receive their
existing care from aged care service providers. Meanwhile, the intervention group, in addition to receiving their usual aged care
services, had their activities of daily living monitored using a smart home platform. Surveys including the Adult Socia Care
Outcomes Toolkit (ASCOT), EuroQol-5 Dimensions-5 Levels (EQ-5D-5L), Katz Index of Independence in Activities of Daily
Living (Katz ADL), Lawton Instrumental Activities of Daily Living Scale (IADL), and Geriatric Depression Scale (GDS) were
conducted at baseline and 6 and 12 months from baseline. Linear mixed-effects models were used to compare the difference
between the intervention and control groups, with the ASCOT as the primary outcome measure.

Results: Datafrom 130 participants were used in the analysis, with no significant differencesin baseline characteristics between
the control group (n=61) and the intervention group (n=69). In comparison to the control group, the intervention group had a
higher ASCOT score at the 6-month assessment (mean difference 0.045, 95% CI 0.001 to 0.089; Cohen d=0.377). However, this
difference did not persist at the 12-month assessment (mean difference 0.031, 95% Cl —0.014 to 0.076; Cohen d=0.259). There
were no significant differencesin EQ-5D-5L, Katz ADL, IADL, and GDS observed between the intervention and control groups
at the 6-month and 12-month assessments.

Conclusions: The study demonstrates that smart home monitoring can improve socia care—related quality of life for older
people living in their own homes. However, the improvement was not sustained over the long term. The lack of statistically
significant findings and diminished long-term improvements may be attributed to the influence of the COV1D-19 pandemic during
the later stage of the trial. Further research with a larger sample size is needed to evaluate the effect of smart home monitoring
on broader quality-of-life measures.
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Introduction

Globally, the aging population is steadily increasing, with 703
million individuals aged 65 years or over as of 2019, and this
number is projected to reach 1.5 billion by the year 2050, with
a globa average life expectancy of around 77.1 years [1]. By
2041, the population of Australia aged 65 years and older is
expected to seeab4% increase, rising from 4.31 millionin 2021
to 6.66 million [2]. This demographic trend presents unique
challenges in providing adequate care and support for older
individuals, particularly those who choose to age in their own
homes. Residential aged care facilities have traditionally been
the primary setting for delivering aged care services. However,
an aging population, coupled with a global shortage of aged
care facilities and workforce, poses significant challenges to
residential aged care. This leads to compromised access to
essential care services, overburdened existing facilities, and
increased strain on caregivers, impacting the quality of care
[3-5]. To address these challenges, there has been a growing
policy emphasis on aging in place, the concept of older people
living longer in their own homes and communities as they age
[6,7]. This alows older people to remain connected to their
communities, friends, and family networks, promoting overall
well-being and socia support. Aside from older people's
preference, the lack of residentia care placementsand therising
costs associated with ingtitutional care make aging in place a
more feasible and cost-effective option for many individuals.

In this context, smart home technologies have emerged as a
promising solution to support the well-being and independence
of older individuals living in their own homes. These
technologies encompass a wide range of devices and systems,
including sensor networks, remote monitoring, and assistive
devices, which can enhance safety, health monitoring, and
overall quality of lifefor older adults[8,9]. By integrating these
technologiesinto the home environment, smart home solutions
have the potential to address various challenges associated with
aging in place, such as falls, medication adherence, and socia
isolation [10].

While the potential benefits of smart home solutions in
supporting aging in place have been widely acknowledged, the
evidence base, particularly from randomized controlled trias
(RCTs), remainslimited [11,12]. The evaluation of smart home
technologies through RCTs is important to establish their
efficacy, effectiveness, and cost-effectiveness in real-world
settings. Moreover, previous studies investigating the influence
of smart home technologies on the well-being of older
individuals largely focused on health-related quality of life
[13-16]. Smart home technologies can detect emergencies,
monitor health, and assist in daily tasks, which can lead to
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increased autonomy and security, not only promoting physical
well-being but also addressing critical social and emotional
needs[11,17]. However, an increased emphasis on health-related
quality of lifeand less attention to the social care—related quality
of life has created a gap in our understanding of how smart
home technol ogies can affect broader aspects of older people’'s
quality of life, beyond health functioning [18-20].

Following our previoudly published protocol [21], we conducted
an RCT, with the primary aim of evaluating how the use of the
Smarter Safer Home (SSH) platform impacts the social
care—related quality of life in older people living in their own
homes. As a secondary aim, we examined whether this
technology impacts the health-related quality of life, ability to
perform activities of daily living (ADLSs), and severity of
depression. Thefindingsof this study enhance our understanding
of how smart home technologies can impact older people who
live in their own homes. Moreover, they have the potential to
inform policy and practice in the field of aged care, providing
valuable insights into the effectiveness and feasibility of
implementing smart home solutions to support aging in place.

Methods

Study Design

This study isamixed-methods, open-label, parallel-group RCT.
Participants were allocated randomly to a control group and an
intervention group. The control group received regular aged
care services subsidized by the Australian government, which
can be categorized into 2 types: the Commonwealth Home
Support Programme (CHSP) and the Home Care Package
(HCP). CHSP provides basic support to help older Australians
live independently, while HCP offers more comprehensive and
personalized carefor those with higher or more complex needs.
The intervention group, in addition to usual aged care services,
had the SSH platform installed at their residence. The SSH
platform is an in-home monitoring system that uses distributed
ambient sensors to track the physical environment and human
activities within a household. The sensor datais transmitted to
a cloud computing server that assesses residents ADLs and
sleep patterns. During the trial, the assessment was accessible
to participants, their families, and aged care service providers
through a tablet app or web portals. Survey questionnaires
completed by the participants were used to measure primary
and secondary outcomes at baseline, 6 months, and 12 months.
Additionally, the trial collected various other types of data,
including raw sensor data, evaluations from both informal and
formal carers, participants health services utilization, and log
spreadsheets kept by aged care service providers detailing their
usage of the SSH system [21]. This paper is specifically focused
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on the survey questionnaires completed by the participants.
Analyses of the additional datatypes collected during thisRCT
will be presented in separate publications.

Ethical Consider ations

Ethics approval for this study was obtained from the
Commonwealth Scientific and Industrial Research Organisation
(CSIRO) Human and Medical Research Ethics Committee
(CHMREC; HREC 4/2018). The tria was registered at the
Australian New Zedland Clinica Trials Registry
(ACTRN12618000829213). All participants consented to join
the study. They are free to withdraw or suspend their
participation at any time with no need to provide a reason.

Inclusion and Exclusion Criteria

Theinclusion criteriawere asfollows: (1) older adults (65 years
and older), (2) living at home, in the care of a designated aged
care service provider, and (3) English-speaking with proficiency
in written English. The exclusion criteria were as follows: (1)
residing in long-term residential care, (2) unable to give
informed consent due to reasons such as severe cognitive
impairment, and (3) unwilling to leave their electricity on
overnight.

SSH Platform

This study used the SSH platform presented in the protocol
paper [21]. The SSH platform included an in-home network of
distributed sensors, a cloud server, and a client module with a
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tablet app, afamily web portal, and a service provider web portal
(Figure 1). The sensor network consisted of ambient sensors
that measured the physical environment (eg, room temperature,
humidity) aswell as human activities (eg, motion, door opening
or closing) within the home. The sensors wirelessly sent data
to agateway hub, which relayed the datato a secure cloud server
through alocal WiFi network. A cloud computing service was
implemented to processthe sensor data, assessing theresident’s
ADLs across 5 domains, including mobility, transfer, hygiene,
dressing, and meal preparation. The ADL scores were then
compared with the participant’s individual baseline profile
established with the data collected over the initial 21 days of
the trial period. Deviations from the baseline in each ADL
domain were categorized as expected, unexpected, or very
unexpected. Apart from ADL performance, the resident’s sleep
measures were also collected with sleep sensors placed under
the bed mattress. The analytic results were made accessible to
the participants, their families, and associated aged care service
providersthrough atablet app, afamily web portal, and aservice
provider web portal, respectively.

The setting was home-based, with participants living in their
own residences in the community. Participants were recruited
from the customer bases of the aged care service providersin
metropolitan and regional areas in Queensland, Australia, as
defined by the Rura Remote Area and Metropolitan Area
classification criteria[22].

Figure 1. The user interface of (A) the SSH tablet app and (B) the SSH web portal. SSH: Smarter Safer Home.
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Trial Setting
The RCT was conducted between April 2019 and November

Textbox 1. Overview of aged care service providers involved in the study.
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2020, in partnership with 3 aged care service providers (Textbox
1).

equitable access for health support to these communities.

consistent service delivery.

« Anglicare Southern Queensland is a member of the Anglicare Australia Network providing support to aged Australians in partnership with
government and other support organizations, in response to identified care needs throughout South East Queensland.

« integratedLiving Australia receives funding from the Australian and state governments to provide care services. They provide in-home support
services to older peoplein regional, rural, and remote Australia (including North and Eastern Queensland) and have been focusing on ensuring

« All About Living partners with federal, state, and local government departments and a number of community organizations to deliver arange of
high-quality services. All About Living has developed governance, management, and service delivery expertise and excellence that enable

Recruitment

The aged care service providersidentified eligible clients from
their services and provided details to ateam of project officers
independent from the aged care service providers, who recruited
and consented participants to the trial. The project officers
contacted potential participants after an introduction by the aged
care service provider. The project officer, viaphone call, briefed
the individual on the trial and assessed their interest in
participating. If the individual agreed to participate, they were
asked to nominate their informal carer to act asawitnessin a
future face-to-face meeting, where the project officer confirmed
that the prospective participants met the inclusion criteria.
Potential participants were provided with the Participant
Information and Consent Form and a verbal description of the
tria requirements by the project officer. Individualswho agreed
to participate were asked to sign the Participant Information
and Consent Form.

Procedures

Once participants had been consented, baseline surveys were
administered to them by the project officer. After completing
the baseline surveys, participants were allocated randomly to
either the intervention or control groups. Stratified
randomization was used with metropolitan and regional strata
to preserve the ratio of the 2 geographical areas in both
intervention and control groups. An independent researcher
conducted the randomization using a computer program and
anonymized identifiers. All participants (intervention and
control) continued to receive their existing care and socia
servicesin linewith local aged care service provider protocols
for the 12 months of thetrial. In addition, participantsallocated
to theintervention group received an SSH kit, including sensors,
atablet, and agateway hub. Theinstallation of the SSH kit was
coordinated by the project officer, typically within 2 weeks of
group alocation. All participants were contacted by a project
officer to complete the follow-up surveys at 6 months and 12
months from baseline. The surveys were conducted either over
the phone or in person and were managed using the REDCap
(Vanderbilt University) hosted by CSIRO. During the trid
period, the project officer was the point of contact for any
problems or questions. If an intervention group participant
wished to withdraw from the trial, the project officer arranged
for the SSH kit to be uninstalled from their home as quickly as
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possible. Upon completion of the project, all homes had their
SSH kits removed by the project officer.

Intervention

The intervention involved monitoring ADLs of participants
through the SSH platform. During thetrial, the aged care service
providers aimed to review the trends in the participants ADL
performance through the SSH service provider portal 5 days a
week, specifically on businessdays. When the aged care service
providers identified a participant’s ADL performance to be in
an unexpected or very unexpected rangefor 2 consecutive days,
they would contact the participant via phone or send an email
to the participant's case manager. The aged care service
providers created their own intervention logs to record
information about actions taken for the participants. Given the
workload on aged care service providers, maintaining the
intervention log was not a compulsory task to form a complete
record of the interventions. However, it offered some insights
into how aged care service providers used the SSH platform to
trigger interventions. Although no specific tasks were mandated,
participants and their families were encouraged to monitor the
participants ADL performance and take any actions they
deemed appropriate.

Outcome M easures

The primary outcome measure was social care—related quality
of life, measured with a self-completion version of the Adult
Social Care Outcomes Toolkit (ASCOT [23]). Secondary
outcomesincluded EuroQol-5 Dimensions-5 L evels (EQ-5D-5L
[24,25]), Katz Index of Independence in Activities of Daily
Living (Katz ADL [26]), Lawton Instrumental Activities of
Daily Living Scale (IADL [27]), and Geriatric Depression Scale
(GDS[29)).

Sample Size Calculation

The power calculation for the randomized trial design was based
on aclinically significant difference of 10% in ASCOT, with
adistribution of 0.80 (SD 0.16) as indicated in prior research
[29]. Given a null hypothesis of a=.05, an effect size of 0.5
(0.08/0.16), identical allocation ratio for the 2 groups in our
trial, and a 30% attrition rate, the sample size of thistrial was
computed to be 100 participants per group to achieve 80%
statistical power [21].
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Statistical Analysis

Descriptive statistics summarized the baseline characteristics
and outcome measures by groups. For continuous variablesand
categorical variables, meansand SD or numbers and percentages
werereported, respectively. The primary and secondary outcome
measures were analyzed using a linear mixed-effects model to
compare the difference between the intervention and control
groups. Fixed effectsincluded group allocation, time (6 months
and 12 months from baseline), group-by-time interaction, and
baseline scores. Additionally, the analysis considered Participant
ID as a random effect to account for within-individual
correlations. Cohen d was used to describe the standardized
mean difference of an effect. We conducted sensitivity analyses
to examine whether the impact of the SSH platform varied
across subgroups defined by baseline demographics, such as
gender, care package, and living status. Marriage status and
aged care service provider were not included in the sensitivity
analysesdueto insufficient sample sizesin certain subcategories.

Data Exclusion

COVID-19 I mpact

In 2020, while the trial was ongoing, Australia was struck by
the COVID-19 pandemic, presenting the country's older
community with unexpected and significant challenges. Older
adults faced considerabl e health risks due to their vulnerability
to severe illness from COVID-19. Additionally, public health
restrictions such as lockdowns and socia distancing imposed
by the Australian government could have both direct and indirect
effectson the physical and mental health of older adults[30-32].
While quantifying the exact impact of the pandemic is
challenging, we performed data exclusion to ensure consistency
in the pandemic's impact on outcome measures within the
6-month and 12-month assessments.

There were 2 distinct peaks in COVID-19 cases in Australia
during the trial period. The first wave, characterized by
infections imported from overseas, peaked in March and April
2020. The second wave, largely resulting from increased
community transmission, peaked in August 2020 and subsided
by October 2020 [33]. Therefore, we identified 2 key dates,
April 26, 2020, and October 26, 2020, marking the progression
of COVID-19 transmission and theimplementation of Australian
government public health measures.

April 26, 2020: The Queensland government applied mandatory
social distancing, following a series of measures, including
restrictions on home confinement, movement, and gathering
[34].

https://www.jmir.org/2025/1/€59921
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October 26, 2020: The end of Australia’s second wave of
COVID-19 infectionsin 2020 [35,36].

During the period from April 26 to October 26, 2020, the
participants presumably experienced a heightened impact of
COVID-19 due to more strict government measures and
increased local transmission compared to periods outside this
timeframe. Notably, most of the 6-month surveys were
administered prior to April 26, 2020, while most 12-month
surveyswere conducted between April 26 and October 26, 2020.
Taking thesefactorsinto account, we excluded 6-month surveys
conducted after April 26, 2020, and 12-month surveys conducted
either before April 26, 2020, or after October 26, 2020. As a
result, the 6-month and 12-month assessments were separated
into different scenarios, reflecting periods of lower and higher
COVID-19 impact, respectively.

Temporal Precision

The 6-month and 12-month surveys were designed to assess
participants’ outcome measures at 6 months and 12 months
from the baseline, respectively. However, the actual timing of
these surveys varied depending on participant availability. To
enhance the temporal precision of the survey results, we
excluded data collected outside a 1-month window around the
intended survey time.

Results

Participants

A total of 1086 clients of our partnering aged care service
providers were assessed. From those, 195 provided consent to
participate in the trial and completed the baseline surveys
(Figure 2). Randomization resulted in 97 participants in the
control group and 98 participantsin theintervention group. The
final analysis included the surveys from 61 participants in the
control group and 69 participantsin theintervention group. The
absence of follow-up surveys can be attributed to participants
withdrawals (n=56) or loss of contact (n=9). Additionally, 29
surveyswere excluded to account for theimpact of COVID-19,
and 26 surveys were excluded to ensure the temporal precision
of the data.

In total, across the 73 participants included in the aged care
service provider’sintervention logs, on 284 occasionsadecision
was made to contact the participant. The contact was made
either directly with the participant (144 instances) or through
an email sent to the participant’s case manager, requesting they
contact the participant (140 instances).
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Figure 2. Flow diagram of inclusion process and number of included participants.
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Baseline Characteristics

The sampleincluded 130 participants, with 69 intheintervention
group and 61 in the control group. The average age of all
participants at the baseline was 82.4 (SD 7.3) years.

Most participants were male (70% overall), with a dlightly
higher percentage of males in the control group (73.8%)

https://www.jmir.org/2025/1/€59921

RenderX

compared to the intervention group (66.7%). Both groups
received their regular aged care services, either CHSP (45.4%)
or HCP (54.6%). In terms of baseline survey results, therewere
dight variations between the intervention and control groups
in ASCOT, EQ-5D-5L, Katz ADL, IADL, and GDS scores.
Additional details are available in Table 1.
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Table 1. Baseline characteristics.
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Characteristics Overal (n=130)

Intervention (n=69) Control (n=61)

Age (years), mean (SD) 82.4(7.3)
Gender, n (%)
Female 39 (30)
Male 91 (70)
Care package, n (%)
CHSP? 59 (45.4)
HeP? 71 (54.6)
Marriage status, n (%)
Not married 6 (4.7)
Married 49 (38)
Widowed 57 (44.2)
Divorced 13(10.2)
Separated 5(3.1)
Living status, n (%)
Alone 72 (55.4)
With other 58 (44.6)
Aged care service provider, n (%)
Anglicare Southern Queensland 85 (65.4)
integratedLiving Australia 28(21.5)
All About Living 17 (13)
Baseline surveys, mean (SD)
ASCOTE 0.859 (0.147)
EQ-5D-5L9 0.724 (0.258)
Katz ADLE 5.256 (1.201)
IADL 4.969 (2.162)
GDSY 3.146 (2.512)

82.7 (7.0) 82.1(7.7)
23(33.3) 16 (26.2)

46 (66.7) 45(73.8)
31(44.9) 28 (45.9)

38 (55.1) 33(54.1)
3(4.3) 3(4.9

26 (37.7) 23(37.7)
31(44.9) 26 (42.6)
7(10.1) 6(9.8)
2(2.9) 3(4.9)

35 (50.7) 37(60.7)
34(49.3) 24(39.3)

45 (65.2) 40 (65.6)

12 (17.4) 16 (26.2)

12 (17.4) 5(8.2)

0.866 (0.148) 0.852 (0.148)
0.726 (0.244) 0.721 (0.274)
5.412 (0.918) 5.082 (1.441)
4.910 (2.058) 5.033 (2.287)
3.319 (2.518) 2.951 (2.513)

8CHSP: Commonwealth Home Support Programme.
bHCP: Home Care Package.

CASCOT: Adult Social Care Outcomes Toolkit ranges from —0.17 to 1, with higher scores indicating better social care—related quality of life.
dEQ-SD-SL: EuroQol-5 Dimensions-5 Levels ranges from —0.301 to 1, with higher scores indicating better health-related quality of life.
®Katz ADL: Katz Index of Independence in Activities of Daily Living ranges from O to 6, with higher scores indicating greater independencein daily

activities.

fIADL: Lawton Instrumental Activities of Daily Living Scale ranges from 0 to 8, with higher scores indicating greater ability to perform instrumental

activities of daily living.

9GDS: Geriatric Depression Scale ranges from 0 to 15, with higher scores indicating more severe depression symptoms.

Primary and Secondary Outcomes

Table 2 presents the effects of the SSH platform for the
intervention and control groups on primary and secondary
outcomes. At 6 months, there was a statistically significant
difference (P=.046) in ASCOT scores between theintervention
and control groups. The mean difference indicated that the
intervention group had a 0.045 (95% CI 0.001 to 0.089) higher
ASCOQOT score than the control group. The Cohen d effect size
of 0.377 indicated amoderate effect in favor of theintervention

https://www.jmir.org/2025/1/€59921
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group. At 12 months, the mean difference between the
intervention and the control group reduced to 0.031 (95% ClI
—0.014 to 0.076; P=.18). The Cohen d effect size of 0.259 also
suggested a smaller effect size compared to the 6-month
assessment. The overall test of the group variable suggeststhere
was a statistically significant difference in ASCOT scores
between theintervention and control groups (P=.04). However,
the overall test of group x time interaction was not significant
(P=.59).
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As shown in Table 2, there were no statistically significant
differences between the 2 groups in the secondary outcomes
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(EQ-5D-5L, Katz ADL, IADL, and GDS) a 6 months or 12
months.

Table 2. Effects of the Smarter Safer Home platform for the intervention and control groups on primary and secondary outcomes.

QOutcome Intervention, mean  Control, Mean difference P vaue Cohend (95% ClI) Group, P Group x time,
(SD) mean (SD)  (95% Cl) value P value
AscOT? 04 59
6 months 0.882 (0.119) 0.837 0.045 (0.001 to .046 0.377 (0.008 to 0.749)
(0.118) 0.089)
12 months  0.855 (0.118) 0.824 0.031(-0.014t0 .18 0.259 (—0.119 to 0.640)
(0.118) 0.076)
EQ-5D-5L° 15 26
6 months 0.745 (0.217) 0.669 0.076 (-0.004, .06 0.349 (-0.019t0 0.721)
(0.216) 0.157)
12 months  0.654 (0.216) 0.634 0.020 (-0.063, 64 0.090 (—-0.288 t0 0.468)
(0.216) 0.102)
Katz ADL® 65 90
6 months 5.123 (0.992) 5.038 0.085(-0.284t0 .65 0.085 (—0.282 t0 0.453)
(0.986) 0.454)
12 months  4.930 (0.984) 4.875 0.054 (-0.325t0 .78 0.055 (—0.325 t0 0.435)
(0.985) 0.434)
6 months 4.623 (1.046) 4.498 0.125(-0.264t0 .53 0.119 (-0.248 t0 0.487)
(1.043) 0.514)
12 months  4.357 (1.043) 4.610 -0.253(-0.652t0 .21 —-0.241 (-0.622 t0 0.137)
(1.040) 0.146)
GD Se .26 21
6 months 3.479 (1.976) 3.575 —-0.096 (-0.831to .80 —0.048 (-0.416 to 0.319)
(0.273) 0.639)
12months  3.673 (1.958) 4.289 -0.617 (-1.368to0 .11 —0.312 (-0.694 to 0.066)
(0.275) 0.134)

8ASCOT: Adult Social Care Outcomes Toolkit ranges from —0.17 to 1, with higher scores indicating better social care—related quality of life.

bEQ—5D-5L: EuroQol-5 Dimensions-5 Levels ranges from —0.301 to 1, with

higher scoresindicating better health-related quality of life.

®Katz ADL: Katz Index of Independence in Activities of Daily Living ranges from O to 6, with higher scores indicating greater independencein daily

activities.

4 ADL: Lawton Instrumental Activities of Daily Living Scale ranges from 0 to 8, with higher scores indicating greater ability to perform instrumental

activities of daily living.

€GDS: Geriatric Depression Scale ranges from 0 to 15, with higher scores indicating more severe depression symptoms.

Sensitivity Analyses

Significant improvements in ASCOT scores were observed,
particularly among femal e participants (mean difference 0.089,
95% Cl 0.016 to 0.162; P=.02) and HCP recipients (mean
difference 0.079, 95% CI 0.015 to 0.142; P=.02) at 6 months
(Tables S1 and S2 in Multimedia Appendix 1). Participants
living with others showed a marginal improvement in ASCOT
(mean difference 0.057, 95% CI —0.003 to 0.117; P=.06) at 6
months (Table S3 in Multimedia Appendix 1). The impact of
the SSH platform on ASCOT for male participants, CHSP
recipients, and participants living alone was not statistically
significant. The impact on EQ-5D-5L, Katz ADL, IADL, and

https://www.jmir.org/2025/1/€59921
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GDS was generaly consistent with the main analysis (Tables
S1, S2, and S3in Multimedia Appendix 1).

Discussion

Principal Findings

In this RCT, 195 older people living in place were randomly
assigned to intervention (using the SSH platform) and control
groups. The analysis included 130 participants following
withdrawals, oss of contact, and data exclusion. The effects of
the SSH platform were assessed through the ASCOT,
EQ-5D-5L, Katz ADL, IADL, and GDS collected at baseline,
6 months, and 12 months. The results demonstrated significant
improvements in the primary outcome, social care-related
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quality of life, with the intervention group displaying higher
ASCOT scores compared to the control group at 6 months.
However, the long-term effect of the smart home solution on
socia care—related quality of life, as observed in the 12-month
assessment, did not align with theinitial findings.

Theimprovement in ASCOT can beinterpreted through severa
factors related to the characteristics of the SSH platform.
ASCOT measures different aspects of quality of life that can
be affected by social care, such as safety, social participation,
and dignity. The SSH platform’s features, including daily
updates on activities and carer involvement, can improve social
care—related quality of life by providing a sense of security and
connectivity. On the other hand, EQ-5D-5L, Katz ADL, and
IADL are associated with functional capacities and daily
activities that may require specific interventions that the SSH
platform does not directly address. For GDS scores, while the
SSH platform can provide a sense of security and support, it
may not be sufficient to significantly impact depressive
symptoms without targeted interventions.

The diminished impact of the SSH platform on ASCOT
observed at 12 months might be explained by an unprecedented
peak of local COVID-19 transmission and strict public health
measures. Thisis consistent with the studiesindicating that the
COVID-19 pandemic, characterized by concerns about virus
transmission, limitations on social interactions, and disruption
of daily activities, can lead to increased loneliness and reduced
quality of life [37,38]. Therefore, the ability of smart home
solutionsto enhancethe socia care—+elated quality of lifeamong
older individual s needs continued adaptation to external factors,
such as the COVID-19 pandemic, which can influence these
outcomes.

Although the mean difference in secondary outcomes was not
statistically significant, the intervention group demonstrated
better point estimates (higher scoresin EQ-5D-5L, Katz ADL,
and IADL, and lower scoresin GDS) compared to the control
group at 6 months. Additionally, the estimates of mean
difference in the GDS scores showed an increase by the
12-month assessment. However, this study’s sample size might
have limited the power to detect the effect of the SSH on the
secondary outcomes.

Limitations

When interpreting the results of this study, some limitations
must be taken into account. The primary limitation stemmed
from the unforeseen impact of COVID-19 on trial operations
and data analysis. First, implementing blinding for group
allocation in this trial was not feasible due to the nature of the
intervention, which required installation of SSH in participants
houses. The COVID-19 pandemic had adverse effects on the
mental and physical health of older individuals, leading to
increased rates of depression, anxiety, and cognitive decline,
ultimately affecting their overall quality of life [30-32]. We
excluded some datato maintain the consistency of COVID-19's
impact on outcome measures at the same time points. This
effectively separated the 6-month assessment and 12-month
assessment into different scenarios with lower and higher
COVID-19 impact, respectively. The adverse impact of
COVID-19 might have, to some degree, overshadowed the
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Luetd

effects of the SSH platform during the 12-month assessment,
influenced by the heightened transmission of COVID-19 and
the implementation of public health measures in Australia. In
addition, the reduction in sample size from the initial sample
size calculation may have reduced the statistical power of the
study to detect a difference between groups.

While this study aimed to investigate how the SSH impacts
older adults living in their own homes, the original protocol
[21] excluded those residing with others, placing an additional
emphasis on independent living. However, during the initial
phase of recruitment, it became apparent that excluding older
adults living with others significantly limited the number of
participants availablefor recruitment and compromised the final
sample size. Conseguently, we removed thisexclusion criterion.
This adjustment allowed us to enhance our recruitment efforts
and more effectively pursue the main objective of this study.

In addition, among the 195 participants recruited in this trial,
47 participants did not complete the 6-month assessment, and
65 participants did not compl ete the 12-month assessment. We
noted that the participants without 6-month or 12-month
follow-up datahad lower EQ-5D-5L or IADL scoresat baseline
(Table $4 in Multimedia Appendix 1).

Comparison With Prior Work

Quiality of life has been extensively investigated as one of the
health outcomes associated with the use of smart home
technologies[9,12,39,40]. However, most studies have primarily
examined the impact of these technologies on health-related
quality of life, with limited focus on social care—related quality
of life within the smart home context. An RCT found that
telemonitoring of biometric data along with administering
symptom questionnaires did not significantly improve the mental
health component of health-related quality of life. However, it
may have led to a worsened physica component of
health-related quality of life in the telemonitored group
compared to the usual care group over the study period [16]. In
another RCT of anin-homeweight monitoring system in patients
with advanced heart failure, the intervention group displayed
anincreasing trend in quality of life, but the difference was not
statistically significant [15]. A systematic review reported that
there was no evidence supporting that smart home and home
health monitoring technologies improved the health-related
quality of lifefor older adults[9]. Similarly, ameta-analysis of
5 RCTs investigating the effects of smart homes on older
patientswith chronic conditionsindicated that the telemonitoring
group did not yield a statistically significant impact on quality
of life [12]. A scoping review examining the effectiveness of
smart home technologies in supporting community-dwelling
older adults with dementia found no significant effects on
health-related quality of life in the 5 included studies [40]. In
sum, the existing body of literature on RCTs related to smart
home technologies has not conclusively demonstrated their
positive influence on health-related quality of life. Moreover,
evidence regarding theimpact of smart home solutions on social
care—related quality of life remains considerably limited.

In this study, a significant improvement in social care-related
quality of life has been observed among the intervention group
as compared to the control group after the first 6 months of
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using the SSH platform. Despite the heightened COVID-19
impact on the 12-month assessment, the intervention group
displayed apossibleimprovement (mean difference 0.031, 95%
Cl —0.014 to 0.076) in socia care—related quality of life at 12
months. The ASCOT employed in this study has been proven
to be a promising measure to evaluate care services for older
people by broadening the evaluative space beyond the health
domain to well-being [41,42]. Severa studies have
recommended the use of the ASCOT in combination with the
widely adopted EuroQol-5D (EQ-5D) to measure broader
aspects of quality of life beyond physical functioning and health
dimensions [18-20]. Even though statistical significance was
not achieved in secondary outcome measures, including
health-related quality of life, thisstudy filled inagapin existing
literature by assessing the effect of smart home technologies
on socia care—related quality in community-dwelling older
people. This study presented, for the first time, evidence from
an RCT, highlighting the possibility of smart hometechnologies
in enhancing the social care—related quality of life for older
people living in their own homes.

Future Directions

ThisRCT hasyielded an extensive collection of data, including
survey responses from older adult participants, data collected
from smart home sensors, and evaluations from both informal
and formal caregivers. Beyond this paper, there are several
ongoing or planned future research projectsthat will use various
data sources derived from this RCT. For instance, in an
exploratory study, we analyzed the correlation between GDS
and motion sensor data from participants homes, aiming to
determine if signs of depression could be detected through
observed changes in in-home movement patterns [43]. This
approachiscurrently being expanded through machine learning

Luetd

techniques to discover digital biomarkers for various health
risks. In addition, a cost-utility analysis will be carried out to
evaluate the cost-effectiveness of the intervention. Future
research will also include a qualitative analysisto integrate the
log spreadsheet maintained by aged care service providers,
documenting the usage of SSH throughout the trial, with
feedback from both participants and caregivers. The analysis
of thisdata has the potential to open new avenuesfor predictive
health analytics and proactive healthcare interventions. Besides,
additional trials should be conducted to further evaluate the
effect of the SSH platform on the secondary outcomes or in
specific subgroups.

Conclusions

This RCT is apioneering step in the direction of assessing the
impact of smart home technology on older adults’ well-being
while living in their own homes. It uniquely focused on social
care—related quality of life using the ASCOT, along with
EQ-5D-5L, Katz ADL, IADL, and GDS measures. The study
found significant improvementsin ASCOT among participants
using the SSH platform during the first 6 months. However,
after 12 months, the improvement did not maintain statistical
significance. Theincreased impact of the COVID-19 pandemic
on the 12-month assessment was a noteworthy factor, as the
pandemic introduced unforeseen challenges and restrictionsthat
might have obfuscated the long-term effects of the SSH
platform. While no significant changes were observed in the
secondary outcome measures, this study contributes to
understanding the potential of smart home technologies in
enhancing social care—related quality of life, underscoring the
need for further research to investigate the long-term effects
and broader implications of such technologies in the care of
older adults.
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