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ABSTRACT
Introduction  Frailty is a vulnerable condition exposing 
older adults to incidental adverse health events that 
negatively impact their quality of life and increase health 
and social costs. Digital solutions may play a key role in 
addressing this global problem and in particular, smart 
living environments. Smart living environments involve a 
notion of measurement or collection of data via several 
sensors, capturing the person’s behaviours in the home 
or the person’s health status over a long period of time. 
It thus has great potential for home support for older 
adults. The objective of this umbrella review will be: (1) to 
document the effectiveness of smart living environments 
to support ageing in place for frail older adults and 
(2) among the reviews assessing the effectiveness of 
smart living environment, to gather evidence on what 
factors and strategies were identified as influencing the 
implementation process.
Methods and analysis  We will include systematic and 
scoping reviews of both quantitative and qualitative 
primary studies with or without meta-analysis focusing 
on assessing the effectiveness of interventions through 
smart living environments to support older adults in the 
community to age in place. The literature search will be 
done through the following biomedical, technological 
and sociological citation databases: MEDLINE, Embase, 
CINAHL, Web of Science and PsycINFO, and quality 
assessment of the reviews will be done thought AMSTAR2 
checklist. The analysis of the results will be presented in 
narrative form.
Ethics and dissemination  Our review will rely exclusively 
on published data from secondary sources and will thus 
not involve any interactions with human subjects. The 
results will be presented at international conferences and 
publications.
PROSPERO registration number  CRD42021249849.

INTRODUCTION
Frailty is a vulnerable condition exposing 
older adults to incidental adverse health 
events that negatively impact their quality 
of life and increase health and social costs.1 
Frailty increases cognitive impairment risk,2 
is directly associated with impairment in daily 
living activities3 and with a risk of dementia,4 

questioning the ability to age in place. 
Frailty is affecting 32 million Europeans5 and 
1.5 million Canadians.6 7 In coming decades, 
its prevalence will continue to rise due to an 
increased life expectancy around the world. 
The COVID-19 pandemic has reinforced 
the importance of rethinking how we take 
care of these frail older adults and exploring 
innovative solutions related to eHealth.8 The 
COVID-19 pandemic has exposed frail older 
adults to a higher risk of medical compli-
cations as well as social exclusion and isola-
tion due to lockdown and social distancing 
measures.9 10 In particular, the disruption 
of the usual support and care ecosystems 
at home has paradoxically increased the 
frailty of these people and led to the occur-
rence of adverse events we wanted to avoid.11 
Moreover, this pandemic has overstretched 
already limited health professional resources 
and restricted healthcare professionals from 
seeing older adults, as day programmes as 
well as outpatient and home services are 
put on hold and professionals are deployed 
to what may be considered higher priority 

Strengths and limitations of this study

	► Summarising the effectiveness of smart living en-
vironments to support ageing in place for frail older 
people is a challenge requiring an umbrella review 
approach.

	► Overlap of primary publications could have potential 
impact on data synthesis and will be analysed.

	► Recommendation will be presented according to 
GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) and GRADE-
Confidence in Evidence from Reviews of Qualitative 
research recommendations.

	► Some recent work may not be included as our um-
brella review is based on systematic and scoping 
reviews.
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urgent care roles.12 Consequently, the question of opti-
mising and prioritising health resources is crucial and 
should be at the heart of postpandemic research efforts.

Digital solutions may play a key role in addressing this 
global problem13 and in particular, smart living envi-
ronments.14 Smart living environments refer to smart 
homes, that is, to ‘environments that adopts ICT (infor-
mation and communication technology) to collect and 
share information, analyze and monitor residents’ behav-
ioral patterns, and improve residents’ quality of life’.15 A 
‘home’ may refer to a single-family house, an apartment 
or other type of living situation that is not integrated into 
a care structure (such as nursing homes).

More specifically, smart living environments involve a 
notion of measurement or collection of data via several 
sensors, capturing the person’s behaviours in the home 
or his/her health status over a long period of time. This 
function is referred to as ‘remote monitoring’ or ‘telemon-
itoring’. Telemonitoring can collect data on the different 
domains of health components (eg, mobility, cognition) 
and independence, that is, on activities of daily living 
(ADL) functions such as cooking or going to the bath-
room, based on a combination of different markers such 
as the level of activity in each room, cupboards that are 
opened and closed, the entrances and exits of the person 
into each room or in and out of the house, etc.16 Smart 
living environments also refer to a notion of integration 
and real-time analysis of the data collected, via machine 
learning and artificial intelligence, and therefore of 
prediction or detection of specific events. After detection 
of a potential adverse event (eg, a fall), the smart envi-
ronment can send information to a caregiver or to the 
person living in this environment (eg, notifications to the 
older adult (eg, possible dehydration) or to other entities 
outside of the person’s home (eg, a neighbour or health-
care professional))—involving a notion of telecare.

There have been several breakthroughs in remote 
home monitoring over the years, especially for contin-
uous physiological data monitoring (detection or preven-
tion). For instance, urinary tract infections in older adults 
have been detected by monitoring the frequency of bath-
room visits.17 Studies have also shown the possibility of 
detecting mild cognitive impairments or dementia such 
as Alzheimer’s disease based on simple markers such as 
walking speed18–20 or time spent completing ADL.21 22 In 
this respect, a recent literature review reported that cogni-
tive deficits could be detected by smart home monitoring 
of general activity, outings, sleep habits and computer 
usage.23 Other studies have shown that the information 
provided by this monitoring can be very useful to guide 
clinicians working in home care services. Indeed, it can 
help them build their intervention plan with personalised 
real-life data, in order to mobilise the right service at the 
right time.24 Studies have also shown high degrees of 
concordance between the information gathered by the 
smart environment and real data on a longitudinal basis.25

Smart environment thus has great potential for home 
support for older adults. According to Siegel et al,26 smart 

homes are, in fact, highly suited to optimise supportive 
actions by care organisations such as social and healthcare 
services. In the last 20 years, a growing number of studies 
have been dedicated to developing such smart living envi-
ronments with the purpose of supporting ageing in place. 
As such, literature reviews on the subject have exploded 
recently, exploring the effectiveness of smart living envi-
ronment from different perspectives.

In an effort to guide future research and implementa-
tion of smart living environments in healthcare systems, 
a summarisation of the actual evidence is timely. To do 
so, umbrella reviews are recognised as a rigorous tool to 
provide comprehensive overviews of evidence published 
in the literature.27 More specifically, it is a review of system-
atic reviews and meta-analysis.28 Therefore, the objective 
of this umbrella review will be: (1) to document the effec-
tiveness29 of smart living environments to support ageing 
in place for frail older adults and (2) among the reviews 
assessing the effectiveness of smart living environment, 
to gather evidence on what factors and strategies were 
identified as influencing the implementation process. To 
this end, we organise our research question into 10 items, 
presented in box 1.

METHODS AND ANALYSIS
Study design
We will conduct an umbrella review, defined as ‘the compi-
lation of evidence from pre-existing systematic reviews 
into one accessible and usable document’.27 Umbrella 
reviews focus on research question or clinical practice 
for which there is a rich and high-quality evidence base.30 
Umbrella reviews are similar to intervention reviews, but 
the unit of search, inclusion and data analysis is the review 
rather than the primary study.31 Giving the number of 
publications and reviews in smart home for older adults 

Box 1  Reseach question

Obj 1: to document the effectiveness of smart living environments 
to support ageing in place for frail older adults.
Q1. What is the level of evidence that Smart Homes (SH)/ ambient as-
sisted living (AAL) can support older adults at home?
Q2. How was the level of evidence determined?
Q3. How was this evidence measured in terms of type of outcomes?
Obj 2: among the reviews assessing the effectiveness of smart liv-
ing environment, to gather evidence on what factors and strategies 
were identified as influencing the implementation process.
Q4. What are the implementation strategies that were used to deploy 
such system in real-life settings?
Q5. What are the obstacles of implementing SH/AAL in real-life settings?
Q6. What types of technologies are included in SH/AAL?
Q7. What is the information that is used from this system and how?
Q8. Who is the main user of SH/AAL data to support older adults at 
home?
Q9. How is the data used by the main user? (eg, clinical decision, etc).
Q10. Who are the other actors involved? (eg, healthcare system, care-
givers, neighbours, etc).
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these last years, the overview provided by this kind of anal-
ysis suits well to examine whether the evidence for our 
research question is available32 and whether it is consis-
tent or contradictory.33 Indeed, the rigorous analysis of 
potential discrepancies in the selection keywords of or 
inclusion criteria and/or overlapping studies that would 
lead to analysis bias34 allows to assess how authors who 
have worked independently on the same question have 
been able to obtain a consistent or inconsistent approach. 
By listing all the reviews on the subject, we will be able to 
give a global view of the leading articles on the research 
question.

This umbrella review will be reported in accor-
dance with box 2 of the Preferred Reporting Items for 
Overviews of Review statement protocol,35 such as the 
description of the objectives, Population Intervention 
Comparator Outcome (PICO) criteria for eligibility, 
methods used for all steps of the screening, selection 
and extraction, quality assessment, management of 
overlap, analysis and synthesis, in order to allow replica-
bility of our analysis.

Our study covers review articles published before 1 
June 2021 and is expected to end before mid-2022.

Target population
We will include systematic and scoping reviews of both 
quantitative and qualitative primary studies with or 
without meta-analysis focusing on assessing the effective-
ness of interventions through smart living environments 
to support older adults in the community to age in place. 
The full list of inclusion and exclusion criteria developed 
for this umbrella review is provided in box 2.

In our umbrella study, the term ‘smart living envi-
ronment’ refers to any unobtrusive monitoring systems 
used to analyse and share information about residents’ 
behaviours to enable ageing in place.15 ‘Unobtrusive tech-
nology’ refers to sensor-based technology that does not 
draw the user’s attention or demand their direct involve-
ment and that blends well into the environment.36 37 This 
definition thus excludes wearables, smartphones and 
camera-based systems.36 Given the lack of a consen-
sual term, all similar terminology, such as ‘health smart 
home’, ‘telemonitoring’ or ‘ambient assisted living’ will 
potentially be included if the remote monitoring objec-
tives correspond to the population criteria. By ‘older 
adults’, we will focus on adults aged 65 and over that have 
been included in a study using a smart living environment 
that detects everyday behaviour and share information to 
the older adult itself and/or caregivers (or other types of 
stakeholders). As we focus on ageing in place of adults 
over 65 years, we will not look at smart devices used for 
medical monitoring with specific diseases such as diabetes 
or cardiovascular disease (eg, level of blood sugar, blood 
pressure, temperature).

We will also delimit ‘home’ as individual houses with 
or without informal caregivers. To assess the level of 
evidence for these smart environments, we will specifi-
cally include reviews that focus on the implementation of 
these devices. We will exclude reviews measuring exclu-
sively non-health related outcomes, such as ethical issues 
or acceptability of technology, as well as reviews that focus 
solely on the use of these smart homes by caregivers, if 
they did not consider determining the effectiveness.

Intervention, comparators and outcomes
Reviews will be included if they provide synthesised 
results on the effectiveness of a smart living environment 
to support frail older adults to age in place. Among them, 
we will focus on evidence of the factors and strategies that 
have been identified as influencing the implementation 
process. We will examine results from reviews reporting 
all types of non-invasive smart living environments 
(public or private), whether they are single or combined 
technologies, and whether they are provided alone or 
within a circle of support including formal and informal 
caregivers.

In those reviews where a comparator is required, any 
comparator(s) tested will be considered: smart living 
environment versus control (no specific environment, 
usual care, caregivers’ intervention, placebo or other 
control, or another intervention) as defined by the 
original reviews. We will include different resident and 

Box 2  Inclusion/exclusion criteria

Inclusion criteria
Publication type, date and language

	► Reviews published in a peer-reviewed journal or conference 
proceedings.

	► Reviews published before 1 June 2021.
	► Reviews published in English or French.

Study design
	► For quantitative reviews: scoping or systematic reviews including 
a reproducible, systematic search strategy, with clear definition of 
inclusion/exclusion criteria and outcome.

	► For qualitative reviews: reviews including a reproducible, systematic 
search strategy, with clear inclusion/exclusion criteria definition and 
structured synthesis plan.

Population
	► Reviews concerning older adults (age >65) living at home with 
telemonitoring.

Intervention
	► Reviews focusing on interventions based on Smart Living 
Environment (behaviour remote monitoring with unobtrusive devic-
es) to support ageing in place, AND assessing their effectiveness to 
the target population or caregivers.

Outcome
	► Reviews including effectiveness of smart living environment imple-
mented on older adults houses, and among them, if available, strat-
egies impacting the implementation process.

Exclusion criteria
	► Reviews of interventions focusing exclusively on medical monitoring.
	► Reviews focusing exclusively on non-health related outcomes, such 
as ethical issues or acceptability of technology without implemen-
tation processing.

	► Reviews focusing solely on the use of smart homes by caregivers, if 
they did not consider determining the efficiency.
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caregivers’ outcomes (satisfaction, burden risk, impact on 
cognitive status, etc), since we want to give an overview 
of the different outcome measures used in the included 
reviews.

Publication type, date and language
Reviews published in a peer-reviewed journal or confer-
ence will be included, without date limitation. We will 
restrict the inclusion to reviews published in languages 
spoken by research team members, namely English and 
French.

Data sources and search strategy
An iterative search strategy for bibliometric databases 
will be developed to look for peer-reviewed systematic 
reviews evaluating smart living environment to support 
older adults to age in place, including quantitative and/
or qualitative syntheses of implementation studies and 
process evaluations alongside trials testing such tech-
nology. The search for this umbrella review will aim to 
identify all research syntheses relevant to our research 
questions. The literature search will be done through 
the following biomedical, technological and sociological 
citation databases: MEDLINE, Embase, CINAHL, Web of 
Science and PsycINFO. The search strategy will be guided 
by a librarian, comprehensively reported and the detailed 
search filters employed will be presented sequentially 
in the single appendix for all the databases that were 
searched and listed along with the search dates.

The preliminary search strategy is detailed in box  3. 
This search strategy was developed by the research team 
with advice from experienced health science and new 
technology librarians to estimate the number of poten-
tially relevant systematic reviews. Additional searches will 
be developed for syntheses of effectiveness, implementa-
tion or process evaluations published or commissioned 
by official health agencies. We also expect that a signif-
icant number of these reports meeting our criteria will 
not necessarily be published in peer-reviewed journals or 
conference proceedings. Finally, we will manually search 
the reference lists of relevant journals.

Data collection
In line with recommendations to ensure the objectivity 
of systematic reviews, titles and citation abstracts will be 
reviewed by two independent, blinded reviewers using 
Covidence software (https://www.covidence.org/) devel-
oped by the Cochrane collaboration. Any discrepancies 
will be analysed by a third reviewer. Prior to selection, the 
inclusion criteria were tested in a pilot study. Similarly, 
the eligibility of the full texts of relevant papers will be 
independently checked by two independent reviewers 
and any disagreements will be resolved following reading 
by a third reviewer. Reviews excluded during the full-text 
review will be documented with the reason for exclusion.

Methodological quality and risk of bias assessment
Critical appraisal of quantitative reviews will be conducted 
independently by two reviewers using the AMSTAR-2 

checklist.38 The checklist allows the quality of the reviews 
to be ranked according to seven critical and nine non-
critical areas. Based on the assessment, the reviews will 

Box 3  Search strategy

1.	 exp “review”/.
2.	 exp “Review Literature as Topic”/.
3.	 exp meta-analysis/.
4.	 exp meta-analysis as topic/.
5.	 exp “Systematic Review”/.
6.	 exp Systematic Reviews as Topic/.
7.	 (“review* of reviews” or “overview or reviews” or “meta-analy*” or 

metaanaly* or “meta-review*” or metareview* or “metha-synthe*” 
or metasynthe* or “meta-ethnograph*” or metaethnograph* or 
“research evidence” or “scoping of the evidence*” or “scoping 
project*” or “mapping exercise” or “systematic map*” or “mixed 
method* review*” or “mixed method* overview*” or “mixed meth-
od* summar*” or “mixed stud* review*” or “mixed stud* over-
view*” or “mixed stud* summar*” or “mixed research review*” 
or “mixed research overview*” or “mixed research summar*” or 
“expedited review*” or “expedited overview*” or “expedited sum-
mar*").ab,kf,ti.

8.	 ((systematic or state-of-the-art or scoping or literature or umbrella 
or rapid or mapping or integrative or synthesis or evidence*) adj3 
(review* or overview* or assessment* or summar* or study or stud-
ies or report* or synthesis)).ab,kf,ti.

9.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8.
10.	 (“home automat*” or domotic* or “embedded health* system*” or 

“ambient* assisted” or “ambient* living” or “ambient* intelligen*” 
or “artificial intelligence*” or “assistive technolog*” or “digital 
ecosystem*” or “software ecosystem*” or “tech* ecosystem*” or 
gerontechnolog* or telesurveillance or “tele surveillance” or tele-
monitoring or “tele monitoring”).ab,kf,ti.

11.	 ((smart or intelligen* or adapted or adaptive or adaptative or aware 
or ambient* or embedded or integrated) adj2 (home* or house* or 
housing or environment* or residen*)).ab,kf,ti.

12.	 ((smart or intelligen* or aware or ambient* or embedded or inte-
grated) adj2 system*).ab,kf,ti.

13.	 10 or 11 or 12.
14.	 exp Aged/.
15.	 exp Health Services for the Aged/.
16.	 exp Aging/.
17.	 exp Housing for the Elderly/.
18.	 exp Geriatrics/.
19.	 exp Independent Living/.
20.	 exp Personal Autonomy/.
21.	 exp Caregivers/.
22.	 exp Activities of Daily Living/.
23.	 (senior* or aged or elder* or “old* adult*” or “old* people*” or “old* 

person*” or frail* or geront* or geriatr* or aging or ageing or auton-
omy or independenc* or “independent living” or “liv* independen*” 
or “living alone” or “single household” or “single house hold” or 
“solo-living” or “stay* at home” or “stay* in place*” or “community-
dwelling” or “home-dwelling” or “assisted hous*” or “assisted liv-
ing” or “support* hous*” or “support* living” or caregiver* or “care 
giver*” or carer* or “self-management*” or “activit* of daily living” 
or “every day activit*” or “everyday activit*”).ab,kf,ti.

24.	 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23.
25.	 9 and 13 and 24.
26.	 limit 25 to (english or french).
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be grouped into critically low, low, moderate and high-
quality categories. Any disagreements in the quality 
assessment process will be resolved through moderated 
discussions by a third reviewer.

Data extraction
Data will be extracted independently by the reviewers 
according to an extraction grid previously tested on five 
random articles to check the correct completion of the data. 
To check inter-judge reproducibility, the first five journals 
will be double extracted, blinded. A discussion between the 
reviewers will allow the adjustment of the data extraction for 
the whole corpus.

Extraction will be limited to the data reported in the 
included reviews, without judging the interpretation from 
the source studies. Nevertheless, the references included in 
source studies will be extracted to indicate overlap and avoid 
bias due to double counting.

Data synthesis
The analysis of the results will be presented in narrative form 
and will refer to a detailed table of the characteristics of the 
included reviews. This presentation will contextualise the 
results in terms of relevance to supporting ageing in place, tech-
nological maturity, elements of implementation and evidence 
from the research syntheses included in the study, following 
our research questions (box 1). It will also describe the typolo-
gies of technologies used, as well as the different forms of inter-
action with users (residents, natural caregivers, professional 
caregivers). The data presented will be based on the elements 
and criteria used in the included reviews. Data from qualitative 
research will also be commented and synthesised directly from 
the primary authors’ analyses using thematic trees. In addition, 
the place of both older adults and caregivers will be analysed to 
show implication in codesign, if available.

To perform these analyses, the data from the included 
review will be directly coded39 to obtain summary tables 
containing, for each of the questions in box  1, reproduc-
ible keywords describing the major results of the included 
reviews. These tables will be included in our result section.

Overlap is a key issue in the reporting of an umbrella 
review. It can lead to false assumptions about the evidence 
presented by a disproportion between sources.40 It is there-
fore necessary to present an overlap analysis. In our study, 
this will be done by a quantitative approach, that is, with the 
calculation of the corrected covered area.41 Additionally, our 
umbrella review will present, in graphic form, the interac-
tion between the source studies.

Then, the levels of evidence relating to each of the research 
questions (box  1) will be synthesised using the method-
ology proposed by the GRADE (Grading of Recommenda-
tions Assessment, Development and Evaluation) Working 
Group for quantitative data42 and the GRADE-Confidence 
in Evidence from Reviews of Qualitative research for quali-
tative data.43

Patient and public involvement
No patients or members of the public were involved in the 
development of this umbrella review. However, the scope 

and methods of this review were based on the literature 
and discussed with experts from an international scientific 
consortium of which the authors are members.

Ethics and dissemination
The proposed umbrella review will rely exclusively on 
published data from secondary sources and will thus not 
involve any interactions with human subjects. It is therefore 
exempt from institutional review board (IRB) approval.

The results from the umbrella review will be presented at 
international conferences within the fields of, for example, 
gerontology and geriatrics, health informatics, primary care, 
public health and social sciences, and will be published in 
a journal addressing a broad readership. On publication of 
the results, we will make the data generated by our research 
openly and publicly available. The team also intends to use 
social networks and institutional websites from their research 
centres to publicise its findings via websites, social media, 
and newsletters.

DISCUSSION
Ageing in place is the wish of the majority of persons when 
asked about their future. However, frailty, social isolation, 
cognitive impairment and the resulting vulnerabilities make 
ageing in place in the community a complex process. The 
use of smart living environments to support the analysis of 
individual behaviours, identify the need for targeted inter-
ventions by carers and thus maintain quality of life and 
support ageing in place seems essential. The COVID-19 
pandemic has highlighted the importance of being able to 
rely on innovative technologies to target the interventions of 
professionals as well as caregivers, and to support frail older 
people.

By detailing, through a global approach, all the data avail-
able in the literature, our umbrella review will allow research 
teams as well as policy makers to identify the technologies 
and implementation strategies that have been successful in 
supporting ageing at home for older people.

The production of umbrella reviews is becoming more and 
more common. The aim is to synthesise levels of evidence, for 
example, to develop clinical guidelines or to support public 
health or research funding policy orientations. Nevertheless, 
umbrella reviews present major methodological challenges, 
both in terms of managing overlap and in terms of classi-
fying recommendations. Through our original approach to 
the issue of home support for frail older people, we also wish 
to contribute to these issues.
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